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PREFACE 

Since the p~iblication of the Flora of British India by Sir Joseph Hooker and 
his collaborators which was begun in 1872 and completed in 1897, thousands of 
additional plant specimens have since been collected and described by plant 
scientists. Ln the prepartition days there were no large herbaria in the region 
which is now Pakistan. The plants collected were deposited in herbaria specially 
in Calcutta, Dehra Dun, Bombay or at the British Museum (Natural History), 
London and at Kew or at Edinburgh in Britain. Dr. RR. Stewart arrived in India 
in 191 1 and at the Gordon College, Rawalpindi started collection of plants from 
the Pubjab. Charnba and Kashmir and thus the Stewart Herbarium was set up. 
When Pakistan was created in 1947, Dr. Stewart's herbarium was the main 
vascular plant herbarium and in 1960 when Dr. Stewart retired it contained 
50,000 specimens which has now increased to 70,000. The credit for this rich 
heritage goes to the genius and love of Dr. RR. Stewart. 

It took at least 23 years when the first fasicle of the Flora of Pakistan was 
published in September 1971 under the joint editorship of Nasir and Ali. 
Descriptions of 193 plant families for the Flora of Pakistan have now been 
published. This could not have been possible without 'An Annotated Catalogue 
of the Vascular Plants of West Pakisran and Kashmir' by R.R. Stewart (1972). 
On the centennial of Dr. R.R. Stewart, the Department of Botany. University of 
Karachi, therefore, organized the International Symposium on Plant Life of 
South Asia and after an interval of 30 years Dr. Stewart also paid a visit to 
Pakistan. Dr. R.R. Stewart alongwith eminent plant scientists like Dr. K.H. 
Rechinger, Prof. 1.C Hedge, Miss J. Lamond, Prof. Y.C. Ma, Dr. Salar Khan, 
Dr. S.S. Bir, Dr. I.M. Sulaiman, Dr. S.Z. Husain, Mr. A. ~adcliffe-Smith, Dr. 
James A. Duke, Dr. J.H. Kirkbride, Prof. H. Freitag participated in the 
symposium and made presentations. 

Apart from the inaugural proceedings of the symposium, the book on Plant 
Life of South Asia gives a comprchensive account of the Chenopdiaceae, 
Euphorbiaceae, medicinal plants and thrcatcned plants of Pakistan, Flora Iranica, 
vegetation of Bangla Desh, ferns of Lhc Indian subcontinent, genesis and results 
of South West Asiatic Flora, floristic comparison between Inner Mangolia and 
Mangolia etc. The symposium provided an opportunity to exchange ideas and 
make strategies for the future. 

We are grateful to the foreign dclcgates and local participants for the 
deliberation and active participation in the discussion. We are thankful to the 
University of Karachi and to the P.I.A., Dr. A.Q. Khan Research Laboratories 
Kahuta, The British Council, the Third World Academy of Sciences, Trieste- 
Italy and other agencies for necessary assistance for holding the symposium and 
the publication of the book on Plant Life of South Asia. 

December. 199 1 S.I. Ali 
A. Ghaffar 
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INTRODUCTORY REMARKS 

S.I. ALI 

Dean, Faculty of Science, 
University of Karachi, Karachi-7.5270, Pokislan. 

Your Excellency, Mr. Fakhruddin G. Ebrahim the Governor of Sindh, Dr. 
R.R. Stewart, Dr. Manzooruddin Ahmed the Vice-Chancellor, Dr. G.M. Khat- 
tak, Dr. Joseph H. Kirkbride, Mr. I.C. Hedge. Mrs. Ellen Stewart Daniels, distin- 
guished guests. delegates. ladies and gentlemen. 

On behalf of the Organizing Committee of the International Symposium on 
Plant Life of South Asia, it is a matter of great privilege and pleasure for me to 
thank you, Your Excellency for kindly gracing the occasion. I would like to take 
this opportunity and extend a very warm welcome to various delegates also who 
have come all the way from far and near to participate in the symposium. 

Ladies and Gentlemen! We have assembled here this morning to pay uib- 
Utes to Dr. R.R. Stewart on the occasion of his 100th birthday. Though his birth- 
day actually falls on 15th April, nonetheless we have taken the liberty of organ- 
izing the Symposium in the last week of February, so that Dr. Stewart and other 
participants are not unnecessarily exposed to the hot and humid weather of 
Karachi . 

Dr. Stewart joined the staff of Gordon College, Rawalpindi, in 191 1 as Lec- 
turer in Biology and retired as President Emeritus in 1962. After retirement he 
continued to work as Research Associate at the University of Michigan till 1981. 

For about 50 years, Dr. Stewart collected plants in Pakistan and Kashmir. 
He left his herbarium, containing more than 60,000 specimens in Gordon Col- 
lege, Rawalpindi. Subsequently this herbarium was presented to Pakistan Agri- 
cultural Research Council. Islamabad, where. it is now part of the National Her- 
barium. The Pakistani Nation is certainly indebted to Dr. Stewart for this heri- 
tage, without which any progress in the evaluation of Plant Wealth of Pakistan 
would not have been possible or a1 least it would have been greatly hampered. 
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Not having studied at Gordon College, Rawalpindi, though I cannot claim 
to be a student of Dr. Stewart, nonetheless, I have had the pleasure of spending 
many summers in his herbarium and probably I am one of those persons who 
has benefitted most by his openheartedness, helpful and generous nature, his 
magnanimity and his kindness. All his manuscripts, notes and other materials, 
were always available to anyone who could be interested in such activities. 

Ladies and gentlemen! One is really amazed to find out that Dr. Stewart 
published his first scientific paper in 1915 and his last paper was published in 
1985. I understand that some of his recent manuscripts are yet to be published. 
Thus he had a long and productive career for about 75 years. But from the point 
of view of the Flora of Pakistan, 'An Annotated Catalogue of the Vascular 
Plants of West Pakistan and Kashmir', is the most important publication. The 
editors of the Flora of Pakistan had free access to it in the manuscript form from 
the early days and it has been used as a Check List for Flora of Pastan. 

I think that the work that has been done on flora of Pakistan, should be 
looked upon as an extension of the work of Dr. R.R. Stewart. In view of this, a 
brief resume of the work done on Flora of Pakistan, seems appropriate. 

Ladies and Gentlemen! It may not be out of place to point out that the im- 
portance of the historical collections in taxonomic research can hardly be over 
emphasized. Unfonunately, the most important historical collections from our 
country are present either in India (Calcutta, Dehra Dun and Bombay) or in vari- 
ous European Herbaria: Kew, British Museum (Natural History) London and 
Edinburgh, being more important Except for some odd duplicates no historical 
collections are in Pakistan. The conditions for writing a Flora of Pakistan could, 
therefore, scarcely be said to be encouraging. 

Nonetheless. proposals for writing a Flora of West Pakistan were submitted 
in 1966-67 through the Agricultural Research Council to the United States De- 
partment of Agriculture under Public Law 480. These projects were separately 
awarded to Gordon College, Rawdpindi under the supervision of Prof. E. Nasir 
and to the Department of Botany, University of Karachi, under the supervision 
of Dr. S.I. Ali with the understanding that the 2 groups will work in collabora- 
tion with each other. 

The editors have frequently visited European Herbaria in the course of edit- 
ing the manuscripts. In addition we have tried to send draft copies of manu- 
scripts to various experts all over the world. Many authorities and friends have 
responded to our requesls and pointed out short comings and o f f e ~ d  suggestions 
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for improvements. Over the years, one such group, stationed at the Edinburgh 
Herbarium, comprising of Mr. B.L. Burtt (who now spends most of his time in 
S. Africa), Mr. I.C. Hedge and Ms. J. Lamond. has almost become a part of our 
own team. Almost all our manuscripts have been read and, from time to time, 
improved by them. It is a matter of pleasure to express our gratitude to them. 
Likewise we are grateful to the Directors and Curators of all such institutions 
which have helped us by sending the loan of herbarium specimens and other 
relevapt materials to facilitate our study. I would specially like to express my in- 
debtedness to Prof. Dr. K.H. Rechinger. former Director of Natural History Mu- 
seum, Vienna, the Editor of the monumental Flora Iranica for helping us from 
time to time. 

For the Flora of Pakistan the account of the fmt family was published in 
1970. About twenty years later accounts of 190 families. involving 1129 genera, 
and 3480 species. spread over 4542 pages and accompanied by 832 plates, de- 
picting 2048 species have been published. In all. 43 taxonomists belonging to 6 
different countries and 16 artists (including 2 from England) have contributed. 
Including Pteridophytes, the accounts of families, involving 479 genera and 
3029 species have yet to be completed. 

Our present research project, which is funded by United States Department 
of Agriculture, through Agricultural Research Council, Government of Pakistan, 
will come to an end on 30 September, 1991. As this source of funding has now 
dried up, we do not know what will happen in future after 1991. 

The Flora of Pakistan is a work of fundamental nature, concerned with the 
evaluation of the Plant Wealth of the country. As this type of information is ex- 
tremely important for proper economic planning, it is logical to expect that fund 
would be made available, so that it may be possible for us to carry this work for- 
ward to its logical conclusion. 

At the Department of Botany, University of Karachi, we have also tried to 
extend our work on the Chromosome Numbers of Vascular Plants of Pakistan, 
in collaboration with Dr. Peter Raven of Missouri Botanical Garden, through a 
research project awarded to us by National Science Foundation, Washington. 
Likewise our facilities for Chemotaxonomy, Electron Microscopy, Palynology 
and Numerical Taxonomy have been strengthened further in view of the linkage 
of our Department with the Department of Botany of the University of Reading. 
This linkagc programme is bcing funded by O.D.A. through the British Council. 
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God has blessed Palcisan with unlimited natural wealth, mineral as well as 
biological. Unlike mineral wealth, which cannot be augmented along with time, 
the biological wealth, if nurtured properly, can certainly be augmented and im- 
proved. Carefully planned coordinated national policy for the protection and irn- 
provement of our natural biological wealth is the need of the hour. Protection of 
all the species is necessary because each species presents a unique genetic corn- 
bination and a genetic resource once lost can never be reclaimed. Prehtly 90% 
of the total plant productivity is obtained from 12 species only and even now 
there is greater dependence on 4 cereals. In case we are going to adopt a futuris- 
tic approach, this base will have to be broadened. Under-utilized plants will have 
to be indicated, untapped genetic resources, so richly available in our country in 
the form of wild relatives of cultivated plants will have to be utilized. Along 
with the conventional methods, the modern technologies should be applied to 
reap the rich dividends. The economic aspects of the whole exercise should be 
highlighted so that the scientific researches are translated for the good of the 
common man. Thus further researches on various aspects of economic botany 
are clearly indicated. 

In the end, I would like to express my gratitude to Dr. Stewart, who has 
taken the trouble of travelling all the way across three continents to be here with 
us this morning. We wish him a very pleasant stay in Pakisan. I am grateful to 
various other delegates also. who are representing very eminent organizations 
and who are known the world over for their scientific conmbutions, for partici- 
pating in the symposium. 

I thank you, Your Excellency for finding time to grace the occasion. 

P w e d i n g s  of the 1ntrmation.l Symposium on Plmt L i e  of Scuth Asia held at h e  Deparrment of 
B a y .  University of Knnchi. Karachi-75270, Pnkirtan. 24-27 Febwry. 1991 
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WELCOME ADDRESS 

MANZOORUDDIN AHMED 

Vice-Chancellor, 
Universify of Karachi, Karachi- 752 70, Pakistan. 

Your Excellency the Governor of Sindh and the Chancellor, University of 
Karachi, Dr. R.R. Stewart, Professor S.I. AJi, Distinguished delegates, Ladies 
and Gentlemen. 

I have great pleasure in welcoming you all to the International Symposium 
on Plant Life of South Asia. The symposium is being organized by our Depart- 
ment of Botany on the occasion of the Centennial of Dr. R.R. Stewart. 

Our Department of Botany is one of the better staffed and most active de- 
partments of the Faculty of Science. It is certainly the best Department of Bot- 
any in Pakistan. Out of 22 members of the staff 17 have Ph.D. degrees to their 
credit. They have earned research projects which are funded by United States 
Department of Agriculture, National Science Foundation, Washington, Pakistan 
Atomic Energy Commission. Pakistan Agricultural Research Council, Pakistan 
Science Foundation, University Grants Commission and National Scientific 
Research & Development Board etc., involving a total annual grant of 
about Rs. 2.2 million and thus are contributing their share to the scientific prog- 
ress and development of Pakistan. 

The Department is academically linked with the Department of Plant Sci- 
ences of the University of Reading, U.K. Facilities for specialization are avail- 
able in 6 different branches of Botany. More than 500 scientific research papers 
have already been published in journals of international repute by the staff and 
students of the Department. 

Apart from olher reasons, the Department of Botany has earned an interna- 
tional recognition for working upon the Flora of Pakistan edited by Professor E. 
Nasir of PARC, Islamabad and Prof. S.I. Ali. Taxonomic accounts of 190 plant 
families have been published, which have now become a standard source of ref- 
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erence on the Plant Wealth of Pakistan. The departmental herbarium has a col- 
lection of over 70.000 plant specimens collected from different regions of Pakis- 
tan for over 3 decades.The Plant Taxonomy Section has built up a unique collec- 
tion of scientific literature on plants, which coupled with the herbarium has now 
become one of the best institutions for teaching of Systematic Botany in the 
country. In this section, facilities for advanced research are available in all the 
advanced disciplines of Systematic Botany, including Chemotaxonomy, Nu- 
merical Taxonomy, Cytotaxonomy, Biosystematics and Repfoductuve Biology. 

The Plant Taxonomists of Pakistan are fortunate to have had the guidance of 
Dr. R.R. Stewart, who has kindly left a rich heritage of more than 60,000 speci- 
mens that he collected between 191 1-1962, for the benefit of posterity. This Ste- 
wart Collection is now housed in the National herbarium, PARC, Islamabad. 
The International Symposium on Plant Life of South Asia has therefore been or- 
ganized to pay tributes to Dr. Stewart who, along with his daughter, has taken 
the trouble of travelling, more than 8000 miles in order to be with us today. It is 
a matter of great pleasure and privilege for me to extend a very warm welcome 
to him. I hope he has a very pleasant stay in Pakistan. 

Your Excellency. we are specially grateful to you for kindly sparing some 
of your precious time for us this morning. I am well aware of the commitment of 
the present Government of Pakistan for removing the hunger and poverty from 
our midst and for improving the lot of the common man. In order to achieve this 
objective, it is imperative that we realise the importance of Science and Techne 
logy. Every segment of our existence, be it agriculture or industry, rural uplift or 
urban development, over-all improvement of our health, living and economic 
standards. all are contingents on advances in Science and Technology. The pres- 
ent Government, realising the key role that science and technology ,can play in 
national development, has committed itself to give a high priority to science and 
technology in the national scheme of things. We do sincerely hope that 
the Government would be able to spend at least 1% of GNP on Science and 
Technology sectors as recommended by UN agencies so that Pakistan may be 
able to march on the road to progress. 

Sir, it is with some pride that I would like to inform you that the number of 
research pojects which have been assigned to us or completed by us for various 
national and international agencies far exceeds all the efforts in this field by sis- 
ter universities. This speaks of the calibre and potential of our research scholars. 
The number of M. Phil.1Ph.D.. produced by this University so far stands at over 
600, which is far above the total of all the other Universities of Pakistan. 
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I am very happy that, apart from the Pakistani participants, about 30 dele- 
gates from 13 different countries are also participating in the Symposium. I am 
sure scientific deliberations at the Symposium will be mutually beneficial for all 
the participants and the seeds for further collaborative research so very essential 
for fruiting of new ideas will certainly take root. I hope the distinguished bota- 
nists will enjoy their stay in Pakistan and if possible. they may arso like to visit 
various parts of our country, which, being biologically so variable and culturally 
so rich offers many unique attractions. 

In the end I would like to thank you, Your Excellency, once again for kindly 
gracing the occasion. I think that Professor S.I. Ali and other members of the 
Organizing Committee should be warmly commended for the excellent job that 
they have done. Likewise I would like to congratulate Dr. Stewart on the occa- 
sion of his 100th birthday with all the good wishes for continued health and hap- 
piness. 

Welcoming all of you Ladies & Gentlemen, I thank you. 

P d i n g ~  of the 1n~rnrtion.l Symporiurn on Plant Life of Sauth Asia held at the Depurmcnt d 
B a y ,  Univcnity of Kanchi, Karachi-75270, Plldltm. 24-27 Febwry, 1991 
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INAUGURAL ADDRESS 

Governor of Sindh, 
Sindh Secretariat, Karachi, Pakistan. 

Dr. RR.  Stewart, Dr. Manzooruddin Ahmad the Vice-Chancellor, Dr. S.I. 
Ali the Dean Faculty of Science, distinguished delegates, ladies and gentlemen. 

I am glad to know that the International Symposium on Plant Life of South 
Asia has been organized on the occasion of the Centennial of Dr. R. R. Stewart. 
I understand that Dr. Stewart came to our country in 191 1 and worked here for 
about 50 years as an educationist, botanist and a social worker. He started teach- 
ing Biology to the students of Gordon College, Rawalpindi in 191 1 and in 1%2 
he retired as President Emeritus of the College. Thousands of his former stu- 
dents still remember him for his love and for his willingness to discuss and solve 
the problems of his students. Dr. Stewart headed many social organizations dur- 
ing this period and came to the rescue of people of all walks of life, particularly 
immediately after the creation of Pakistan when his services were probably 
needed most. 

The services of Dr. Stewart as a Professor and plant explorer are no less 
outstanding. For about 50 years he collected more than 60,000 samples of the 
plants growing in various parts of Pakistan and Kashmir. This rich collection of 
plants, housed in Gordon College, Rawalpindi, has now been shifted to Pakistan 
Agricultural Research Council, Islamabad, as part of the National Herbarium. 
Pakistani Nation is grateful to Dr. R.R. Stewart for this valuable donation. 

Though over the years he has published many books and research papers in 
reputable journals, his most outstanding contribution, which took him more than 
10 years to complete, is 'An Annotated Catalogue of the Vascular Plants of 
West Pakistan and Kashmir' (1972). His last paper was published in 1985, indi- 
cating that Dr. Stewart is still actively engaged in research. I would like to con- 
gratulate him for his outstanding achievements and wish him continued health 
and happiness. 
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It is indeed gratifying to know that the foundation laid by Dr. Stewart has 
been used to good advantage by Professor E. Nasir at Islam-abad and Professor 
S.I. Ali at Karachi, the editors of the Flora of Pakis-tan. This magnus opus, 
which is spread over 4524 pages, is a publication of lasting value and will be re- 
ferred to for several centuries. It is certainly a very important achievement for 
the countq itself, being a basic tool for botanical, environmental, agri-silvicultu- 
ral investigations in Pakistan. This major scientific 2nd technical achievement, 
to a very large extent a national undertaking, carried out by Pakistani botanists, 
deserves our unrestricted admiration. I would therefore like to congratulate Pro- 
fessor Nasir and Prof. Ali for their concerted achievement. I hope that the work 
on Flora of Pakistan and other related projects at the University of Karachi will 
continue so that an authenticated account of our Plant Wealth is available for 
proper utilization of our natural resource. . 

I am conscious of the fact that modem scientific education and research has 
become very cost intensive and our universities and research organizations need 
greater inputs in order to upgrade their laboratories. Though the National Corn- 
mission for Science & Technology was created in 1984 according to the ap- 
proved Science Policy, but the former Government kept it in cold storage for 5 
long years. The first meeting of the Commission for Science & Technology was 
held in March 1989. We are also following a liberal policy by sending scholars 
every year for higher studies in frontier sciences. Efforts are also being made to 
launch a revitalised Science Policy that is in conformity with the aspirations of 
the intelligentia of Pakistan. The present peoples Government has adopted a lib- 
eral policy for the promotion of science and technology within our limited re- 
sources. Nonetheless, in a country like Pakistan where democracy is still taking 
roots. we are faced with many cons-traints. In this connection, two things seem 
necessary. We must use our national resources as judiciously and profitably as 
possible, avoiding unnecessary wastage. Secondly, the private sector should also 
come forward to share the responsibility, so that the Pakistani Nation is able to 
reap the harvest of modem technological advancements. 

Ladies and Gentlemen! The other day I had the privilege of presiding over 
the University Convocation. I brow that the Faculty of Science is fairly active, 
inspite of various obvious constraints. in Lhe field of research, as exemplified by 
the research degrees earned by the students. It is also gratifying to know that the 
Fxulty Members are participating in various nation building and constructive 
activities by tackling various research projects, that they earn in open competi- 
tion, from various international and national agencies. The Department of 
Botany, in this connection, deserves special praise for having done some 
excellent work under the guidance of the Dean, Dr. Ali and the Chairman, Dr. 
A. Ghaffar. 
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I am glad to know that about 30 plant scientists from 13 different countries 
are also participating in the Symposium on Plant Life of South Asia. As a result 
of interaction between the botanists from different countries many new ideas 
will be generated and many new strategies will be evolved in order to expand 
the frontiers of knowledge furlher. I would like to assure you that my Govern- 
ment will give serious consi-deration to the Recommendations and suggestio"s 
that you may like to put forward at the end of the Symposium. 

In Ihe end I would like to congratulate Dr. Stewart on the occasion of his 
100th birthday and wish him continued health and happiness. I wish the partici- 
pants ol  h e  symposium every success in their deliberations. 

With these words, Ladies and Genllemen, I am pleased to inaugurate the 
Symposium. 

Pnxleedingr of the Intcmatimd Sympiurn on Plant Life of Smth Amu held rt the Deputment d 
B a y ,  University of Krnchi, Karachi-75270, Plkistm. 24-27 February, 1991 





Dr. R.R. Stewart with Prof. Dr. S.I. Ali 
at the I~ternstional Symposium on Plant Life of South Asia 
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REMINISCENCES 

RR. STEWART 

1420 Santo Dorningo Ave; 
Duaste, Calf., 91010, USA. 

I consider myself to be very fortunate person not only because I have had a 
long life and at 100 am still able to read and write all day and am as interested as 
I ever was in what goes on in the world. I have a wide correspondence and am 
not lonely. I only had two daughters, Jean Macmillan Stewart Andrews 1919- 
1970, born at Sialkot and Ellen Reid Stewart Daniels 1921-????, born at Jhelum, 
so I do not have any Stewarts to follow me but I have six grandchildren and 6 
great grand children. 

1 am fortunate in that I have had opportunities that none of my forebears 
have had. I am the first in my line to have gone to college, travel and become a 
scientist. My father's older brother was the first to become a minister and mis- 
sionary. My father had to go to work at 18 and did not go to a State Teachers 
collegc until he was 31 and never had a degree. only a certificate. I grew up on 
Manhattan Island. New York City and could live at home and go to Columbia 
University. My father grew up where there were only primary schools with a 
three or six month tern each winter. 

The various honours and distinctions I have received while abroad were 
largely because I was in the right place at the right time and because I was a lay- 
man and not a clergyman. My "call" to the Mission field was for a specific job. 
The young Gordon Mission College of the U.P. Church in 191 1 needed some 
one to teach elementary Botany and Zoology to Pre-med students. I at that time 
only had a Bachelor's degree and the Punjab University did not require a mas- 
ters degree for that post. 

At this time the flora of this part of India and the Western Himalayas was 
not well known so h e  opportunities for Plant research were limitless. Kashmir 
was only 200 miles away. Western Tibet was only 400 miles away across the 
main Himalayan Range. Europeans had to spend large sums to get to Kashmir to 
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s m  their exploration. The first three times I went to Kashmir on a push bike 
though the third time a British officer gave me a lift part way. I went as far as 
the capital of Kashmir on my push bike and crossed into Western Tibet on foot 
at a cost of two or three dollars a day in 1912-13 and 1917. 

I collected plants every summer I was in Gordon College between 1912- 
1959 without grants from any one, only supplementing my regular salary by oc- 
casionally selling duplicate plant specimens at 10 cents a specimen. In 1962 af- 
ter retirement I returned to Pakistan to collect plants for six months at the ex- 
pense of the U.S. National Science Foundation. 

My academic career before going to college was undistinguished. Athleti- 
cally at Columbia I was also very ordinary only getting a few medals for running 
but failing to get the coveted "C" to wear on my sweater. In class work, how- 
ever, I did not find it dimcult to get and lake more cburses than required each 
semester so that I could graduate in three years. Not wanting to graduate with 
our rivals, the class of 1910, I finished 1910 with 120 points instead of the 124 
required for graduation. In 1910 I was the only one of the class of 1911 to be 
elected both to Phi Beta Kappa, the Arts, and sigma Xi, the Science Honorary 
Society. I was chosen the most faithful and deserving student in the class and 
given $50.00 as prize. 

111 1910-191 1 I took a coursc to obtain four more credits to graduate and 
also took all of the courses required for an M.A. degree. but I did not get Lhe 
sheepskin until 1915 after returning from India after three years of teaching. In 
summer of 1916 I obtained my Ph.D. 

My wife Isabelle Caroline Darrow M.Sc. and I were appointed to be full 
members of the United Presbyterian Mission in India and I was given a Cutting 
Travelling Fellowship. Post doctoral students usually used a fellowship to go to 
Europe, but I requested permission to use it to travel, collecting plants in India. 

This was during World War 1 before the U.S. had become directly involved 
and the Mediterranean was a war zone. The Foreign Board could not send the 
1916 party back early enough for me to get to Gordon College for the September 
opening of college so they had to appoint another to tcach for the year 1916-17 
making it possible for me to use my Cutting Fellowship to collect plan&. Belle 
and I were able to collect industriously in thc plains in the winter, and then in 
the lower hills. We went higher as the Spring progressed. This does not appear 
like a preparation for missionary college work now but my idca was to know my 
subject so well that I would be an expert along my line and fitted for research 



work. It turned out that before long, little Gordon College had a better plant col- 
I--ction than the Punjab University Lahore. After some years the Punjab Univcr- 
sity gave me an honorary D.Sc. The first foreigner to be given the degree. 

The Punjab at this period was still in India and about 1938, in their annual 
honours awards I was given a Kaisar-i-Hind (Emperor of India) gold medal. 
These medals were given for medical and other forms of civilian activities. The 
governor distributed the medals to those of us living in thePunjab. (My father 
was given three tickets, and mother and I were able to go. It was a very grand af- 
fair. Everyone else was in dress uniform and the ladies wore colourful evening 
gowns. Father stood out in his black academic gown. I was proud of him. Ellen). 

This research work in plant taxonomy which I started is still being carried 
on vigorously in two centers. One in Islamabad, the new Pakistan capital and the 
other in Karachi in Sindh. My work would probably have died in 1960 when I 
retired at 70 but Prof. E. Nasir a student who studied botany for four years in 
Gordo~r, got an M.Sc. in Allahabad, camc back to Gordon as lecturer and in 
1960 when I left took over my work in biology and I gave him the 50,000 or so 
specimens which I had accumulated since 1912 by collection and gift. Over the 
years I had done a great deal of collecting and Nasir was on his own and wheri I 
left, it all became his responsibility to look after what is now called the Stewart 
Collection. It looks as though the good Lord knew that he needed help quickly 
for at that juncture somebody at the U.S. National Science Foundation thought 
up something more remarkable than anything we could have dreamed up. The 
U.S. Govt's had a lot of blocked funds in Pakistan that could only be used in 
Pakistan. Someone thought that it would be good for U.S. agriculture, business 
and medicine to bring as much plant material as possible to Beltsville, Md., 
where it could be studied and if found promising in anyway, more could be im- 
ported for tesling. I do not know who advised the Americans appointed to imple- 
ment the scheme in Pakistan but they decided that the best taxonomists in Paki- 
stan to collect Pakistani plant materials and send out collectors were Prof. E. Na- 
sir in the north and S.I. Ali in Karachi in the southwest. Money was given to buy 
each one a jeep, and other necessary materials plus travel expenses. Annual re- 
ports were sent to the U.S. along with specimens which had a reputation for use- 
fulness. until, Beltsville found out that the law of diminishing returns indicated 
that thc collecting should stop. This was I think in 1970. 

The Department of Agriculture thcn dccided that PakisLan nceded a Flora, 
which I had realizcd in 1911 when I was 21 and my collecting from that date 
and that of Prof. Nasir when hc joincd mc was to gathcr specimens which would 
bc ncccssary for a flora. A flora is an inventory or ccnsus of ~ h c  plants of a rc- 
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gion which is a prerequisite for plant geographers who need to know the distri- 
bution of plam.' Many people also need to know where supplies of useful plants 
are available. 

Profs. Nasir and Ali had done such good work for ten years that they were 
selected to be Joint Editors of the proposed flora That was 20 years ago and 
they are still at work on i t  They have had endless difficulties chiefly because 
most assistants they employed have left Pakistan to get better pay in oil rich 
countries. So far about 190 fascicles have been printed and distributed to the bo- 
tanical libraries of the world. Prof. Nasirvs son Yasin got his Ph.D. in Karachi 
and has worked with his father and succeeded.him as Director at Islamabad. 

My share has been the publication of two general volumes. The first being 
published in 1972 and the second in 1982. The work has gone slowly because, 
unlike India, Pakistan has few capable botanists. India has hundreds but they 
choose fields which are too narrow. India needs a flora for the whole country but 
Indian botanists are working on 40 local floras. It is more efficient for a good 
botanist to write a monograph of the rose family, let us say, for the whole wun- 
try than to study all of the families for a local flora. If the rose family for the 
whole country is completed the local flora people can modify it easily for use in 
their local floras. 

The flora which Nasir and Ali are preparing will provide Pakistan with a 
National Flora long before India will have one. 

After I retired h r n  Pakistan the Government gave me in 1962 a Sitara-i- 
Imtiaz, (Star of Distinction) for my educational and botanical work. 

In 1%3 Alma College, The Presbyterian College in Michigan gave me an 
Honorary L.L.D. the citation is as follows: 

"As a token of our esteem for your long and distinguished career as a 
scholar and teacher of botany and for the significant contributions which you 
have made to man's greater understanding of the world of Nature; 

In grateful recognition of your pioneering missionary work in India which 
you so faithfully performed for ovcr morc ban half a century. 

As a symbol of our respect for your achicvcments as the Principal of Gor- 
don College of Pakislan and for your unfailing devotion to the mission of the 
Church in higher education among our fellowmen in distant lands; 
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Now,  heref fore, the Board of Trustees of Alma College confers upon you, 
Ralph Randles Stewart, the Honorary Degree. Doctor of Laws, 'honoris causa"'. 

In 1984 the American Association for the Advancement of Science asked 
me to become a member but as I think there are 200,000 more with this honour I 
should not go out and get a new that though I was pleased. The new Indian Fern 
Society of 50 members asked me ~o be a honorary foreign member. The Pakistan 
Academy of Sciences also made mc a member about the same time. 

Most of us likc to be recognized and honoured for some little humph. We 
like to have a place in a book of records, to have hit more home runs, to have 
run faster or made more points in a single game than any one else. Botany has a 
way of honouring many thousands of us devotees. The early bees find the honey 
and arc distinguished in several ways. The commonest way is by having a plant 
named after you. The rust Englishman to collect plants in Western Tibet was a 
Veteri~~ary surgeon named Moorcroft. Hc collected about 28 dried specimens of 
plants in 1820, made a little bundlc and scnt lhcm to Wallich in Calcutta. A 
numb:r of his specimens wcre ncw and arc named after him e.g., Gentiana 
moorcroftiana. Botanists who are the first to collect in a region may have a large 
number of plants named for them. It is not quite the thing to find a new species 
and to call it after yourself, but it is alright to lct a friendly botanist draw up the 
description of the plant and name it for you. The first botanist to prepare the de- 
scription of a new species and publish the new name with a Latin description 
places his name after the name of the plant. If you see in a list of names Rosa 
alba L., or Linn., it means that Limaeus was the first to describe it. Some pio- 
neers in a country who are professionals and describe new plants year in and 
year out have their names aficr hundreds or thousands of .plants. Some pioneers 
do not leave many plants for later bolanists lo name. 

I had the advantage of being first or one of the first in some areas and have 
a good many species named stewartii or srewartiana. The author often names 
his plant for the place where it was found or for some peculiarity of the plant, 
alba, pwpurea, gigantea, tenuis etc. If you should loday discover a new species 
in Scolland or New York State it would be a noteworthy event but there are still 
tropical areas where there are many underscribed species waiting to be discov- 
ered. Some p u p s  of plants are much better known than others. If you want to 
find a new fern it is much more difficult than to find a new moss or fungus. If 
instead of collecting flowering plants diligcntly in Kashmir I had spent my time 
in looking for mosses, plant discascs likc rusts or fleshy fungi I could have 
found more new species, but I felt that i t  was much more important for the pio- 
neer collector lo learn the w, shrubs, vines and flowcring herbs first. Still 
knowing that they might bc ncw I did collcct a grcat many mosses, rusts and 
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smuts. I don't think that I collected any new smuts but did find a good many 
new rusts and mosses because they took little room in a plant press. 

I sent my rusts to Drs. Arthur and Cummins at Purdue University and they 
published the names in Mycologia. What is the use of such collecting? One 
never knows. I can show that it may be very important One day I got a letter 
from an Indian mycologist. He wrote that he had read in Mycologia that I had 
found a rust in Gulmarg on a gooseberry. "Can you tell me exactly where you 
found it"? I told him and he sent some one to gather fresh material. He injected 
the spores into the blue pine, and the rust which was damaging the blue pines 
developed. He solved his problem with a little help from me. He had been trying 
to work out the life history of the fungus damaging these Himalayan pines and 
had read that the alternate host of the rust damaging the American white pine 
came from a gooseberry. I remembered that many years ago people from Cornell 
were eradicating the wild gooseberries in Northern New York where I was liv- 
ing to Lave the pines. The Indian knew this American discovery and my finding 
dixascd gooseberries in Gulmarg may have been of economic as well as b ie  
logical importance by proving that spores from gooseberry rust infect pines as 
barberries develop the spores causing whcat rust. 

I did not have such good fortune with my mosses. Mosses are not of much 
economic importance but are of some value as soil builders, causing rocks on 
which they grow to decay. They are small and ohen numerous in moist areas. 
Few grow in dry areas. There are thousands of kinds and those who specialiw in 
them are called Bryologists. Mr. H.N. Dixon was the English expert on Indian 
mosses. About 60 years ago I met him at Kew and he said that he would name 
my mosses. I kept my eyes open and from time to time sent him packets of fruit- 
ing mosses. He kept part of each packet and returned duplicates named and quite 
a few species were reported to be new genera. I felt pleased. 

After retiring I went to work at the Herbarium of the University of Michi- 
gan and as they have a great deal of moss literature I thought I would look up 
Dixon's papers. I could not find them. I asked a Bryologist for help and he 
found that only one of my "new" species had actually been published. I asked 
Prof. Nasir to send the duplicates to a new expert to have him see if some on% 
had found these mosses in the last 50 years and do what is necessary if they are 
really new. 

B c  ing able to add to scientific knowledge and discovcr new species brings 
satisfi~ction and I think that what Prof. Nasir and I have done in making a na- 
tional collection without any effort on thc part of Pakistan must be unique. India 
inherited the Botanical S w e y  of India which stancd 200 years ago near Cal- 



REMINISCENCES 23 

cutta. It is supposed to have the largest plant collection in Asia. It has a large 
staff and a publishing d e m e n t  which has been active over the years. Pakistan 
does not yet have a Botanical Survey. 

How did Prof. Nasir and I came to give this herbarium to the Government 
of Pakistan? It is a long story which I will try to condense. It was started for my 
own use in 1912. A-tiny college with less than 100 students does not need a her- 
barium. A foreshy or agricultural college and a University with graduate stu- 
dents needs one but the Punjab University in Lahore has never had a good her- 
barium. I started mine in a dressing room off my office in one cupboard. I knew 
so little about the names of Rawalpindi plants that I kept a specimen of each 
plant I named so that months later I would not have to look it up all over again. 

Collecting every year hundreds of specimens added up and needed more 
room than the dressing room so I took the specimens to my Botany department 
office and years later that became too small and part of the collection was put in 
the Biology Museum and adjacent laboratory where it was when I retired in 
1960. 

I was the Principal or Vice Principal from 1934-1960. The question of who 
owned it was never raised though i t  was called the Gordon College Herbarium 
because it was there and it was used by the staff. When I left I gave a paper to 
Prof. Nasir stating that it was his and he continued to use it. When Pakistan na- 
tionalized the Christian colleges and it was getting near Prof. Nasir's time to re- 
tire there were new problems. In 1970 Prof. Nasir began to work on the Pakistan 
flora financed by the U.S. National Science Foundation using what had been my 
specimens as a foundation. 

There was an unfinished Mission building near the college athletic field and 
Prof. Nasir moved the specimens to this building away from the bustle and noise 
of the college labs. Then we bcgan to wonder about the future of the collection. 
The new Principal, Prof. Masud wanted the collection left at the college for rea- 
sons of prestige. The Christian who succeeded Nasir as head of the Botany De- 
partment at Gordon would have liked, no doubt, to be given charge of the collec- 
tion but Nasir and Ali needed it for their preparation of the Pakistan flora which 
was bcing financed with U.S. money. After consulting with Dr. Tebbe of the 
U.S. Mission we decidcd to offer the Herbarium to the Pakistan Government and 
they at cepted it. Prof. Nasir and his .son havc now been working away for 20 
years cbn the flora and E. Nasir and I havc the distinction of giving a National 
Herbarium to a sovereign nation. 

P r d i n g r  of Ihe In1emrtim.l Symposium on Plmt Life of Scuth AIU held at the merit d 
B a y ,  Univcnity of Kanchi, Karachi-75270, P&irt.n. 2427 Febnury, 1991 
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ABSTRACT 

The tremendous activity of Flora writers throughout the world f r a n  the middle of the 201h 
century onwards is, in a historical context, one of the main features of whole-plant botany at the 
present time. The earliest Floras hislorically were little more than lists of plant names within a 
given area. Today the best of modem Floras are sub-monographic in content. Several major SW 
Asiatic Flora projects were initiated in the 1950s and 1960s. The progress of m e  of these Floras is 
reviewed, including that of Pakistan. Comments are made about the necessity for 1-1 botanists to 
build on and develop the basic information that Floras provide. The importance of a good Flora for 
all aspeas of botany cannot be over-emphasised, but it always has to be regarded as r srage in bo- 
tsnical knowledge, not rn end-point in itself. 

THE FIRST FLORAS 

Before starting to lalk about some of the SW Asiatic Floras of the present 
time, it  is relevant to say a little about the origins of Flora writing in general and 
to mention some of the earliest known Floras, whether or not they were desig- 
nated by the term Flora. I t  is difficult to specify the earliest known Flora, and by 
that I mean a scholarly botanical guide. of one kind or another, to the plans that 
grow in a particular area. But two of thk carliest dare from the 16th century. 
They were by the Dutchman Carolus Clusius: one was the first Flora of Spain 
and Portugal published in 1576 as a 'result of his travels there in 1563-65'; the 
other deals with the flora of Austria and adjacent pan. of what we know today 
as Hungary. I t  was published in 1583 and dealt not only with native species, but 
also with such ornamenlals as Tulips. Lilies. Fritillaries, even some American 
introductions such a. Solanum and Mirobilis. S ~ ~ f l c u  (1967) suggests that this 
remarkable work of Clusitrs set a standard for many ycars to come because of 
the accuracy of iu descriptions and in thc prccisc indication of localities. Clusius 
did not use the word Flora in the title of rhcsc two hooks but there is no doubt 
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that they are Floras as we understand them today and that the origins of Flora 
writing go back more than 400 years. 

Just as it is difficult to pin-point the earliest known botanical guide to the 
plants of an area, so too is it difficult to specify who first used the term Flora for 
such a guide. One strong candidate is Simon Paulli who published Flora Danica 
in 1648. From then on till Linnaeus's time there were a number of Floras pro- 
duced such as Ruppius, Flora Jenemis (1718) - the area of Jena in E Germany; 
there was also Breyne's Flora Capensis, S. Africa - of 1724, but this was a 
collection of paintings, not a botanical treatise. So allhough one tends to think of 
Linnaeus as the initiator of most aspects of modem bolany, including Floras, in 
fact he was just one botanist, certainly a most excellent one, in the ever-continu- 
ing progress of botanical knowledge. But it is m e  to regard Linnaeus's Flora 
Lapponica of 1737 as an important landmark in Flora writing. The nomenclature 
here. being pre-Species Planrarwn, is of polynomials, but otherwise its contents 
are relatively modem. Synonyms are given, as are details of habitat; cryptogams 
are also dealt with. 

At this point it is worth mentioning that i t  is very helpful for present day 
botanists to differentiate between a published (book) Flora and thc general term 
for the vegetation of an area by using a capilal "F' for the book and a small "f' 
for the vegetation. Because the term Flora derives from the name of the Roman 
goddess of flowers, it is understandable that the earliest botanists considered all 
the plants growing in an area and did not differentiate, as we do today, between 
native and cultivated plants. To them, both were a natural part of what they were 
describing. Thornton's beautiful The Temple of the Flora (1799) is a ralher later 
post-Linnaean example being "Picturesque botanical plates of the New illustra- 
tion of the sexual system of Linnaeus". During and after Linnaeus's time the 
number of Floras (with a capital 'F') published greatly increased. And most of 
the basic or initial Floras of Europe date from this time, such as the earliest Brit- 
ish Floras. I'll come back later to the fact that although the fust British Floras go 
back 200 years and more, throughout those 200 years new and improved Floras 
have been, and still are, being written. The last word on British flora has cer- 
tainly not been written. New information always has to be incorporated. 

Although it is bad taxonomy to attempt to classify Floras into historical 
'taxa' - they all intergrade - it is useful for the purposes of this short talk to 
recognise three main eras: that of pre-Linnaean and Linnaean Floras, already 
dealt with; the Victorian era covering the mid 1850s to the end of the century; 
and the era of the present time from the mid to the end of the current century 
where the relevant modem Floras of SW Asia are considered. 
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THE VICTORIAN ERA 

SO turning to the 19th century and the Victorian era, this was a time of m- 
merous Flora productions. These Floras dealt mainly with comparative morphol- 
ogy and little attention paid to such present-day facets as nomenclature, typifica- 
tion, citation of specimens, ecology or cytology. George ~entham was one of 
the great botanists, polymaths and writers of that time and two of his Floras, 
Flora Hongkongensis (1861) and the massive 7-volume Flora Auslraliensis 

(1863-78) set the standard for many of the subsequent Floras, especially those 
emanating from Kew. Bentham (1874) made several very Pertinent comments 
about Flora writing, which are just as relevant today as they were in his time. 
For him "The principal object of a Flora is to enable the user to determine any 
plant in the area dealt with"; and, "any tyro can draw up a long description of 
specimens, but selecting the characters necessary to give a good idea of a spe- 
cies in a short description requires a thorough knowledge of the subject and a 
methodical mind". Simplistic maybe but very bue and honest. Well, I'm not 
sure how Bentham would assess our prescnt-day Floras - certainly our descrip- 
tions have got very much longer - but he undoubtedly set a very high standard 
of description in all his works both as sole author and those he co-authored wilh 
Hooker, especially Genera Plantarum (1862-83) of which he (Bentham) wrote 
the greater part. An interesting sidc-light on Bentham's dedication to bomny is 
provided by the following contemporary account of his working habits when he 
was over 80 years old - "after more than a year's constant uninterrupted work 
on the orchids [for Genera Plantarum 1, he concluded his revision of that diffi- 
cult order late one Saturday afternoon; but without pause, knowing that the 
grasses, a still more arduous task, remained lo be undertaken, he simply bade an 
attendant bring him the material for commencing this last great portion of his 
work and immediately began"! Kew at his time was. as it is today, one of the 
main world centres of taxonomic research, but at Geneva Edmond Boissier was 
laying the foundation of a work that was to so greatly influence the progress of 
botanical knowledge in SW Asia: the monumental Flora Orienlalis. The first 
volume was published in 1867, h e  final fifth volume in 1884; and a posthumous 
supplement in 1888. Boissier in his lifetime describcd almost 6000 new species 
(Burdet, 1985). a high proportion from the Flora Orienlalis area, and i t  is a trib- 
ute to his excellence as a botanist that so many of these species are still main- 
tained today. In almost all human activities. progress in any subject mainly re- 
sults from improving on what has gone before - whether it is political econ- 
omy, motor cars, football or washing machines. This generalisation is, I think, 
especially true in taxonomic botany. Linnaeus, De Candolle, Bentham, Boissier 
and the Hookers provided the solid and accurate framework that their successors 
could build on. The process still, of course, goes on. As far as SW Asia is con- 
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cerned, I think all workers on the flora (with a small "f') have been particularly 
fortunate that Boissier's Flora Orientalis covered such a wide, relatively natural 
area, that is was such an accurate work and, not least, that the Flora Orientalis 
specimens at Geneva have been, and are, so well curated. The fact that there is 
so much compatibility in taxonomic concepts in the various modem Floras of 
SW Asia owes more than a little to the concepts of Boissier. Truly, he was a 
giant. 

THE SW ASIATIC FLORAS OF TODAY 

In moving on to the third of my Flora eras we come up to the present day. It 
is probably true that the period from about the middle of the 20th century on- 
wards has been the greatest, or at least most productive, of the three eras as far 
as floristic activity is concerned. Throughout the world a huge number of Flora 
projects have been under way - whether in Europe, Asia. Africa or the New 
World. And if in a few hundred years time, there are still botanists around, I 
would have thought that a botanical historian would regard the present Flora- 
writing activity as one of the main features of whole-plant botany in the 20th 
century. Some of these Flora projects have been, or are, enormous. Flora URSS 
completed in 1964 deals with over 17,000 species of flowering plants of which 
about 1500, or 10%. were described as species new to science during the 30 or 
so years of the project (Shetler, 1967). The main Flora of China (Flora Reipubli- 
cue Popularis Sinicae) will, i t  is estimated, treat c. 28,000 species of vascular 
plants. It  involves over 200 Chinese bomisls and the intention is that, with the 
first volume published in 1959, the project will be completed in 80 volumes be- 
fore the end of the century. It is interesting to ponder the fact that these two co- 
lossal Flora projects have been financially supported by communist-socialist 
governments. And in comparison. most Flora projects elsewhere in the world are 
under continual financial stress and have to look to many varied sources for 
funding. More specifically, 2 of the richest countries in the world, America and 
Saudi Arabia, have no Floras - nor have their governments shown any inclina- 
tion to finance such projects. An interesting comparison between East and West. 
Send a man to the moon, or invest x-millions in a new oil well - but why spend 
money on understanding planrs? 

Turning now more specifically to SW Asia Floras of the pre.sent time, there 
are three that I would like to consider briefly - Flora of Turkey, Flora lranica 
and Flora Pakistan. For me, the genesis of any Flora is always an interesting 
topic. And the genesis of these three particularly so in that all of them owe their 
inception and development to an individual - not to a government, or an insti- 
tute or an advisory committee. The names of Perer Davis. Karl Hcinz Rechinger 
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and Ralph Stewart are almost synonymous with Flora ~ u r k e ~ ,  Flora lranica and 
Flora Pakistan. In a similar way, Komarov is synonymous with Flora URSS, 
even though it was completed long after his death; as is Father Mouterde with 
Nouvelle Flore du Liban el de la Syrie. 

Peter Davis once said that "the idea of of writing a Flora of Turkey arose 
fortuitously as a personal and optimistic vision". When he was 20. he botanized 
in 1938 in mountains of W Turkey where a century earlier Boissier had botan- 
ized. From that first visit was born his fascination with the plants and vegetation 
of Turkey. After the war he took his degree at Edinburgh, acquiring various gold 
medals on the way, was appointed a lecturer in the Botany Department of the 
University In 1950, and soon thereafter started on the first of his ten major plant 
collecting trips to Turkey; these yielded c. 27,000 specimens, frequently col- 
lected in triplicate or even quintuplicate (Davis & Hedge, 1975). Some of these 
expeditions were very long. In 1957, I (ravelled with him for almost 7 months; 
he was not the easiest and relaxed of wavelling companions, but certainly was an 
outstanding collector. By the late 1950s, sufficient herbarium material had been 
assembled to make writing a Flora a realistic goal. Both at Edinburgh and Basel, 
where Dr. A. Huber-Morath had independently built up another major Turkish 
collection from his many journeys in Turkey. In 1961, with the aid of financial 
support from the then Department of Scientific & Industrial Research. Davis 
was able to set up a small team of 2 full-time research assistants based at the 
Royal Botanic Garden, Edinburgh. There was much close co-operation with the 
Garden, at that time a government department, and without that support it  is 
doubtful if progress on the Flora of Turkey would have been so fast and so 
smooth. Throughout the whole project this mutually beneficial and happy rela- 
tionship continued. The first volume of the Flora was published in 1965 by Ed- 
inburgh University press, the last volume, vol. 9, in 1985. A supplement vol. 10, 
dated 1988, was largely prepared and edited by Davis's last two research assis- 
tants, Robert Mill and Kit Tan. The bare statistics are that c. 8800 species were 
treated in 9 volumes published in a 20-year period - i.e., over 400 species each 
year. Although Boissier's Flora Orienlalis was the skeletal framework from 
which the Turkish Flora was built, the Flora of Turkey was, as Flora Iranica, an 
original piece of research; it is very far from being merely a compilation of what 
was previously published. Dr. Mill has recently estimated that in the period 1945 
to now the total number of new species described from Turkey was 1332; that is 
15.590. Even allowing for c. 150 names that have subsequently been reduced ei- 
ther to synonomy or changed in status the percentage is still as high as c. 13.5%. 
Endemism is very high. 
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Well, so much for the genesis of the Flora of Turkey and its neat almost 
metronomic progress to completion. What about the results? Was the enormous 
amount of time, labour and money expended worth it? One result of paramount 
importance is that scientifically we know incomparably more about Turkish 
plants than we did 25 years ago. Another is that Turkey now has a large number 
of competent local botanists at Universities throughout the country who are the 
next generation of research workers on the Turkish flora. I remember how in the 
late 1950s Turkish taxonomic botanists were very thin on the ground. Then as 
the Flora progressed more and more young Turkish botanists came lo work at 
Edinburgh and make use of our facilities. Contacts and friendships that still con- 
tinue. Whole-plant botany in Turkey is certainly alive and well. Not just in tax- 
onomy, but in forest botany, conservation, cytology, biosystematics, phytosoci- 
ology and phytochemistry. But although there is now such a solid core of botani- 
cal expertise in Turkey, there is still no national herbarium which, with associ- 
ated laboratory and library facilities, should be the main focal point for reference 
and associated research. Such a national herbarium should be an integral part of 
botanical research in any part of the world. 

The main reason I've said quite a lot about the Turkish project is not just 
because it is historically interesting. but because several aspects of i t  are relevant 
to taxonomic botany in general and Flora writing in particular. I may be biased, I 
probably am, but I think the Flora project was in many ways a model and the 
Flora itself a model of what a modem scientific Flora should be. It has a succinct 
format. it is easy to use. the observations about species are informative and. im- 
portantly, the Flora was completed within the estimated time-scale. In some 
other parts of the world. admittedly with larger numbers of taxa to deal with, 
there are Floras that seem destined to be completed, at worst or best, by our 
great-great-grandchildren-by which time a lot more of their species will be ex- 
tinct Flora of southern Africa, Flora Malesiana with its monographic but unre- 
alistic format. Flora tropical Easf Africa (started almost 40 year ago), Flora 
Thailand are some examples. And when is Hooker's Flora o j  British India 
going to be superseded by the completed Fascicles of Flora of India? 

I am only going to say a little about Flora Iranica because Professor Rech- 
inger has already talked about it. But I would like to emphasise just how much a 
1-man 1-woman (his wife Wilhelmina) Flora this is, and has been. Since the first 
very slender fascicle appeared in 1963, Flora Iranica has developed into another 
of the truly major Floras of our time. One of the most recently published farni- 
lies the Caryophyllaceae (No. 163) is a case in point. It deals with over 450 spe- 
cies. probably about 114 of the global species total and is a major conuibution to 
our knowledge of the family; endemism in some genera, e.g., Silene, is as high 
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as 40-60%. Considering that Rechinger would have been an important historical 
figure if he had stopped publishing 114 century ago. it is astonishing that he 
started on the first of his major Flora Iranica collecting trips when he was over 
50 (Rechinger, 1989) and embarked on a Flora which covers about 10,000 spe- 
cies when he was in his mid-fifties! Of course, he has had much co-operation 
from botanists throughout the world who have written accounts. Already in 1990 
over 8,000 species have been treated. One criticism that can be made of the 
Flora of Turkey is that it is inadequately illustrated. This is certainly not a criti- 
cism that can be levelled at Flora Iranica; it is very well illustrated with photo- 
graphs, line drawings and, in recent fascicles, scanning electron micrographs. 
But this very desirable adjunct to the text inevitably pushes the price up. And 
consequently less copies get bought and used. It is a sad fact that the costs of 
publishing scientific works with limited print-runs in Europe are disturbingly 
high. To buy a set of Flora Turkey would set you back about £500; a set of 
Flora lranica several times that total! The last point that I want to make about 
Flora Iranica is that the general botanical community should be duly apprecia- 
tive of the fact that, as with Boissier's Flora Orienralis , the boundaries of his 
Flora were not based just on political frontiers but were drawn to cover a more 
natural area - even though it is inevitable that as soon as you draw a line on a 
map, you are bound to create some artificial boundaries. 

The last of the three Floras to comment on is that of Pakistan itwlf. I t  differs 
from the previous two Floras in one very major point. I t  is home-produced and 
has had 2 autonomous editors, one in Karachi, Professor Ali, the other Professor 
E. Nasir in the north at Rawalpindi. The great majority of Lhe family accounts 
have been prepared by local botanists, the artwork entirely by local artisls. Al- 
though the Flora project was starled in the late 1960s (with United States De- 
partment of Agriculture funding) by its two editors. the real genesis of the Flora 
goes much further back. Our respected guest of honour at this Symposium, Dr. 
R.R. Stewart started plant-collecting almost 80 years ago when in 191 1 he was 
in Ladak (Stewart, 1982). For the next 50 or so years he was at the core of bot- 
any, training and encouraging students, and plant collecting in all parts of what 
today is Palostan. Throughout lhese years he published a variety of papers deal- 
ing with the floras of different area$. His activities were the real genesis of the 
Flora of Pakistan. In 1972 he published his Annotated Catalogue of the Vascu- 
lar Plants of West Pakisran and Kashmir. Although this was a couple of years 
afkr the first small fascicle of the Flora appeared, the Catalogue is really the ba- 
sic reference work for anybody preparing accounts for the Flora. I know from 
practical experience, while recently writing up the Labiatae (Hedge, 1991). just 
how imponant and accurate a framework it is; remarkably little is missing from 
it. Earlier, Ali (1978) said of the Catalogue - "we had free access to il in mss 
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form from early days in the Flora project and it has been the basis of all our 
humble efforts". 

In assessing the Flora of Pakistan i t  is very impomnt to remember the diffi- 
culties the contributors and editors faced. They did not have the facilities of li- 
brary, herbarium, and garden that, for example, Edinburgh has. They had in 
Pakistan little access to type specimens. They had frequent uncertainties about 
continuing financial support Without wishing to be too critical, I think it is true 
to say that the more recent fascicles of the Flora are better than some of the ear- 
lier ones. There was in the earlier fascicles a tendency to create too many new 
taxa and give formal rank to variation that would have been better treated infor- 
mally in discussion. Although there is often an inherent desire in taxonomists to 
create new species and new taxa - they feel they are demonstrating their taxo- 
nomic prowess - the self - effacing altruistic taxonomist (as we all should 
be!) knows that he or she is contributing just as much to botany by reducing a 
species to synonymy as by creating a new species. But my slight criticism of the 
earlier parts of Flora Pakistan would also apply to the earlier parts of both Flora 
Turkcy and Flora Iranica. Sometimes this is because the material for study was 
inadequate at the time of writing the accounts; an example of this is the Flora 
Twkey Chenopdaceae account. Published in vol. 2 in 1%6 it is in need of a 
major re-write to incorporate the evidence provided by material collected in the 
subsequent 25 years. 

Although the Flora of Pakistan still has some way to go before completion. 
I do think that Profs. Ali and Nasir deserve sincere congratulations for what they 
have achieved-as do the numerous authors of accounts and the botanical artists. 
It is a very well-illustrated Flora. 

CONCLUDING REMARKS AND THE WAY AHEAD 

By their very nature, the first scientific Floras of an area are imperfect. They 
can never be definitive. I mentioned earlier that Flora writing in Britain, includ- 
ing innumerable district or county Floras, has been actively going on for 200 
years. And still is going on. We can only hope that, assuming there are still bota- 
nists and plants around in another 200 years in SW Asia, that the flora of the re- 
gion will then be as well-known as Britain is today-hopefully long before a 
couple of centuries. Regional Floras can only have limited objectives and classi- 
fications based on herbarium material alone should not be pushed too far. In this 
respect, it is very important that authors should always be completely honest 
about their classification. This may seem very obvious, but it is very relevanl If 
for example an author is uncertain about the differences between two species or 
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conversely that two species are clearly different. it is hisher duty to indicate this 
quite clearly. Although it is probably true to classify many Flora-writers as self- 
indulgent (i.e., they do i t  because they enjoy doing it and write 'for them- 
selves'), the ideal or paragon of a Flora-writer has, in addition to being compe- 
tent at his work, always to be thinking of the person that is going to use his keys, 
descriptions and discussions. The worst kind of Flora writer is one whose ac- 
counts nobody else can use! I will not cite any examples! 

In the not too distant future, almost all the Floras of SW Asia should be 
completed. So it is relevant to ask "what next - where do we go from here"? 

Undoubtedly, there has to be a real development of field studies, the plant 
and its environment, and this should be done by local botanists using the basic 
information provided by the Floras of their areas. The importance of a good 
modem Flora can scarcely be over-emphasised, but it must always be regarded 
as a stage in improving botanical knowledge, not a definitive end-point in ;pelf. 

When I was preparing, for example, the accounts of genera of Labiatae for 
Flora of Pakistan, and again during the same with Chenowaceae for Flora 
Iranica, I was struck by the number of taxonomic problems involving 'pairs' of 
species. That is, 2 species, certainly closely related and yet distinct from related 
species, which differed from each other in few characters, sometimes ill-defined, 
and occupying very similar or identical habitats and with almost identical distri- 
butions. Young species not fully differentiated? This situation is just an example 
of clear-cut problems that should bc pointed out in Flora accounts as future re- 
search projects. 

In an earlier paper (Davis & Hedge, 1975)' we discussed some of the sev- 
eral facets of modem botany that can be developed and researched by local bota- 
nists. There is no need to emphasise here the extreme importance of realistic 
conservation projects that would ensure the preservation of the natural vegeta- 
tion of SW Asia for the future. 

In conclusion SW Asia has always been very fortunate in the botanists that 
it has attracted - from Boissier of the last century to Davis, Rechinger and Ste- 
wart. And, of course, such local botanists as Professors Ali and Nasir. 

The future for the next generation of botanists is still challenging and 
bright! 
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REPORT ON FLORA IRANICA 

K.H. RECHINGER 

Beckgasse 22, A-1 130 Wien, Austria. 

Uptil 1989 at l a s t  164 panr of Flora lranica have been published, beginning in 1963. Most 
pa- conrain a single plant family, either large or small. Rosacene and Gryophyllaceae contain two 
pam. Of Liliaceae md Scrophulariacere m e  part each has been published, the aecond ir due. The 
Canpositae have been published in leven pa-. Of Pmpilimaceae two pam have been published, 
three pans dealing with the estimated f 1200 species of As~ragalus - the largest genus in Flora 

Iranica -are due. Up to and including part 164 (Compositate VlT) 8355 speaes belonging to 1326 
genera have been mated. Liliaceae 11, Dipsacacere and Violaoeae and two small families togelher 
with 290 specier are in press and due to be published in 1991. Altogether 8645 species have bacn 
treatd so far. 'lhe mmuscrip of Reridophyta ir under preparation for the press. The manuscriplr 
of the remaining familiu: Chenopodircw. Cyperaceae. Ranunculaaeae are under preparation. At 
the moment the amount of species which a t i l l  remains to be written is diffcult to estimate. Whm 
rudy, Flora h n i c a  will comprise more than 10.000 species. Thus the original estimate of f 9,000 
species was too low. In cornparism Flora Europaea has 11.557 species, Flora of Turkey just under 
8,800 with 8,576 native. Up to and including part 164 seventy seven collaborators representing 21 
 nation^ have amtributed to Flora Iranica: 13 Austrian. 13 British. 8 German (BRD), 6 Swedish. 6 
URSS, 5 Dutch. 4 Swiss. 3 each C~chcalovakian. German (DDR), Israel and USA; 2 Poliah and 
one Bulgarian, Cypriotic, Danish. Egyptian, Finnish. French, Norwegian. Paltistmian. At least 55 
family tmbnents were prepared by myseK 28 fmnilier with the help of collaboraton. The nu~hor 
hra undertaken tern expaditions in the yean 1937, 1948, 1956157, 1962, 1965, 1967, 1971, 1974, 
1975 and 1977 during which nearly 50,000 numben were collected. 

DEVE1,OPMENT AND STYLE OF FLORA IRANICA 

In comparing the Tust parts of Flora lranica issued in 1963 with the current 
ones, it is clear that only the general frame work has remained the same. The six 
initial volumes viz., Convolvulaceae, Ephedraceae, Araceae, Tamaricaceae, 
Orobanchaceae and Euphorbiaceae, had keys only with no species descriptions. 
From part 7 on specific descriptions arc given. 

At the beginning only a limited selection of species of each genus was illus- 
trated. Now habit photographs of all species of which representative material is 
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available, are presented. This is meant as a help for users with no or an incom- 
plete knowledge of the Latin and german languages. 

The herbarium material on which the Flora is based has multiplied 
enormously during the past 25 years. The coverage of the area by the network of 
the various collectors is now much denser and less uneven. The policy of enu- 
merating all known localities has been maintained in order to show the numer- 
ous characteristic patterns of distribution. It is remarkable how very few widely 
spread species are in fact distributed over the whole of the Flora Iranica area. 

The editorial frame-work is kept flexible: genera having their centre of spe- 
ciation within the Flora Iranica area are treated almost monographically. Genera 
having their evolutionary cenms outside.the area are treated in a more superfi- 
cial way. By sticking to a certain amount of flexibility the personal style of the 
individual contributors is expressed instead of the traditional over-editing or 
"streamlining". 

An inevitable shortcoming of the earlier parts of Flora Iranica is, that my 
own as well my collaborators* approach was from the West the area of 
Boissier's Flora Orierualis. Flora URSS was still in progress and Flora Kavkaza 
and the Floras of Turcomania, Tadjikistan, Uzbekistan and the Conspectus Flo- 
rue Asiae Mediae as well the Flora of Turkey were still in their earlier stages of 
publication; Flora of Pakistan had not yet started. 

One of the permanent problems of writing Flora Iranica is the necessity to 
balance the very narrow species concept of most of the Soviet authors with the 
cwnmulative one of Hooker's Flora of British India, and. at the same time, 
trying to bring Flora Irunica in line with the well balanced concept of Boissier's 
Flora Orientalis. In the case of Boissier again. it is apparent that on the basis of 
recent more ample material one has, in many cases. to return to the original nar- 
rower concept of Boissier's Diagnoses Plant. Or. Nov. in comparison with Flora 
Orientalis. 

DELIMITATION AND SUBDIVISION 

Flora Irunica was conceived from the beginning to include as far as pos- 
sible cr territory with natural physico-geographical boundaries. Disregarding po- 
litical delimitation this is expressed by the subtitle: "Flora of the Iranian high- 
lands and the bordering mountain ranges". Iran and Afghanislan are included en- 
tirely. In the northwest in the absence of natural boundaries. the political frontier 
with Turkey has been accepted thus linking up with Peter Davis' Flora of Tu- 
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key which started publication almost simultaneously with Flora Iranica. Further 
east in Transcaucasia the course of the Araxes river was accepted including Ta- 
lysh, politically belonging to the Soviet Union. East of the Caspian the moun- 
tainous part of Turcomania is included with the northern foot of the Kopet Dagh, 
another slice of Soviet tenitory. Further east the northern frontier of Afghanistan 
partly follows the Arnu Darya. In the northeast - again in absence of natural 
boundaries - the Afghanistan political boundary is taken as limit including the 
narrow Wakhan corridor. 

Of all the boundaries of Flora Iranica that of the northeast is the most artifi- 
cial: the flora and vegetation of Wakhan and adjacent areas appears to be virtu- 
ally identical with that of neighbouring Soviet C. Asia. Similarly. the flora of the 
Sino-Himalayan region reaches its western limit in this north-east boundary of 
Flora Iranica. Much collation with the floras of Soviet C. Asia and the Hima- 
layas remains to be done. Because the Flora of Pakistan had not yet started I ac- 
cepted the north-south course of the hdus as the eastern boundary of Flora 
Iranica, including Chitral and Swat but excluding Gilgit. The southern boundary 
is formed by the Arabian Sea and the Persian Gulf and further northwest by the 
boundaries between Iraq following for hundreds of kilometres the so called 
"Persian Foothills", the lowest outermost range of the Iranian Highlands. Any 
subdivision of the Flora Iranica area is more problematical than its overall de- 
limitation. 

As to Iran: 

Names of provinces and their boundaries have changed 4 to 5 times during 
the past 50 years, and the same is true for their capitals and other place names. 
Basically the Times Atla is used for provinces and place names and their tran- 
scriptions. Gradually volumes of Adametz' Gazetreer became available and this 
forms a useful tool for localisation. But exact localisation and identification of 
place names remains a very time consuming task, the more so on older labels, 
where common names occurring all over Iran like Abbassabad, Safed Rud etc., 
are given without any hint to their situation. Another serious problem is the ex- 
tremely divergent transcription of place names depending on the nationality of 
the writer using English, German, French, Russian or indigenous versions of the 
same word. Over the years of Flora Iranica a card index for most of the localities 
and a collection of itineraries of the more important collectors has been built up 
by m y  wife Wilhelmina. 
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Subdivision of Iran is a compromise between the traditional provinces (as 
indicated e.g., on the Times Atlas) and phytogeographical facts. 

The North of Iran covers mainly the Caspian Lowlands and the humid north 
facing slopes of the Elbun. Range covering the provinces of Gilan, Mazanderan 
and Gorgan as far as the Caspian forest extends. In cases of doubt, the watershed 
between the Caspian and the dry interior is followed. 

The West of Iran covers the eastern section of the Armenian mountain knot 
and the northwestern sections of the Zagros range with the adjacent Khuzistan 
plains. It includes Persian Azerbaijan, Khamseh, Kurdistan, Hamadan, Kernan- 
shah, Arak, Esfahan as well as the not precisely limited tribal territories of 
Qashqai, Bakhtiari and Luristan. 

The South comprises the southeastern section of the Zagros Range, the huge 
mountains of Kerman, the Lut desert - and the Jaz Murian basins including the 
provinces Fars. Kerman, Lar and Balochistan. 

The E a t  comprises mainly Khorasan with the Kopet Dagh and the southern 
mountain range parallel to it and the eastern border of the Kavir desert basin. 

The centre is the main western part of the Kavir desert basin and the interior 
slopes of the bordering mountain ranges comprising the provinces or territories 
of Tehran, Qazvin, Semnan-Darnghan, Shahrud-Bustan, Qom and Yazd. 

This subdivision of Iran coincides roughly with some of the main plant geo- 
graphical features as I had anticipated them. 

As to Afghanistan: 

Initially I had to adopt the delimitations proposed by M. K ~ i e  and Rechin- 
ger (1954) because at the time the country was much less known than Persia and 
completely unknown to me. While gradually getting acquainted wilh Afghani- 
stan, publication of Flora lranica had already started and I found it impractical 
to change the subdivisions. Only slight amendments to Koeie's delimitations 
have been introduced. 
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As to Pakistan: 

The enumeration begins in the north and progresses to the south roughly 
like Flora of Pakistan. The eastern limit is about the north-south course of the 
Indus River. 

As to Iraq: 

In Iraq the mountainous minor section of the country roughly covering Iraqi 
Kurdistan is included in Flora Iranica. Enumeralion of localities is according to 
districts from north to south. The lower Persian Foolhills are included. For local- 
isation of villages and cities the gazetteers compiled by Mr. E. Guest in the first 
and other volumes of Flora of Iraq are of great help. 

Two sections politically forming part of the Soviet territory are dealt with in 
Flora Iranica in order to include mountain ranges bordering the Iranian High- 
lands. These are in the north: the mountainous southern part of Turkmenistan 
(abbreviated Mt. Turkmen, in FI. URSS.) mainly the Kopet Dagh north slopes, 
and in the northwest Talysh, the mountainous part South of the Araxes River 
forming part of Southern Transcaucasia. 

SPECIES AND SUBSPECIES CONCEPT 

Every botanist who has gained a more intimate knowledge of the plants 
growing in a certain country comes to the conclusion that in nature there are 
"good" or "strong" and "poor" or "weak" species. In other words, some species 
differ from each other by several salient characters, others by few characters dif- 
ficult to grasp. When starting to write a "Flora" the author must try to present to 
the user of his book as clew as possible a picture of the manifold phenomena he 
is faced with. 

The author is faced with two contrasting dangers: either to over simplify in 
order to make the way for the user short and easy; or else to try and give a true 
picture of the complete polymorphism and get lost in the jungle. In the fist case 
he will be called a "lumper", in the second a "splitter". 

One of the possibilities to come closer to the solution of the problem is the 
introduction and strict application of the category of subspecies for gaographical 
races: that is for members of polymorphic groups replacing each other in differ- 
ent areas (or altitudinal belts), but still morphologically not so completely sepa- 



44 K.H. RECHINGER 

rated kom each other that they could be accepted as species. The use of the tern 
subspecies is. of course, not new. It has gmdually crystallized during the past 
century. By some authors it was, however, unequivocally applied for species 
groups difficult to distinguish but not considering geographical or ecological di- 
vergence. 

Application of the subspecies concept has also practical advantages. Incom- 
plete specimens can still be identified as to specific level and thus be used by 
foresters, ecologists or plant sociologists. 

The category of subspecies should, however. only be used after extensive 
field work and intensive studies of the whole polymorphic group in the field as 
well as in the herbarium. Uncritical application of the term would only add to 
confusion and to the burden of synonymy. 

STATISTICS 

Until 1989, 164 parts of Flora Iranica have been published, beginning in 
1963. Most parts contain a single plant family, either large or small. Rosaceae 
and Caryophyllaceae contain two parts. Of Liliaceae and Scrophulariaceae one 
part each is published, the second is due. The Compositae have been published 
in seven parts. Of Papilionaceae two parts have been published; three parts deal- 
ing with the estimated f 1200 species of Astragalus - the largest genus in 
Flora Iranica - are due. Up to and including part 164 (Compositae VII), 8355 
species belonging to 1326 genera have been treated. Liliaceae 11, Dipsacaceae 
and Violaceae and two small families with together 290 species are in press and 
due to be published in 1991. Altogether 8645 species have been treated so far. 
The manuscript of Pteridophyta is under preparation for the press. At the mo- 
ment the amount of species which still remains to be written is difficult to esti- 
mate. When ready, Flora Iranica will comprise more than 10,000 species. Thus 
the original estimate o f f  9,000 species was too low. In comparison Flora Eu- 
ropaea has 1 1,557 species, Flora of Turkey just under 8,800 with 8,576 native. 

LARGE FAMILIES AND GENERA 

The largest families comprising more than 400 species are: 
Composirae 21 14 
Papilionaceae 1640 including estimated 1 100 Astragalw 
Gramineae 758 
Labiatae 54 1 
Umbcllifcrae 515 
Caryophyllaccae 466 
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The largest genera (more than 100 species): 
Asrragalus f 1100 
Cousinia 378 
Acantholimon 1 64 
Silene 140 
Alliwn 139 
Oxytropis 115 
Nepera 107 

I had no time to figure out the percentage of endemics. It is extremely high 
in Cornpositae, Papilionaceae, Labial&? and Umbelliferue, moderately high in 
Caryophyllaceae but remarkably low in Gramineae. 

Up to and including part 164, seventy seven collaborators representing 21 
nations have contributed to Flora Iranica: 13 Austrian, 13 British (9 English - 
4 Scottish), 8 German (BRD), 6 Swedish, 6 URSS, 5 Dutch, 4 Swiss, 3 each 
Czechoslovakian, German (DDR). Israel and USA.; 2 Polish and one Bulgarian, 
Cypriot, Danish. Egyptian, Finnish, French. Norwegian. Pakistanian. Atleast 49 
family treatments were prepared by myself; 25 families with the help of wllabo- 
rators. 

Flora Iranica was from the beginning a private enterprise with its base in 
the Natural History Museum in Vienna where the complete set of my herbarium 
specimens and the majority of specimens of other collectors are kept. 

The author made ten expeditions in the Flora Iranica region in the years 
1937, 1948, 1956157, 1962, 1965, 1967, 1971, 1974, 1975 and 1977 during 
which nearly 50,000 numbers were collected. For details see The Davis & 
Hedge Festschrift (Kit Tan ed.) Edinburgh University Press, 1989. 

The whole burden of editing and preparing the various accounts fell on the 
author and his wife Wilhelmina. The thankless task of identifying and arranging 
tens of thousands of localities into geographical order and of checking the bibli- 
ography is hers. 

Only moderate grants for a limited number of collaborators from various 
sources have been available. 

Flora Iranica has now reached its final stage. Part 165 (Liliaceae 11) is due 
to appear during April 1991 together with 166 (Rhirophoraceae) and 167 
(Pontederiaceae). Parls 168 (Dipsacaceae) and 169 (Vwluceae) are in press. 
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The manuscripts of 170 (Pteridophyta) and 171 (Cyperaceae) are in advanced 
stages of preparation. Work on Chenopodiaceae, Rubiaceae and Ranunculaceae 
is in progress. The tremendous task of dealing with Astragalus is in the hands of 
Prof. Podlech at Munich; about one fourth of the manuscript is ready for press. 
So the situation as far as completing the work is promising. It  partly depends on 
the time that can be spent by international co-authors - all working of their 
own free will and in spite of their other commitments. 

PLANS FOR THE FUTURE 

Two concluding volumes for Flora Iranica are planned. In one the distribu- 
tional areas of the endemic genera will be shown as well as those of taxa with 
their distributional limits cutting through the Flora Iranica area in order to fur- 
nish a solid base-for the discussion of the phytogeographical position of the 
Flora Iranica area and its connections with neighbouring ones. The second vol- 
ume should contain a gazetteer correlating the multilingual localities mentioned 
in the Flora and showing the itineraries of the more important collectors. 

When Flora Iranica will be concluded it will form a solid base for the 
knowledge of one of the old World's richest extratropical centres of plant spe- 
ciation with its far-reaching influence on the floras of adjacent territories and be- 
yond. 

I conclude my lecture with my sincerest thanks to all who have helped me 
during the past half century and last not least to my wife Wilhelrnina who has 
assisted me as a driver and collector in the field as well as an untiring and 
skillful secretary at home and in the herbarium. 
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A FLORISTIC COMPARISON BETWEEN 
INNER MONGOLIA AND MONGOLIA 

MA YU-CHUAN (MA YU-QUAN) 

Biology Department, 
Inner Mongolia University, Hohhot, PR. China 

In the Mongolian Plateau and its neighbouring areas there are 137 familiu. 792 genera and 
3374 species of vascular plants. There are ten large families, viz.. Comporiue (17 gmed444 rpe- 
cies), Gramineae (73/316), Leguminosae (27/313), Cyperaceae (11/186), Rmunculacac (21/150), 
Rosaceae (281145), Cruciferae (53/133), Chenopxlirceac (2711 19). Caryophyllaccae (211109) and 
Scrophularirceae (221106). T h m  are ten large genera in this ~ g i o n .  viz.. C a r u  (131 species). 
Aslragallu (94). Oxytropir (93). Artemisia (90), Salir (61), Sausswea (56). Polygonum (51). 
Polentilla (46), Pedicularir (39), Allium (38). There are three endemic genera: T e t r a e ~ ,  Potaninio, 

Tugarinovia md three subendanic genera: Pugionwn, Ammopiptanthus and Slilpndepir. 

INTRODUCTION 

Since the independence of the People's Republic of Mongolia in 1921, the 
Mongolian Plateau had been divided into two different countries. Therefore it is 
rather difficult to study the Mongolian Plateau as a whole. I have uied lo make a 
floristic comparison between Inner Mongolia and Mongolia, and the floristic 
analysis of Mongolian Plateau and ils neighbouring areas. The range that this 
paper deals with contains h e  administrative area of lnncr Mongolia Autono- 
mous R e ~ o n  of the People's Republic of China (abbreviated as Inner Mongolia) 
and the People's Republic of Mongolia (abbreviated as Mongolia). From the 
geographic point of view this mans  the Mongolian Plateau and ik neighbouring 
areas (abbreviated as Mongolian Plateau). The m a  of vascular plants cited'in 
this paper are mainly based on h e  two books: viz., "Key lo vawular plants of 
Mongolia" by I.V. Grubov and "Flora Intramongolica" edited by me. The author 
analyzed and compared the flora of Inner Mongolia and Mongolia family by 
family, and determined the number of similar genera and species. By adding the 
number of genera and species of Inner Mongolia and Mongolia, then subtracting 
the number of similar genera and species. we have the number of genera and 
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species of the Mongolian Plateau and its neighbouring areas. In addition, the au- 
thor determined the coefficient of similarities between taxa of these two coun- 
tries. In the Mongolian Plateau thcrc are 137 families. 792 genera and 3374 spe- 
cies of vascular plants. Among hem here are 17 families, 28 genera and 73 spe- 
cies of Pteridophyta; 3 families. 8 genera and 31 species of Gymnospennae; 117 
families, 756 genera and 3270 species of Angiospermae. 

FLORISTIC ANALYSIS OF FAMILIES 

There are 108 families in Mongolia, 133 families in Inner Mongolia. The 
number of similar families is 104; hus. there are 137 families in the Mongolian 
Plateau. The families that differ bctween them are 31, and among these are 3 
families, Scheuchzeriaceae, Aizoaceae and Capparaceae, distributed only in 
Mongolia. The twenty-seven families are disuibuted only in Inner Mongolia. 
They are: Juglandaceae, Fagaceae, Aceraceae, Cistaceae, Onocleaceae, Salvini- 
aceae, Loranthaceae, Drynariaceae, Cucurbitaceae, Pontederiaceae, Aristol- 
ochiaceae, Magnoliaceae, Vitaceae, Elatinaceae, Araliaceae, Oleaceae, Di- 
oscoreaceae, Chloranthaceae, Simarubaceae, Sapindaceae, Tiliaceae, Trapaceae, 
Loganiaceae, Pedaliaceae, Phrymaceae, Eriocaulaceae, Commelinaceae. Ten 
large families contain more than 100 species, viz., Compositae, Gramineae, 
Leguminosae, Cyperaceac. Ranunculaccac. Cruci ferae, Chcnopdiaceae. Cary- 
ophyllaceae, and Scrophulariaceae (Table 1). These 10 families include 370 gen- 
era and 2021 species, making up 46.71% of the total genera and 60% of the total 
species respectively. Twenty nine families contain only one species, making up 

Table 1. Comparative and statistical table of 10 large families 
in the Mongolian Plateau and its neighbouring area. 

- - 

Common in Cmfficient of Mongolian 

Family name Mongolia Inner Mongolia ho~h similarity Pla~eau 

Gm. Spp. Gcn. Sm. Gen. Spp. Gen.Spp.(%) Gen. SF. 

Cornposiue 68 303 73 286 44 145 45.36 32.66 87 444 
Gnminerc 57 205 66 200 SO 89 68.5 28.16 73 316 
Ltguminosre 23 232 26 160 23 79 88.46 25.24 27 313 
Cypemcrre 10 109 11 120 10 43 90.9 23.12 11 186 
Rmunculrcue 21 93 18 110 18 53 81.71 35.33 21 150 
Roaroue 28 101 23 104 23 60 82.14 41.38 28 145 
Crucifcnc 53 115 32 72 32 54 60.38 40.30 53 133 
C h m @ ~ c r ~ e  25 86 19 82 17 49 62.96 41.18 27 119 
Caryophyllaccre 16 75 19 65 14 31 66.6628.44 21 109 
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21.16% of the total families; sixty-two families contain 2-9 species, making up 
45.25% of the total families. These two categories amount to 66.41%. In the 
Mongolian Plateau sixty-one families contain only one genus, making up 44.5% 
of the total number of families; fifty-two families contain 2-5 genera, making up 
38%; thirteen families contain 6-19 genera, making up 9.5%; eleven families 
contain more than 20 genera, making up 8%. In the floristic composition of Lhe 
Mongolian Plateau, the families conmining more ban 100 species are 10, mak- 
ing up 7.3% of total families; the families containing 40-99 species are 7, mak- 
ing up 5.1%; the families containing 20-39 species are 10, making up 7.3%; the 
families containing 10-19 species are 19, making up 13.87%; the families con- 
taining 2-9 species are 62, making up 45.25%; and the families containing one 
species are 29. making up 21.16%. 

FLORISTIC ANALYSIS OF GENERA 

There are 599 genera in Mongolia, 667 genera in Inner Mongolia and 792 
genera in Mongolian Plateau and its neighbouring areas. The number of similar 
genera of Mongolia to Inner Mongolia is 482 and b e  number of diffen genera is 
205 (92 genera in Mongolia and 11 3 genera in Inner Mongolia). 

Ninety-two genera are disuibuled only in Mongolia. They are: Crypfo- 
gramma of Sinopteridaceae, Abies of Pinaceae; Scheuchzeria of Scheuchzeri- 
aceae; Anthoxanthwn, Pipfarherum, Arcfagrosfis, Schismus, Schizachne, Nar- 
dus. Paracolpodiurn, Eremopyrurn of Gramineae; Tofieldia of Liliaceae; Lysiella 
of Orchidaceae; Koenigia, Oxyria of Polygonaceae; Ceratocarpus. Cam- 
phorosma, Londesia, Climacoptera, Nanophyfon, Perrosimonia of Chenopodi- 
aceae; Clayfonia of Portulaceae; I lerniar ia, Acanrhophyllum of Carophyllaceae; 
Oxygraphis. Callianrhemum of Ranunculaceae; Glauciurn of Papaveraceae; Cle- 
ome of Capparaceae; Macropodium. Conringia, Subularia. Megacarpaea, Car- 
poccras, Galifzkya, Pachyneurum, Parrya, Terracme, Srrigosella, Syrenia, To- 
phrospermum, Eunema, Aphragmus, Braya, Arabidopsis of Cruciferae; Drosera 
of Drosraceae; Bergenia of Saxilragaceae; Coluria, Dryas, Alchemilla of Ro- 
saceae; Onobrychis of Leguminosae; Biebersleinia of Oxalidaceae; Midden- 
dorfia of iythraccae; Eryngiurn. Scaligeria, Aulacospermurn. Sfenocoelium, 
Schulfzia, Pachypleurum, Cenolophium, Conioselimum of Umbelliferae; Phlox 
of Polemoniaceac; tleliofropium, Nonea, Anoplocaryum, Treefocarya, Crnio- 
spermum, Rochelia, Lindelofia, Rindera. Onosrn of Boraginaceae, Ere- 
mosrachas, Perovskia, Ziziphora, llyssopus. Origanwn of Labiatae; Lancea, La- 
gofis of Scrophulariaceae; Asperula of Rubiaceae; Krylovia, Fi lago, Hel i-  
chrysum. Pulicaria, Pyre hrum, Waidheimia. Kaschgaria, Nardosrnia, Arnica, 
Cousinia, Cenfaurea, Ancafhin, Cichorium, Chondrilla of Compositae. 
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There are 113 genera which are distributed only in Inner Mongolia. They 
are as follows: Ophioglossum of Ophioglossaceae; Gymnopreris of Hemioni ti- 
dame;  Allantodia of Athyriaceae; Camprosorus of Aspleniaceae; Lepisorus, 
Pyrrosia of Pdypodiaceae; Leptolepidium of Sinopteridaceae; Salvinia of Salv- 
iniaceae; Plarycladus of Cupressaceae; Arthraxon, Bothriochloa, Digitaria. Ely- 
trigia, Eriochloa, Hemarthria, Imperafa, Leucopa, Miscanthus, Oryzopsis, Ti- 
mouria of Grarnineae; Arisaema, Calla, Pinelia, Typhonium of Araceae; Clin- 
ronia, Disporum, Friri l laria, Scilla, Srnillacina, Smilax of Liliaceae; Corylus, 
Ostryopsis of Betulaceae; Hemiprelea, Celtis of Ulmaceae; Pilea, Girardinia of 
Urticaceae; Arisrolochia of Aristolochiaceae; Cornulaca of Chenowaceae; 
Cucubalus, Sagina of Caryophyllaceae; Yinshania of Cruciferae; Asrilbe. Deur- 
zia,  Hydramgea, Philadelphus of Saxifragaceae; Prinsepia, Sibiraea of Ro- 
saceae; Indigofera, Amphicarpea, Kummerowia of Leguminosae; Terraem of 
Zygopyllaceae; Celastrus of Celastraceae; Ziziphus of Rharnnaceae; Xan- 
rhoceras of Sapindaceae; Vitis, Ampelopsis of Vitaceae; Til ia of Tiliaceae; Ly- 
thrum of Lythraceae; Trapa of Trapaceae; Eleutherococcus of Araliaceae; San- 
icula, Toril l is, Eriocycla, Notopterygium of Umbelliferae; Orrhilia of Py- 
rolaceae; P~erygocalyx of Gentianaceae; Fraxinus, Syringa of Oleaceae; Rud- 
dleja of Loganiaceae; Periploca, Meteplexis of Asclepiadaceae; Trigonotis of 
~ o r a ~ i n k e a e ;  Agastack. Ajuga. Climpodium of Labiatae; Physalis of Sola- 
naceae; Limnophila, Lindernia, Mazus, Melampyrum, Mimulus, Omphalorhrix, 

Table 2. Comparative and statistical table of 10 large genera in 
Mongolian Plateau and its Neighbouring Areas. 

- -- - 

Mongolia Inner Same no. Coefficient Mongol. Plat. 
Genus name no. of spp. Mongolia of both of similarity Neighb. 

no. of spp. no. of spp. (%) Areas no. 
of spp. 

Carer 80 8 1 30 22.90 131 
A rremisia 65 63 3 8 42.22 90 
Asrragalus 68 4 1 15 15.95 94 

Oxyrropis 78 28 13 11.50 93 
Saussurea 42 30 16 28.57 55 

Salix 40 30 9 14.75 6 1 

Polygonum 24 4 1 14 27.45 5 1 

Porentilla 3 5 30 19 41.30 46 

Alliwn 30 24 16 42.10 38 

Pcdiculoris 30 18 9 23.07 39 

Total 492 386 179 699 
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Phteirosperrnurn. Rehmannia. Siphonostegia of Scrophulariacese; Boschniakia 
of Orobanchaceae; Leptodermis of Rubiaceae; Abelia, Weigela of Caprifoli- 
aceae; Dipsacus of Dipsacaceae; Actinostemma. Thladiantha of Cucurbitaceae; 
Codonopsis, Lobelia, Platycodon of Campanulaceae; Eupatoriurn, Kalimeris, 
Callistephus, Doellingeria, Conyza, Amphalis, Siegesbeckia, Shipnolepis, Tur- 
silago, Doronicurn. Atracrylodes, Arctiwn. Rhaponticurn, Myripnois of Com- 
positae. 

The families containing above ten different genera are: Compositae 28 gen- 
era in Mongolian Plateau (14 in Mongolia. 14 in Inner Mongolia); Grarnineae 18 
(11, 7); Cruciferae 17 (1, 16); Umbelliferae 12 (8.4); Scrophulariceae 11 (2, 9); 
Boraginaceae 10 (9, 1). 

Ten large genera each of which contains 38 - 131 species, are: Carex (1 31 
species), Astragalus (94). Oxytropis (93), Arlernisia (90). Salk (61). Saussurea 
(56). Polygonurn (51). Potentilla (46). Pedicularis (39). Alliurn (38) (see Table 
2). These ten genera include 699 species, making up 20.71% of the total species. 

ENDEMIC AND SUBENDEMIC GENERA 

(1) Endemic genera - There are no endemic genera in Mongolia but there is 
one endemic genus (Tetraena) in Inner Mongolia. When the above two re- 
gions are combined together, two endemic genera (Potaninia and Tugari- 
novia) happen. Therefore, Mongolian Plateau has three endemic genera. 

1. Tetraena Maxim., of Zygophyllaceae, which contains only one species 
- T. mongolica distributed in narrow area of East Alashan of Inner 
Mongolia. It is a relict species of Tertiary Period. 

2. Potaninia Maxim., of Rosaceae, containing single species - P. mon- 
golica Maxim., distributed in East and West Alashan of Inner Mongo- 
lia; East Gobi, Gobi-Altai and Valley of Lakes of Mongolia. 

3. Tugarinovia Iljin of Compositae. also containing one species - T. 
mongolica Iljin, distributional area same as Potaninia. 

(2) Subendemic genera - there are three genera in this region. 

1. Pugionurn Gaertn.. ol  Cruciferac contains 5 species. 4 species widely 
distributed in the sand dune of the south part of Mongolian Plateau. and 
its neighbouring regions ( N o h  boundary of Shaanxi, Ningxia and 
Gansu); one species - P. pterocarpum Kom., distributed in Depres- 
sion of Great Lakes of Mongolia. 
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2. Ammopiptanthus Cheng f. of Leguminosae contains 2 species. A. mon- 
golicus (Maxim.) Cheng f. distributed in East and West Alashan of In- 
ner Mongolia; Alashan Gobi of Mongolia; North part of Ningxia and 
NE corner of Gansu. And A. nanus (M. Pop.) Cheng f. distributed in 
the narrow area of the west pan of Xingjiang. 

3. Stilpnolepis Krasch. of Compositae. which contains single species - S. 
centiflora (Maxim.) Krasch.. distributed in the sand dcsert of Ordos and 
East Alashan of Inner Mongolia. Nonh boundary of Shaanxi, and NF 
comer of Gansu. 
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APPENDIX-"FLORA INTRAMONGOLICA" PROJECT 

FLORA INTRAMONGOLlCA is the Flora of vascular plants of Inner 
Mongolia Autonomous Region. It is the result of a cooperative research by six- 

teen higher universities, colleges and institutes in Inner Mongolia. This set of 
books are based on successive research efforts by botanists for more than fifty 
years. 

FLORA INTRAMONGOLICA contains descriptions of the families, genera 
and species of all known native and some of introduced and cultivated 
plants found in Inner Mongolia. For each species botanical name, scientific 
name, mongolian name. essential citation, morphological description, habit. 1 c ~  
cality, distribution and economic uses are described. Keys have been prepared to 
make identification of these plants as simple as possible. Illustrations have been 
given to every native species. 

FLORA INTRAMONGOLICA first edition volume 1-8 were published 
successively from 1977 to 1985. 

Volume 1 contains introduction, conspectus of the flora and treatments of 
Pteridophytes, Gymnosperms and 11 families of Angiosperms (from Chloranth- 
aceae to Aristolochiaceae), 1985. There are 294 pages and 83 line drawings. 
Price U.S. $12.00. 

Volume 2 ranges from Polygonaceae to Cruciferae. It has 390 pages and 
195 line drawings, 1978, sold out. 

Volume 3 covers the families from Crassulaceae to Leguminosae. It com- 
prises 309 pages and 142 line drawings, 1977, sold out. 

Volume 4 begins with Oxalidaceae and goes through Umbelliferae. There 
are 223 pages and 95 line drawings, 1979, Price U.S. $10.00. 

Volume 5 contains Pyrolaceac to Campanulaceae. I t  has 442 pages and 169 
line drawings, 1980, sold out. 

Volume 6 contains only one family. Compositae. There are 355 pages 127 
line drawings, 1982, sold out. 

Volume 7 bcgins with Typhaceae and goes through Gramineae. It has 282 
pages and 96 line drawings 1983. price U.S. $12.00. 



54 MA W - C H U A N  (MA W - Q U A N )  

Volume 8 ranges from Cyperaceae to Orchidaceae. There are 372 pages and 
153 line drawings, 1985, sold out. 

As a result of the change of administrative areas in our counuy, vols. 2, 3 
and 4 can not include many species of 4 Eastern Leagues and 1 Western League. 
Simultaneously these 3 volumes are shon of scientific literature citations. There 
are also a number of species, which are missing and not perfect enough. It is 
necessary to revise and republish a more complete and consistent FLORA IN- 
TR AMONGOLICA, Second Edition. 

FLORA INTRAMONGOLICA, Second Edition will be published in 5 vol- 
umes. We firstly publish Volume 3 and the rest are in preparation. 

Volume 1 contains introduction. conspectus of flora and descriptions of Re- 
ridophytes and Gymnosperms, in preparation. 

Volume 2 ranges from Chloran~haceae to Cruciferae. 

Volume 3 (2nd. ed.) contains 40 families (from Crassulaceae to Umbellif- 
erae, including the large families-Rosaceae and Leguminosae) 165 genera and 
541 species. It has 716 pages and 268 line drawings. hardbound. 1989. Price 
U.S. $30.00. 

Volume 4 covers the families from Pyrolaceae to Compositae. 

Volume 5 is about Monocotyledons. 

Vol. 1.4.7 of 1st ed. and Vol. 3 of 2nd ed. can be obtained from: The secre- 
tary. The Editorial Committee of Flora Inuamongolica. Biology Department, 1n- 
ner Mongolia University, Hohhot. P.R. China. 

Proaedings of the Inrrrnatimd Sympium on Plmt Life of S a t h  Asia held at h e  Depulmrnt of 
Barny.  Lnivenity of Krnchi. Kurchi-75270, Pakistan. 24-27 Febnury, 1991 
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THE EUPHOWBIACEAE OF PAKISTAN 

A. RADCLIFFE-SMITH 

The Herbarium. Royal Borunic Gardens. 
Kew, Richmond, Surrey, TW9 3AB, Grear Br i~a in .  

The family Euphorbiaaese is represented in Pakistan by 24 genen  Of these by far the largest 
genus is Euphorbia with 52 species, followed by Phyllanrhlrs with 10. Acalypha with 5.  
Chrozophora with 4, A u d r a c h ,  Breynia and Jafropha with 3 each, Bridelia md Flvrggea with 2 
each, and the remaining I5 genera with m e  each, thus making a total of 99 species in all. Of these 
only 68 - i t ,  just w e r  two thirds - are truly native. ' h e  native species are distributed among 
only 13 of the genera, which mean1 that 11 of, i.e, nearly half, the gene- arc introduad, either ac- 
cidentally or deliberately. Of the introduc~ions. 10 species in 6 genera have become subsequently 
naturalized, whilst 21 speciu in I5 genera are only known in cultivatim. By far the largest number 
of cultivated species are ornamentals, but some are cultivated for their edible fruits (e.g., Phyllan- 
r h u  acidYF) or roots (i.e.. Manihot esculenfa), some for their oilseeds (e.g.. Alewires moluccono, 
Vernicia fordii, Ricinvr ccnvnunis), with the oils having many industrial uses, a for seeds with me- 
dicinal propedes as, e.g., the Physic Nut Jarropha cwcar, whilst others are cultivated as 
hedgeplants (e.g.. Euphorbia neriijblio and E. ~irucall~]. On Webster's system of classificaiton of 
the family (1975. revised 1989. unpblished), 111 the Subfamiliw are represenled in the Pakistan 
flora except one, the Oldfieldiuideae. Unforrunately the trcatrnmt of the Family in the Flora re- 

flects Pax's system, which has now been shown to be inadequate in many ways, especially palynol- 
ogicdy, whereas Webstcr's systan better reflects informaticm now available from the newer disci- 
plines. 7he genera represented In Pakislan are discussed. 

The Family Euphorbiaceac the 6th largcst family of Flowering Plants in the 
world, is rcpresentcd in Pakistan by 24 gcnera (Radcliffe-Smith, 1986b). Of 
these, by far the largest genus in terms of numbers of species is Euphorbia itself 
with 52 spccics, followed by Phyllanthus with 10, then Acalypha with 5 ,  
Chrozophora with 4 ,  Andrachne, Breynia and Jatropha with 3 each, Bridelia 
and Flueggea with 2 each, and thc remaining 15 genera being represented by 
one species each, making a tolal of 99 species for the family in all. This is por- 
trayed here in histogram-form (Fig. 1). 

Of these 99 spccies, only 68, i.e., just over two-thirds, are native to Paki- 
stan. Thesc indigenous species are distributed among only 13 of the genera, i.e., 
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Fig. I .  Representation of Indigenous md Introduced Geneern of Euphorbiawre in the Horn of 
Pakistan. 

just over half. Forty-one of the indigenous species belong to the genus Euphor- 
bia, i.e., nearly two-thirds, which genus is found to occur in a wide variety of 
habitat-types ranging from sea-level to up to over 15,-000' (4700 m.) in altitude. 
None of the indigenous species belonging to the other 12 genera is recorded 
from above 8,000' (2440 m.), but as shown in Fig. 2, the altitudinal ranges in the 
genus Euphorbia, nine species either reach or surpass the 10,000' (3050 m.) 
mark. 

Pakistan has four endemic taxa of Euphorbiaceae, all of them in the genus 
Euphorbia. These are E. jacquemontii Boiss. var. lasiocarpa Boiss., from Baltis- 
tan, Punch, Vale of Kashmir and Riasi, E. micractina Boiss., from Punch, 
Muzaffarabad, Gilgit. Vale of Kashmir and Baltistan, E. lhyrsoidea Boiss.. from 
Swat, Gilgit, Vale of Kashmir and Punch, and E. ralaina, which I described in 
Kew Bulletin in 1986 (Radcliffe-Smith, 1986a), and which is found in Waziris- 
tan, Quetta-Pishin and Kalat. This was the only species which had to be de- 
scribed as new for the Flora account, an illustration of which is given in Fig 3. It 
appears to be most closely related to E. leptocaula Boiss.. which occurs in the 
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20000' 
(6lOOm.) 

Fig. 2. Altitudinal ranges of some Pakistani Euphorbia species. 

Ukraine, the Crimea and the Caucasus. It differs from this species chiefly in the 
form of its stem- and ray-leaves, as well as in its distribution. It may be expected 
to turn up across the border in Afghanistan, but, so far as I am aware, it has not 
as yet been recorded from there. The name ' l a b i ~ '  refers to the generally 
rather depauperate appearance of the somewhat minimal plant-body in this spe- 
cies. It appears to be locally common in moist habitals from around 7,500' (2290 
m.) to 9,000' (2740 m.), being found, for example, by freshwater springs. It had 
been confused in the literature and on herbarium labels with a number of other 
species both within and outside Pakistah, in addition to the SW Russian E. lep- 



Fig. 3. Euphorbio ~ o l o i m .  A, habit x I ( H .  {rooitrhoak 157. K);  B, plant showing underground 
pan x 2/3; C, cy~hium x 8; D, fruit x 6 (Harsukh 2065 1, K); E, reed x 10 ( m r  Ali & Yosin Nmir  
5823. RAW). 
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tocaula already mentioned. Thus, it had been determined as E. retura Forssk. 
(syns. E. kahiremis Raeusch., E. cornuta Pers.), which ranges from Macaronesia 
to the Upper Persian Gulf, but in that species the leaves are serrate and the 
caruncles are very large; the same goes for E. caeladenia Boiss. (Syn. E. stock- 
s i a ~  Boiss.) with which it has also been compared, but with which it is, how- 
ever. sympatric. It has also been confused with E. dracunculoides Lam.. and E. 
taurinensis All., but both of these are annuals, whereas E. talaino is a perennial, 
and both have either ornamented or sculptured seeds. whereas in E. talaina the 
seeds are smooth. Another suggestion as to its identity was E. variabilis Ces., 
but, despite some morphological similarities, this would appear to be a phyto- 
geographical improbability since that species is endemic to the Italian Alps! 
Other postulated identities have been E. boissieriono (Woron.) b k h . ,  but this is 
a much more robust species in which the pseudopleiochasial leaves are shorter 
and broader; the Himalayan E. cornigera Boiss., but since this has both rounded 
glands and warty fruits as opposed to comute glands and smooth fruits, it occu- 
pies a different Section of the genus; E. osyridea Boiss., but this species is 
unique amongst SW Asiatic spurges of the Subgenus Esula in having lateral in- 
florescences instead of terminal ones; and finally E. cyrtophylla Prokh., a Parnir 
species which, however. is provided with densely-leafy sterile axillary branches 
which are quite absent from E. tolaino. The fact that ten different suggestions 
had been made as to the plant's identity. some of them admittedly much nearer 
the mark than others, but none of them wholly satisfactory, led me to consider 
that this must be a new species, and so I accordingly described it as such. 

As to the other endemic species, E. thyrsoidea Boiss., is clearly closely-re- 
lated to what has been variously referred to as the leafy spurge complex or the E. 
waldrteinii (E. virgata)-aggregate, but differs chiefly from the other Pakistani 
members of this group in its thyrsiform inflorescence of inflorescences, in the 
more broadly lanceolate stem-leaves, the ovak-deltak as opposed to trans- 
versely elliptic or suborbicular ray- or pseudopleiochasial leaves and in having 
truncate and 2-horned instead of crescentic cyathial glands. 

E. micractina Boiss., belongs 10 a different complex, the E. pilosa-complex, 
which has representatives throughout Eurasia, and apart from its smaller stature, 
and fewer rays to the pseudopleiochasium, it is very similar to E. cornigera 
Boiss. Since the altitudinal range of the latter is a very wide one, namely from 
3,300' (1000 m.) to 12.300' (370 m.), whereas the altitudinal range of E. 
micracrina is much narrower and lies above it with a few hundred feet of over- 
lap, i.e., 12,000' (3660 m.) to 14.000' (4270 m), it could be that the latter is sim- 
ply a high-altitude form of the former. I t  was certainly not easy to assign some 
specimens from around the 12,Oo' (3660 m.)-mark to one or other of Lhe two. 
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so although the traditional distinction between them was maintained for the 
Flora, perhaps they should have been merged together as one species. 

The other endemic taxon, namely E. jacquemontii Boiss., var. lasiocarpa 
Boiss., on the other hand, is a member of the E. wallichii-complex, a group with 
greater representation in the Eastern than in the Western Himalaya, and with a 
particularly critical assemblage of species in East Nepal, Sikkim and Bhutan. E. 
jacquemontii is one of the poorest-known Himalayan species, being represented 
in herbaria only by a very few rather old collections, and its variety lasiocarpa is 
only known from three gatherings. Further material would be of value in order 
to assess correctly the true status of this taxon, which appears to differ from E. 
wallichii Hook. f. chiefly in having a less robust rootstock, shorter somewhat 
reddish-tinged stem-leaves, a more compact pseudopleiochasium and smaller 
fruits. which are only about half the diameter of those of wallichii. 

The phytogeographical affinities of the rest of the indigenous Pakistani 
Euphorbiaceae are many and varied, and it may truly be said of them that here is 
a country where east meets west, and to some extent where north meets south. 

Pakistan is at the extreme eastern end of the range, for example, of two of 
its Androchne species, namely A. telephioides L., and A. aspera Spreng., both of 
these extend westwards as far as the Cape Verde Islands; in Pakistan, the former 
is only found to the west of the Indus, whereas the latter occurs on both sides of 
it. Chrozophora oblongifolio @el.) Adr. Juss. ex Spreng., mcuring here in 
southern Balochistan, has its western limit in Egypt and the Sudan; Euphorbia 
densa Schrenk, also in Balochistan, extends westwards as far as Israel; and E. 
b ~ i s s i t ? r i a ~  (Womn.) Prokh., in the North West Frontier Province, ranges west- 
wards to Turkey. 

Furthermore, Pakistan is disjunctly at the eastern end of the range of such 
species as E. pefiolafa Banks & Sol., which occurs in Algeria, Cyprus, Turkey 
east to Turkmenistan and south to Sinai, then here up in ChUal, but not in the 
rest of North Africa nor in Afghanistan; as E. sororia Schrenk, known from So- 
viet Cenaal Asia, NW Iran and here in Balochistan, but so far not recorded from 
SE Iran or Afghanistan; and as E.  grossheimii Prokh.. which occurs in Egypt. Si- 
nai, Israel, Jordan, Iraq, Saudi Arabia and the southern U.S.S.R., and also here in 
Balmhistan, but which appears to be absent from both Iran and Afghanistan. E. 
peplus L., which ranges from Macaronesia to Turkmenistan, may well have been 
introduced into Pakistan, where it is scattered more or less throughout the coun- 
uy, as it has been into SE & E Asia, Australia and N & C America. 
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Then again. Pakistan is also at the eastern or southeastern end of the range 
of species of much more restricted overall distribution, such as E. cheirolepis 
Fisch. & Mey., in western Balochistan. and also from Tlulunenistan, Uzbeki- 
stan, Iran and Afghanistan; E. azerbajdzhanica Bordz., in Swat, and also in 
southern Transcaucasia, Turkmenistan and Afghanistan; E. osyridea Boiss., E. 
caeludenia Boiss. and E. microsciadia Boiss., the former from the Northwest 
Frontier Province and Balochistan, the two latter from Balochistan. and all three 
also in Iran and Afghanistan; E. multifwcata Rech. f., Aell. & Esfand., fiom 
southern Balochistan, and also from southern Iran; E. cognata (Klotzsch & 
Garcke) Boiss.. from North West Frontier Rovince, and also from Afghanistan; 
E. aucheri Boiss., from Balochistan. and also from NE Iraq, Iran. Turkmenistan 
and Afghanistan; E. cyrtophylla Prokh., from North West Frontier Rovince, and 
also from Afghanistan and Tadzhikistan; and E. pamirica Prokh., from Chitral 
and Gilgit, and also from Tadzhikistan. 

Pakistan is near, but not quite at the eastern end of the range of several spe- 
cies of differing phytogeographical affinity, such as Phyllanrhus rotundifolius 
Klein ex Willd., which only occurs in the south of the country, and which ranges 
from Tropical Africa to Sri Lanka; Chrozophora tincroria (L.) Raf., more or less 
throughout the country, which ranges from Spain and NW Africa across to N W  
India; Acalypha ciliata Forssk., from NE Pakistan and southern Kashmir, i.e., E 
of the Indus, which ranges from Bourkina Faso and Namibia across to Orissa 
and Sri Lanka; Dalechampia scandens L. var. cordofana (Hochst. ex Webb) 
Muell. Arg., from Sind, which ranges from the Cape Verde Islands and Angola 
across to Gujarat; Euphorbia granulata Forssk., which is found more or less 
throughout Pakistan except for the southeast, and which ranges all the way from 
the Canaries to Kughizistan and northern India; E. inderiensis Less. ex Kar. & 
Kir., from Chitral, and also in Iran, Afghanistan, Turkmenistan, Kazakhstan, 
Uzbekistan, Tadzhikis~an, Kughizistan and Dzhungaristan; E. dracunc~loides 
Lam., more or less scattered throughout the country, which ranges from southern 
Spain and NW Africa across to India; and E. falcara L., in northern Pakistan and 
Balochism, which ranges from Central Europe and North Africa accross to 
Kirghizistan. 

Then again, Pakistan is situated at a b u t  the middle of the range of such 
wide-ranging species as the two Flueggeas, the north Pakistani and south Ka- 
shmiri F. virosa (Roxb. ex Willd.) Voigt and the SE Pakistani F. leucopyrus 
Willd., which range from Tropical Africa to Japan and Timor and from NE 
Tropical Africa to Burma and Thailand respectively; Phyllanr hlls maderaspaten- 
sis L., in central and eastern Pakistan, ranging from Tropical Africa to Australia; 
Chrozophura sabulosa Kar. & Kir., in Balochistan, which ranges h m  Oman to 



western China; C. plicuta (Vahl) Adr. Juss. ex Spreng., in SE. Pakistan, which 
ranges from Tropical Africa to Burma; Acalypha brachystachya Hornem., in 
Kashmir S & E of the Indus, ranging from Central Africa to Java; A. indica L., 
in southern Pakistan, ranging from Central Afiica to the Ryu Kyu Islands; and 
Euphorbia indico Lam., fairly widespread in Pakistan. which ranges from Tropi- 
cal Africa to China, although part of the western distribution of this species may 
be due to accidental introduction. 

The distribution within Pakistan of such tropical species as Acalypha ciliata 
and A. brachystachya is of interest since neither of them has ever been recorded 
from west of the Indus. Such basically Sudano-Deccanian species as these seem 
still to be restricted to the Plate upon which they were rafted following the 
breakup of Gondwana, and which brought them into direct contact with the main 
Asian land-mass. 

Pakistan is also at the mid-point of the range of distribution of species of 
much more resmcted occurrence such as Euphorbia clarkeana H0ok.f.. fairly 
widespread in the country, but only ranging from Afghanistan to northern India; 
E. hispida Boiss., in northern Pakistan and Kashmir, also from Afghanistan to 
northren India; and the very restricted and subendemic E. kanaorica Boiss.. 
again in northern Pakistan and Kashmir, but otherwise only in Nuristan and, as 
the name implies, Kimaw. 

Pakistan lies at the southern end of the range of distribution of compara- 
tively few species, such as E. thomsoniana Boiss., in northern Pakistan and Ka- 
shmir, and elsewhere in northern Afghanistan, the Tien Shan, W Tibet and NW 
India; E. seguieriana Neck.. in the Northwest Frontier Province, which occurs 
from Central Europe across to Siberia; and E. lathyris L., in Pakistan known 
only from Swat, which occurs more or less throughout the Palaearctic Zone. 

Furthermore it is at the souhwest end of the range of E. tibetica Boiss., 
which is in Kashmir, and which extends into the Ticn Shan and across Tibet lo 
western China, but only just getting into NW India. 

On the other hand, Pakistan is at the western end of the range of dsuibution 
of such species as Bridelia verrucosa Haines, Glochidion velutinum Wt., Phyl- 
lanthus parvifolius Ham.. and Andrachne cordifolio (Wall. ex Decne.) Muell. 
Arg. These all occur in north or NE Pakistan and south Kashmir, and extend 
eastwards to Bhutan & Bengal, Burma, Bhutan & Khasia and to Nepal 
respectively; Euphorbia nivulia Ham., from the Punjab, also extends eastwards 
to Burma, whilst E. prolifera Buch.-Ham., also in NE Pakistan and southern Ka- 
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shrnir. extends east to SW China Different parts of Pakistan also form the west- 
ern limit of species of more restricted distribution such as Phyllanthusfraternur 
Webster. which, although is only indigenous to NE Pakistan, S Kashmir and 
NW India, has nevertheless become subsequently introduced into Arabia, Africa 
and the West Indies; Euphorbia caducifolia Haines from Balochistan and Sind, 
also in Central India; and E. cornigera Boiss., and E. maddenii Boiss., £iom N .  
Pakistan and Kashmir, and also in NW India. Furthermore, Pakistan is nearly, 
but not quite, at the western end of the range of distribution of E. wallichii 
Hook. f., from the Northwest Frontier Province and south Kashmir, which 
ranges from Afghanistan to Assam. 

Then again. Pakistan is at the extreme northwestern end of the range of dis- 
tribution of a number of southeast Asiatic species, such as Bridelia retura (L.) 
Spreng.. in south Kashmir, which extends to Sumatra; Antidesma acidum Retz., 
also in south Kashmir, and extending to Java; Putranjiva roxburghii Wall., 
which, although cultivated as an ornamental at lower altitudes, is nevertheless 
indigenous in northeast Pakistan at around 1,000' (300 m.), and extends 
southeastwards to New Guinea; Phyllanthus virgatus Forst. f., in Kashmir and 
NE Pakistan, extending to Polynesia; P. emblica L., the Emblic Myrobalan or 
Amla, wild in the hills of Kashmir and NE Pakistan, but cultivated in the plains: 
it extends to Wcst Malesia, and has a special claim to fame in that its fruits are 
probably the richest-known source of Vitamin C - they are often used in mak- 
ing pickles, preserves and jellies; Mallorus philippensis (Lam.) Muell. Arg., the 
Karnila, in NE Pakistan, which extends to Melanesia and Eastern Australia, 
whose fruits yield a red dye as well as various medicinal preparations; and Bali- 
ospermum montanum (Willd.) Muell. Arg., from S. Kashmir, which extends to 
West Malesia 

Pakistan also plays host to some Euphorbiaceae which are panpalaearctic, 
i.e., Euphorbia helioscopia L., panpalaeotropical, i.e., Phyllanthus reticulatus 
Poir., or pantropical, namely P. urinaria L., Euphorbia hirta L., and E. 
thymifolio L. 

So much for the indigenous or probably indigcnous species. There remain 
some 31, or nearly one-third, of the Pakismni species of Euphorbiaceae, distrib- 
uted among 11, or nearly half, the genera, which are introduced, either acciden- 
lally or deliberately. Of these introductions, some ten species in six genera have 
become subsequently naturalized, whilst 21 species in 15 gcnera are only known 
in cultivation. 



66 A. RADCLIFFE-SMITH 

By far the largest number of cultivated species are exotic ornamentals, such 
as Breynia distich J . R .  & G.  Forst var. distich f.nivosa (Bull) Croizat ex Ax. 
Smith, the "Snow Bush" fmn Vanuatu. in which the leaves are commonly 
blotched with creamy-white; Acalypha hispida Bum. f., the "Red-Hot Cat's- 
Tail", probably originating from the Bismarck Archipelago, with its densely- 
flowered female inflorescences up to 30 cm. long, bright or dark red on account 
of the masses of much-branched styles; A. wilkesiana Muell. Arg., originating 
from Fiji but now widely-cultivated in the tropics generally, and exhibiting con- 
siderable variation with regard to leaf-size, shape, coloration and variegation- 
patterning; Codiaeum variegatum &.) A.H.L. Juss., the so-called "Crotons" of 
horticulture. in which the variation of the foliage is even greater in all these 
respects; Janopha i n t e g e ~ m a  Jacq., from the Greater Antilles, cultivated for its 
showy bright red flowers, and the widespread neotropical J. gossypiifolia L., 
grown for its dark reddish-purple foliage (incidentally, no species of Janopha is 
indigenous to Pakistan, and in fact the number of indigenous species of this ge- 
nus is surprisingly few in Tropical Asia generally, numbering not more than 
haLf-adozen or so in all, and all of them from the southern Deccan Peninsula, 
considering that the genus is so well represented in Tropical America and 
Africa); Sapium sebiferum &.) Roxb., the "Chinese Tallow Tree", cultivated in 
Pakistan not so much for the wax which surrounds the seeds as for the ornamen- 
tal quality of its red and yellow autumn tints; and Excoecaria cochinchinensis 
Lour., cultivated for its two-tone foliage, olive-green above and purple to crim- 
son beneath. In the genus Euphorbia itself are several well-known ornamentals, 
and those recorded as having been cultivated in Pakistan are: E. m r g i ~ t a  
Pursh, the "Snow-on-the-Mountain Spurge" from North America; E. 
cyathophora Murr., the "Painted Spurge" from Mexico; E. pulcherrim Willd. 
ex Klotzsch, the "Poinsettia" from Central America and E. milii des Moul. var. 
milii, the "Crown-of-thorns Spurge" from Madagascar. 

Some, but not many, Euphorbiaceae are cultivated in Pakistan as food- 
plants, as, for example the "Otaheite Gooseberry", Phyllanthus acidus &.) 
Skeels, widely grown at low altitudes for its edible fruits. Webster, who has 
monographed West Indian Phyllanthus, does not consider this species to have 
had a palaeotropical origin, counter to prior opinion, but since its closest conge- 
ners hail from South America, he feels that to have been its continent of origin 
too. Manihot esculenta Crantz, the "Manioc" or "Cassava" is of course widely 
cultivated in the tropics of both hemispheres for its tuberous roots which form a 
staple food in many areas. According to Rogers and Appan, who monographed 
Manihot in 1973 for the "Flora Neouopica" series. M. esculenta is a cultigen 
which is not known in the wild state, but its closest wild relative is M. 
aesculifolia (Humboldt, Bonpland & Kunth) Pohl which ranges more or less 
throughout Central America from northern Mexico to Panama. 
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Other species cultivated in Pakistan are sources of vegetable oils, as, for ex- 
ample, Aleurites moluccuna (L.) Willd., the "Candlenut Tree", which is widely 
distributed throughout the Indo-Pacific region. It produces a drying oil in the 
seeds which is used in paint manufacture; furthermore, the seeds are also edible. 
A rapid drying oil is also obtained from the seed-kernels of Vernicia fordii 
(Hemsl.) Airy Shaw, indigenous to S. China, S. Burma and N. Vietnam, which 
is used in varnish-manufacture. In Pakistan, these are recorded as having been 
cultivated in Lahore and Abbotabad respectively. The oil from the seeds of the 
widespread "Castor Oil Plant", Ricinus communis L.. has many uses:- as an illu- 
minant, in medicine as a purgative, in tanning as a leather preservative. and in 
induslry as a lubricant, especially for delicate machinery; furthermore, the oil- 
cake is used both for fertilizer and for fuel. The oil from the seeds of the 
neotropical Jarropha curcas L., the "Physic Nut", has a violently purgative ac- 
tion; this species is furthermore widely-cultivated as a hedge-plant, since it is 
not eaten by goats. Other euphorbiaceous hedge-plants in Pakistan are two spe- 
cies of Euphorbia itself, namely the Indian species E. neriifolia L., and the An- 
golan E. rirucalli L. 

Pantropical weeds of known origin which occur in Pakistan are Phyllanthus 
amarus Schum. & Thonn., from Tropical America, and not originally from 
Tropical Africa as the authorities might seem to indicate; Croton bonplandianus 
Baill., better known in Asia perhaps as C.  sparsiflorus Morong, from S Bolivia, 
Paraguay, SW Brazil and northern Argentina; the first record of its introduction 
into Tropical Asia was Bangladesh in 189718, from where it has since spread 
more or less throughout the palaeotropics (Bruhl, 1908); Euphorbia 
hypericifolia L., which hails from the New World Tropics; E. serpens Kunth, 
also indigenous to the Americas; E. prostrata Ait, again neotropical, and finally 
the more widespread New World species E. heterophylla L., sometimes also 
known as E. geniculata Orteg.. which is in fact a weedy poor relation of the 
Poinsettia. 

The classification of the Family Euphorbiaceae has been in a more or less 
continual skate of flux since the earliest natural systems of classification of flow- 
ering plants were proposed. Every worker over nearly two centuries who has 
animadverted to the problem has come up with his own solution, very often very 
different from lhose of his predecessors &/or contemporaries. Fig. 4 shows, the 
relationships between the systems of Pax (1931), Hutchinson (1x9). Airy Shaw 
(1965-1980) and Websier (1975). 1 have not as yet built into this chart the sys- 
tems of Adrien de Jussieu (1824). Baillon (1858). Mueller Argoviensis (1866), 
Bentham (1880) or Hurusawa (1954) or lhe recently-revised and as yet unpub 
lished system of Webster which was issued in broadsheet form only for the pur- 
poses of the St. Louis, Missouri Euphorbiaceae Symposium in 1989. 



PAX (1931) WEBSTER (1975) 
PHYLUNTHOIDEAE PHYLLANTHOIDEAE 

- ~hyllanthur 

Fig. 5. A. comparison of the systems of P u  (193 1) & Webster (1975) with reference to the 
gcnm represented in Pakistan. 

In his paper, 'Notes on the Euphorbiaceae', published in the Botanical Jour- 
nal of the Linnaean Society in 1878, Bentham, referring to the works of Baillon 
and Mueller said: "two men. both indeed of high standing in the science, and 
with comparatively ample materials at their command, have recently worked up 
the family with great care and attention independently of each other, and I would 
have readily followed the lead of either of them, but that the two have so fre- 
quently come to conclusions diametrically opposed to each other, that I have 
been compelled to steer a course of my own through a labyrinth of tribes, sub 
tribes. genera, sections or vaguely-indicated affinities". However, as the chart 
shows the systems of this century are scarcely any more in harmony with each 
other then those of the last 
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When I came to prepare the account of the family for the Flora of Pakistan. 
which was published in 1986. I opted for a slightly modified version of Pax's 
treatment for the arrangement of the genera, since my then mentor, Mr. H.K. 
Airy Shaw, had always preferred it to any other one, had not yet fully worked 
out his own - indeed, as it turned out. he never did, since he died in 1985 - 
and was strongly opposed to the systems of Hutchinson and Webster. 

However. following the conferences of specialists on the Order Euphorbia- 
les at Kew in April 1986. and on the Family Euphorbiaceae in St. Louis in Au- 
gust 1989 already referred to, it is becoming apparent that a modified version of 
Webster's treatment is likely to turn out to be the most natural treatment so far 
proposed as far as information from the newer disciplines is concerned. 

Had I adopted Webster's instead of Pax's system for the classification of the 
family for the "Flora of Pakistan", Fig. 5 shows that a considerable amount of 
re-shuffling of the genera would have been needed: 

i) In the Subfamily Phyllanthoideae, the eight genera would have been re-ar- 
ranged: I had already brought Bridelia to the first position on account of its 
valvate perianth, all the others being imbricate. 

ii) It is however, the Subfamily Crotonoideae of Pax which would have been 
the most affected, since Webster now has this split up into three subfami- 
lies. the ~ c a l ~ ~ h o i d e a e .  the Crotonoideae sensu srricto and the Euphorbioi- 
deae. The latter stands out in Pax's system as the last three genera of his 
Crotonoideae, but the other two of Webster's subfamilies are not quite as 
evident. 
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THE CHENOPODIACEAE OF PAKISTAN 
- AN ASSESMENT OF PRESENT KNOWLEDGE* 

H. FREITAG 

Morphologie u. Systemarik &r Pflanzen, Fachbereich BiologielChemie, 
Universitdf Kassel, Heinrich Plett Str. 40, D-3500 Kassel, Germany. 

During the last two a n t u r i e ~  a ms idenble  mount  of informationr on the C k n o p ~ e a e  
of Pakistan has accumulated. Nevenheks~, h a t  included n h e r  mmy uncenaintie~ and large gaps. 
caused by paculiar biologid, ecological, geographical and taxonanid  reasons, which are dis- 
cussed in &mil. Based on the wllecticms made cm a joint expedition of the Bomni-1 Institutes of 
Kassel and Karachi from 18 IX 1986-26 X 1986 and h e  evaluation of other herbarium material. 17 
~ p e c i e ~  are remrded f a  h e  fint h e  from h e  Flora of Pakism (including a few which were hih-  
erto erronwully a d ) .  Some more species will certainly come out from amtinuing work with 
critical groups md u v d  older colleaions. Many speaw ccmsidered until now as being rnre have 
much wider distrituticm and density in the desert and ~ernidesert areas of Pakistan. Sane species 
of both g m p  are dominating  plan^ in widespread plant mmunit ier .  Despite many addition:, the 
t d  number of Chenopodiaceae remains more or less srable fran Stewart (1972) wih 102 rpecies 
to Jafri (1986) with c. 100 sp. and to the actuel estimate of again c. 100, because many species re- 
ported in Literature proved to be misidentifications. The largest genus is undoutbly Salsola with 
about 25 species. followed up by h e  genera Chenopodium, Atriplu, Suaedo and Haloxylon with 
10-5 species each. 

INTRODUCTION 

Although the Cknopodiaceae do not belong to the rcally large families in 
the Flora of Pakistan, the respective account has not yet been published. This 
might require an explanation, all the more as the late Dr. S.M.H. Jafri left a 
manuscript on Chenopodiaceae behind in 1987. 

Like in other families, the catalogue of our honoured Dr. R.R. Stewart 
(1972) provided the starling point and the basic reference. He was very well 

This anicle differs rcmewhat from h e  paper presented at the syrnprium. It includes additional 
data obtained during h e  post-congress slay in the herbaria of Peshawar and Karachi, and new 
resul~s gained by continuing laboratory work. 
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aware of the peculiar case of the Pakispi chenopods, and in his introductory 
statement @. 216) he listed the reason why in his opinion the family has been 
"Neglected by collectors" and is so "poorly represented in many collections". h 
might be of general interest to discuss his points here shortly. 

(1) "Most of the members of this family are weedy". - This is very true for a 
number of annual species, particularly in the genera Chenopodium, A~riplex, 
Halocharis, Axytis and Salsola. 

(2) "Few of them can be called beautiful". - There is no doubt about this, but 
fortunately that has no serious impact upon trained collectors. 

(3) "Most of them grow in deserts and waste places". - Indeed, and most of the 
desert areas are in remote parts of the country, and difficult to reach even 
nowadays. 
According to my experience, at least one most important point should be 
added: 

(4) Most Chenopodiaceae produce flower and fruits in autumn, when most 
other flowering plants have dried up and therefore collecting is not consi- 
dered to be worthwhile by normal standards. 

Consequently, Dr. Stewart ended up with the claim: "More attention should 
be paid to this family which furnishes much of the food for desert animals". 

In his scrupulous enumeration he then listed about 102 species with their re- 
spective date. He fully recognized the many problems in identification of the 
Pakistani chenopods, both encountered by himself and suspected in the relevant 
literature. 

CRITICAL APPRAISAL OF DR. JAFRI'S MANUSCRIPT 

After the publication of the' Chenopodiaceae -account for the Flora of Libya 
(Jafri & Rateeb. 1976). in his last years the late Dr. Jafri concentrated on the 
Chenopodiaceue of Pakistan. His efforts resulted in a draft for the Flora of 
Pakistan. which evidently was not fully revised when he unexpectedly died in 
1987. In his deserving paper he accumulated a lot of new data and cited c. 100 
species. This number equals that of Stewart, but he added some species and 
sacked others considered as misidentifications or synonyms. As the manuscripl 
probably never will be published, its most important merits are mentioned here. 
followed by its shortcomings: 

First records for the Flora of Pakistan 

Bienerria cycloprera Bunge 
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G-1: Jiwani, 17. XI. 84 (KUH). 

We recollected the Irano-Turanian species there in 1986 (F. 18541, Gh. 
1843). It covered vast expanses of salty clay on dry ground in different plant 
communities, even entering into fallow fields and limestone slopes near the vil- 
lage Ganz. Perhaps there are no other localities in Pakistan. The nearest locali- 
:ies known to me are in S Afghanistan, C Iran and on the Arabian Peninsula. 

Halocnemum strobilacewn (Pall.) M. Bieb. 

G-3: Lasbelas 5 mi. from Kund Malir on way to Agore camp, Kamal et al., 
2069 (KUH). 

Today we can confirm the guess of Jafri that the species might be probably un- 
dercollectd (Jafri, 1987). 

Halopeplis perfolioto (Forssk.) Schweinf. & Ascherson 

G-I: Jiwani Marine base, Qaiser & D. Khan 7139.7143 (KUH). 

We have scen the S. MditenaneanlSaharo-Sindian species in the lagoon 
area 12 km N of Jiwani, here it forms a salt-marsh community of its own be- 
tween belts of Arfhrocnemum and Halocnemum (F. 18546. Gh. 1849). Probably. 
the species is restricted to his westemmost comer of the Makran coast which is 
close to the known localities in S Iran and Oman. 

Salsola romenfosa (Moq.) Spach 

E-2: Koh-e-Sultan near Nokkundi, Qaiser 58 (KUH); ibid. Qaiser & Ghafoor 
44 17 (KUH). 

We found this Irano-Turanian element growing profusely and sometimes as 
codominant in the same area (F. 18699113. Gh. 1981) from about 1800 m on- 
wards in an open semi-desert community with Zygophyllum eurypterum, Anuba- 
sis serifera, Cornulaca monacanlha and Arternisia cf sieberi. It is very likely 
that the species will be found also in other mountains close to the Afghan bor- 
der, at least in the Chagai hills. 

Reconsideration of misunderstood taxa 

Salsola drwnmondii Ulbr. 
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The species was cited by Stewart from the type area in Mianwali distr. (C-6) 
only. Later Botschantzev (1976) considered it as a synonym of S. schweinfurthii 
Solms-Laub. B a d  on 2 specimens From the hhlcmn coast (Qaiser 7067,7071, 
both in KUII) and on-a living collection at the Botanical Institute in Karachi, 
with good arguments and even without having seen the type, Jafri put the spe- 
cies back into its rights, but under the questionable new combination Seidlilzia 
drummondii (Ulbr.) Jafri (1987). 

Misidentifications 

Anabaris annua Bunge 

The sterile specimen cited from D-4, Spin Karez, IS VII 57 Nasir (RAW) is 
a young individual of Seidlitzia florida (M. Bieb.) Boiss., which can be de- 
tected by the different stem anatomy (absence of a multilayered epidermis). 
From the same locality also flowering material of the latter species has been 
scen: 17 x 50 A.H. Khan (PPFI-B). 

Anabasis aphylla L. 

The specimen from E4. near the road Nushki-Quetta, Qaiser & Ghafoor 
4381 (KUH) belongs to A. Haussknechiii Bunge ex Boiss., instead. We collected 
i t  there as well in 1986 (F. 18775,18776, Gh. 2058). 

Arihrocnemum indicum (Willd.) Moq. 

All specimens cited in literature and identified by Jafri proved to belong to 
A.  macrosrachyum (Moric.) K. Koch. Although sterile specimens of the 
perennial Salicornioideae look very similar to each other, they can be easily dis- 
tinguished by their specific cortex structure. In this regard, A. macrosiachyum is 
unique in having the radially arranged cortex parenchyma interspersed with long 
sclereids (Jafri, 1987). 

Halocharis div. spec. 

From 9 species cited in the manuscript 3 are very doubtfully described as 
new. The specimens are under investigation by I. Hedge. 

Hammada scoparia (Pomel) Iljin = Halonylon ramariscifolium (L.) Pall. 

The only specimen from F 4 ,  2 mi. from Loki Shah Saddar on way to 
Sehwan. Malik & a]. 2228 (KUH), is a meagre individual of Halolcylon solicor- 
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nicum. The S Mediterranean species has its easternmost localities in Syria (see 
Freitag, 1989). 

Salsola arbuscula Pall. 

The 2 specimens cited from the Koh-e-Sulun N of Nokkundi (E-3) belong 
to Halothamnus subaphyllus (= Aellenia subaphylla). (Jafri. 1987). 

Salsola micranthera Botsch. 

All specimens cited belong to S. nitraria Pall.. instead (Jafri, 1987). 

Salsola montana Litv. 

The very young specimen Jafri & Akbar 2047 (KUH) from between Quetta 
and Ziarat rather belongs to S. arbrrsculu, as can be judged from the papillose in- 
dument on leaf and stem surfaces. However, S. montana might occur in N 
Balochistan and in Waziristan, since I collected it in arid mountain areas of the 
neighbouring Paktya Province in Afghanistan. A likewise sterile specimen from 
Ziarat (6 Vf1 59 A.H. Khan, in PPFI-B) matches S. montana much better, but 
also its identity remains questionable. 

NARROW FACTUAL BASE 

Probably the most serious disadvantage of Dr. Jafri's manuscript is its nar- 
row factual base. Even the material of some important herbaria in Pakistan has 
not been included (ISL, PPFI, RAW only partly). and none of the herbaria 
abroad has been seen. 

The somewhat fragmentary character results also from the fact, that large 
desert areas, especially from Balochistan, remained virtually unexplored with re- 
gard to the occurence and distribution of Chenopodiaceae, but this of course is 
not a fault of the author. 

PRESENT SITUATION 

New data sources 

During the last years the situation has improved considerably in several re- 
spect. New and important collections were made due to the increased activities 
of the botanical centres in Pakislan. A most rewarding collecting trip was under- 
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taken from 18-9 to 26-10-1986 as a joint expedtion of the Botanical Institutes of 
the Universities of  asse el (H. Fnitag, G. Kothe) and Karachi (A. Ghafmr, S. 
Omer) to the desert areas of Balochistan. The season and the route (see Fig. 1) 
were chosen specifically to fill the gaps in our knowledge of the chenopod flora. 
Of course, other late flowering or otherwise interesting plants were collected as 
well. Altogether 250 specimens of Chenopodiaceue out of a total of c. 1 0  
have been collected by our group, and similar numbers by the Karachi group. 
More localities have been noticed in the field. The expedition yielded several 
new species for the Flora of Pakistan. added many records for species consid- 
ered hitherto as being rare, and delivered a wealth of informations about the 
ecology and the phytocenological affinities of the chenopod species of the area. 
In the following chapters, the specimens collected by Freitag & Kothe. which 

Fig. 1 .  Rate  of the expedition to deseri areas of Balochistm, jointly underuken from 18.9- 
26.10.1986 by bounistr f m  Karsel and Karachi. 
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are preserved in the University herbarium in Kassel (KAS) are simply abbrevi- 
ated as F., and those ones collected by Ghafoor & Omer as Gh. The latter ones 
are kept in KUH. 

Furthermore, the collections of more herbaria have been evaluated or are 
under study: BM, E, ISL, K, PMNH, PPFI-B. RAW, W. New revisions of criti- 
cal groups (Halothamnus, different sections of Salsola) are underway in Kassel, 
and field studies have been carried out in the variation of critical species along 
salt-and moisture gradients. 

In this paper, only a first, still provisional report of some of the more spec- 
tacular results which are already obtained is given. The work is still in progress, 
in particular in the genera Halocharis (by I. Hedge), Chen~podium (by P. Uo- 
tila), certain groups of Suaeda, and in h e  species groups of Salsola kali and S. 
lanola. 

NEW SPECIES FOR PAKISTAN 

Tropical species 

Halosarcia indica (Willd.) Wilson (= Arrhrocnemum indicum (Willd.) Moq.) 
G-4: Gadani (between Sonrniani and mouth of Hab river) salt marshes, 26 VI 89 
D. Khan (KUH). 

At the symposium I had to state, that I still had not seen any specimen from 
Pakistan (Jafri, 1987). But a few days later, while running through the new col- 
lections in KUH, I detected a recent gathering. Halosarcia indica can be distin- 
guished from the somewhat similar Arrhrocnemum macrosrachyum by its 
strictly prostrate habit, the very compact spikes, the much thicker and more suc- 
culent branches and its cortex structure. It is the only member of the Salicornioi- 
deae with an unmistakable Kranz syndrome and with very peculiar clear "pas- 
sage cells" in the pahsade layer of the chlorenchyma, as it has been seen in the 
type from S India and stated already by Wilson (1980). I have seen specimens 
from the coast of E A6ica and S India, but it is very likely that it is also distrib- 
uted all along the Western coast of India. 

SAHARO-SINDIAN SPECIES 

Agafhophora alopecuroides (Del.) Bunge 

F-2: 20 km SW of Panjgur at road to Hoshab, 970 m, F. 18621. 93 km S of 
Panjgur near road to Hoshab. 850 m. F. 18585. 
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F-3: 3540 km from Gichak on way to Panjgur. Omer & al. 2080 (KUH). 

This is one of the most unexpected discoveries, as until yet the easternmost 
stands of that distinct species have been known from the Arabian Peninsula. The 
species is rather common in the Central Makran Range, from the foothills at 900 
m up to the highest slopes of the Mihta Sing at 1450 m. The distinct dwarf shrub 
looks rather similar to Salsola kerneri, but the succulent leaves are equipped 
with a long terminal bristle. It is a regular component of rather rich semidesert 
communities on sloping hillsides in weak, schist-like limestone. In drier habitats 
it is associated with Gymnocarpus, Anabasis serifera, Salsola cyclophylla, S. 
rubescens and Haloxylon salicornicwn. Higher up it grows with Salsola kerneri 
and Zygophyllum eurypterum. 

Anabasis lachnantha Aellen & Rech. f. 

F-2: 93 km S of Panjgur near road to Hoshab. 850 m. F. 18586. 
G-2: near Pishukan, W Gwadar bay, edge of salt gardens, 3 m, F. 18534. 
G-3: 170 km E of Pasni at road to Ormara, 50 m, F. 18439, Gh. 1752. 
G-4: foothills of Haro Rge. at edge of Bela plain c. 15 km N of Kandewari, 40 
m, F. 18233, Gh. 1672. 

Until now the species has been only known from SE Iraq. The new findings 
in Balochistan and in the Eastern province of Saudi Arabia (Mandaville 7600) 
give proof of a much wider zonal distribution in the Eastern sector of h e  
Saharo-Sindian region. Certainly, in future more localities will be discovered, 
and the species might be found also in the driest edges along the Indus plain. 
Perhaps the record of A. cf. phyllophora (Aitch. 411) from the Jhelum district 
(in Stewart, 1972) belongs here. 

The species is restricted to extreme xerohaline habitats, usually on marl rich 
in gypsum and some sodium chloride. There it grows with Suaeda fruticosa, Ha- 
lothamnus iranicus and sometimes also with Haloqlon recurvum or Indigofera 
oblonga. 

The specimens were collected several weeks before the flowering period. 
but they agree in many respect with the type. They differ from A. arriculata, 
which reaches its eastern boundary in Saudi Arabia, by much coarser and more 
succulent branches. In habit it approaches also Arrhtocnemwn and Halosarcia, 
but by its multilayered epidermis and absence of sclereids, confusion can be 
avoided. 
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Salsola cyclophylla Baker 

More than 20 numbers have been collected by us in E-2.3, F-2.3.4 and G- 
1.2.3.4, and in some more places the species has been noticed. Therefore only 
a map is given here (see Fig. 2). A few specimens have also been found in older 
collections, e.g., Lamond 328 (E, KUH), Rechinger 27850 (W), XI 1880 Pierce 
(K) and Popov 146 (BM), but they have been misidentified as S. baryosmo. 
Hitherto the species was known from S Yemen and Egypt up to S Iran only 
(Botschantzev, 1974; Chaudary & Akram, 1986). In Pakistan. S. cyclophylla 
usually inhabits gypsiferous serosems rich in fine sand and silt. It is an associate 
and often codominant of very open semi-desert communities. together with Ha- 
loxylon salicornicum, Anabasis setifera or Salsola drwnmondii. The intricately 

Fig. 2. Distribution of Salsola cyclophylla Raker u1 Balochistan (black circles - herbariuri~ 
specirncns; opcn circles - field notes). 'Thc E Saharo-Si~idian species was not known bcfore from 
Pakislan. 
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branchcd small shrub reaches a height of 30-60 cm and a diameter of 40-100 cm. 
Beside some differences in the flowers and fruits, S. cyclophylla differs from S. 
baryosma by its shining white silvery appearance which is caused by the very 
dense, appressed indument of the scale-like clasping leaves (for details see Frei- 
tag, 1989). 

Salsola rubescens Franch. 

F-2: 20 km SW of Panjgur at road to Hoshab, 970 m, F 18620, Gh. 1900.40 km 
NW of Panjgur at new road to Palantak, 1100 m, F. 18679: ibid. 80 km NNW of 
Panjgur, 950 m, F. 18683. 

The discovery of that species of sect. Belanthera was a surprise. It re- 
sembles S. tomentoso, but differs by the semi-amplexicaulous leaves which are 
arranged in a strictly distichous manner at the shortened ultimate branches. The 
plants from Balochistan agree completely with the type from Hadramau~, which 
hitherto was known only up to Oman. Curiously enough, the species has not 
been seen at the Makran coast. In C Balochistan it has been observed in a wide 
altidudinal range from c. 900-1450 m. Ecologically and phytocenologically it is 
similar to Agathophora alopecuroides, and often both have been found growing 
together. 

IRANO-TURANIAN SPECIES 

Cornulaca leucacantha Charif & Aellen* 

E-20: 30 km s of Nokkundi, 630 m, F. 18b72, Gh. 1954. 

A few individuals have been collected from gypsiferous soil at the roadside 
in the almost barren northwestern comer of Balochistan. At first the almost 
globular and extremely spiny annual bushes of about 50 cm have been mistaken 
for Horaninovia pungens (Gilli) Botsch., an endemic of the S Afghanistan dese- 
rts. Due to a personal note of I. Hedge ('This lacks the characteristic scabrid pa- 
pillae of Horaninovia-rather Cornulaca"). the identification has been reconsid- 
cred. C. leucacanrha occurs scattered in the dnest desert areas of C Iran, Iraq 
and the Northern parts of Lhe Arabian Peninsula. The next locality known to me 
is the plateau S of Kerman (Frei~ag & Kuhle, 19fW). 

*According to fledge (in l i t t . )  this species canes into the synonymy to C. a u k r i  Moq. 
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Garnunthus gamocarpus (Moq.) Bunge 

D-4: 37 mi. E of Queua at road to Ziarat, 6 VII 59 59 A.H. Khan (PPFI-B). 
Since I have collected and noticed the species also in the higher semi-desert ar- 
eas of SE Afghanistan, it is justified to expect it also in other parts of N 
Balochistan. It preferably inhabits highly eroded slopes and tolerates compara- 
tively high salt concentrations. 

Halorhamnus subaphyllus (C. Meyer) Botsch. (=Aellenia subaphylla (C. Meyer) 
Aellen) 

E-2: Koh-e-Sultan 40 km N of Nokkundi, 1900 m, F. 18699117, Gh. 1991; ibid. 
39 km N of Nokkundi, 1800 m, F. 18699122, Gh. 1938; ibid. Qaiser & Ghafm 
4413,4419,4421 (all KUH); c. 25 km N of Nokkundi in foothills of Koh-e-Sul- 
tan. Gh. 1978. 

The species had been recorded already for Pakistan on base of Jafri 2043 
from ZiaraVQuetta by Stewart (1972), but that sterile plant probably belongs to 
Salsola arbuscula Pall. Inversely, true H. subaphyllus had been collected al- 
ready 1971 by Qaiser & Ghafoor, but was mistaken for Salsola arbuscula. We 
collected and noticed the species in the Koh-e-Sultan in altitudes from 1600- 
1900 m from dry river beds, where it occurs scattered in a semidesen commu- 
nity dominated by Cornulaca monacanrha, Haloxylon salicornicum and Artem- 
isia cf. sieberi. Very likely the species will be found in similar habitats at least in 
the neighbouring Chagai hills, as it is rather common over S and SE Afghanis- 
tan. It should be mentioned that according to Botschantzev (1981) the popula- 
tions from NW Balochistan belong to H .  subaphylloides Botsch.. which is con- 
sidered by him a southern vicariant of the Turkmenian H. subaphyllus. His 
weighting of the very small differential characters (longer and denser axillary 
hairs) is undcr reconsideration. 

Noaea major Bunge 

D-4: Hindubagh, 1800 m, 13, VIII 68 Shariq (PPFI-M) 

The species is not rare in different semi-desert and sera1 plant communities 
in the adjacent provinces of Paktya, Ghazni and Zabul in Afghanistan, from 
1900-3200 m. It is certainly underrepresented in the collections form N 
Balochistan. 

Ponderia pilosa Fischcr & C. Mcycr 



E-4: Mhtung, southern border of the city, roadside, 1700 m, F. 18835. Kalat, 
roadside near gas station, c. 2100 m, F. 18894. 

The small annual grows gregariously in heavily disturbed waste places and 
is certainly common im many settlements in N Balmhistan, like in most areas 
with similar climate from Anatolia to Middle Asia. With their winged fruits the 
plants look much like a small Salsola, but the tepals are united in lower part to a 
distinct cup, and the leaf anatomy is clearly "kmhoid" in the sense of Carolin et 
al.. (1975). 

Salsola chorasanica Botsch. 

D-3: Ahmadwal, Datta 12 (RAW). 
D-4: Pishin, 1500 m, 8 IX 67 Shariq (PPFI-M) 

According to the literature the species is known from the type locality in E 
Iran only. Meanwhile it has been collected from several more places in E Iran 
and S Afghanistan. The new records from Upper Balochistan add considerably 
to the geographical range of the species. The divaricately branched annual in- 
habits salty clay flats with a sparse halophytic vegetation. It belongs to section 
C a r d i d r a  and can be recognized by the dense "mealy" indument of bladder- 
like hairs and the long tepals. which form a characteristic narrow cone after the 
flowering period. 

Salsola grifllhii (Bunge) Frcilag & Khani 

E-3: 14 km SW of Nushki at road to Dalbandin, 900 m, F. 18749. 
F-2: 60 lun SSW of Panjgur near road to Hoshab, 1 0  m. F. 18595; ibid. 40 km 
S of Panjgur, 1000 m, F. 18597. Gh. 1916. 

The rediscovery of Noaea griffithii Bunge near the type locality SE of Kan- 
dahar in SE Afghanistan and the transfer of that shrubby species with spine- 
tipped leaves to the genus Salsola has been dealt with elsewhere (Freitag & 
Khani, 1987). There also a map of the total dismbution of the species is given 
including the localities cited above. The strictly psarnmophytic species is a regu- 
lar component of semi-stabilized sand fields. It grows in association with Sal- 
solo richteri, Pennisetum divisum, Panicum turgidum, Cyperus conglomeratu~ 
and Haloxylon salicornicum. To the south and southwest of Panjgur we noticed 
it in many sand fields. But we did not see it in the extremely arid sand dune ar- 
eas of inner Kharan. The sands near Nushki evidently receive slightly more pre- 
cipitation due to its position near to the higher mounbn systems. 



CllENOPODlACEAE 01: PAKISTAN 

Salsola implicara Botsch. 

F-2: Zangiabad near Nushki. Shah & Rehman 2592 (ISL). 

The delicate psammophytic desert annual until recently has been known 
only from the sand deserts of Russian Middle Asia. Like so many other species 
of the Irano-Turanian sand deserts. I have found it in the respective habitats also 
in N and S Afghanistan, in C Iran and identified it in collections from S Iran 
(Lbnard, 1987). Most often it grows in a plant community dominated by Ha-  
loxylon persicum and Salsola richteri. 

Salsola kerneri (Wol.) Botsch. (=Hypocylix kerneri Wol.) 

F-2: 40 km NW of Panjgur at new road to Palantak, 1100m. F. 18680, Gh. 1941. 
60 km WSW of Panjgur at road to Parom, 9 10 m, F. 1 1652, Gh. 1926.93 km S 
of Panjgur near road to Hoshab, 850 m, F. 18584. 
F-3: Mihta Sing Mts. c. 30 km E of Panjgur, Gh. 1935. Koh-e-Sabz, 1350 m, 
Shah & Nisar 434 (ISL). 

The species belongs to section Coccosalsola. It grows as a dwarf shrub, has 
conspicuously shining white stems and looks much like S. monlana Litv., or 
small individuals of S. arbuscula Pall. In contrast to the latter species, the flow- 
ers are arranged in axillary clusters instead of being solitary. At least in the west- 
em section of the Central Makran Range the species is rather common from c. 
850-1400 m on semi-desertic slopes in the predominant weak limestone and on 
pediment plains. In higher altitudes it is often codominant in plant communities 
with Zygopghyllum euryprerum. In lower altitudes it goes together with 
Agarhophora, Salsola cyclophylla, S. rubescens and Anabasis serifera. 

Salsola leproclada Gand. 

E-2: 20 km N of Nokkundi, Gh. 1962. Koh-e-Sultan, c. 40 km N of Nokkundi, 
around sulphur mines, 1900.m. in obs., Gh. 1990. 
E-3: 14 km SW of Nushki at road to Dalbandin, 900 m, F. 18755. 

This is a delicate annual of sect. Cardiandra, which grows in rather differ- 
ent natural or semi-natural, morc or less disturbed habitats. In Pakistan it has 
been collected from dry river beds, eroded s lops and semi-stabilized sand 
fields. Probably it has a wider distribution in Upper Balochistan close to Af- 
ghanistan where it is a common species. 
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Salsola nitraria Pall 

D-4: Quetta, 1900 m, 29 V 68 Beg (PPFI-B) 
D-5: Loralai, 14 10 m, Jafri & Akbar 2323A (KUH). 
E-2: Kohe-Sultan 39 km N of Nokkundi, 1900 m, F. 18699/24, 18699127, Gh. 
1986,1988. 
E-3: Nushki, V 66 M. Khan (PPFI-B) 
E-4: 5 km E of Nushki at road to Quetta. Gh. 2047. 10 km E of Nushki at road 
to Quetta, Ghafoor & Yusuf (KUH). 52 km NE of Nushki, 1500 m, F. 18768, 
Gh. 2062. Dune area 7 km of Mastung, 1680 m. F. 188833. 
F-2: Parom village, 96 krn W of Panjgur, 895 m, F. 18649,18650, Gh. 1921. 
F-3: Panjgur, garden of guesthouse, F. 18640. 30 km WSW of Awaran at road 
to Hoshab. T. Ali 1457 (KUH). 
(3-2: 9 km S of Mand at road to Suntsar, Ghafmr & Qaiser 273 (KUH). 

This very widely distributed weedy annual of section Caroxylon has so far 
been mistaken for young individuals of S. baryosma or for S. micranthera. The 
leaves have the same fishy smell like the first, but the plant is strictly annual and 
has much larger and usually smoke-coloured fruits. The specimen Jafri & Akbar 
2323A has been named S. micranlhera by Botschantzev and the name has been 
overtaken by Jafri (1987). S. micranihera ought to differ from S. nitraria mainly 
by smaller anthers (0,5-0.7 mm versus 0.8-1,3 mm), but with more material at 
hand the populations from Pakistan come into the variation of the common S. ni- 
iraria. The species has no distinct habitat preference. It grows in natural semi- 
desert communities on eroded slopes, on sand fields, but more often in highly 
disturbed places in settlements, on fallow fields and along ditches. on any type 
of soil. 

Salsola richteri (Moq.) Kar. ex Litv. 

E-1: 20 krn NE of Qila Ladgasht, cdge of Hamun-e-Maskhel, 500 m, F. 18688, 
Gh. 1948. 
E-3: 14 k m  SW of Nushki at road lo Dalbandin 900 m, F. 18751, 18752, Gh. 
1948. 
F-1: 51 km SW of Panjgur, 1 km W of road to Hoshab, 1000 m, F. 18628. 20 
km S of Panjgur, Gh. 1907. Panjgur, 900 m, Popov 181 (BM). 

This is another highly characteristic spccies of the Irano-Turanian desert 
flora (Freitag, 1986). which peneuates both from S Afghanistan and SE Iran into 
the sand dune areas of N and C Balochistan. Here it forms a community of its 
own with Haloxylon peracwn, H. salicornicum. Salosola grifflihii, Penniseiwn 



divisum and other species of semi-stabilized dunes. The species of sect. Cocco- 
salsola grows as a shrub of 1-3 m. It can easily be recognized by its up to 7 cm 
long delicate leaves which at the main branches often become pendant. The local 
name is "narunk" (Qila Ladgasht). 

NEW RECORDS OF "RARE" SPECIES 

Here only a few striking examples are given of species, which due to under- 
collection hiherto are very poorly represented in the herbaria. 

Halocnemwn srrobilacewn (Pall.) M .  Bieb. 

Stewart did not mention the species, and Jafri cited only 1 specimen from 
Lasbela district (Jafri. 1987). We can add the following localities: 

C-1: Estuary of Dasht river N of Jiwani. in obs.. Gh. 1848. 
G-2: Pishukan at W Gwadar Bay, salt gardens, in obs.. 2 km S of Pasni, 3 m, F. 
18402, Gh. 1819.3 lun S of Pasni, 2 m, F. 18479,18480. 
G-4: Bela plain, 34 krn W of Liari at road to Kandewari, 22 m, F. 18223, Gh. 
1655.4 knr SE of "Hassan hotel" between Liari and Kandewari. Gh. 1663. Zikri 
Goth. N bank of Sonmiani Bay, 11 VII 89 D. Khan (KUH). 

The Mediterranean/lrano-Turanian species is rather common along the 
W a n  coast. It grows on salty clay of lagoons and estuaries. and on low sand 
flats immediately beside the shore. Usually it forms a community of its own and 
is associated by Halopyrum mucronarum (on sand only), Urochondra serulosa, 
Suaeda fruticosa and Cressa crerica. Often Halocnemum causes the formation 
of regularly shaped mounds, which might reach a height of up to 1.5 m and a 
diameter of more than 3 m with the emerging branches being only 20-30 cm tall. 

Halosrachys caspica ( M .  Bieb.) C .  Meyer (= H. belongerano (M. Bieb.) 
Botsch.) 

Slewart reported only one locality near Multan cited already in Parker 
(1918), and Jafri added two localities from near Keti Bunder in S Sind (Abedin 
4132,9401, both in KUH). There we recollected the species (F. 18161), but the 
following localities can be added: 

E-2: 48 km N of Qila Ladgasht near road to Nokkundi, 530 m, F. 18695, Gh. 
1951. 
G-4: Mouth of Hingol river W of Bela plain, 11 89 Beg (PPFI-B). Karachi, 
Clifton, 25 VIII 86 Husain & Ahmad (KUH). 



The tall succulent shrub (0.5-2 m) grows in salty clay in estuaries and at the 
edge of inland playas, where less saline groundwater is in reach of the roots. In 
palcistan the species might have a somewhat wider range, but it is doubtless that 
it will remain scattered, like in Iran and Afghanistan. 

Halothamnus iranicus Botsch. 

The species was described by Botschantzev (1981) from S Iran. with the 
var. glabra from Gabd, N of Jiwani, in westernmost Mahan.We collected and 
noticed the species in many other places, and a few specimens of earlier collec- 
tions have been seen in KUH under different other names. Halothamnus irani- 
cus grows in the most extreme desert habitats, preferably on salt-containing 
weak limestone or on marl, both on slopes and in dry plains. Its xerohalophytic 
properties are well in line with growth form and morphology: it is an intricately 
branched, often mat-forming dwarf shrub of 20-50 cm, with small lanceolate, 
semi-succulent leaves, and a thick wax layer gives the plant a distinct bluish col- 
our. From the presence in Khuzdar district it can be concluded that its dis&bu- 
tion reaches much more to the North, in particular in the rain shadow areas in 
and along the Sulaiman Range. 

Haloxylon persicurn Bunge ex Boiss. & Buhse 

Jafri did not see any specimen from Pakistan and was somewhat sceptical 
about h e  rather many records from all parts of Balochistan and Sind which are 
cited in Stewart. Like him, I did not yet have the opportunity lo check all speci- 
mens of  he classical collections. But from the experience gained in the 
Balochistan expedition, I doubt very much that Haloxylon persicwn occurs in S 
Balochistan or in Sind. There we only saw the common H. salicornicurn which 
in sterile herbarium specimens looks very much like If. persicurn. We collected 
H .  persicum at the following localities: 

E-3: 42 krn W of Dalbandin. 2 krn S off the road to Nokkundi, 620 m. F. 18705, 
Gh. 1996. 13 km W of Nushki, 900 m, in obs. 
F-213: 15-25 krn NE of Qila Ladgasht. 500 m, F. 18687. Gh. 1950. 

Near to Nushki, the species is said to be planted in the protected sandy areas 
near the road, but in the same area Aitchinson (1888) did his classical collec- 
tions which include H. persicum. The first locality is very far from any settle- 
ment and all evidence is in favour of an undisturbed site. From the distant road 
the tall shmbs and small trees could only be seen by the use of binoculars as 
small dots on the lower part of the huge dunes. The last locality belongs to a part 



of the Hamun-e-Mashkel which is covcred by small sand dunes up to 2 m. Here 
H. persicwn. which is called "tagaz" by local people, reaches a height of about 4 
m and is sometimes cutted for fuewood. Usually H. persicwn is the dominant 
species, and as in S Afghanistan it is associated with other psammophytes, pref- 
erably with S. richreti, Cyperus conglomeratus, Euphorbia cheirolepis, Aeluro- 
pus macrostachys, and on underlying clay flats also with Sum& fruticosa. It is 
very probable that H. persicurn is a common species in the waste dune areas all 
over Kharan and Chagai dismcts. 

Krascheninnibvia ceraroides (L.) Guldenst (= Ceratoides larens (J.F. Gmelin) 
Reveal & Holmgren) 

So far only very few collections have been cited from Balmhistan. But 
some more specimens have been seen in PPFI-B from D-4, D-5 and E-4. Fur- 
thermore, we met with the species as being really common in h e  Harboi Hills 
(F. 18896. Gh. 2190) and in the Koh-e-Maran NNE of Kalat. This observations 
and the species' distribution in the adjacent mountains of Afghanistan justify to 
expect it in all higher areas of N Balmhistan from about 2000 m onwards. 

Salsola drwnmondii Ulbr. 

To the three localities cited in Stewart and Jafri today many more can be 
added: 

C-2: S side of Bahadur Khel pass between Bannu and Kohat, c. 500 m, F. 
24532; ibid. c. 600 m, F. 24533; ibid. 26 IV  68 Salirn (PPFI-B). Dhok Pathan, 
Stewart & Nasir 22886 (RAW). 
F-2: 38 km WSW of Panjgur, close to edge of Hamune-Parom, near "Hotel", 
900 m, F. 18644.50 krn W of Panjgur on way to Parom Gh. 1915. 
F-3: 14 km WSW of Panjgur near road to Hoshab. 940 m. F. 18619. 
G-2: 4 km N of Pishukan at W Gwadar Bay. salt gardens, 3 m F. 18535, Gh. 
1838. Gwadar, 7 X 66 s. coll, (KUH). 20 mi. from Pasni on road to Gwadar, 
Qaiser 7067.6 km N W  of Pasni, 30 m, F. 18397. Between Pasni and Rambra on 
way to Ormara. Gh. 1834A & B. 
G-3: 20 km NW of Ormara, Mor Pati, 20 m, F. 18475, Las Bela, 17 V 65 Beg 
(PPFI-B); ibid. XI 60 McVean (KUH). 
C-4: 15 km W of Liari near road to Kandewari, Gh. 1650. 30 km NW of Uthal 
at road lo Bela, F. 18074, Gh. 1600, 1609. 

S .  drwnmondii is another typical element of the eastern section of the 
Saharo-Sindian region and very widespread in S and C Balochistan, where it 
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Toms a distinct plant community on dry salty alluvial plains, both on clay and 
on sand sheets. Usually it replaces the Suaeda fruticosa-community on the drier 
side. At the Northern edge of the Indus-plain it extends along the branches of the 
Salt Range from the type locality in Mianwali into Kohat and Auock districts. 
The species occurs probably in other places along the foothills of the Sulaiman 
Rge., most likely in Sibi dismct (Fig. 3). 

Sum& mgyptiaca (Hasselq.) Zoh. (=S. baccata Forssk. ex J.F. Gmelin) 

Stewart cited only one specimen collected from Pierce somewhere at the 

Fig. 3. Diwibution of Solsola drwnwwndii Ulbr, in Balochistm (black circles - herba"ln1 
s~cirnens;  open circles - field notes). The E Sahnm-Sindim spcies  was know before f m  2 10- 
calities in Balochistan only. 
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coast of Balochistan. Jafri added two localities from G-2 (Hoshab, Kamal & 
Nazim 1146, 1153) and G 4  (Phitti creek near Kankhi, XI1 77 Qaiser, all in 
KUH). We collected and noticed the SahareSindian species in more than 20 lo- 
calities all over Balochistan, from the coast to the Afghan border and up to alti- 
tudes of about 1000 m. As a winter-germinating annual it is confined to areas 
which receive at least some amount of rain in that season. Suaeda aegyptiaca 
prefers saline habitats and there it produces highly succulent leaves. However, 
sometimes it has been found growing as a weed in irrigated gardens and fields. 
Under such conditions it gets a rather different habit with less succulent, flatter 
leaves, greater height and a more erect branching system. A similar morphologi- 
cal plasticity which might cause confusion has been observed in material from 
Egypt (Freitag, 1989). Even more puzzling might be the morphological change 
caused by repeated grazing. The plant can resprout several times, and thereby it 
might get the appearance of a hue perennial. Suaeda aegyptiaca joins different 
plant communities. Most often it has been seen in salt-marshes, in riverain for- 
ests of different Tamarix -species and in ruderal vegetation along inigation 
ditches. 

PERSPECTIVES FOR THE FAMILY ACCOUNT 

The account of h e  Chenopodiaceae for the Flora of Pakistan is in prepara- 
tion. It is done in line with the respective work on the family for the Flora Iran- 
ica project To have the manuscript ready in a time-span of about 2-3 years, and 
to make use of the available expertise, the work has been split up in between I. 
C. Hedge, Edinburgh, (most genera), H. Freitag, Kassel (Salsola and related 
genera), P. Uotila, Helsinki (Chenopodiwn) and D. Podlech, Munich (Suaeda). 

After having completed the Balochistan expedition, the work in most Paki- 
stani herbaria, and a short field trip to the Salt Range area after the symposium, 
it became evident that still some parts of Pakistan are seriously undercollected 
with regard to chenopods. This is most obvious for the eastern foothills of the 
Sulaiman Range in N Balochistan. Especially the extremely arid lower tracts of 
Sibi disaict is expected to be inhabited by a rather rich chenopod flora, but re- 
mains virtually unknown. Another large gap remains in C Balochistan with the 
area around Kharan which could not be reached by us in 1986. Furthermore, it 
seems to me that also the arid valleys in N Pakistan, in particular in Gilgit dis- 
trict, are in need of more exploration. Further collecting should be carried out as 
soon as possible-and preferably in late autumn-to include the material into the 
Chenopodiaceae account for the Flora of Pakistan. 
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ABSTRACT 

Indian subcontinent is very rich in fem flora with b u t  500 species on m l c r v d v e  estimate 
and nearly 25% are endemic mmtly to ustern Himalayan r q i o n  but the manomy of LIIC complex 
genera as Asplem'um, Pterir. Alhyrium. Diplazium, etc.. ir l e u t  understood even today and still the 
reliance is made on R.H. Beddome's handbook even after a century of i u  publidon. Cytological 
investigations have indicated nu r ly  10% of the Hirndmym and 15% of the S o u ~ h  Indian ferns to be 
aggregate speciu with more than one cytotypes included therein. Major u x o n m i c  problems are 
centred arwnd such species where acocsa to  the voucher specimens m d  type material arc p rob lm-  
atic. There is no revised flora for any of h e  countries of the region but Palcisran and Sri Lanka have 
latest annomted catalogues which give an idea about the richness of the flora. 

Prepamtion of a revised country-wise or region-wise (em flora of h e  Indian subcontinent 
needs to be taken up on priority basis since imparable loss to fern vegeutiun is taking place with 
the ever decreasing forest cover. Several of the endangered species may become extinct in n u  too 
distant future. 

Recent taxonomic revision for Dryopterir, Lcpisorru and Pyrrosio has shown that how much 
l i t le we knew of the richness of our fern flora. The total number of species may exceed 1,000 when 
flora is fully explored w d  finally documenled. In h e  procur  of taxonomic rwision,  result^ of mor- 
phology, anatomy, cytology and plynology need to be well integrated for circumvention of lami- 
lies, genera and even species because several of the "polymorphic" species arc now known to be 
'aggregates'. Illustrative examples are given where cyromorphaaxonomy has provided useful clues 
10 h e  undenlanding of "species m p l e x e s "  and the relationship of the component laxa. 

INTRODUCTION 

The Indian subcontinent with a great variety of climate ranging from tropi- 
cal to cold temperate supports a very rich flora of vascular plants. These number 
'Dedicated to Dr. R.R. Stewrfl in honour of his 1 0 t h  birth amivenary on 15th April 1990 for his 
outstanding contihutions to the sysltmnics of ferns and fern allies of north westem Flimalayas. 
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about 15.000 species of monocotyledons and dicotyledons (Santapau & Henri, 
1973) and about 600 species of ferns and fern-allies (Bu, 1977) from India alone 
with many of these being endemic in the country. Including cultivated plants 
there are about 6,000 taxa of vascular plants in Pakistan and Kashmu with flow- 
ering plants numbering 5,632 species (Stewart, 1972). 

Himalayas particulaily their eastern ranges are very rich in fern flora with 
nearly 25% of the total for the Indian subcontinent being endemic to the region. 
The reasons for such a rich flora are not far to seek from. The Himalayas exhibit 
a great variation in climate and habitat, remained free from catacalysmic 
changes for a long time (there was little glaciation experience in the eastern 
part), provided new ecological niches for plants during theu evolutionary history 
and the Himalayan temperate forests accumulate rich biomass which allowed 
many species to evolve and survive over a long span of time (Bu, 1989). But as 
we proceed from east to the west in the Himalayas there is a gradual decrease in 
the prolificity of ferns with the reciprocal decrease in rainfall and in Pakistan 
part of this mountainous system the ferns are much fewer in number. 

In spite of such a rich heritage of plant wealth, no serious efforts have been 
made in India or Pakistan after attaining theu independence for compilation of 
the revised Pteridophflc flora. Still the classical work of Beddome (1892) on 
Ferns of British India, Ceylon and Malaya Peninsula forms the basis of any seri- 
ous endevour on regional flora. Malaya (Holttum, 1955) and Ceylon (for details 
see Sledge, 1982) have their own fern Floras while India (Dixit, 1984) and Paki- 
stan (Stewart, 1972) are still contented wilh only annotated catalogues. For 
Bangladesh there is absolutely a complete lacuna and whatever little infomaion 
is available, it is based on R.H. Beddom's or C.B. Clark's works. As far as fern 
allies are concerned Baker's (1887) book still forms the basis for the region al- 
though a revision of genus Selaginella in India has been given by Alston (1945). 
Obviously. new fern Floras are needed and the present account is aimed at pos- 
ing problems in 'species circumvention' and as to what has been achieved on 
this account after these are brought out through cytological studies in India. 
Many of the species of north western Himalayas are common with Pakistan and 
concepts, approaches and solutions will naturally be aimed at commonly. 

Esrimores of Number of Species. 

From Pakistan and Kashmu 128 species of ferns and fern allies are listed by 
Stewart (1972) while from present day political India are listed by R.H. Bed- 
dome 466 species of ferns and about 100 fern allies are also known. Dixit(1984) 
in his Census of Indian Pteridophytes has enumerated more than 1,000 mcm- 
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bers. The reason for such a wide variance is the fact that in classical fern Floras 
(Beddome, 1892; Clarke 1880) are included a large number of "aggregate" spe- 
cies (Dryopreris filix-mas, Arhyrium filir-femina, Asplenium unilarerale, Dip- 
laziwn larifolium, etc.) whereas in the present day Floras or taxonomic accounts 
a lot of more splitting is done. But the important point is a common meeting 
ground of both. Also a number of new records for the region have been made as 
well as a few more new sepcies/laxa have been described. Thus, so far we are 
not clear about the exact number of species on the Indian subcontinent, either 
country wise or on the total. 

Chromosomal Analysis: 

Such a work on the Pakistan ferns is completely lacking but studies since 
1950 on the Indian and Ceylonese members have indicated the existence of a 
fairly large number of (i) hybrids (both sterile and sexual), (ii) polyploids and 
(iii) intraspecific cytotypes. Bir (1973, 1983, 1989) has elaborated the speciation 
processes in Indian fern flora and has given examples of species with more than 
one "cytotypes or biotypes". According to him intra specific cytotypes are pres- 
ent in 10.31% of the Himalayan and 15% of Lhe south Indian species and these 
are really the difficult species to deal with taxonomically. These primarily be- 
long to Dryopreris, Asplenium, Diplazium, Alhyrium Lepisorus and Preris. In 
view of the present day multicharacter approach to fern taxonomy (Bir, 1972 a) 
a number of criteria are essentially to be used in defining the taxonomic limit? 
and contents to problematic genera and even 'species' of ferns of Indian subcon- 
tinent. The contributions of Chromosomal Analysis of different floras of the re- 
gion in solving h e  taxonomic problems has bcen significant especially in casc 
of 'polymorhic' species. Lists of species with mom than one cytotypes have al- 
ready been given by Bir (1972 b, 1973. 1989) for the Indian Pteridophytes and 
as a matter of fact the major taxonomic problems are centred around these 'mul- 
tiple cytotype' species with or wibout morphological differences. 

' 

TAXONOMIC EVALUATION OF INDIAN FERN FLORA 

Few illuswative examples of Indian flora with emphasis on species common 
to other countries of-the subcontincnt. arc a? follows: 

(a) Asplenium dalhousiae complex. 

As early as 1%3 Bir pointed out the existence of morphotypes intermediate 
bctween Aspleniwn dalhousiae Hook. (2x. n = 36) and Celerach of/icinarum 
DC. (4x, n = 72). These plants were found to be allopolyploids (6x, n = log), 
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and dcscribed as ncw specics Asplenium punjabense (Bir el al.. 1985). The f i r e  
spleenworts are confusingly similar in outline of lamina but can be separated on 
the basis of venation and the nature of scaliness of the lamina on under surface. 
All of these ferns have sympatric distribution from Kulu Himalaya to Kashmir 
and extending to Swat in Pakistan and beyond. 

(b) Asplenium planicaule-laciniatum complex. 

In the north western Himalayas we have got only tetraploid A. planicaule 
Wall. (= A. yoshinagae Makino var. planicaule Morton) with n = 72 but 
Garhwal eastwards A. laciniarum auct. (= A. gueinzianum Mett), n = 72 has 
since long been confused with it taxonomicaly but now this species complex is 
separated into A. gueinzianum (var. gueinzianum & var. obtusum), A. subinregri- 
folum Hook. (= A. laciniarum var. subintegrifolum), n = 72 and a tetraploid hy- 
brid (2n = 144) between A. gueinzianum var. gueinzianum (= A. locinialum var. 
laciniatum auct.) and A. subinfegrifolium (Bir, 1964 b). 

(c) Asplenium dalbusiae-paucivenosum complex. 

Asplenium dalhouisae Hook.. is confined to north western Himalayas 
whereas A. paucivenosum (Ching) Bir is found eastwards of Nepal in Darjeeling 
District and Sikkim State extending to Arunchal Pradesh. Specimens of the later 
fern in Indian herbaria were named under dalhousiae but the two ferns are cytol- 
ogically very distinct (Bu, 1962) with n = 36 (2x) for A. dalhousiae and n = 72 
(4x) and 144 (8x) for A. paucivenosum. The 4x and 8x plants are very distinct 
and Bir (1972~) separated these as forma minus and forma majus, respectively. 
The latter one was raised to specific status as Ceterachopsis birii Love & Love 
but subsequently Bu el al. .  (1985) recognising Ceterochopsis (J. Smith ex 
Ching) Bir as a subgenus within Asplenium L.. this fern was transferred as A. 
birii (Love & Love) Bir, Fraser-Jenkins & Lovis. 

(d) The Himalayan Cysropteris fragilis complex is segregated into octoploid (n 
= 168) Cystopteris siWtimensis Ching ex Bu (Bir, 1 %4b) and tetraploid (n = 
84) C. fragilis (L.) Bernh., group distinguished into formae fragilis, hima- 
layansis and granulosa (Bir & Trikha, 1976). the first two having echinate 
spores while the last one is characterized by granulose spores. 

(e) According to Fraser-Jenkins (1989) Dryopteris hirlipes (BI) Kunw. subsp. 
hirlipes n = 41, 2x sexual, is South Indian and Sri Lankan plant and iLs re- 
port from the Himalayas is erroneous. The Himalayan samples are refcr- 
rable partly to D .  darjeelingensis Fraser-Jenkins, n = '2n' = 123. 3 x  apoga- 
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mous but mainly to D. stenolepis (Bak.) C. Chr., n = '2n' = 8 2 . 2 ~  apogam. 
While D. atrara (Kunze) Ching recognized as subsp. atrata under D. hirti- 
pes by Fraser-Jenkins is 4x sexual with n = 82 and is recorded from South 
India and eastern Himalayas. 

(f) Dryopteris (Nephrodium, Lastrea) filix-mar has been the most intriguing 
species complex of the Sino-Himalayan region. R.C. Ching's revision of the 
Chinese and Sikkim-Himalayan Dryopteris is most note-worthy but the re- 
cent monograph on Dryopteris of Indian subcontinent by Fraser-Jenkins 
(1989) has explicitly defined thefilix-mas group of species of Indian sub- 
continent to consist of: (i) D. pulcherrima Ching (= D.filix-mas subsp. pat- 
entissima var. fibrillosa, D. fibrillosa) n = '2n' = 82, 2x apogam. (ii) D. 
acuto-dentata Ching (= Nephrodium kingii, D. filix-max subsp. Kingii), n = 
'2n' = 123, 3x apogam. (iii) D. lepidoposa Hayata (= Nephrodiumfilix-mas 
var. khasiana, N. parallelogrammum forma khasiana, D. paleacea var. 
khasiana), n = '2n' = 82, 2x apogam. (iv) D. wallichiana (= Lastreafilk 
mas var. paleacea, D. paleacea, L. patentissima, Nephrodium patentis- 
simum, N. parallelogrammum forma patentissimum, D. parenrissima, L. 
filix-mas var. parallelogramma, N. parallelogramurn). n = '2n' = 82. 2x 
apogam. (v) D. panda (Clarke) Christ (= Nephrodiumfilix-mas var. panda, 
N. pandum), n = 41, 2x sexual. (vi) D. serrato-dentata (Beddome) Hayata 
(Lustrea filix-mas var. serrato-denrara Bedd., Nephrodium serratoden- 
(arum), n = 8 2 . 4 ~  sexual. (vii) D. odontoloma (Bedd.) C. Chr*. (= Neph- 
rodium jilix-max var. odonroloma (Bedd.) Bak., N. odontoloma (Bedd.) 
(Clarke). n = '2n' = 123, 3x apogam. and D. jlutaposira Christ (= Neph- 
rodium filix-mas var. normalis Clarke, Dryopteris odontoloma auct.. 
Lastrea odontoloma T. Moore. nom. nud.), n = '2n1 = 123, 3x apogam. 
(viii) D. nigropaleacea (Fraser-Jenkins) Fraser-Jenkins (= D. pallida subsp. 
nigropaleacea, Nephrodium filu-mas var. normalis pro parte, N. rigidum, 
Lasrrea rigida, D. odololoma auct.), n = 41, 2x sexual. (ix) D. 
lachoongensis (Bedd.) Nayar & Kaur (= Lastreafilu-mas var. lachoongen- 
sis). (x) D. cochleara (Buch-Ham. ex Don) C. Chr. (= Nephrodiumfilix-mas 
var. cochlearum), n = 41, 2x scxual. (xi) D. marginala (Clarke) Christ (= 
Nephrodiumfilix-may var. mrginatum, N. marginaturn), n = 4 1 . 2 ~  sexual. 
D. suhimpressa Loyal, n = 4 1 ,  2x sexual is segregate of the D. marginala 
group. (x  ii) D. caroli-hopei Frascr-Jcnkins (= Apidium marginaturn Wall. 
pro pmc, D. marginara aucl. Indian: west Himalayan materials, Neph- 

*This i s  endemic to S o u h  India and h e  name wrongly applied lo the Ilimalryan malerials w h ~ c h  
really belong to D. jurraposira undl now treated as synonym of D. odon~doma by C. Christensen 
and R.C. Ching. 



rodium marginarum senu Hope), n = 41, 2x sexual. (xiii) D. assamensis 
(Hope) C. Chr. & Ching (= D.jilix-mas var. assamensis). (xiv) D. subrrian- 
gularis (Hope) C.Chr. (= Lasrreafilix-mas var. subrriangularis, D .  subassa- 
mensis). 

Dryoplerisfilix-mas (L.) Schott.. n = 8 2 . 4 ~  sexual is a species of the open 
rocky areas and is found in northcast Afghanistan and Pakistan (Himalaya-west 
and east of Indus) and in India in north west Himalaya-Kashmir: Pir Panjal, 
Gulmarg, Kishenganga valley, Sonamarg. 

(g) The genus Lepisorus of the Himalayas is very poorly understood. In classi- 
cal works i t s  members are described under Polypodium and Pleopellis and 
often materials of quite a different species are labelled as Polypodium lin- 
eare Thunbg., in different herbaria. Polypodium lineare complex in the 
Himalayas was recognised by Bir & Trikha (1972) to consist of as many as 
13 species viz., L. loriformis (Wall. ex Meu.) Ching, n = 26; 'L. clarhrarus 
(Clarke) Ching; L.  nudur (Hook.) Ching. n = 35; L .  amaurolepidus (Sladge) 
Bir & Trkha, n = 35; L. pseudonudus Ching; L .  ussuriensis (Regel & Mack) 
Ching: L. angusrus Ching; L .  rhunhergianur (Kaulf.) Ching; L .  conrorrus 
Ching, n = 35; L .  kushyapii (Mchra) Mehra, n = 36; L. excavarus (Bory) 
Ching. n = 35; L. kuchensis (Wu) Ching. n = 37 and L. bicolor Ching. On 
the basis of further examination of herbarium materials from CAL & US 
Lepisorus excavarus complex of the Himalayas was analysed by Bir & 
Trikha (1974) to be comprised of L .  oligolepidus (Bak.) Ching. L. suboligo- 
lepidus Ching, L .  sublineare (Bak.) Ching, L .  leiopreris (Kunze) Bir & 
Trikha (= L. scolopendrium (Don) Mchra & Bir) L. excavarus (Bory) Ching, 
n = 35; L. oosphaerus (C. Chr.) Ching, L. sordidus (C. Chr.) Ching, L. 
subcon,t7uens Ching and L. amaurolepidus (Sledge) Bir & Trikha. 

With the discovery of aneuploid numbers n = 35, 36. 37 in L. excavarus il- 
self, the specific materials were segregated into var. excavarur (n = 3 9 ,  var. 
morlonianus Bir & Trikha (n = 37) and var. himlayansis Bir & Trikha (n = 36) 
whereas L. amaurolepidus was found to consist of var. amurolepidus and var. 
longifoliur Bir & Trikha (n = 35). Morphologically the infraspecific taxa are 
very clear. Similarly, according to Bir & Salija (1981) L. kashyapii of the west- 
em Himalayan region showed infraspecific variations segregated into var. ka- 
shyapii (n = 36). var. major Bir & Trikha (n = 36) and var. minor Bir & Trikha 
(n = 35). Against an earlier record of about 10 species of Lepisorur from the In- 
dian region as many as 20125 speciesltaxa are now known from the country. Re- 
cently, Khullar (1984) has recorded a discordant note. According to him the type 
of L. excavorus (Bory) Ching is from south east Africa characterised by long 
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stipe with lamina ol  thicker texture and South Indian plants closely agree with 
African plants but the western Himalayan plants generally known as L. excava- 
tus differ from true excavatus in having a much shorter stipe and lamina of thin- 
ner texture and thus these were referred as L. scolopendrius (Ham. ex D. Don) 
Mehra & Bir (= L .  leiopreris (Kunze) Bir &Trikha). The whole Indian material 
of L. excavatus group, needs re-examination because I am not inclined to use Lhe 
name L .  leiopteris for whole of the L. excavatus group. Further, Ching et al . ,  
(1983) segregated from L. clathratus complex closely resembling but distinct 
fern L. jakonense Ching (L. clathratus var. jakonense Blanford). This is a very 
widely distributed fern in western Himalayas between 2,000-3.000 m. In reality. 
L. clarhratus is a fern of higher altitudes (3,000 m. and above) and in L. 
jakonense the rhizome scales have fimbriated margin with long projections and 
in L .  cclathrarus the margin of rhizome scale is more or less dentate and stipe is 
longer (Khullar, 1984). L .  rhunbergianus (Kaulf.) Ching is a Japanese fern and is 
not met with in western Himalayas and Bir & Trikha's (1972) L .  thunbergianus 
plants need to be referred to L .  renuipes Ching & Khullar (Khullar, 1984). Thus, 
it seems that the Lepisorus materials from India are still in the need of taxo- 
nomic revision and this should be done with reference to type materials of the 
total species recorded from the Indian subcontinent. 

(h) Pyrrosia Mirbel: The genus primarliy is native of wet forests of Darjeeling 
Sikkim, Assarn. Meghalaya, Arunchal and Peninsular Indian mountains of 
Pulnis and Nilgiris. A few members are found west of Nepal too extending 
to Mussoorie and Simla but no member is recorded from Kashmir and Paki- 
stan (Stewart. 1972) as well a western and central India while 5 species are 
known from Ceylon (Slcdge, 1982). The main concentration of mombers on 
Indian subcontinent is in eastern and central Himalayas (Garhwal to 
Bhoolan) many of which are common to China. Burma and Malaya. The 
latest account comes from Satija, Bir & Bhardwaja (1983) who in contrast 
to 13 species by Beddome (1892) under Niphobolus Kaulf., have described 
22 species from present day polidcal India with two additional doubtful rec- 
ords from South India. Quite a many of the species look alike but can be 
segregated on Lhe basis of rhizome scales, hairs on the lamina as well as 
spores, this being particularly rruc of P. stictica, P. mollis, P. manii, P. 
nayariana and P. gardneri group. 

( I )  In a recent survey of the distribution, ccology and phytogeography of 
Asplenioid (resprescntui by Asplenium L., alone) ferns of India, Singh & 
Bir (1989) recorded about 65 species which represent 10-12% of the tola1 
ferns rccordcd from the country cven on the basis of liberal estimates (Dixit, 
1984). They have listd species found in western Himalayas (27 species), 
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eastern Himalayas (37 spccies), central India (8 species) and south India (32 
species) and also listed species which are exclusive to different floristic rc- 
gions. Species which find no mention in Beddome's Handbook includc 
Asplenium aefhiopicum, A. ai~chisonii, A. birii, A. nesii, A. breynii, A. kha- 
sianum, A. obliquissimum, A. paucivenosum, A. pseudofontanum, A. subin- 
tegrifolium, A.  subvarians, A. yunnanense, etc. The listing of species being 
based on S.S. Bir's examination of Indian materials at CAL. BLATT, K. 
US; NY, MICH, GH and BM. Indian materials of Asplenium unilarernle 
complex are now known to bc comprised of rivc spccics as A.  exicism 
Presl., A. obscurum Bl., A.unilalerale Lamk., A. rivale (Bedd.) Bir and A. 
obliquissimwn (Hayata) Sugimoto & Kurata. 

(j) Usefulness of anatomical features for delimitation of confusingly similar 
species of Dryopterioid and Thelypterioid ferns or Asplenioid and Athy- 
rioid-Diplazioid ferns in the field is now well established. Even at infras- 
pecific level anatomy is a useful criterion in segregating difficult taxa. The 
point is illustrated by Diplazium latifolium Mooref lafifolium of the eastern 
Himalayas. The stelar structure in the rhizome and petiole of this fern is un- 
usual as compared to the species of the group as D. polypodioides BI., D. 
asperum Bl. and D. maximum (Don) C. Chr. It has 4-7 leaf trace strands (2 
large and 2-5 small) at the base of petiole instead of usual number of two 
large strands and in the rhizome the structure is complicated with respect to 
departure of additional leaf strands. According to Bir (1969) on these fea- 
tures D. latifoliumf. latifolium is distinguishable from D .  maximum a spe- 
cies with which it has often been confused or even treated as synonym. Fur- 
ther, the presence of single leaf trace at the base of petiole in A. himalaicurn 
Ching ex Mehra & Bir and A. anisopferum Christ (Bir, 1971) is a specific 
diagnostic feature as well as several other anatomical features of the Hima- 
layan members of Athyriwn. 

(k) Palynology is another important aspect in taxonomy. Now the descriptions 
of taxa must have full  information on spores, representing such an imprtant 
feature of reproductive biology. Examples of role of spore morphology in 
taxonomy of Indian ferns are quite enough for this field to bc given impor- 
tant place in fern taxonomy (Bir, 1966-67, 1976). 

(1) The importance of morphology of rhizome, dermal appendages, form of peti- 
olefstipes. nature of sporangia. paraphyses, gametophytes. etc.. in  taxonomy 
can not be under rated in the event of newly emerging areas of phytochem- 
istry, reproductive biology (antheridrogen) and ecology. Bir ( 1972a) whilc 
advocating the adoption of Synthetic Approach to Taxonomy has broughl 
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out the importance of such features in solving taxonomic tangles at specific 
or generic levels. 

In the foregoing pages. I have given few examples of various taxonomic cri- 
teria as applied to the solution of taxonomic confusions a b u t  Indian ferns. The 
right approach in compilation of a revised flora should be on the basis of a 
monographic account incorporating findings of various disciplines of enquiry as 
are useful in taxonomy. The basis for polymorphicism of species have to be 
found and emphasised with clear cut demarcation of various biotypes. All this 
requires a co-ordinated approach which sooner or later has to be adopted. 

PROBLEMS 

The major problem in compilation of Flora of India or as a matter of fact of 
the Indian subcontinent is firstly h e  lack of interest in the field of taxonomy by 
plant scientists, secondly no interest in field studies for observing various "spe- 
cies" as they grow in nature and above all thirdly, h e  hesitation on the part of 
funding agencies in ear-marking grants for 'Flora' studies. Essentially the im- 
portance of "Flora compilation" has to be realized at national level and proper 
scientific temper has to be created for achieving this end. 

Significant plant collections of 18th and 19h centuries from Indian subcon- 
tinent are housed in Europcan herbaria and any meaningful taxonomic work is 
possible only wih h c  study of thcsc collections and reference to type materials 
which are either not casily locared or arc not casily available for study. 

PROSPECTS 

Except for Ceylon where Pleridophytic Flora has been revised by W.A. 
Sledge of L d s  University, the Floras of all other countries of Indian subconti- 
nent are far from completion. In India only 6 major genera as Selaginella. Dry- 
opferis, Lepisorus, Pyrrosia, Phymatodes, Microsorium and a double number of 
small genera have ken  revised out of a total of over 100 genera. This means 
hardly one fifth of the total flora is revised. Nepal's fern Flora has by and large 
becn revised by Japanese Expcnditionists (see Flora of Eastern Himalayas-First 
and Second Report by H. Hara in 1966, 1971 and Third Report by H. Ohashi in 
1975) together with reference to species met with in adjoining Darjwling- 
Sikkim region but I am not aware of any attempi on fern flora of either Bangla- 
dcsh or Rhootan or Pakistan. Evidently, a lot mom rcmains to be done. 
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R.E. Holttum's work on Malayasian fcrns particularly the Thelypteridaceae 
and W. A. Sledge's studies on Ceylon ferns are significant in the context of In- 
dian flora because of commonness of South Indian and Ceylon flora and east In- 
dian and Malayan Flora. East Himalayan flora has a large number of common 
species with China too. So Chinese specimens can not be over looked. Compari- 
son of Indian materials with Ceylonese. Malayan and Chinese materials is of 
paramount importance in his direction. Any atlempt without study of materials 
of adjoining regions, is not likely to pay rich dividends about the quality or use- 
fulness of the Flora. 

Co-ordination and free exchange oE materials amongst taxonomists of 
Bangladesh, Nepal, Bhootan. India, Pakistan and Ceylon is essential for hilful 
completion of Flora work. To achieve this end, study of materials especially at 
Kew and Peking apart from National herbaria is absolutely necessary. Any 
amount of difficulties need not dampen the enthusiasm regarding preparation of 
'Revised Fern Flora of the Indian Subcontinent'. 

CONCLUDING REMARKS 

Before concluding. I would like to stress the need and h e  urgency of com- 
pilation of 'Pteridophytic Flora of Indian subconlinent' because from this phyto- 
geographically significant region of the World Flora forest cover is fast decreas- 
ing year after year with 1,47,000 hectares being deforested every year in India 
alone. Naturally, this means destruction of the natural habitats of ferns and fern 
allies because these flourish the maximum in forests either as epiphytes or as 
growth on the forest ground or rocks or along water courses. Thus, before the 
vegetation gels completely desuoyed and Lhe species get extirpated from spe- 
cific regions, we must have total assessment of the plant resources with proper 
inventories so that requisite steps are laken in time for the conservation of the 
rare and endangered specics, particularly the endemic ones. It may interest the 
readers to note that area or region-wise lists of endemic and endangered species 
of Pteridophytes of India have already been compiled by the writer (Bir, 1987). 
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ADSTRACT 

In the course of a phytochemical and taxonania l  survey of Origanum L., and represenlative 
species of related genera, data from essential oil studies, flavonoids. palynology. canparalive mor- 
phology were gathered. All these dab were subjected to numerical phmetic analysis. Cluster analy- 
sis (using group average, single linkage and complete linkage) were employed. Each cluster enaly- 
sis was expressed in the form of a dendrogram. The resulls agreed well in pan with the decisions 
reached by traditional taxonomic methods, especially with regard to h e  limitation of seaions and 
species. 

INTRODUCTION 

Origanum L., (Labiatae) is a taxonomically critical genus containing 38 
species (Ietswaart, 1980), whose geographical distribution extends from N. Af- 
rica and western Europe to central Asia, although most species occur in (he 
Mediterranean region. One species 0. vulgare L., occurs in Pakistan. It is wide- 
spread and common in dry grassland and scrub on calcarious soils. A dctailed 
study of the morphology, features of pollen by S.E.M. and phytochcmistry of 
secondary compounds in h e  genus has cnablcd a comparison to be made be- 
tween ~axonomic schemes derived from conventional morphology on the one 
hand and macromorphology and chcmistry on the other. 

The history of chemosystcmatics (chcmotaxonomy) has bwn describcd by 
Inany authors (Bate-Smith & Swain, 1965; Gibbs, 1958, 1965; Hegnauer, 1962, 
69). These accounts clearly show the potential value of using chemical evidence 
in plant taxonomy and systematics. Species of medical, toxicological and eco- 
nomic impomnce were the only ones, prior to 1945, for which a substantial 
amount of data was available; many compounds could not be identified, owing 
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to a lack of suitable techniques and in many cases constitucnls occurred at con- 
centrations below those which could be detected using instruments available at 
that time. Also. the techniques available were very time consuming and large 
quantities of plant material were needed to ensure detection and complete identi- 
fication of new compounds. 

However, in the last two decades progress has been very rapid, especially in 
techniques such as paper and thin-layer chromatography, electrophoresis, gas 
liquid chromatography and various forms of spectroscopy (e.g., ultraviolet, infra 
red, mass spectroscopy and nuclear magnetic resonance), all of which have al- 
lowed numerous plants to be extensively surveyed for a wide range of natural 
products. In general, use of the above techniques means that only relatively 
small quanlities (mg amounrs) of plant material need be extracted in order to 
isolate sufficient compound for full structural determination. A number of differ- 
ent classes of chemical constituents are of potential taxonomic value. These in- 
clude both macromolecules (proteins, nucleic acid derivatives, chlorophylls and 
polysaccharides) and secondary constituents, non-protein amino acids, betacy- 
anins and betaxanthins, terpenes, flavonoids and alkaloids. These so called sec- 
ondary compounds are of low molecular weight rarely above 1000, have an ir- 
regular distribution in the plant kingdom. 

Several reviews considering the impact of secondary chemistry on plant tax- 
onomy have appearcd recently covering much of the progress in the field since 
1967 (Cronquist, 1977; Harborne et al.. 1975; Swain, 1979). While it is rela- 
tively easy to obtain chemical data; it is not always so simple to decide upon the 
proper application of data in a taxonomic context; where the original objective 
of the investigation is to enable the identity of taxa to be determined. The prob- 
lem is not too great, provided that a sufficient number of characteristics have 
been examined in adequate samples of the m a  concerned. 

Where the purpose of investigation is more extensive and involving large 
complexes, lacking in distinctive morphological characters, the problem of inte- 
grating chemical data becomes more difficult. This could possibly be overcome 
by first applying some techniques of relatively low resolving power (e.g., gen- 
eral protein electrophoresis), in order to find diagnostic breakpoints in what at 
first appears to be continuum of morphological characters. After reaqsessing the 
morphological background, when some general groupings are established, it is 
helpful then to proceed with high resolution techniques (e.g., enzyme eleclto- 
phoresis or scanning electron microscopy). 

Numerical taxonomy is the grouping of entities on the basis of the characlcr 
states they display. I t  provides a logical means of expressing the rclation<hipa 



among taxa, is based on the assumption that all characters should be used in 
classification and aims to give equal weight to each character (Harris & Bisby, 
1980). Taxonomists today believe that the method should be regarded as deci- 
sions indcating rather than decision making (Stearn, 1968). Here the aim has 
been to investigate by numerical methods the phenetic relationships between 
previously recognised taxa. and to determine how Lhese relationships correlale 
with the conclusions reached on the basis of the empirical methods and to make 
recommendations as to specics grouping. 

The taxa used were previously rccogniscd (letswaart. 1980). Gross morpho- 
logical characters used by prcvious workcrs wcrc rc-investigated and scored for 
most m a .  Data from other tcchniqucs such as micromorpholoy, phytochemistry 
(Husain & Markharn. 1981; Husain el al.. 1982) and palynology (Husain & 
Heywood, 1982). were also obtained. A roral of 117 characters were used 
(Table- 1). 

Table 1. Sources of information used in numerical phenetic 
analysis of 42 Origanum species. 

-- 

No. of Charactcrs 

1. Vegetative morphology 15 
2. Floral morphology 25 
3. Pollen grain morphology (Scanning Elcctron Microscope) 7 
4. Leaf flavonoid glycosidcs 20 
5. Leaf essential oils (gas liquid chromatography) 50 

MATERIALS AND METHODS 

The livc material was grown in the Botanic Gardcns at Plant Science Labo- 
ratories, University of Reading from sceds cithcr collcctd on field trips to 
southern Europc or obtained from Europcan Botanic Gardcns. Herbarium spcci- 
mcns (over 2000) were borrowed from 14 difrcrcnt hcrbaria (Husain, 1983). 

The main rca$on for collecling comparative morphological dala waq to pro- 
duct a morphological classification by exactly thc samc methcxls and on exactly 
thc same herbarium material as was used for othcr type of data. Forty morpho- 
logical characters were used. Secondly, it was of intcrest to compare the result 
with the existing morphology-based classifications (letswaan, 1980; Briquet, 
1897; Boissicr, 1 879). 



Fa. 1. Grmp mvenge clurter mdyrir d 42 rpsie, of Oliganwn usin8 bolh morphologiul 
and chemid characten. 
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The characters used are of 4 types: binary, multi-state unordered, multi-slate 
ordered and continuous. Binary characters were scored 1 for 1st state and 2 for 
the other state. Multi-state unordercd characters were scored 1,2. 3, . . . . . up to 
the number of states recogniscd in each character; differenccs bctween any two 
states of these characters were regarded as having equal weight. For example. 
the difference between states 1 and 2 is no greater or less than that between 
states 3 and 4 or states 1 and 4 (e.g.. bract colour whitish = 1, whitish green = 2, 
green = 3. greenish-yellow = 4, greenish-purple = 5, purple = 6). Multi-state or- 
dered characters are those whose variation is continuous but where the variation 
is broken up for scoring (e.g., leaf indumentum, which varies continuously, was 
scored 1 if the leaves were glabrous. 2 if glabrous-pilose, 3 if pilose, 4 if hirsute. 
5 if tomentose and 6 if woolly). The classes are selected so that the magnitude of 
the differences between stale 1 and 3 is twice than between 1 and 2. For the 
characters scored as "continuous characters" it was possible to measure the vari- 
ation accurately and the actual values could be used (e.g.. leaf length), whereas 
for the multi-state ordered characters, such accuracy was not possible and the 
continuous character was split into segments for scoring e.g., states of the leaf 
indumentum (Tables 2-3). 

Numerical Analysis 

Group average. single linkage (nearest neighbour) and complete linkage 
(furthest neighbour) phenograms (Sneath & Sokal, 1973) were produced for 
each data set (Figs. 1-3). All the analyses were made by "sing the clustering pro- 
gramme ASF 4, prepared by the Applied Statistics Department, University of 
Reading. 

RESULTS 

In Origanum, group average, single linkage and complete linkage phc- 
nograms of combined morphological and chemical charactcrs indicate the possi- 
bility of identifying six major groups (Table 4). 

The first group contains 0. dubium, 0. majorana, 0. micranrhium. 0. 
microphyllum, 0. onires, 0. syriacum vars syriacum, bevanii and simicum. 
This group is clearly delineated on group average, single linkage and complcte 
linkage analyses. Phenograms using morphological and chemical chsacters 
alone also allow clc:n delimilation of this same group of taxa (Fig. 1-3). with the 
nolablc cxccption of 0. micranrhium, which is distinctly difrercnt in single link- 
age analysis bas4 OII ~.hcmical ch:uactcrs. 
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The second group contains 0. vulgare, 0 .  virens, 0. heracleoficum, 0. 
viride subspp., hirrum, virens, gracile, viridulum, vulgare and glandulosum 
(Table 4). The above taxa show a 48% similarity level in group average, cluster- 
ing in combined morphological and chemical characters (Fig. 1) . The same taxa 
form a compact group at the 55% similarity level in single linkage (Fig. 2). and 
at 43% similarity in complete linkage clustering (Fig. 3), indicating general 
agreement with the delimitation of these taxa by empirical methods. 

When a line is drawn at 53% similarity, the group average phenogram (Fig. 
1) produces clustering of a third group of m a :  0. compacfum, 0. ehrengbergii 
and 0. laevigarum based on combined morphological and chemical characters. 
Origanum ehrenbergii shows 63% similarity with 0. compacfum, which in turn 
links with 0. laevigafum at 62% similarity. The same taxa show close clustering 
at 59% similarity in single linkage and 5% similarity in complete linkage phe- 
nograms (Figs. 2-3). Phenograms baed on chemical characters alone also agree 
with clustering arrived at using morphological and chemical characters. On the 
other hand clusters of the same taxa based on morphological characters alone 
show combination at various similarity levels with the group two taxa (Table 3). 

The fourth group contains 0. isrhmicum, 0. ramonense, 0. dayi, 0. elonga- 
rum, 0. floribundum and 0. grosii and shows clustering bascd on combined 
morphological and chemical characters. The phenogram of the above m a  di- 
vides into two sub-groups on the basis of group average clustering (Fig. 1) at 
46% similarity level. These subgroups join with each other at 53% similarity 
(Table 4). The taxa of this group also show clustering at 42% similarity in com- 
plete linkage (Fig. 3), while in single linkage phenogram (Fig. 2) the above two 
sub-group taxa show 56% similarity, except for 0. duyi which is clearly sepa- 
rated from the cluster but lies closc to Lhc mxa of Lhis group. Phcnograms based 
on the morphological characters show a clustering which is in agreement with 
the conventional methods of morphological classification. 

The fifth group includes 0 .  amanurn, 0. calcarafum, 0 .  saccafurn, 0 .  cor- 
difolium, 0. boissieri and 0. dicfamnus. The above taxa produce clusters based 
on combined morphological and chemical characters and show 51 % similarity in 
the group average phenogram (Fig. 1). Origanwn boissieri and 0 .  dicfamnus, of 
this group, do not cluster with the above 4 taxa. Instead they stand somewhat 
apart, joining with taxa of group six (Table 4). Clusters produced by chemical 
characters on the same taxa do not endrely agree with sectional delimitation ar- 
rived at by conventional methods. The above taxa show clustering and affinities 
with taxa of the sixth group. Origanum dicfamnus separates from the main clus- 
ter. and 0. boissieri joins with the taxa of the second group (Table 4). 
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Table 2. Characters and states used in numerical 
analysis of Origanum species. 

(Symbols used for 4 types of characters are: B = Binary; 
MU = Multistate unordered; MO = Multistate ordered; C = Continuous) 

No. Character Type of State of Character 
Character 

VEGETATIVE MORPHOLOGY 
1 Habit B 

2 Stem 
3 Stem 

4 Stem 
5 Stem 

6 Leaf shape 

7 Leaf base 

8 Leaf apex 

9 Leaf texture 
10 Leaf margin 

11  Leaf length 
12 Leaf indumentum 

13 Leaf (veins) 
abaxial surface 

Dwarf shrub = 1. Woody at the 
base = 2 
Ascending = 1, Erect = 2 
All branches consisting of spikes 
= 1, All branches not consisting 
of spikes = 2 
Not ramified = 1. ramified = 2 
Branches of the fust order = 1, 
Branches of the fust and second 
order = 2, Branches of the first, 
second and third = 3 
Ovate-spatulate = I ,  Ovate = 2, 
Ovate-oblong = 3, Ovate- 
orbicular = 4, Orbicular = 5 
Attenuate = 1 ,  Attenuate- 
orbicular = 2, Cordate = 3, 
Cordate-orbicular = 4, Sub- 
cordateabicular = 5, Ovate- 
orbicular = 6 
Acute = 1. Acute-obtuse = 2. 
Obtuse = 3,Obtuse-orbicular = 4 
Coriaceous = 1. Membranous = 2 
Entire = 1, Entireciliate = 2. 
Serrate-ciliate = 3, Entire- 
scrrate-ciliate = 4 
Mean values (cm) 
Glabrous = 1, Glabrous-pilose 
= 2, Pilose = 3, Hirsute = 4, 
Tomentose = 5 .  Woolly = 6 
Veins raised = 1, Veins not 
raised = 2 
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14 Leaf glands (type) B 
15 Petiole IengthLeaf length C 

FLORAL MORPHOLOGY 
16 Spike arrangement MO 

17 Spike shape MO 

18 Spike length 
19 Bract shape 

20 Bract margin MO 

21 Bract indumentum MO 

22 Bract colour MU 

23 Bract IengthICalyx length C 
24 Calyx tube indumentum MO 

25 Calyx throat indumentum MO 

26 Calyx length/total 
corolla length 

27 Number of lips 

28 Number of teeth on the C 
upper lip 

29 Upper lip teeth lengthlupper C 
lip lobe length 

30 Number of teeth on the C 
lower lip 

3 1 Lower lip teeth length/ C 
calyx length 

32 Corolla tube indumentum MO 

Sessile = 1. Punctate = 2 
Ratio 

Compact = 1, Lax = 2, Corymb 
= 3 
Narrow-cylindrical = 1, 
Cylindrical = 2, Ovate- 
cylindrical = 3, Ovate = 4, 
Ellipsoid = 5, Globular-ellipsoid 
= 6, Globular = 7 
Mean values (cm) 
Lanceolate = I ,  Ovate = 2. 
Ovate-obtuse = 3, Orbicular = 4 
Entire = 1 ,  Entire-dentate = 2, 
Entire-ciliate = 3 
Glabrous = 1. Glabrous-pilose 
= 2, Pilose = 3, Hirsute = 4, 
Tomentose = 5 
Whitish = 1, Whitish-green = 2, 
Green = 3, Greenish-yellow = 4, 
Greenish-purple = 5, Purple = 6 
Ratio 
Glabrous = 1, Glabrous-pilose 
= 2, Pilose = 3, Hirsute = 4, 
Tomentose =5 
Glabrous = 1, Pilose = 2, Hirsute 
= 3, Tomentose = 4 
Ratio 

No lip = 0, One lip = 1, Two 
lips = 2 
Number of teeth 

Ratio 

Number of teelh 

Ratio 

Glabrous = 1, Pubescent = 2, 
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Corolla tube  colour 

Corolla tube shape 
Total corolla length 
Upper lip lobe length/ 
Total corolla length 
Lower Lip lobe length/ 
Total corolla length 
Stamen filament arrangement 

Stamen filament length/ 
Total corolla length 
Style arrangement 

Style length/ 
Total corolla length 

Pubescent-pilose = 3, Pilose = 4, 
Hirsute = 5 

MU White = I ,  White-yellow = 2, 
White-pink = 3, Pink = 4, 
Purple = 2 

B Saccate = 1, Not saccate = 2 
C Mean values (cm) 
C Ratio 

C Ratio 

MO Included = 1, Two included-two 
protruded = 2, Shorlly protruding 
= 3, Protruding = 4 

C Ratio 

MO Included = 1, Shortly protruding 
= 2, Protruding =3 

C Ratio 

P ALY NOLOG '1- 
42 Pollen grain polar length C Mean values (pm) 
43 Shape of the pollen grain MO Oval = I, Subcircular = 2, 

Subcircular-circular = 3. 
Circular = 4 

44 Ornamentation of pollen grain B Prolate = 1, Reticulate = 2 
45 Thickening of ectexine B Absent = 1, Present = 2 

at poles of pollen grain 
46 Pollen grain wall thickness C Mean values (pm) 
47  Length of the colpus expressed C Mean % values 

as a % of the total pollen 
grain length 

48 Number of perforations MO 1-3 = 1,4-6 = 2,7-9 = 3 
per lumen of pollen grain 

The sixth and the final group contains the following taxa: 0. akhdarense, 0. 
hypcricifoliwn, 0. lep~ocladum, 0. libanoricum. 0. rorundifolium, 0. scabrum, 
0. sipylewn and 0. M l e r i .  At 52% similarity, based on'all 117 characters, the 
above m a  produce clustering in group average phenogram (Fig. 1). In single 
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Table 3. Chemical characters and types used in numerical analysis 
of 42 Origanurn species. 

Type of Character Character number 

Leaf flavonoids 
MO (Absent = 0, Trace = I ,  Resent = 4) 49.6 hydroxylutmlin 

50. luteolin 7-0-diglucuronide 
5 1. luteolin 7.3'-Odiglucuronide 

or glucoside 
52. luteolin 7.4'-Odiglucoside 

B (Absent = 1. Present = 2) 53. luteolin or apigenin 
glucuronides 

MO (Absent = 0, Trace = 1, Resent = 4) 54. luteolin, 7-0-glucoside 
55. luteolin. 7-0-rutinoside 
56. luteolin, 5-@glucoside 
57. apigenin 7-0-glucuronide 
58. apigenin 7-0-glucoside 

B (Absent = 1. Present = 2) 59. apigenin 6.8-di-c-glucoside 
MO (Absent = 0, Trace = 1, Present = 4) 60. scutellarein 6.4'dimelhyl 

ether 
61. scutellarein 4'-methyl ether 

7-0-glucoside 
B (Absent = 1, Present = 2) 61. scutellarein 7-0-glucuronidc 

MO (Absent = 0, Trace = 1, Present = 4) 63. chrysoeriol7-0-glucuronidc 
64. unidentified flavonoid 15 

B (Absent = 0, Resent = 2) 65. unidentified flavonoids 16 
66. unidentified flavonoids 17 
67. unidentified flavonoids 19 
68. unidentified flavonoid 20 

Leaf essential oils 
MO (Absent = 0. Trace = 1, Present = 4) 69. (+) . (-). a - pincne 

70. a - lerpinene 
B (Absent = 1, Resent = 2) 71. - P' lnene 

72. P-cymene 
73. 1-penmol 
74. unidentified oil 6 
75. unidentified oil 7 

MO (Absent = 0, Trace = 1 ,  Present = 4) 76. unidentified oil 8 
B (Absent = 1, Present = 2) 77. unidentified oil 9 

78. unidcntificd oil 10 
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MO (Absent = 0. Trace = 1, Present = 4) 
B (Absent = 1, Present = 2) 

MO (Absent = 0. Trace = 1. Present = 4) 
B (Absent = 1, Present = 2) 

MO (Absent = 0, Trace = 1. Present = 4) 

B (Absent = 1, Present = 2) 

MO (Absent = 0, Trace = 1, Present = 4) 
B (Absent = 1. Present = 2) 

MO (Absent = 0, Trace = 1, Present = 4) 
B (Absent = 1, Present = 2) 

MO (Absent = 0, Trace = 1, Present = 4) 
B (Absent = 1, Present = 2) 

MO (Absent = 0, Trace = 1, Present = 4) 

MO (Absent = 0. Trace = 1, Present = 4) 
B (Absent = 1, Resent = 2) 

MO (Absent = 0, Trace = 1, Present = 4) 
B (Absent = 1, Present = 2) 

79. unidentified oil 1 l 
80. unidentified oil 12 
81. linalol 
82. unidentified oil 14 
83. camphor 
84. unidentified oil 16 
85. unidentified oil 17 
86. caryophyllene 
87. unidentified oil 19 
88. unidentified oil 20 
89. unidentified oil 21 
90. borne01 
91. unidentified oil 23 
92. myrcene 
93. unidentified oil 25 
94. (-) carvone 
95. (+) carvone 
96. unidentified oil 26 
97. unidentified oil 29 
98. unidentified oil 30 
99. unidentified oil 31 

100. unidentified oil 32 
101. unidentified oil 33 
102. unidentified oil 34 
103. unidentified oil 35 
104. unidentified oil 36 
105. unidentified oil 37 
106. unidentified oil 38 
107. unidentified oil 39 
108. unidentified oil 40 
109. unidentified oil 4 1 
1 10. carvacrol 
11 I .  unidentified oil 43 
1 12. unidentified oil 44 
113. unidentified oil 45 
114. unidentified oil 46 
115. unidentified oil 47 
116. unidentified oil 48 
1 17. Lhymol 

(Syrnbls used for 4 types of characten are: R = Rinary; MU = MuIristare unordered; MO = Mullis- 
late ordered; C = Continuws) 



Table 4. Group suggested by numerical analysis of chemical and morphological characters within the genus Origanum. c H 
H 

Morphological + Chemical Chemical Characters only Morphological Characters only 

Group Single Complete Group Single Complete Group Single Complete 
DATA SETS Average Link Link Average Link Link Average Link Link 

Taxa Analysis Analysis Analysis Analysis Analysis Analysis Analysis Analysis Analysis 

0. dubium 
0. majorana 
0. micranthiwn 

LI 

0. microphyllum 
0. onites 

5 0. syriacum 
var. syn'acum 
var. bevanii 
var. sinaicum 

0. virens 
0. viride 

w 0. vvlgare 
5 subsp. hirtum 
2 subsp. glanduloswn 
U subsp. gracile 

subsp. viridulwn 
subsp. virens 
subsp. vulgore 
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linkage analysis the same taxa produce clusters at 57% and 47% similarity levels 
at incomplete linkage phenograms (Fig. 2-3). Clusters of the above Laxa are pro- 
duced on the basis of 57 chemical characters at high similarity levels except in 
single linkage, where the clusters produced also include some taxa of the fifth 

group. 

DISCUSSION 

Many workers (Lefkovitch, 1980; McNeill, 1972; Small, 1978). using vari- 
ous numerical procedures, have examined the phenelic relationships of groups 
of wild and domesticated plants supplemented by herbarium material, using as 
many characters as possible, especially those alleged in literature to have raxo- 
nomic importance. They have successlully highlighted the need of either recog- 
nition of a taxon as a separate spccies within the group of morphologically re- 
lated species or confirm their close relationships. 

When all the data on combined characters are considered, Groups I, 11, 111 
and VI are neatly delimited on all three clustering methods (Fig. 1-3). Group IV 
is also clear, except 0. dayi which separates from the cluster in single linkage. 
Group V is not as well defined as other groups, in particular 0. dicramnus shows 
affinity with group IV and VI and should be considered as separate from all the 
groups. 

At sectional level, numerical taxonomy does not entirely supporl the results 
obtained by traditional morphological methods. This may be attributed to the 
way the characters have been weighted in conventional morphological studies or 
perhaps we are dealing with a closely related group of plants whose separation 
into smaller groups may prove to bc purely artificial. At  species level, with mi- 
nor variations, classification derived from both morphological and numerical 
methods appears to be the same. Thc results from numerical Laxonomy therefore 
essentially confirm decisions reachcd using conventional morphological tech- 
niques. Thus, numerical methods indicate whic) species should be merged to- 
gether and which should be retained as separate m a ,  but what thc resulu do not 
specify is at what infraspecific level ranks the reduced spccies should be main- 
tained. 

In general cluskring methods u . d  and analysis by single linkage in particu- 
lar, based on 70 chemical characters only, show a high variability within the 
m a ,  particularly with respcct to those of the I 1  and V groups. It should bc noted 
that groups I, I1 and VI show close clustering and thc 11, V and VI groups the 
high order of variability (Tablc 4). 
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With all the disadvantages inherent in numerical methods (as in all other 
forms of taxonomic methods) one should not be led to believe that numerical 
taxonomy is an excursion to futility. The method makes objective decisions and 
provides suggestions about phenetic affinities that are helpful in grouping taxa. 
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ABSTRACT 

The genus Euphruia L, is revised from Pakistan and its adjoining areas. Data is utilized from 
dilferent fields of Botany. Systematic trenmcnt have lad to the recognition of 31 m a ,  which in- 
clude 7 new speaes (described elsewhere) and 3 new recorda. Seed morphology of 29 s p i e s  have 
been studied. Prominent rectnngular areolae characterize the surface of the seeds. On  he basir of 
the surface pattern of seeds 4 broad groups uc recognized. 

Pollen grains of 27 species of Euphruio have been studied. Retipilate type of ~culpturing 
pattern was present However, 3 broad group are recognized cm the basis of the different fusion 
pattern of pila heads. Similarly 25 taxa were surveyed for the phenolic constituents, and chemical 
dam has been utilized in the taxonomy of the genus on the basis of presence or abencc of a particu- 
lar onnpound. Adeatin 3-galaaosidc nnd Ocoumaric acid were univcrsdy present in all the uxa 
analyzed and perhaps is characteristic of the genus. Dau obtained was nmnericaUy analyzed. 

INTRODUCTION 

Euphrusio L., is a genus of cold, alpine dry climate comprising of c. 450 
species (Mabberley, 1987), distributed in both the hemispheres in Europe, Asia, 
Northern part of America, mounlains of Indonesia to Newzealand and Southern 
pa- ol South America. In Pakistan and Kashmir, it is distributed in Himalayas 
(Kashmir, Kurram Agency, Swat and adjoining areas), Karakorums (Baltistan, 
Ladakh, Gilgit, Hunza, Yasin) and the Hindukush (Chilral, Dir) between an ele- 
vation of 3500- 15000' (Fig. 1). 

The genus Euphrasia L.. has k n  revised from time to lime for different 
floras which included some portion of our region as well (Boissier, 1879; 
Hooker, 1885; Pennell, 1943; Kitarnura, 1960; Yeo, 1980). However most com- 
prehensive work from the arca under consideration is that of Pennell (1943). 
who recognized 18 species including 13 new ones. His work was mainly based 
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Fig. 1. Dirtributim of Euphrmio., rpccies in Pakistan mnd itc adjoining areas. 

on morphological characters. Since this report, several changes in the taxonomy 
of the genus have been reported (Yeo, 1978, 1981; Sell & Yeo, 1970). The ge- 
nus shows little character differences and the specific delimitation based on 
usual morphological characters is rather unsatisfactory. It was lherefore consid- 
ered necessary to find out additional micromorphological and chemical charac- 
ters in order to get a clear picture of the genus Euphrasia L., in our region. 

MATERIAL AND METHODS 

Macro and micromorphological characters were investigated and more than 
1500 herbarium specimens from various herbaria were studied: AR. EM, CAL, 
GH, HARV, K, KUH, MICH, NA, NY. 0, PH. RAW, US, W, WU (according 
to Holmgren et al., 1990). An inventory was made for numerical analysis of her- 
barium specimen. 

Pollen and seed morphological studies were carried out. Pollen grains were 
also collected from at least 2-3 herbarium specimens and were acetolyzed ac- 
cording to the method of Erdlman (1952). prior to light and scanning electron 
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microcopy. Similarly, unruptured capsules were taken and number of s e d c a p  
sule were counted. Length and breadth of atleast 25 seeds of one specimen were 
measured and each species was represented by atleast 2-3 specimens. 

For scanning electron microscopy, the acetolyzed material (for pollen 
grains) was transferred on metallic stub, having a double adhesive tape and 
coated with gold. For the study of surface pattern of the seeds. the seeds were 
directly transferred to the stubs and coated. In both the cases, a Jeol scanning 
microscope (JSM-T2OO) was used. Chemical analysis for flavanoid pattern was 
carried dut following Harbome (1984). Numerical analysis was carried out using 
morphological, palynological, seed morphological and chemical data AU the 
specimens were subjected for numerical analysis using principal component 
analysis (Orloci & Kenkel, 1985). 

RESULT AND DISCUSSION 

The Eyebrights (Euphrasia) in Pakistan are short lived annuals with two ba- 
sic types of growth forms, the aestival (early summer form) flowering from 
June-August, in which the plants are usually short, sparsely or even unbranched, 
branches are lax, erect short-long and provided with short and 2-3 internodes, 
whose length at the base vary from 0.25-0.5 cm, is absent at the centre and the 
floral axis as in E. kashmiriam (Fig. 2-B). The corresponding autumnal (late 
summer form) flowering from late August-mid September, in which the plants 
are tall, robust, branches are stiff rarely lax, ascending long-short, provided with 
long and 4-8 internodes whose length at the base vary from 1.04.0 cm, at the 
centre 1.0-2.0 cm and at the floral axis 0.25-0.50 cm as in E. incisa (Fig. 2-A). 

Foliage: 

Two types of leaves are present-cauline and floral, and both of them furnish 
important diagnostic characters such as general shape. shape of terminal and lat- 
eral lobes, and length breadth ratio of the lobes. The cauline leaves in E. den- 
slflora are ovate, with aristulate lobes which are longer than broad (Fig. 3-A). In 
E. multiflora cauline leaves are broadly ovate, lobes are acute, which are both 
longer than broad and as long as broad (Fig. 3-B). In E. petiolaris shape is ellip- 
tic, lobes are obtuse broader than long (Fig. 3-C). In E. aristulata shape is ovate, 
lobes are acuminate and are as long-as broad (Fig. 3-D). In E. paucifolia shape 
of floral leaves is ovate, lobes are acuminate and longer than broad (Fig. 4-A). 
In E. laxu floral leaves are broadly ovate. with aristulate lobes which are longer 
than broad (Fig. 4-B). In E. peciinata shape is elliptic, lobes are acuminate and 
are as long as broad (Fig. 4-C), while in E. sevanensis floral leaves are ovate- 
broadly ovate in shape, lobes are acute, which are broader than long (Fig. 4-D). 
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Fig. 2. Growth f m r  in Euphruio., A. Autumhll form. (E. incuo). B. Acativd form (E. Aa- 
shmiriPM). 
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Fig. 3. Different leaf ahapes, lobes shape and length brendth ratio of h e  lobes of cauline 
leaves in Euphrmio., A,  leaf ovate, lobes rristulate, longer than broad. ( E .  denriflora). B, l e d  
broadly ovate, lobes acute. as long as broad and longer lhan brad. ( E .  mulljnora). C, led elliptic. 
lobes obtuse, broader than long. ( E .  petiolarir). D. leaf wste ,  lobu acuminrte, as long as broad ( E .  
mislulala). 

Orientation of the leaf lobes. the upper leaf lobes may be antrorse and the 
lower patent as in E. arislulafa (Fig. 5-D), or all the lobes may be antrorse as in 
E. pectinafa (Fig. 5-C). Regarding curvature of leaf lobes, lobes may be ex- 
panded as in E. incisa (Fig. 5-B), or they may be medianally incurved as in E. 
pseudopaucifolia (Fig. 5-A). 

Indumenrum: 

The hair clothing of the foliage, corolla and that of the calyx is mostly simi- 
lar and may consist of only simple hairs or may be a mixture of both glandular 
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Fig. 4. Different luf shapes, l o b  shape, and length brerdth ratio of the lobu of the floral 
lerves in Euphrasiu., A, luf watc, lobes raminate, longer h n  broad (E. jrrzepechrkii) B. Id 
h d l y  waw. lobu rrirfuhte. longer chm broad (E. ha) .  C. l u f  elliptic. l o b s  ruminue, rs long 
u bmd (E, p c c t i ~ h ) .  D. I d  w r t c - h d l y  mate, lobes rate .  bradcr than lcmg (E. s e w r u ~ u ) .  

and eglandular hairs, while the indurnentum of the capsule and that of the an- 
thers is characterized as being ciliate and pilose, respectively. 

The type of hairs, size of the hairs and the density of indumentum are con- 
sidered important. On the foliage and the calyx two types of hairs are present 
viz., simple (Fig. 6-A), as in E. luxa and hirsute (Fig. 6-B), as in E,  kurrarnensis, 
and the size of the hairs with respect to the glands present on them are classified 
into two groups. Group one includes taxa whose stalks are < 5 times as long as 
the glands (Fig. 6-D), as in E. remora, and group two comprises of taxa whose 
stalks are > 5 times as long as the glands (Fig. 6-C), as in E. pseudopoucifolio. 

On the foliage, hairs may be present all over the surface e.g., E. aristulata 
(Fig. 7-A). Hairs may be present on the lobes and the margins only e.g., E. po- 
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Fig. 6. Different type of hain in Euphrain., A. Simple hain (E. laro) B. hirsute hairs (E. kv- 

ramrnrir), Different sizes of glwdular hain. C, Hairs > 5-8 limes that of the glands (E .  pseudopau- 

cifolia). D, Hairs < 5-8 times that of glands (E.  remora). 

Fig. 7. Density of indumentium on h e  foliage A, Pubescent a l l  over (E.  aris~ulota). E. Pubes- 
cent at h e  mrugms and lobes (E. p g h n e n s i c ) .  C. Pubescent at h e  margins and veins (E. b r a -  

m m r u ) .  D. Pubescent at the margins rnly (E. sevanenrir). 
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Fig. 8. Different forms of density of indumentum on the corolla in Euphrario.. A. Hairs on the 
calyx present on the nerves and lobes (E. remom) B. Corolla pubescent on the tube and upper lip. 
(E. mul11j7ora). C. Cordla pubescent on the tube only (E. imiFO). D. Corolla glabrous (E. albo). 

ghmanensis (Fig. 7-B), or at margins and the veins e.g., E. kurramenris (Fig. 7- 
C), or at the margins only e.g., E. sevanenris (Fig. 7-D). On the calyx hairs may 
be present all over the surface of the calyx, or at the margins and the veins e.g., 
E. remora (Fig. 8-A). Hairs on the corolla may be present on the upper lip and 
the corolla tube e.g., E. mulrifora (Fig. 8-B), or only on the corolla tube e.g., E. 
incisa (Fig. 8-C). a the corolla may be glabrous e.g., E. alba (Fig. 8-D). More 
over capsule may be ciliate all over e.g., in E. laur (Fig. 9-B), or only distally 
e.g., E. muQjflora (Fig. 9-A), either with soft or stiff cilia. 
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Fig. 9. Dmsity of ciliation of the capsule in Euphrasia., A, Capsule ciliate all wer  (E. b). 
B, Capsule distally ciliate (E. rnulfflwa). 

A Z m m  B 

Fig. 10. Types of alyx lobes. A, calyx lobes equal (E .  inciro). B, calyx lobes unequal (E. 
srwnenrir). 

Calyx: 

The equality and the non equality of the calyx lobes is important. In E. 
incisa all the four lobes are equal (Fig. 10-A), while in E. sevanensis calyx lobes 
arc unequal (Fig. 10-B), otherwise it is homogenous in nearly all the characters. 

Corolla: 

The corolla is typically bilabiate, the upper lip is furher two lobed and 
forms a galea which encloses the anhers. The lower lip is three lobed and is ex- 
panded. The size of the corolla as a whole is very important, and measurements 
are taken from the base of the corolla tube to the apex of the upper lip. Apart 
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Fig. 1 1 .  Shape of the apices of h e  lobes of h e  lower lip in Euphrmio.. A, lobem emae-slightly 
notched (E. arirfulafa). B, lobes erose-widely notched (E. &miflora). Diffemt a k s  of h d n  pm- 
ent on the awns. C, Hain twice rrs Img as the longer a m  (E.  lara). D, Hairs u long as the shorter 
awn. (E. i tarhmiria~).  E. Hain q u d h g  the longer a m  (E. aruruhro). 

from the size of the corolla tube, the size of upper and lower lip and the lobes of 
the lower lip, their general shape. the shape of their apices and the equality of 
lobes are of diagnostic value. Apices of the lobes of the lower lip afe classified 
into 2 groups (1) erose-slightly notched. E. crristulata (Fig. 11-A). (2)  erose- 
widely notched, E. denrjflora (Fig. 11-B). 

Anthers: 

There are 4 anthers per flower. Each anther is pilose and is provided with 
two unequal awns. The size of the hairs with respect to the size of one of the 



TAHMEENA SIDDIQUI AND M. QAISEK 

Fig. 12. d h e  capruler with respect to the calyx. A. capsule equalling the calyce~ (E. 
schloginfweifii); B, upnrle ahortcr than calyccs (E. psclinota); C, capsulw lmger than calyas (E. 
species D). 

Fig. 13. Shape d ssedg in Euphrdsh. A. elliptic B. oblong. Sculpturing pauern. C, areolae 
large and ~ h d o w .  (E. savonenrir). D, amlae small and deep (E. p e c ~ h o ) .  
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awn on the anther is considered important. The anther may be provided with the 
hairs of varying length. The hairs may be twice as long as e.g., E. lam (Fig. 11- 
C ) ,  or equal e.g., E. arisfulafa (Fig. 11-E), or smaller than the larger awn. e.g., E. 
kashmiriana (Fig. 1 1 -D). 

Capsule. 

The various characters of the capsule are highly diagnostic and have been 
extensively used as key characters. The important capsule characters include the 
general shape, shape of their apices and the lengthbreadth ratio. In E. den- 
siflora, capsules are elliptic, 4 times as long as broad with a retuse apex. In E. 
sevanensis shape is oblong. apex is slightly emarginate and is 3 times as long as 
broad. In E. foliosa shape is again oblong. apex is retuse and the capsule is twice 
as long as broad. In E. plaryphylla shape is obovate. apex is emarginate and it is 
1/2 time as long as broad. The equality of the capsule with respect to the calyces 
is important and is grouped as capsule equalling the calyces as in E. 
schlagintweifii (Fig. 12-A), capsule shorter than the calyces as in E. pecr i~ra  
(Fig. 12-B), or the capsule may be longer than the calyces as in E. species D 
(Fig. 12-C). 

Mature seeds of Euphrasia L., are oblong, broadly ovate, carinate, narrowly 
obovate, oblong-slightly carinate and oblong-broadly ovate with basic brown 
seed colour. The seed coat pattern is predominantly areolate with prominent 
uansverse ridges traversed by small longitudinal ridges forming rectangular are- 
olae (Fig. 13-A-D). The relative thickness of transverse and longitudinal ridges 
and shape, size and depth of areolae shows lot of variation. The transverse and 
longitudinal ridges may be of equal thickness and may be thicker or thinner than 
the other. The areola may be deep or shallow; large, medium or small in size; 
regular or irregular in shape. All these characters are diagnostically important. 

Palynology: 

The pollen grains are subprolate, prolate spheroidal and oblate spheroidal in 
shape, are tricolpate with acute ended colpi (Fig. 14-A-B). SEM studies indicate 
the presence of generally retipilate type of sculpturing pattern (Fig. 14-C-E). 
However, further grouping of this basic type is based primarily on the differ- 
ences of the surface ornamentation, produced as a result of the fusion and inter 
connection of the pila heads. The relative thickness of the colpus and the sculp- 
turing pattern of the colpal membrane provides additional suppon for the delimi- 
lation of the taxa. 
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Fig. 14. Shape of pollen in Euphrasio. A. Polar view. B, Quatwial view. Basic sculpturing 
pattern C, retipilate. Sculpturing pettern of the c o l p s  D, rugulate (E. pccrinara) E, granulate (E. 
lam). 

Flavanoid pattern: 

Generally glycosides of flavones (Apigenin. Lutmlin and Tricin) and glyco- 
sides of flavanols (Kaempferol, Quercetin. Myricetin, Azaleatin) and phenolic 
acids are present. However, Azaleatin 3-galactoside and 0-coumuric acid is uni- 
versally present in the genus. Furlher confirmation with spectroscopy is in prog- 
ress and delailed studies on [he chemotaxonomy of h e  genus Euphrasia L., will 
be rcported later. 
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1. E. incua 
2. E. hatlvniriona 
3. E. foliata 
4. E. remora 
5 .  E. k v r ~ u r r r i r  
6. E. dba 
7. E. himalayica 
8. E. mulrijlora 
9. E. platyphylla 
10. E. s c c d j l o r a  
11. E. jwpechekii  
12. E. hirtella 
13. E. species E 
14. E. species D 
IS. E. species A 
16. E.jlabellala 
17. E. paghmanrruk 
18. E. pauci/olia 
19. E. jacschki 
20. E. larn 
21. E. ~hhginrwei l i i  
22. E. pfiolarir 
23. E. wutulata 
24. E. species C 
25. E. pseudopauci/olia 
26. E. &ru@ra 
n. E. p c c t i ~ l o  
28. E. species F 
29. E. sevanrrrru 
30. E. microcwpa 
31. E. speciu B 

I 2 6 5 1 9 2 3 2 1 2 5 2 0 4 2 2 3 2 7 2 4 I I I 5 1 4 2 U 1 7 Z 1 6 1 2  6 7 189tY10301I133I  

Fig. IS .  Dendrogrsm showing the relationships of spccics of Euphr~s lo  



142 TAIIMEIiNA SIDDIQUI A N D  M. QAISEK 

As a result of the present studies. 31 species have been recognized which in- 
clude 7 new species which will be named and described later, 3 new records 
viz., E.microcarpo Pennell, E. sevanensis Juz., and E. juzepechekii Dev. The 
dendrogram (Fig. 15) shows the relationship of all the 31 species of Euphrasia, 
L., which are clearly distributed in 4 groups. Group I includes 10 species and is 
characterized by tall habit of late and mid summer forms, which are finely 
branched, large number of nodes, flowering nodes much higher, quite a number 
of leaves which are > 4-lobed and longer than broad. Capsule large, oblongel- 
liptic, many seeded, seeds large. Group I1 includes 8 species and is characterized 
by tall habit of early and late summer forms, finely branched, large number of 
nodes, flowering nodes much higher, quite a number of leaves which are 3-5 
lobed, usually as long as broad or broader than long. Capsule obovate, few 
seeded, seeds medium sized. Group I11 includes 8 species which are character- 
ized by short height of early and late summer forms, sparsely branched, few 
nodes, few leaves which are < 4-lobed, as long as broad. Capsule oblong, few 
seeded. seeds small. Group IV includes 5 species of short plants which are 
sparsely or unbranched, few nodes, few leaves 2-3 lobed, as long as broad. Cap- 
sule oblong, few seeded, seeds small sized. 

A key lo all the 3 1 species is provided, however a detailed taxonomic study 
dcaling individually with all h e  species will be reported later. 

KEY TO THE SPECIES OF EUPHRASIA 

1. .+ - Capsule 2l/,4 times as long as broad. 
- Capsule less then 2]/,-2 times 

as long as broad. 

2. + Leaf 2-3(4)-lobed. 
- Leaf4-lolobed. 

3. + Calyx lobes unequal. 
- Calyx lobes equal. 

4. + All leaf lobes antrorse. 
- Upper leaf lobes antrorse, lower 

patent 

5. + Corolla white. Lobes of lower 
lip erose-slightly notched. 

- Corolla violet. Lobes of lower 
lip erose-widely notched. 29. E. sevanensis 
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6. + Hair on foliage> 5-8 times 
that of the glands. 

- Hair on foliage c 5-8 times 
that of the glands. 

7. + Leaf lobes incurved. 
- Leaf lobes expanded. 

8. + Corolla white or pale. Calyx 
lobes equal, hairy at the margins 
and viens of the calyx. 

- Corolla pink-lavender. Calyx 
Iobes unequal, hairy only 
at the distal end of the calyx. 

9. + Internodal distances large, at 
the base 5-6 cm, at the floral 
axis 3 4  cm. 

- Internodal distances short, at 
the base 1-3 cm, at the floral 
axis (0) 1-2 cm. 

10. + All leaf lobes anworse. 
- Upper leaf lobes anlrorse lower patent. 

I I .  + Capsule clliptic. 
- Capsule oblong. 

12. + Capsule ciliate all over. 
- Capsule distally ciliate. 

13. + Corolla white tinged purple. 
Leaf lobes acuminate. 

- Corolla violet, wilh dark violet 
streaks. Leaf lobes acuminate, 
cuspidate-aristulate with 
indurated tips. 

14. + Flowers secund. Floral leaves c. 
1 2 x  11 mm. 

- Flowers not secund. Floral 
leaves 4-8 x 3-7 mm. 
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Capsule elliptic. Secondary 
branches exceeding the length of 
the plant. 
Capsule oblong or obovate. 
Secondary branches not exceeding 
the length of the plant 

Corolla white, externally glabrous. 
Corolla purple or tinged purple, 
or white with yellow throat, 
externally pubescent on the 
upper lip and the tube or only 
on the upper lip, or only on the tube. 

Flowers sessile. 
Flowers pedicellate. 

Leaf lobes obtuse. Lips of lower 
lip erose-widely notched. 
Leaf lobes acuminate or aristu- 
late rarely acute. Lips of lower 
lip erose-slightly notched. 

Right and left lobes of lower lip equal. 
Right and left lobes of lower lip unequal. 

Leaf lobes longer then broad, 
leaf base cuneate. Hairs on 
anther short, equalling the 
longer awn. Corolla violet. 
Leaf lobes as long as broad, 
leaf base truncate. Hairs on 
anther short equalling the 
shorter awns. Corolla yellow 
with violet streaks. 

Plants shon 3-12 (15) cm tall, 
simple or with (0) 1-4 pairs of 
erect short lax branches. Two 
anthers are provided with equal 
and two wilh unequal awns. 

3 1. E. species B 

28. E. species F 
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- Plants tall. (15) 18-20 cm tall. 
1-7 pairs of short-long ascending 
stiff branches. Two anthers are 
provided with equal and two wilh 
equal-subequal awns. 

22. + Corolla white with yellow 
throat. Capsule emarginate. 
Anther hairs equalling the 
longer awn. 

- Corolla yellow with violet 
streaks. Capsule retuse. Hairs 
on anther short, equalling the 
shorter awn. 

23. + Capsule distally ciliate. 
- Capsule ciliate all over. 

24. + Capsule ernarginate. 
- Capsule retuse. 

25. + Right and left lobes of lower 
lip unequal. Middle lobe of 
lower lip largest. 

- Right and left lobes of lower 
lip equal. Right lobe of lower 
lip largest. 

26. + Lobes of the lower lip erose 
slightly notched. 

- Lobes of thc lower lip erose- 
widcl y notched. 

27. + Leaf lobes a$ long as broad 
(vcry rarcly longer than broad). 
Calyx lobes equal. 

- Lcaf lobes longer than broad. 
Calyx lobes unequal. 

28. ' + Corolla 1 1-12 mm long. 
- Corolla 5-9 mm long. 

19. E. jaeschkeii 

24. E. species C 

1 5. E. species A 

16. E. jlabellota 

2 1. E. schlagintweitii 

2 1. E. schlagintweitii 

17. E. paghmanensis 
29 
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29. + Flowers pedicellate. 
- Flowers sessile. 

30. + All Icaf lobes anlrorse. Lips of 
lower lip erose-slightly 
notched. 

- Upper leaf lobes antrorse lower 
patent. Lips of lower lip erose 
- widely notched. 

3 1. + Left and right lobes of lower lip equal. 
- Left and right lobes of lower lip unequal. 

32. + Lobes of lower lip erose-slightly notched. 
- Lobes of lower lip erose-deeply notched. 

33. + Hair of foliage c 5-8 times than 
the glands. Corolla white, with 
yellow throat 

- Hair of foliage > 5-8 times than 
the glands. Corolla white, purple 
tinged, throat not yellow. 

30 
14. E. species D 

13. E. species E 
32 

30. E. microcarpa 
2. E. koshmiriana 

12. E. hirtella 
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ABSTRACT 

Chromosane numbers of 637 plant specimens compnsing 300 genera and 491 species in 66 
dicou and 9 monocot families coUected from different pans of Pakistan end Kashmir were deter- 
mined. Maximum number of taxa examined were of h e  family Composime (62). followed by CN- 
ciferne (32), Legurninosae (31), Labiatae (25), Scrophulariaceae (24). Boraginaaae (23). end Um- 
belliferne (19). Thirty families have been cytologicaUy investigated for the first h e  Tor the flora of 
Pakistan. Counts for 406 species are new to flora of Pakistan and counts for 187 species are new to 
science. New basic numbers are observed in h e  genera Curcuta (Cuscu~oeae)  and Conrolida 
(Ranuncllleceae). B-Chromosomes are observed in five genem for h e  fin[ time, cytotypes are re- 
corded in eight species. Incidence of polyploidy in h e  flora is discussed in relation to growth hsbit 
and geographic distribution of h e  18x8. 

INTRODUCTION 

Floristically and geographically Pakistan is an interesting land. Four phyto- 
geographic regions are known to meet here (Fig. 1). The Saharo-Sindian region 
occupies the largest area, but represenls only 9.1% of the flora; 45.6% of the 
flora is represented by the Irano-Turanian element (Ali & Qaiser, 1986). The 
phylogeographic regions are somewhat correlated with the annual rainfall pat- 
tern (Fig. 2). The Saharo-Sindian region roughly corresponds to the low rainfall 
area, and the Sino-Japanese region, which has the richest flora of the nonhern 
zone, occupies the highest rainfall area. 

Topographically the land varies from sea-level 10 861 1 m ( ~ l i ,  1978). The 
plains have a long history of agriculture and an extensive irrigation canal sys- 
tem. At the same time. the plains are the most densely populated areas, therefore 
they represent an extremely disturbed habitat. 
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INDIAN REGION , 

Rg.1. I'hy~ogeographical region8 of Pakistan and Kashmir. 

Fig. 2. Mean m n u l  ninfdl  of Pakislm and Kashmir. 
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With these diversified geographical and climatological features, i t  secms 
very interesting to analyse the flora cytologically. Up to 1982, cytological infor- 
mation was available for less than 6% of flora (Khatoon & Ali, 1982). These 
studies were based mainly on the collections frorn the plains and the floras of 
remote hilly areas remained alsmost unexplored. In b e  present work, collections 
were made from all parts of Pakismn and some areas of Kashmir. In addition to 
the original counts, the data about the local species available from other works 
done in Pakistan, Kashmir, neighbouring areas of India, Afghanistan and Iran 
are also incorporated. 

MATERIALS AND METHODS 

Most of the counts were obtained frorn pollen mother cell meiosis. Young 
floral buds were fixed in Carnoy's Solution (a mixture of glacial acetic acid and 
absolute alcohol, 3: 1) and stored at 5°C. Slides were prepared by squashing the 
anthers in propionic-carmine. For mitotic-studies, root-tips were pretreated in 
saturated solulion of p-dichlorobenzene at room temperature for 3-4 hours, then 
fixed in ~ a m o i ' s  Solution. Before squashing. h e  root-tips wcre hydrolysed in N 
HCI at 60°C for 10 minutes. Photographs were laken from temporary mounls, 
the slides were later made wrrnanent. Voucher specimens are deposited in Kara- 
chi University Herbarium (KUH). 

RESULTS AND DISCUSSION 

i. Chromosome numbers in theflora of Pakistan 

In the present work, chromoscome numbers are determined for 637 speci- 
mens which comprise 300 genera and 492 species in 66 dicot and 9 monocot 
families. Of these, counts for 187 species are new to science (Table 1). and 
counts for 406 species are new to flora of Pakistan. Six families have 10 or more 
new counts, with maximum new counts in Compositae (Table 2). Twelve genera 
are cytologically investigated for the first time. Most of these genera have a 
tropical to subtropical distribution, some of bem have a restricted disbibution 
up to some neighbouring countries of Pakistan and one genus (Douepia) is en- 
demic to Pakistan (Table 3). In elcvcn larger families, chromosome numbers are 

Table 1. New counts in the present study. 

Dicots Monocots Total 
179 8 187 

- 
(in 42 families) (in 6 familics) (in 48 families) 
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Tabled 2. Families with more than ten new counts. 

Family No. of Taxa 

1. Compositae 
2. Cruci ferae 
3. Scrophulariaceae 
4. Umbelli ferae 
5. Boraginaceae 
6. Labiatae 

now av-ailable for more than 25% of their species in our flora. Gramineae comes 
to be chromosomally the best known family with chromosome numbers avail- 
able for 45% of its species in the flora, other larger families Composilae and 
Leguminosae have 38% chromosomally known species (Table 4). By adding the 
original counts, the counls available from other works done in Pakistan and he 
counts available in the report$ from ncighbouring countries. thc tolal number of 

Table 3. New generic counts. 

Genus Chr. No. Geographic distribution 
of genus 

1. Pseudomertensia (Boraginaceae) n = 12 Iran to Himalaya. 
2. Dipterygium (Capparidaceae) n = 11 Egypt to Pakistan. 
3. Hochtetteria (Compositae) n = 10 Arabia to Pakistan. 
4. Cithareloma (Cruciferae) n = 13 Iran, Central Asia. 
5. Douepia (Cruci ferae) n = 16 Endemic to Pakistan. 
6. Corbichonio (Molluginaceae) n = 9 S.W. Africa, Tropical 

Africa to Asia. 
7.  Helinus (Rharnnaceae) n = 11 Tropical and S. Africa, 

Madagascar, N.W. India. 
8. Aitchisonia (Rubiaceae) n = 11 Afghanistan. Pakistan. 
9. Gaillonia (Rubiaceae) n = 1 1,22 Central Asia, Afghanistan, 

Iran, Pakistan to Algeria. 
10. Pseudogaillonia (Rubiaceae) n = 11 Arabia, Iran, Pakistan, 

Afghanistan. 
1 1. Pterogaillonia (Rubiaceae) n = 22 N.E. Africa, Afgh., Pakistan 

& Iran. 
12. Pycnocyclo (Umbelliferae) n = 1 1 Tropical W. Africa to 

N.W. India. 
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chromosomally known spccics in the flora of Pakistan now comes to be 1671, 
which makes 34% of the total angiospermic flora of Pakistan (Table 5). This 
means an approximate 6-fold increase in chromosome number information 
about the flora of Pakistan since 1982. 

New basic numbers 

In Consolida stocksiana (Boiss.) Nevski, we have counted 10 bivalents 
clearly at diakinesis in several cells (Fig. 3). This count establishes x = 10 as a 
new basic number in the genus Consolido. The most common basic number in 
this genus is x = 8, The other basic numbers in this genus are x = 7 and x = 9 re- 
cently reported by Hong (1986). 

In Curcuta pulchella Englem., we found five large bivalents at diakinesis 
and metaphase I (Fig. 4). The hitherto known basic numbers in the genus Cus- 
cuta were x = 7 and x = 15 (Raven, 1975; Lewis, 1980). According lo Raven 
(1975). x = 15 evolved from x = 8 through aneuploid reduction at tetraploid 
level. Therefore, x = 15 could not be regarded as a multiple of x = 5 and our new 
count of n = 5 in C. pulchella eslablishes a new basic number in this genus 
which probably descended from x = 7 through aneuploid reduction. 

Table 4. Number of chromosomally known species in some larger hmi,lies. 

Family No. of species No. of species Total (based Total (includ- 
studied in known from on works ing the reports 

present work other works from from neigh- 
Pakistan) bouring 

countries) 

1. Boraginaceae 
2. Caryophyllaceae 
3. Composilae 
4. Cruciferae 
5. Labiabe 
6. Malvaceae 
7. Leguminosae 
8. Rubiaceae 
9. Scrophulariaceae 

10. Umbelliferae 
1 1 .  Gramineae 
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Table 5. Resent situation of chromosome numbers in Flora of Pakistan. 

No. of taxa No. of taxa Total no. of Total no. of Percentage of 
analysed known from chromosomally species in chromosomally 

other works known taxa flora of known species 
(including the Pakistan 
reports from 
ncighbouring 

counuics) 

We have observed Bchromosomes in the following genera for the fusl 
time: Cuscura (C. pulchcllo Englem .), Sporobolus (S. kenrrophyllus (K .  Schum.) 
W.D. Clayton), Hibiscus ( H .  obrusilobus Gmke), Asphodelus (A. renuifolius 
Cav.) and Poramogeron (P. pecrinorus L.). 

Cyrorypes 

New cytotypes are revealed in the following species: 

Dianthus crinirus Sm.: This species was previously reported at hexaploid 
level by Gentscheff (in Fedorov, 1974). However. our material is found to be 
diploid with n = I5 and 2n = 30. 

Solsola koli L.: The present count of n = 27 is the first report of hexaploid in 
this widespread species. All previous reports are of temploids. 

M a l w  neglecra Wallr.: This is another widespread species. We analyst4 six 
spacimens of this species. Five of them proved to be diploids with n = 21 but 
one specimen was temploid with n = 42. 

Indigofera l i n ~ e i  Ali: This species is reported at diploid level from India. 
However. our material is found to be tevaploid with n = 16. 

Buplewum emlratum M. Bieb.: The earlier report for this species is 2n = 16 
(Cauwet-Marc, 1978). But in the present work, all specimen were found to have 
n = 6. 
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Conyzo olbida Willd. ex Sprenk.: The present count for this New World 
species is n = 9, whereas the earlier report from Argentiana is of n = 27 (Ber- 
nardello, 1986). 

Scorzonera tortuosissima Boiss.: The specimen analysed in the present 
work proved to be a hexaploid with n = 21, while other report from Pakistan is 
of temaploid (Razaq et al., 199 1 ) .  

Fig. 3-5. Meiosis in pollen maher cells. 
Fig. 6. Root-tip mitoail. 31,b. Consdido s~ocitriana (dirldne~is) n = 10 (Ghofwr 1311), 4. 

Cvrcu~ pdchrlla (didcineail) r. n = 5, b. n = 5 + 1B (Gliofoor 2120), 5. D i p c h  micolor (Ana- 
phase-11) n = 4 (Omr r.n.),6. Dipcode r~ lhraeum (meuphrre) 2n = 22 (Klurroon 571). 
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Dipcade erythraeum Webb & Berth., and D. unicolor (Stocks) Baker: D. 
unicolor is generally regarded as a synonym of D. erythraeum. Jafri (1966) gave 
a subspecific rank to D. unicolor under D. erythraeum. Our finding of n = 4 in 
the former and 2n = 22 (n = 11) in the latter suggests a specific rank for D. 
unicolor (Figs. 5 and 6). D. unicolor is a rare endemic of lower Baluchistan 
(Pakistan). 

ii. Polyploidy in theflora of Pakistan 

On the basis of presently available information, the percentage of intragen- 
eric polyploidy in the flora of Pakistan is about 32%. which is 10% less than that 
calculated by Baquar (1976). The difference is evidently due to the reason bat 
he had a very small sample at that time (345 species) which mainly represented 
the flora of the plains and included larger number of species from those families 
that have greater incidence of polyploidy, such as Malvaceae, Solanaceae and 
Gramineae. 

In our sample, the highest frequency of intrageneric polyploidy is recorded 
in perennial herbs (35%). followed by annual herbs (33%), shrubs and subshrubs 
(23%) and lowest in trees (1 1%). This is in agreement with the generalization by 
Stebbins (1938. 1971) that perennial herbs have maximum polyploidy and trees 
have minium intrageneric polyploidy. Polyploidy is correlated with the geo- 
graphic distribution also. Among the families with more than 30% intrageneric 
polyploids, 43% families have a cosmopolitan distribution, 30% have a temper- 
ate distribution and 26% families have a tropical dismbution. However, as pol- 
yploidy is a very complex phenomenon having more ban one aspects, more 
analytical work is needed to understand the pattern of polyploidy in our flora. 

REFERENCES 

Ali, S.1. (1978). The flora of Pakistan: some general and analytical remarks. 
Notesfrom tk Royal Botanic Garden Edinburgh, 36: 427439. 

Ali, S.I. & Q;ilser, M. (1986). A phytogeographical analysis of the phanerogams 
of Pakistan and Kashmir. Proceedings of the Royal Society of Edinburgh, 
89B: 89-101. 

Baquar, S.R. (1976). Polyploidy in the flora of Pakistan in relation to latitude, 
life form and taxonomic groups. Taron. 25: 621-627. 

Bernardello, L.M. (1986). Numeros Chromosomicos en Asteraceae de Cordoba. 
Danvinia, 27: 169-178. 

Cauwet-Marc, A.M. (1978). In I 0  PB chromosome number reports LXI. Taron, 
27: 385-386. 



CYTOLOGICAL STUDIES IN ANGIOSPERMS OF PAKISTAN 157 

Fedorov. A.A. (ed.) (1974). Chromosome Numbers of Flowering Plants. Otto 
Koelz Science Publishers. W. Germany. 

Hong, De-Yuan. (1986). Biosystematic observations on Consolida Panuncu- 
laceae). Acta Botanica Sinica. 28: 1-10. 

Jafri, S.M.H. (1966). The Flora of Karachi, The Book Corporation Karachi, 
Pakistan. 

Khatoon, 9. & Ali, S.I. (1982). Chromosome numbers of some plants of 
Pakistan. Pakistan Journal of Botany, 14: 117-129. 

Lewis, W.H. (1980). Polyploidy in angiosperms: Dicotyledons. In: Polyploidy; 
Biological Relevance, ed. Lewis, W.H., PP. 241-268. Plenum Press, New 
York and London. 

Raven, P.H. (1975). The bases of angiosperm phylogeny: cytology. Annals of 
the Missouri Botanical Garden, 62: 724-764. 

Razaq, 2.. Vahidy, A.A. & Ali. S.I. (1991). Chromosome numbers in Composi- 
tae from Pakistan. Annals of the Missouri Botanical Garden (submitted). 

Stebbins, G.L. (1938). Cytological characterstics associated with the different 
growth habits in the dicotyledons. American Journal of Botany, 25: 189- 
198. 

Stebbins, G.L. (1971).Chromosoml Evolution in Higher Plants. Edward Arnold 
(Publishers) Ltd., London. 

F'roceedings of h e  lntmutiond Symposium an Plmt Life of South Asia held at the Depmnent of 
Bouny, University of K.nchi, Karachi-75270, Pdcuu .  24-27 February, 1991 





Plant Life of South Asia, 159-168, (1991) 
Sl. Ali and A. Ghffar (Eds.) 

A SURVEY OF CHROMOSOME NUMBERS IN 
ASTERACEAE FROM PAKISTAN 

ZEENAT A. RAZAQ, AHSAN A. VAHJDY* AND S.I. ALI 

Deparmnt of Botany, 
University of Karachi, Karachi-75270, Pakistan. 

ABSTRACI' 

Chromosome counls arc reported for 82 m a  of the fanily Astcmcese f ran  Pakistan. Cumula- 
tive analyses of cytological data on indigenous taxa have been carried out. Of about 652 PaLirtani 
tax.. 117 (including p r m t  findings) arc known cytologiully with chromosane nurnbcn ranging 
fran n = 3 to 36. The taxa with n = 9 were the molt m o n  (37%) followed by thome with n = 10 
(13%). hddrnce d polyploidy war found to be 15% of the toul number of turn rtudied. 

INTRODUCTION 

The family Asteraceae has a cosmopolitan distribution with major concen- 
tration in the temperate regions (Mathew & Mathcw. 1983). It is the largest di- 
cotyledonous family in the flora of Pakistan including approximately 604 native 
species belonging to 110 genera (Ali, 1978). In addition to these, 45 species be- 
longing lo 24 genera are naturalized or cultivated (Stewart, 1972). 

The members of Asteraceae are relalively widely distributed in Pakistan, 
from the plains up to 10000 meters elevation. Inspite of its wide distribution the 
family has not been studied well cytologically h m  Pakistan. So far, the chro- 
mosome counts in only 19 per cent of taxa of the family have been reported by 
different workers (Baquar & Askari, 1970; Khatoon & Ali, 1988, 1991; Razaq er 
al., 1988, 1992) including present work. Eighty two taxa of the Asteraceae were 
analysed cytologically and an overview of cytological data accumulated so far is 
presented here. 

Department of Generics, University of Karachi. Karachi-75270, Pakistan. 
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MATERIALS AND METHODS 

hlaterials consisted of young capitula and seeds collected during the period 
of 3 years, 1987-90 from Karachi, Northern areas of Pakistan, Kashmir, Baltis- 
tan. plains of Punjab, etc. 

Immature capitula were collected and fixed in Carnoy's solution (3: 1 abso- 
lute alcohol: acetic acid). The slides were prepared by conventional squashing 
technique, using 1% propionic carmine. The chromosome counts were made in 
P.M.Cs. at different stages of meiosis. 

For mitotic chromosomes, root-tips collected from germinating seeds, pre- 
treated with 0.002M 8-h ydrox yquinoline for 4-6 hours were, fixed in Carnoy 's 
solution for c. 1 hour. then transferred to 1 N HCl to hydrolyse at 60°C for 5 
min. Slides were prepared by squash method using 1 % aceto orcein. Photomi- 
crographs were taken from temporary mounts but later the slides were made per- 
manent. Voucher specimens were deposited in Karachi University Herbarium 
( K W .  

Table 1. Chromosome numbers and prevalence of polyploidy 
in taxa of Asteraceae from Pakistan. 

Tribe Total No. No. of chro- No. of No. of 
of spp. in somally diploid polyploid 
Pakistan known taxa taxa tax a 

Anthernideae 
Astereae 
Calendulae 
Crepidineae 
cynareae 
Eupatorieae 
Heliantheae 
Inuleae 
Lactuceae 
Mutiseae 
Senecioneae 
Tageteae 
Vernonieae 

Total 
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The present analysis includes investigations made on the indigenous mate- 
rial by other workers along with our findings. 

RESULTS AND DISCUSSION 

In the present study chromosome numbers were determined for 82 taxa By 
adding the present counts and wunts available in other works carried out in 
Pakistan (Baquar & Askari, 197@ Khatoon & Ali, 1988, 1991; Razaq et of., 
1988. 1992). the total number of chromosomally known species (based on local 
material) comes to be 117 (18%). Maximum number of cytologically known 
taxa belong to Lactuceae. No cytological investigation has so far been conducted 
in tribe Calenduleae and Crepidineae. Of the 117 taxa known chromosomally, 
85% were found to be diploid and 15% were polyploid (Table 1). 

Polyploid cytotypes are reported in many species (Fedorov. 1974; Moore. 
1973, 1974; Goldblatt, 1981, 1984, 1985,1988) of Asteraceae, which are known 
to occur at a certain ploidy level in Pakistan. These cytotypes are either euploid 
or aneuploid variations of the basic chromosome numbers. Euploid cytological 
races are reported for 18 taxa, while aneuploid cytotypes are known to occur in 8 
taxa (Table 2). 

Table 2. Gametic and proposed basic chromosome numbers 
in various tribes of Asteraceae from Pakistan. 

Tribe Observed gametic Chr. Proposed* basic no. 
no. in different taxa for the tribes 

1. Anthem ideae 8.9 8.9, 10, 13, 17 
2. Astereae 9, 18.27 4-6,9 
3. Cynareae 12.14 8-13. 15.17. 19 
4. Eupatorieae 10.20 4.5.9, 10, 12, 15, 17, 19,20 
5. Heliantheae 8.10,11,12,17.18.36 4-19 
6. Inuleae 7,9, 10,30 5.7-1 1, 13 
7. Lactuceae 5.6.8.9.14. 16 3-9 
8. Mutiseae 10, l l  6-11, 13.15, 17,23,25 
9. Senecioneae 10,20 5.9-12.23.26.29 

10. Tegeteae 12 7-13, 15 
1 1. Vernonieae 9.20 7-11.13, 15, 17 
*Source Heywad  cr ol., (1977). 
Darlington & Wylie (1955). 
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In Coreopsis hnceolata, 2n = 24 and 48 (Bilquez in Fedorov, 1974) and 2n 
= 26 (Turner in Fedorov, 1974) are reported. Our finding of n 10 for this spe- 
cies establishes an additional aneuploid race. Razaq et al., (1992) found chromo- 
somal count of n = 8 for Artemisia capilloris, whereas 2n = 18 and 36 were re- 
ported earlier (Arano in Fedorov, 1974, and Peng & Hsu in Goldblatt, 1984, re- 
spectively). For Dyssodia tennuilobo, 2n = 16 and 36 were reported, (Johnston 
& Turner in Fedorov, 1974). whereas, we have counted 2n = 24 and n = 12 in 
our material. These counts suggest the presence of aneuploid races or cytotypes 
in these species. 

Table 3 lists the tribes covered in the present analysis. gametic numbers 
studied and basic numbers proposed by various workers in Heywood et al., 
(1977) and Darlington & Wylie. (1955) for each mbe. In tribes Eupatorieae and 
Vernonieae a wide range of basic numbers exists of which n = 10 shows pre- 
dominance in Eupatorieae and x = 9 and 10 are predominant in the mbe Ver- 
nonieae (Mathew & Mathew, 1983). 

Raven et al., (1960) suggested 9 as the most frequent basic number for the 
tribe Astereae. We found all the taxa to be based on x = 9, except Myriactis wal- 
lichii for which we found n = 18. There are only 3 species of Myriactis, of which 
two are found in Pakistan. The available chromosome data for all 3 species is n 
= 18 and 2n = 36. On the basis of these informations x = 18 is suspected for this 
genus. 

The members of Inuleae are reported to have x = 5.7- 1 1, 13 (Merxmuller et 
al., 1977). Of the 21 taxa covered in the present analysis, 7 were based on x = 7 
and 8 on x = 10. Solbrig et al., (1972). commenting on the diversity of morphol- 
ogy and chromosome numbers in Heliantheae, suggested that the basic numbers 
for this tribe lies within x = 8 to 12. In a few genera lower chromosome numbers 
(x = 4-7) are represented, which are presumed to be derived through aneuploid 
reduction (Stuessy. 1977). However. Smith (1975) considered x = 17-19 as the 
original and other lower basic numbers as derived through aneuploid reduction. 

In Tageteae, the most common basic number seems to be x = 12, though x = 
7-13 and 15 have been reponed as well (Strother, 1977). The most frequent ba- 
sic most common number in Senecioneae is x = 10 (Nordenstam, 1977). Six out 
of 7 taxa covered in present analysis also were based on x = 10. In Anthemidcae 
h e  commonest base number is x = 9, but taxa with x = 8, 10. 13 and 17 are also 
reported (Heywood & Humphries, 1977). Due to its prevalence. x = 9 is consid- 
ered to be the ancestral basic number for the tribe (Solbrig, 1963; Powell et al., 
1974; Mehra, 1977). In the mbe Cynareae the gametic chromosomal numbers, 
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Table 3. Cytotypes recorded in Pakistani taxa of Asteraceae. 

Tribe & Taxa Base Chromosome Reference CY tom 
No. No. 

n 2n 

Anthemideae 
Achillea millefoliwn L. 

Artemisia capillaris 
Thunb 

Astereae 
Conyza bonariensis 
(L.) Cronq. 

Eupatorieae 
Ageratum conyzoides L. 

A. housfonianum Mill. 

Heliontheae 
Blainvillea acmella 
(L.) Philip 

Coreopsis lanceolata L. 

9 9 - Present count 2x 
- 36 Fems in Fedorov. 

1974 4x 
- 36.54 Clausen in Fedorov, 

1974 4x, 6x 

9 8 - Present count aneuploid 
- 18 Arano in Fedorov, 

1974 2x 
- 36 Peng & Hsu in 

Goldblatt, 1984 4x 

9 27 - h s e n t  cout 6x 
18 - Turner ef al., in 

Goldblatt. 1984 4x 

10 10 - Present count 2x 
10,20 - Mehra & 

Remanandan 2x, 4x 
in Goldblatt. 1984 

10 20 - Present count 4x 
10,20 - King et d., in 2x, 4x 

Goldblatt, 198 1 

17 17 -Presentcount 2x 
- 72 Mehra er al., in aneuploid 

Fedorov, 1974 

10 10 - Present count 2x 
- 24.48 Bilquez in Fedorov, aneuploid 

1974 
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Table 3. (Contd.) 

Tribe & Taxa Base Chromosome Reference CY to0  pes 
No. No. 

n 2n 

- 26 Turner in Fedorov, aneuploid 
1974 

Dahlia variabilis 
(Willd.) Desf. 

16 32 - Present count 4x 
- 32 Gagnieu et al., in 2x 

Fedorov, 1974 
- 64 Ishikawa in Fedorov. 4x 

1974 

Eclipfa prostrata (L.) L. 1 1 11 - Present count 2x 
- 18,22 Mohan er al., in aneuploid 

Fedorov, 1974 2x 

Galinsoga pamiflora 8 8 - Present count 2x 
Cav. - 16.32 Magulaev in Gold- 2x, 4x 

blatt, 1985 

Partheniwn hystero- 18 18 - Present count 2x 

phorur L. 17 - Gupta & Gill in aneuploid 
Goldblatt, 1984 

Inuleae 
Blumea lacera DC. 10 10 - Present count 2x 

- 18 Subramanyarn & 

Kamble in aneuploid 
Fedorov, 1974 

- 36 Peng & Hsu in 
Goldblat, 1984 aneuploid 

10 30 - Present count 6x 
15 -Sarkaretal.,in 3x 

Goldblatt, 1985 
- 20 Peng & Hsu in 2x 

Goldblatt. 198 1 
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Table 3. (Contd.) 

Tribe & Taxa Base Chromosome Reference CY t o w  
No. No. 

n 2n 

Loctuceae 
Launaea residifolia 8 8 - Present count 2x 
(L.) 0. Ktze - 18 Valdes-Bermejo & aneuploid 

Gomez Gracia in 
Goldblatt. 198 1 

Sonchus asper (L.) 9 9 - Present count 2x 
Hill. - 36 Kuzmanova & Geor- 4x 

gieva in Goldblatf 
1984 

Tageteae 
Dyssodia tennuiloba 12 12 24 Present count 2x 
@C.) B.L. Robinson - 16.36 Johnston & Turner aneuploid 

in Fedorov, 1974 

Vernonieae 
Vernonia cinerascence 10 20 - Present count 4x 
Sch. Bip. - 20 Turner et al., in 2x 

Fedorov, 1974 
20,lO - Kingetal.,in 4x, 2x 

Goldblau, 198 1 

ranged from 8-13, 15, 17 and 19 (or multiple) with a regular dysploid series 
(Dittirich, 1977). In Mutiseae, quite variable basic numbers (x = 6-11, 13, 15, 
17.23, 25) have been reported (Cabrera, 1977). However, Turner et al., (1962) 
and later Powell et al., (1974) considered x = 9 to be the basic number for this 
tribe. 

Lactuceae is cytologically most thoroughly known tribe of Asteraceae. The 
representatives of this tribe exhibit basic numbers ranging from x = 3-9. Chro- 
mosome numbers for 21 taxa of this tribe are being reported where x = 9 is 
found to be the most frequent basic number. The ancestral base chromosome 
number for the whole family Asteraceae appears to be x = 9 (Raven, 1975). Sol- 
brig (1977) has suggested 9 to be the modal chromosome number. The perusal 
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of chromosome data on the 119 taxa from Pakistan is indicative of the preva- 
lence of x = 9 as well. However, this is based on only about 115 of the taxa of 
the family studied so far. 
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ABSTRACT 

A study of epidermis in 47 species bclcmging to 20 genera of the family Euphorbircure has 
been made to assess their diagnostic value in the internal classification of this family. Stomala are 
either hypostomatic or amphistomatic. Anomocytic. anisocytic, pmaqtic, temcytic. brachypara- 
cytic, hemiparacytic and cyclocytic types of ~tcmars have been observed in various rpeciu. Stoma- 
t.l frequencies urd s m d  indices have been dculltcd. The trichomu'are unicellular or mul- 
tiallular. 'hey may bc fdiforrn, conicnl. stellate or pelute. Ruely more lhan one type of hchome 
may be present cm the same leaf surface. On the basis of rhir study of epidermis it is not possible to 
sepante the various gcnen. tribes and sub-families of the family Euphohiacae. 

INTRODUCTION 

During the past four decades a large number of plant anatomists have em- 
phasized the importance of epidermal studies in solving taxonomic and phylo- 
genetic problems. Stebbins & Khush (1961). Siddiqi & Wilson (1975) and 
Kaster & Bass (1981) attached considerable importance to stomatal type in taxo- 
nomic groupings. Other workers such as Pant & Kidwai (1964), Inamdar & 
Chohan (1x9)  do not contribute to this view. On account of the inconsistencies 
of the stomatal type in the higher or Lhe lower categories, they deny any taxo- 
nomic significance to this character. Metcalfe (1954), Syeduddin (1956) and 
Webster (1967) have repeatedly emphasized the need of anatomical data for the 
classification of Euphorbiaceae in general and Euphorbia in particular. In the 
present report an auempt has been made lo study the epidermis in 47 specimens 
belonging to 20 genera of h c  family Euphorbiaceae to see whether the epider- 
mal characteristics can be used in thc internal classification of the family. 



M.R. SIDDIQI ET AL., 

MATERIALS AND METHODS 

Table 1 gives a list of the specimens studied. Some of the specimens were 
collected by the authors from Lahore and Rawalpindi, others were taken from 
the herbarium sheets provided by the National Herbarium, Islamabad and the 
herbarium of the Botany Department, Karachi University, Karachi. 

Epidermal peels of lower and upper surfaces of young and fresh leaves were 
obtained with the help of a razor blade. In some cases where peels could not be 
easily removed, the leaves were fust boiled in water or were given chilling treat- 
ment which easily removed the peels. 

The specimens Wen from herbarium sheets were first restored. The leaves 
placed in a detergent solution overnight were washed in water and boiled in 10% 
acetic acid for 3-5 minutes. The restored leaves were then scrapped and the peels 
obtained from the lower and upper surface. All peels were stained with 
Delafield's hematoxylin and mounted in glycerine jelly. 

Observations were made on the type of the wall of the epidermal cells and 
the type of stomata. The number of stomata per mm2, length and breadth of 
guard cells and pore of the stomata were measured. Stomata1 frequency and sto- 
matal indices were calculated from the count of the stomata and epidermal cells 
in unit area. Five counts were made at random from the peels on both surfaces of 
different leaves or only abaxial surface of a hypostomatic leaf. At least five 
leaves of a species were examined. Trichome types of each species were also 
studied from the epidermal peels. 

OBSERVATIONS 

Various features of the epidermis in the species of Euphorbiaceae are shown 
in Table 1. Out of 47 species studied 24 species have stomata resmcted to lower 
surface only (Fig. 3 A, B). In 23 species they are present on both the surfaces 
(Fig. 3 C, D). Among these in 6 species more stomata are peresent on the upper 
surface compared to the lower surface i.e., they are epiamphistomatic. In 17 spe- 
cies there are more stomata on the lower surface compared to the upper surface 
i.e., they are hypoamphistomatic.The cells of the upper and lower epidermis are 
similar in shape and type of cell wall. The shape of the epidermal cells may be 
polygonal. isodiametric or elongated. The walls of the epidermal cells may be 
straight, slightly undulated a undulated. In most of the species the walls are un- 
dulated. In some cases e.g., Dalechampia scandens, the upper surface has 
straight walls while the lower surface has undulated walls. In other cases e.g., 
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Chrozophora oblongijiolia, the upper surface has undulated walls while the 
lower surface has straight walls. 

Table 1 shows the types of stomata in the species studied. Anomocytic (Fig. 
1, A), anisocytic (Fig. 1 D), paracytic (Fig. 1 B), tetracytic (Fig. 2 B, D), cycle 
cytic (Fig. 1 C, 2 A), brachyparacytic (Fig. 2 C) and hemiparacytic (Fig. 2 E) 
types of stomata were observed in the various species. Inspite of stomata1 diver- 
sity in these species the most common type of stomata is paracytic. However in 
various species of Euphorbia the most prevalent type of stomata is anomocytic. 
In many cases more than one type of stomata were found in the same genus or in 
the same species or even on the same surface as in Andrachne telephioides. The 
size of the guard cells and the length and breadth of the pore are some features 
which vary in the different species. The length of guard cells vary from 13.00 

Fig. 1 .  Bpidcnnal pair showing different typu of rtcmrta. A. Euphorbia microphylla: lower 
epidermis wilh undulated cell wall3 a d  momocytic stanam. B. Acdypho w i l h s b ~ :  lower epider- 
mis with pncytic rtanrta. C. Euphorbio cogno&: lowa epidermis wilh straight walls and cyclo- 
cylic stomalr D. Adrachru relephioides: lowa epidermis with lnisocytic rtomatr. 
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(Table 1. Cont'd.) 

h f  Cdl TYPC Qf S t m d  Size of Size of Sunnatal Trichane Typc 
Wfrc W.uI Stomata %. - Stanad Pore G u d  Cells Index 

L B L B 
W W W P  

absent 
absent 

absent 

unicellular 
unicellular E 
unicellular S 
unicellular 
unicellular 

E w 
unicellular 
absent 

absent F 
peltatc h s .  
stclttc 
&rent 

undul.ted 
undulAced 
undulated 
undulalcd 
undulated 
llnddated 

-biM 
U&al 
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(Tabk 1. Cont'd.) 

Luf Cell T ~ p c d  ~ c m u u /  Siu  of Size of Smnrtll TrichameTypc 
Surface W d h  Slom81a sq. Stanrrrl Pore Guud Cellr Index 

L B L B 
P" w )rm P" 

u = upper epidcmrir. 1 = lower cpldamrr. L = Icn& B = brudlh 
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pn to 38.50 pn and breadth from 3.50 pn to 14.00 pn. The length of the pore 
varies from 6.00 pn to 22.70 pn and breadth from 1.60 pm to 9.90 pm. The 
size of the guard cells is very large in Acalypha and Jatropha. Size of the guard 
cells varies in the lower and upper surface of the! same leaf. The number of sto- 
mata per square mm varies from 53 to 684. The stornatal indices range from 
2.25 to 30.'0. 

One very important structural feature of epidermis is the presence of large 
varieties of trichomes. They have been used extensively in taxonomic compari- 
sons. In Euphorbiaceae the trichomes are variable in density and form. They 
may be glandular or non-glandular. Glandular trichomes are found only in An- 
drachne (Fig. 4 B). In all other specimens the trichomes are non glandular. They 

Fig. 2. Epidermal peels showing different types d stomata and types of walls of epidermal 
cells. A. Euphorbio rircmlli: uppEr epidermis showing c y d a y t i c  s tanl ta  and straight walls of epi- 
dermal cells. 8. Chrozophora oblongijolia: lower epidermis showing tetncytic stcmata and straight 
walls of epidermal cells. C. Croron bonplardioru: I o w a  epidermis showing brachypracytic sto- 
mau  md  straight wdls  of epidermal cells. D. Jarrapha m g r i c a :  lower epidermis showing te tn-  
cylic stamma and undulrted wrlls of epidermal cells. E. Eroecario cochinencpinu: lower epidermis 
showing hemipncylic s t a n a ~ n  and undulated walls of epidermal oells. 
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may be unicellular, conical or filiform (Fig. 4 A), or Lhey may be multicellular, 
uniseriate with pointed or curved apices (Fig. 4 C, D). Peltate scales were ob- 
served in Chrozophora (Fig. 4 F )  and stellate rrichomes were found in Croton 
(Fig. 4 E). In some cases trichornes are present on both the surfaces. Sometime 
they are present only on the lower epidermis or only on the upper epidermis. 
When they are present on both the surfaces the trichome type is the same as in 
Bridelia retusa. However the trichome on the two surfaces may be of different 
types. In many species trichomes are absent. Most of the species of Euphorbia 
are without trichomes. 

DISCUSSION AND CONCLUSIONS 

Metcalfe & Chalk (1950) have reported hypostomatic condition in most of 
the Euphorbiaceae. Amphistomatic condition has been reported only in few 

Fig. 7. Epldermd peels showing the diltribution of stanataon h e  lower and uppcr surface. A. 
Glmhidion v e l u l k .  upper lurfrce is astomatic. B. Glochidion vcluhum: Iowa surface is 810- 
matic and ha1 anisocytic stomata. C. Euphorbia h ~ r i C ( 1 :  upper epidermis with cyclocylic stometa. 
D. Evphorbio h ~ r i c a :  loww e p i d e m i ~  with parpcycic and tetracylic stomata. 
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cases. In the present study 23 out of 47 species have amphistomatic condition; 
17 species being hypoamphistomatic while 6 are epiamphistomatic. 

Most of the types of stomata found in dicots are also observed in the various 
species studied here (Table 1). Most common type of stomata is paracytic. An& 
mocytic type of stomata is found in most of the species of Euphorbia. In this re- 
gard the genus Euphorbia is different from other genem Anisocytic, temytic, 
brchyparacytic, hemiparacytic and cyclocytic types of stomata are found only in 
few species. In Euphorbia tirucalli twin stomata and stomata with only one 
guard cell were also observed. Most anatomists have found stomata1 index to be 

'I; 0 

Fig. 4. Various typea of trichanes in Euphorbiaceae. A. Dalechampio scandens: unicellular 
trichcme with pointed apex found m upper rurface. El. A h a c h n e  aspem: lower epidermis with 
unicellular glandular trichome with b r d  foci and opitate lip. C. Acalypha ciliota: upper epider- 
mil. Multicellular uniseriate lrichome with pointed apex. D. Bridelia retura: lower surfaae. Mul- 
ticellular unircriae t r i chme  with slightly curved tip. E. Croton bonplandions: Lower surface. Stel- 
late trichome. F. Chrozophora oblongifolio: Imwer epidermis. Peltate scales. 



Acal yphoideae 

Cmtonoideae 

Table 2. Types of stomata and types of trichomes in various sub-families and tribes of Euphorbbceae. 

S ub-family Tribe Stornatal Type Trichome Type 

Phyllanthoideae Bridelieae 70% paracytic. 30% anisocytic multicellular, uniseriate 
Poranthereae 60% anomocytic, 151Paracytic glandular, unicellular 

25% anisocytic Unicellular with narrow canals 
An tidesmeae ~ m f i c  
Phyllantheae 70% paracytic. 30% anisocytic unicellular, uniseriate 
Bischofieae p a y t i c  absent 
Chromphoreae 80% paracytic, 20% tetracytic peltate scales 
Acalypheae 64% paracytic. 34% anomocytic multicellular, uniseriate 
Dalec harnpieae paracytic unicellular, uniseriate 
Maniho teae parac ytic unicellular, uniseriate 
J oannesieae paracytic absent 
Codiaeae P m f l C  absent 
Aleuritideae ~ m f i c  unicellular, uniseriate with acute tip 
Crotonw ~aracytic stellate and peltate scales 

Euphorbioideae Hippornaneae paracytic absent 
Euphorbieae 80% anomocytic, 5% paracytic, mostly absent, sometime uniceliuar or 

5% tetracytic 5% anisocytic multicellular uniseriate 
5% cyclocytic 
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a reliable indicator of taxonomic affmity. In this study stomatal index does not 
show such significance. The value of stomatal index varies from genus to genus 
within the same tribe and from species to species within the same genus. Stoma- 
tal index therefore does not look like a reliable character. 

Most of the species studied here have unicellular mchomes. Multicellular 
trichomes were found only in 6 species. Peltate scales were observed only in 
Chrozophora oblongifolio and in Croton bonplandians and stellate trichomes 
were found only in Croton bonplandians. Glandular trichomes were found only 
in Andrachne aspera. Inamdar & Gangadhara (1977) studied mchomes in some 
members of Euphorbiuceae. On the basis of their study they concluded that 
trichomes can be used in separating the various tribes of the family Euphor- 
biaceae. The present study does not agree with this conclusion. As is shown in 
Table 2 trichomes cannot be used to separate the various tribes. 

Bentham & Hooker (1%2) divided the family Euphorbiaceae into 6 mbes. 
Pax & Hoffmann (1931) divided the family into two groups, Platylobeae and 
Stenolobeae on the basis of the size of cotyledons. Platylobeae is divided into 
two subfamilies, Phyllanthoideae and Euphorboideae. Phyllanthoideae is further 
subdivided into two tribes and Euphorbiodeae is divided into 8 tribes. Webster 
(1975) on the basis of information available from palynology and other disci- 
plines divided the family into five sub-families. These sub-families are further 
divided into 52 tribes. All these sub-families are represented in Pakistan except 
Oldfieldioideae. The genera studied here fall in 15 tribes in Webster's system 
(Table 2). 

Table 2 shows the types of stomata and types of trichomes in Webster's sub- 
families and tribes. An effort was made to see if the various tribes and sub-fami- 
lies could be separated on the basis of stomata and trichome. As is clear hom 
this Table it is not possible to use these characters in separation of these sub 
families and tribes. Only tribe Euphorbieae differs from others in having mostly 
anomocytic stomata. From this study it can be concluded that Euphorbiaceae is 
a homogeneous family. The epidermal characters studied here are not useful in 
the internal calsssification of family Euphorbiaceae. 
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Bangladesh represents two phytogeognphic regions of the subcontinent, viz. the lower 
Ganguic plain. and the littoral forests of Sunderbans. The other a@ typa of vegetation arc the 
a d  formation near Tangail, immense water bodies of Sylhct and north Mymcnaingh with abundant 
hydrophytes, and the sanddunes of Cox's Baulr. Chittagong forests and the neighbourging hill- 
trads, which are still under-explored, are represented by semi-evergreen type of vegeLption domi- 
nanted by Dipterocarps and other lofiy trees. This region is floristically related to Indo-China with a 
considerable mdmisture of Cachar and Khmia elements. There ~ I C  eight mgioapermic endemics so 
far hown,  and about twenty five species are placed tentatively cm the thmtened list. 

INTRODUCTION 

Bangladesh, lying roughly between 20'34' and 26'38' Narth, and 88' and 
92'56' East with an area of about 142, 500 km2 (55,020 sq. miles) has the high- 
est density of any nation on earth other than small city states (Kurian, 1979). Ex- 
cepting to the south where it faces the bay of Bengal, the country is bounded on 
all sides by the Indian territory but for the southern part of Chittagong Hill tracts 
(South of 22" North) and the Naf river (at the southern tip of Cox's Bazar dis- 
uict) where it borders on Bunna (Fig. 1). 

Physiography and geology: \ 

The physiography, although generally described as a delta or a flat alluvial 
plain, presents. geologically speaking, a considerable regional variety, and can 
be divided into three broad categories namely the Tertiary Hill, the Pleistocene 
Uplands and the Recent Plains (Islam & Miah, 1981). The Tertiary Hills are 
situated in the Chittagong Hill-Tracts region with an average altihde of 304.8m 
(10007, the highest peak being 1003.4m (3292') near the Bangladesh-Burma 
border. The Pleistocene Uplands comprise of Madhupur Tract which rises from 
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9m-18m above the flood plains lying all around. The rivers form a very signifi- 
cant feature of the landscape and belong to the three major river systems: the 
Padma (or Ganges), the Brahmaputra-Jamuna, and the Meghna. 

Climate: 

Bangladesh has a tropical monsoon climate with two distinct season, the 
cool and the warm. The average minimum temperatures at the coolest stations 
are about 10°C (50°F) and the summer maximum ranges from 32.2"C (90°F) to 
35°C (95°F). The annual average rainfall varies from 1270-5080 mm (50- 
200"), winter being the drier season. The rainfall increases h m  west to east 
from about 1524 mm (60'3 in the west to nearly 4000 mm (157") in the east. 
Humidity during the monsoon remains more than 80%. The beginning of sum- 
mer coincides with the period of thunderstorms which occur during late Febru- 
ary and march, often with a wind velocity of 75 m.p.h or more causing extensive 
devastation. With the onset of monsoon, the south-westem winds bring gales of 
great force accompanied by heavy downpour. The heavy monsoon rainfall 
coupled with location of the country at the lower most reaches of the three 
mighty rivers makes the floods during almost an annual phenomenon. The 
floods during 1988 had been the most devastating in the recent past. 

The floristic areas: 

The major part of Bangladesh falls under the flora province of the lower 
Gangetic plain as defined by Hooker (1906) and includes the greater Bengal, 
Orissa (north of Mahanadi), the Assarn, Sylhet, Cachar, and Tippera plain. India 
Littorea, a phytogeographic subdivision suggested by Prain (1903) is most 
highly developed in the sunderbans area of the Gangetic delta. Sylhet hills and 
Chittagong are included, according to this classification, in the flora province of 
Burma. Among the vascular plants with an estimated total of 5000 species. there 
are about 27 species placed tentatively on the threatened list out of which 9 an 
endemic to Bangladesh. 

THE SUNDARBANS OR THE LITTORAL FORESTS 

Floristic studies of the Sunderbans started as early as 1796 when Roxburgh 
received collections from this region through his friends Carey and Buchanan- 
Hamilton (Prain 1903a). Subsequently Heinig provided more collections. and 
Clarke prepared an excellent account of the topography and vegetation in 1895. 
This compact forest tract forms a seward fringe of the Gangetic delta, the larger 
chunk of which falls under the southern portion of the Khulna district of Bangla- 
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desh, and the rest comprising a partion of the 24 Parganas district of the West 
Bengal (India). The Bangladesh Sunderbans comprises an area of about 3726 
km2 and is bounded on the east by the Balesar river and on the west by the river, 
Raimangal. Towards its north it merges gradually into the cultivated land which 
is fast encroaching into the forest The forest is a vast deltaic swamp criss- 
crossed by innumerable khals of varying width ranging from a few meters to 2 
km or more, dividing the forest into numerous islands. Rivers in the cen~ral and 
eastern parts of the Sunderbans bring down enormous volumes of fiesh water 
especially during the rains, and thus the khals in this area are less brackish than 
the western and southern ones. Together with the adjacent area in the state of 
West Bengal (India), Sunderbans are probably the largest single block of man- 
grove forests in h world. 

The newly formed mud flats (chars) are first colonized by various grasses, 
especially Oryza coarctata and then by the stemless Nypa palms after which 
Sonnerotia apetala makes its appearance followed by Excoecaria agallocha and 
finally Heritiera fomes (sundri) as the climax type. The species growing here 
have peculiar ecological features adapted to the clayey soil rhythmically flooded 
and drained daily due to tidal action. Some species like Heritiera fomes and 
those of Avicennia and Sonneratia amongst others produce a system of pneurna- 
tophores to facilitiate gaseous exchange, to trap silt during flood tide to reduce 
erosion, and to anchor the tree during storms. Other species like those of Bru- 
guiera and Rhizophora have stilt roots. 

The quality and density of forest is best in fresh water zones dominated by 
the sundri formation associated with gewa (Excoecaria agallocha) but thinner 
towards west and south due to greater salinity, and gradually replaced by 
Ceriops decandra, R hizophora and Avicennia. S undri stands have considerably 
degenerated due to topdying, a malady which has not been successfully tackled 
so far, whereas the gewa trees are constantly felled to feed the only newsprint 
mills of Bangladesh at Khulna. These two predominant species are mixed with 
varying quantities of Carapa, Bruguiera, Sonneratia, Avicennia, Ceriops, Cy- 
nometra ramflora and Amoora cucullata. The northern parts of the forest are 
greatly depleted due to human factor and replaced by Pandanus and tiger fern 
(Acrosrichum spp.). In these areas, a woody creeper, Hibiscus tiliaceous forms 
thick entangled growth along the banks of the Khals. A prickly-leaved shrub, 
Acanthus ilicifolius and an interesting gregarious palm, Phoenix paludosa also 
grow along the banks. 

The forest of sunderbans supplies timber, paper pulp, firewood, leaves of 
Nypa palm for thatching, and wild honey besides various minor products. The 
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predominant wild life, being protected, includes the Royal Bengal tiger, spotted 
deer, crocodiles, and a variety of birds and snakes. 

THE LOWER GANGETIC PLAIN 

The plains are the predominant topography of the major part of the country 
and contrast with the uppcr Ganges valley in their greater humidity and more 
luxuriant vegetation. The vast stretch of flat land is built up by the enormous 
load of alluvial deposits laid down by the three mighty river systems with their 
numerous mibutaries and distributaries. The plains, regarded as very fertile on 
account of rich alluvial soils, are given over to cultivation of rice and jute and 
remain mostly inundated during rains. There is abundance of the members of 
Araceae forming a conspicuous feature both in the wild and under cultivation. 
The fallow ground is studded with ponds, beels, jheels and haors of various 
sizes and description and often rich in aquatic vegetation. the common species 
being Nymphaea nouchali, Nelurnbo nucifera, Euryole ferox, Ottelia alimoides, 
Pisria stratiotes, Hydrilla verticillata, species of Ceratophyllum, Myriophyllum, 
Nojas, Utricularia, Nymphoides, Trapa, Potamgeton, Aponogeton, Lemna, 
Sprirodela and Wolfla, and the floating ferns, Salvinia and Azolla. These natural 
resources. especially in the larger water bodies of h e  northern and north eastern 
region of [he country have hardly been given due attention for exploitation of 
their potentialities. These low lying areas were once dominated by Barringtonia 
acufangula, Pongamia pinnafa and Crataeva nurvala, trees adapted to resist wa- 
terlogging, but these stands, at present, are in a very poor state resulting from 
fuel wood collection. The tropical American water weed, Eichhornia crassipes 
is very common in all water bodies and forms a distinctive feature of the land- 
scape. The scenery is broken here and there by small villages (an estimated total 
number of 86,000 for the country) where h e  commonly planted trees are 
Mangiferu indica, Ficus bengalenis, Syzygium curnini, Zizyphus rnauritiana, 
and clumps of bamboos and bananas. The most characteristic feature of the land- 
scape is undoubtedly the palm, the commonest species being the counh-y date 
(Phoenix qlvesfris), h e  belel-nut palm (Areca catechu). the coconut palm (Co- 
cos nucifera) and h e  palmyra palm (Borassus flabellifer). On comparatively 
higher ground Jack fruit Lree (Arfocarpus heferophyllus) and the litchi (Litchi 
chinemis) are most frequent. 

MADHUPUR TRACT OR SAL FORESTS 

The once rich deciduous forest dominated by Sal (Shorea roubsta) is now 
represented by a secondary formation in the districts of Gazipur, Mymensingh, 
and Tangail. Another sland of Sol forest is found in Dinajpur district in the 
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northern region and is evidently remnant of the once dense forest continuous 
with submontane deciduous formation of the Himalayan region. The Madhupur 
Tract consists of several hundred separate blocks of trees interrupted by depres- 
sions cleared for cultivation of rice. 

The main species of the forest is associated with the other deciduous trees 
like Holarrhena anlidysenterica, Cassia fistula, Careya arborea, and species of 
Terminalia, Albizia and Dillenia. The undergrowth is rich in members of 
Zingiberaceae and Poaceae. The climbers are large and heavy, the common 
amongst which are Spatholobus roxburghii, Bauhina vahlii, species of Di- 
oscorea, Srnilux and various members of Vitaceae. 

VEGETATION OF CHITTAGONG 

The greater district of Chittagong is now divided into Chittagong and Cox's 
Bazar. The Chittagong forests are mostly hilly with a series of ridges and valleys 
in all directions. The rainfall is high with an annual average o: 2710 mm. The 
outstanding feature of the forest are tall trees of Dipterocarpu;, Elaeocarpus, Al- 
bizia, Tertameles, Artocarpus, etc. There is a narrow strip of cultivated land be- 
tween the hills and the tidal forests that skirt the eastern bank of Naf river, and 
mostly dominated by Avicennia. The monsoon forests of this region belong 
strongly to the Malayan elements represented by Dipterocarps and bamboos that 
prevail along the coast range of Chittagong. 

Chakoria Sunderbans: 

The Chakaria Sunderbans, in the delta of Matamohuri river is situated in 
longitude 92" east and latitude 21°410 north in the district of Cox's Bazar. This 
mangrove formation, lying about half way between the Sunderbans of the 
Gangetic delta and the littoral forests of Irrawady in Burma, is at present in a de- 
pleted state due to indiscriminate felling, and clearing for shrimp culture. This 
forest consists mainly of Ceriops decandra and Avicennia oficinalis with an ad- 
mixture of Kandelia cundel and three species of Bruguiera. On muddy flats, 
which are mostly submerged, are found associations of Aegialitis rotundifolia 
and Derris uliginosa forming impenetrable thickets. On high land, the principal 
tree is Heritiera fomes along with Excoecaria agallocha and clumps of the gre- 
garious Phoenix pdudosa. The species most endangered in this area is the rare 
Sonneralia grifithii which is fast disappearing on account of fuelwood collec- 
tion and agricultiual expansion. Dalbergia spinosa, a thorny scrambler gives a 
characteristic feature throughout the area. Thick clumps of Acanthus ilicifolius 
are found commonly along the muddy intertidal zone. As the flow of sufficient 
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freshwater is absent due to the smaller rivers, the water remains brackish all 
through the year resulting in the stunted trees. A notable feature of this forma- 
tion is the paucity of species when compared to the Gangetic sunderbans. 

Sand dune vegetation: 

On the sandy beach stretching from Cox's Bazar to Teknaf, patches of Cas- 
uarina are met with, and the dune vegetation is dominated by lpomoea pes-ca- 
prae. This typical vegetation along with dense growth of Pandanus is also found 
on the St. Martin's island which is the southern most part of the country in the 
Bay of Bengal. 

CHIlTAGONG HILL-TRACTS 

These extensively hilly uacts are now distributed under the three districts of 
Banderban, Khagrachari. and Rangamati, and are bounded on the north by 
Tripura state of Inda, on the south by Akhyab region of Burma and on the east 
by the Lushi hills (India). The configuration of the ground is a system of low 
and elongated hill ranges running almost north-south with fairly broad valleys. 
The average rainfall is over 2286 mm (90") with the forest composition that can 
be classified broadly into (1) rainforests, (2) semideciduous forests, (3) bamboo 
brakes, and (4) grass lands. The more important component trees of the rain for- 
est are Swintonia floribunda, Artocarpus chaplarho, Bursera serrata, Toona 
ciliata, and species of Dipterocarpus, Syzygium and Quercus the continuous 
canopy of these towering trees interlocking with each other casting deep shade 
on all other parts of the forest. The semideciduous forests are characterzed by 
Duabanga grandijlora, Dillenia pentagyna, Gmelina arborea, and species of 
Terminalia. The bamboo brakes occupy large areas, the common species being 
Melocanna baccifera, Bambusa tulda, and Dendrocalamus longispathus which 
are generally characterized by lack of undergrowlh. The grass lands develop as a 
result of felling and clearing, and along the banks of the rivers and swamps, the 
more common species being Imperata cylindrica and Saccharum spontaneum. 
Many areas of the virgin forest are being systematically destroyed due to shift- 
ing cultivation or Jhooming by the tribals. 

Floristically and geographically, the region of Chittagong and the Hill 
Tracts is more related to Indo-China and Arakan than to any part of the Indian 
subcontinent. The flora also shows a considerable admixture of Cachar and Kha- 
sia elements. 
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VEGETATION OF SYLHET AND ADJOINING REGIONS 

The former Sylhet, now distributed under the four districts namely 
Habigunj, Moulvibazar, Sunamgunj and Sylhet, has a varied flora comprising of 
semideciduous forest, vast water bodies called huors, and extensive tea gardens. 
The rainfall is highest in the country with more than 5080 mm (200"). Rattans 
form impenetrable t h m y  thickets and there is a prevalence of eiphytes on the 
forest aees represented by orchids. ferns and mosses. The tea produced from 
131 tea estates in Sylhet zone represents 93% of tea production of the country 
(Sana. 1989). The vast huor areas are partially dry during the winter when cul ti- 
vation of rice is possible. 

FLORA OF THE NORTHERN AND WESTERN DISTRICTS 

The region is comparatively dry with an annual rainfall ranging from 1520 
mm (60") to 182 mm (72") with Acacia carechu and A. nilotica thriving well. 
Deciduous forest predominates in the neighbourhd of Dinajpur district with 
sal forming the major crop. There are mango and litchi groves at Rajshahi, Di- 
najpur, and Kushlia yielding the best quality fruit in Bangladesh. Large areas are 
under sugar cane plantation, while tobacco and cotton are also grown as winter 
crops. 
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"The U.S. Department of Agriculture deserves credit for their wise choice 
of editors and for financing so much plant collecting and for the publishing of 
the flora. Too often, so called aid, given by my country to other nations, has 
been in the way of bombs and ammunition." (Stewart, 1982). 

ABSTRACT 

Cross referencing a catalogue of 250 promising phytomedicinal species of the world with an 
annotated catalogue of Pakistani planlc shows hat  more than 40% of h e  species are canmon lo 
boh  cntalogues: Several olher genera, e.g.. Adonis, A C S C ~ U ,  Angclico. Asrragolw. Borogo, Col- 
chicum, Commiphora, Corydalir, Craracgw. Cyrisw, Dophne, Hupcrzia, Poconio. Picrosmo, 

Punpinella, P inw,  Sc~cl lnr ia .  S c m ,  Sophoro, Thymw, Trichosonrhcs, Urginca md Vinca, arc 
represented in Pakistan by other species. Possibly containing similar medicinal components, they 
could possibly be imponant in traditimal medicine or for expon. Data are presented to help inter- 
pret heir potential for expon. 

INTRODUCTION 

On a rainy day, one hundred years after the birth of R.R. Stewart, I fust 
picked up my dusty copy of History and Exploration of Plants in Pakistan and 
Adjoning Areas (Stewart, 1982). I was hastily attempting to prepare for a trip to 
Karachi to commemorate the hundredth anniversary of Stewart's birth but also 
the 20th birthday of the Flora of Pakistan. Dr. S.I. Ali had invited me to speak at 
this occasion on Medicinal Plants of Pakistan. Thanks to the industry of the 
good Drs. Ali, Nasir. Stewart and their many coworkers, i t  is easy to write an 
armchair medicinal flora of Pakistan, just going through their scholarly floras 
and ticking off the species that have been reported to be major medicinal spe- 
cies. That's the beauty of the good flora such as the distinguished FLORA OF 
PAKISTAN (Nasir & Ali, 1970-1990); such floras constitute the foundation 
upon which specialist can construct the "applied floras", chemurgic plants, dye 
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plants, economic plants, edible plants, endangered s p i e s ,  medicinal plants, 
poisonous plants, weeds. Sound "applied floristic" surveys must be precceded 
by hardcore taxonomists, laboriously preparing the flora. Thanks again to all of 
you, those here today, as well as those gone yesterday, who have contributed to 
this magnificient building block, the Flora of Pakistan. You have made my job 
not only possible but easy. I will talk about medicinal plants that are or could bc 
growing in Pakistan. But I will try to bring to this symposium my external 
thoughts about the more economically promising medicinal plants. I talk about 
Medicinal Plants of Pakistan from an American rather than a Pakistani perspec- 
tive. For the Pakistani perspective, readers are referred to the execellent papcrs 
in the Special Number of Pak. J. Sci & Ind. Res., 4(4): 1961 (Ahmad & Chugh- 
tai, 1961; Amin, 1961; Chaudhri, 1961; Siddiqui, 1961; Zaman, 1961). Chaudhri 
(1961) estimates more than 1,500 medicinal species in Pakistan. many of local 
importance in Ayurvedic and/or Unani traditions. I have a great respect for ~radi- 
tional medicine. Traditional medicine undergirds modem medicine just as basic 
"pure floras" undergird "medicinal floras". Soejarto & Famswonh (1989) state 
that ca 75% of the "biologically active plant-derived compounds currently in use 
worldwide have been discovered through follow-up research to verify the au- 
thenticity of information concerning the folk or ethnomedical uses of the 
plants." 

Today, jet-age medicinal plank, like many impomt  food plants, arc almost 
cosmopolitan. Most medicinal planls, grown in the Americas, including such 
imports as belladonna, digitalis, psyllium, senna, are or could be grown in Paki- 
stan. In North America. with high hand-labor costs, we tend to import many eco- 
nomic plant products that wc can grow and produce. I will rust discuss native 
American medicinal plants llke ipecac, jaborandi, and quinine, major medicinals 
native to South America, and cascara sajyada, coneflower and ginseng, native to 
North America. The ginseng, whose virtues may be a bit overrated, is the most 
lucrative among North America's cxport medicinals (nearly $50 million in one 
recent year). There is an increasing intcrcst in America in all things natural, in- 
cluding natural medicines. 

The most cxciting phy~orncdicinal ncws to mc is  the Dcsigncr Food Pro- 
gram initiated by Drs. Ri~va Buuum and Hcrb Picrson of the National Canccr 
Institute (NCI). Their program is devised to tailor food produc~s to prcvcnl can- 
cer. Currently it looks as though Lhe US Department of Agriculture (USDA) and 
I will become involved in this Designer Food Program. NCI and USDA are ne- 
gotiating a five-year coopcrativc program, whcrcby the USDA will assist NCI in 
(1) picking the best varictics or chcmovars of thc best spccics to satisfy lllcir 
nccds, (2) cataloguing thc phytochcmicals in such varieties and spccic.~. cvcll 
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analysing for certain fatty acids, (3) insuring that their plants are taxonomically 
and nomenclaturally authenticated and (4) unveiling ethnic dietary eccentricities 
that might contribute to or de~er dietary prevendorr of cancer. My pan of the pro- 
gram will be the Designer Germplasm Program, locating the best germplasm of 
voucher4 fruits, vegetables, cereals, herbs and spices for their Designer Food 
Program. Having spent about five years (1977-1982) with NCI's cancer screen- 
ing program. I am pleased to rejoin NCI. this time searching for preventive 
rather than curative phytochemicals. 

I would have termed such phytochemicals natural products until I read the 
following: 

"the most pragmatic definition of a natural product is a substance appearing 
to have no explicit role in the internal economy of the organism that pro- 
duces it. Substances that apparently have no such role are known as secon- 
dary metabolites. Thus, we shall equate natural products with secondary 
metabolities." (Williams et al., 1989) 

This strange definition of natural products would exclude endogenous vita- 
mins with known functions in the organisms producing them. Many of these are 
indeed important phytomedicinals. It will be difficult for me not to call them 
natural products. 

THE QUEST FOR NUMDERS 

Vital statistics on the economic value of phytochemicals are hard to find. 
Market data can also be misleading. Appended to this report is a tabulation of 
some natural-product impom to the US and their prices over a span of five 
years. The prices indicated in the appendix are f.0.b. New York. Such prices 
may run about 1120th of catalogue prices for finished pharmaceuticals and be 
txiicals. In this report, I use these inflated catalogue prices (Sigma, 1990). con- 
verted to $/kg, only to give an idea of the relative value of finished phytochemi- 
cals in small quantities at the retail level. One kilogram of some of these expen- 
sive phytochemicals might satiate the market. I t  is eaqy to find a price for a 
phytochemical but difficult or impossible to determine the size of US or world 
markets. Catalogue prices are clearly not great statistics, but they are a bit better 
than none. 

Illustrating the difficulty of obtaining good numbers. I quote from a recent 
GATT study (Anon., 1982): "It is not possible to assess the volume or value of 
lhc trade in all botanicals that are used medicinally because trade statistics do 
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not identify all the plants individually and of those listed, the statistics do not 
identify medicinal and other usage separately". I failed miserably in the good 
old USA when I tried to obtain import statistics on aloe, the alien, and native 
American jaborandi. After this experience, I view all statistics with some suspi- 
cion, and my audience should remember that Some experts promulgate a fer- 
vent fallacy, echoing oft-quoted figures assigning billions of dollars to the value 
of rainforest medicinal plants. Finished medicines derived from crude medicinal 
plants may be worth billions of dollars, but the crude medicinal plants may be 
worth only millions, not billions. I accept the oft-quoted figure that 25% of 
medicines contain at least one ingredient derived from higher plants. I do not be- 
lieve that 25% of modem medicines come from the rain forests, as many advo- 
cates claim. Soejarto & Farnsworth (1989) state that "23 of 121 drugs (20 per 
cent) that are currently used in the United States have been derived from plants 
originated from the tropics". As stated later, the US grows most of its tropical 
Catharanthur (drugs from which are worth an estimated $30 million per year) 
and is threatening to start growing its tropical Ricinus (worth an estimated $35- 
40 million per year). I do believe that most of the medicines of rain forest abo- 
rigines come from the rain forest. Perhaps more than 25% of modem medicines 
contain ingredients derived from higher plants, be it colchicine as a major ingre- 
dient or corn starch as an excipient. (Many Bristol-Myers Products in the 1989 
Physicians Desk Reference (pp. 753-7, PDR, 1989). conlain carnauba wax, but 
as a minor rainforest ingredient, not as a major ingredient; many medicines con- 
tain or are contained in gelatin, at one time derived mostly from slaughter 
houses). Soejarto & Farnsworth (1989) state "Approximately one-fourth of all 
prescriptions dispensed from community pharmacies in the United States con- 
tain one or more ingredients derived from the higher plants (15). which in 1980 
was valued at $8.1 12 billion ( 16) ". 

If 25% of modem prescriptions contain one or more higher plant phyto- 
chemicals or derivatives thereof, we should not multiply the value of the world's 
finished pharmaceuticals, $100-1 50 billion, by 25% to estimate the value of 
crude botanicals. (In 1988, Sittig put the world pharmaceutical market at more 
than $100 billion! The Chemical Marketing Reporter, May 23, 1988, projected a 
1992 value of $150 billion for Lhe "world pharmaceutical market. . . for the top 
17 countries"). Multiplying by 25% gives a value that may be two or more or- 
ders of magnitude high. The value of crude botanicals is probably closer to 
0.0025 to 0.25% of the value of finished pharmaceuticals. My statistics are also 
suspect. Let that caveat presage my quotation of some GATT statistics (Anon., 
1982). 
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"it would appear that the value of tolal imports of medicinal plants in- 
creased from $355 million in 1976 to $551 million in 1980" (speaking of 
the world) . . . "The value of the 28,326 tons of botanicals imported by the 
Federal Republic of Getrnany in 1979 was $56.8 million". . . . "The United 
States is a major importer of medicinal plants, although its imports declined 
from a value of $52 million in 1976 to $44.6 million in 1980; the overall 
United States internal trade in medicinals and botanicals reached $3,912 
million in 1981". (As you will see below. GAlT's Table 6 adds up to much 
more that $44.6 million, and I cannot mtify their figures without going to 
USDC statistics for which I have no greater respect). . . . "No botanical has 
shown dynamic growth in recent years, with the possible exception of gin- 
seng. which is beirtg promoted world wide by the health food industry". . . . 
"The United States is a major producer of medicinal plants and herbs; how- 
ever, of those plants covered by this survey, only ginseng. and Carharan- 
thus roseus are cultivated commercially". 

GATT (Anon., 1982) summarizes US 1980 import data, which I round off 
below. Most, if not all of these American imports could conceivably be grown in 
Pakistan: 

Licorice Root (ca $13 million, mostly from China). (But elsewhere we learn 
that 90% of licorice in the US goes to the tobacco industry, not the medici- 
nal industry; while I personally think licorice should be investigated as an 
antitobacco (to help one quit smoking), antiulcer, hepatoprotective drug, its 
opponents properly warn of its hypertensive and pseudoaldosteronic ef- 
fects). 

Licorice Extract (ca $5 million, mostly from Israel and Iran). 

Aloes, Aconite, Mate (like coffee, more a beverage than a medicine), IF- 
cac, Digitalis, etc. (ca $2 million, mostly from the Netherlands). 

Cinchona, its Alkaloids, Quinine, Quinidine and Salts (ca $34 million, 
mostly from Europe and Indonesia). (Note that none of this is imported 
from Andean America,.center of origin of Cinchona). 

Ginseng, Crude and Advanced (ca $6 million, mostly from Korea). 

Psyllium seed and husks ($6 million, moslly from China, according to 
GATT; now. we get most from India, I am told; there is obviously some- 
thing wrong with the psyllium column, total impom of $5,762,000 less than 
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the China imports of $6.859.000). 

Natural Crude Drugs (ca $10 million. from Canada. Chile. China, Germany, 
India, Jamaica, etc.). 

In summary, according to GATT (Anon., 1982). US imports of "medicinal 
plants and derivatives" were $45 million or $76 million (if you accept my 
raunding of GATT's Table 6). If we subtract the 90% of the licorice value that 
goes to the tobacco industry (roughly $16 million), subtract the value of the de- 
rived quinidine and quinine and their salts, (ca $23 million), there's not much 
left for unadvanced natural products (like cinchona bark, ginseng and psyllium). 

FUN WITH NUMBERS 

Quinine and Quinidine: 

As we approach the 500th anniversary of Columbus' anival in America, it's 
interesting to see what has happened to Cinchona, source of quinine and quini- 
dine. While the use of quinine as an antimalarial is on the wane (perhaps to be 
superceded by artemisinin or its derivatives), the use of quinidine as an anti- 
anhythmic has been increasing. But the 

"markets for quinine and quinidine are softening due to competition from 
newer drugs. . . Quinidine demand has been eroding largely due to competi- 
tion from newer anti-arrhy$mnic drugs and beta-blockers. One market ob- 
server says there is a pr~liieration of new anti-arrhythmic drugs which are 
being recommended in place of quinidine, but adds that this does not always 
mean they are replacing quinidine as doctors will often return to prescribing 
it if the newer treatments are not successful. . . Quinine hydrochloride, for 
which the major end use is tonic waters, is reported to be a very stable mar- 
ket. . . Ciba-Geigy Pharmaceuticals, which. . . markets "Q-Vel". . . con- 
cludes that at doses of 250 mg its drug is effective in preventing night leg 
cramps (Chemicat Marketing Reporter; p. 16. Feb. 5, 1990). 

World production of Cinchona bark seems 10 fluctuate bctwecn 5,000 and 
10,000 tons per year, based on estimated annual consumption of 300-500 tons of 
Cinchona alkaloids. Far from the Andes, Indonesia and Zaire were the principal 
producing counbies in 1980 (Anon., 1982). The GAIT study notes that c ~ d e  
bark was available in France at FF lOFg in 1982. In the same period quinine 
salts in the US were $2.35-3.6010~. The US importcd 2.4 million ounccs worth 
55 7 m~llion dollars, nonc of 11 apparently coming from its native Andean coun- 
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tries. most coming from Germany, Indonesia md the Netherlands. Today Sigma 
(1990) lists free base quinine at $122.701100 g (translating to over a thousand 
dollars a kilogram). 

Some cinchozs bark may have been shippad from Andean countries for Eu- 
ropean extraction and re-expon to the United States. Not all this quinine goes 
into medicine. Doraswarny & Venkatratnam (1982) note that substantial quanti- 
ties of quinine salts are uscd in tonic drinks, gins, vermouths, "Coco-Cola" (sic), 
Russsia's "Pivo", and in hair oils, sunburn lotions, moth repellents, insecticides, 
vulcanization accelerators in the rubber industry, polarizing lenses, and even in 
pickling agents. Indra is producing Cinchona, which might be fried around Ab- 
bottabad and Lahore, Pakistan. 

Cocaine: 

Having mentioned coca cola. 1 should mention another Andean medicinal 
plant, b e  coca, Eryrhronylum spp. IIS major alkaloid, cocaine, is compounding 
our illicit drug problem in the US. The coca plant, I am told, contains fewer al- 
kaloids than the quinine plant, also discovered by the Inca. But according to 
Andy Weil ersonal  comm.. 1989). many of these coca alkaloids may share the 
anorectic properties of cocaine. I even hear rumors that one southern University 
may be seeking patent on one of them, as a weight-confrol anorectic agent. My 
dad used to lalk about going to the drug store for "dope" (his word for a "coke"). 
Early vintage coca cola did contain cocaine, but now, the cocaine is removed, 
with decocainized leaves still imported to Rahway, New Jersey. to contribute 
thair flavour to the battles of the colas. Eryfhroxylum was also exported to Indo- 
nesia and has been grown there, but not with the success we have witnessed for 
quinine and rubber. Though cocaine still has legitimate pharmaceutical usages, it 
is a major component of the illicit drug industry. most of the profits going to or- 
ganized crime. In 1988, I was told that the street value of illicit drugs in the US 
was $150 billion, more than Sittig's estimate of the world market for legitimate 
pharmaceuticals. Sigma (1990) lisls free-base cocaine and crystalline cocaine- 
hydrochloride among their controlled substances at $76.50/10 g and $143.60110 
g which translate to ca $7,650 and $14,300/kg respectively. 

Assuming yields of 5 tons coca leaflha and complele extraction of 0.5% co- 
caine, that's an incredible 25 kg cocaineha. At the legal Sigma price, that is 
more than $350,000 for the 25 kg of cocaine that a one-hectare coca plantation 
could conceivably produce. Let's go further with this fun with numbers game. 
The street value of cocaine figured at $10.00-35,000tkg in July. 1989, and is 
now figured at around $20,000/kg in Miami, I'm told by Drug Enforcement 
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Agency (DEA) officials. This suggests a s~rcet value of at least a half million for 
the cocaine production of one hectare of good coca. 

Chlorophyll: 

Many of us have experienced chicle and chlorophyll, as chlorophyll gum. 
Chlorophyll numbers are even more intriguing than the cocaine numbers. The 
Sigma 1990 catalog lists chlorophylt a (from Anacystis) at $208.30110 mg, and 
chlorophyll b (from spinach) at $205.55 which translate to roughly $20,000 each 
per gram, or $20 million/kg. Assuming that tropical Extractive Reserves leaf 
yields are 5 MT DM/ha/yr (5 metric tons dry matter per hectare per year), and 
assuming only 0.1% chlorophyll in these leaves, we have 5 kg chlorophyll. 
worth a cool $100 million. If you want to put a high value on the tropical forest, 
you can multiply the number of hectares of tropical forest by that $100 million 
and you'll come up with a surprisingly high figure, the estimated value of the 
chlorophyll in the tropical forest. assuming it all could be sold at the Sigma 
price. But after all, chlorophyll is more than just a fermgineous, antioxidant 
breath-freshener, it indirectly feeds us all and keeps us in oxygen, tying up a lot 
of greenhouse CO, in the process. 

Ipecac: 

Ipecac is another medicinal plant that comes to mind when you think of 
Latin America. When my secretary's grandson got into seeds of an African me- 
dicinal plant, Ricinus communis, she got out the ipecac, still the emetic of choice 
in poison emergencies. Native to Central and South America, the ipecac is also 
grown commercially in India, as a source of emetine. for internal consumption 
and export. Crystalline emetine dihydrochloride lists at $26/g which translates to 
$26,000/kg. Recent imports of ipecac into the US have come from Brazil. Ipecac 
is not often cited as a component of the Extractive Reserve. Advocates of the 
Extractive Reserve claim that over a decade, a hectare of Brazilian rain forest 
yields better economic returns, sustainably, from brazilnut and rubber, renewa- 
bly. than cleared rainforest temporarily yields in soybeans or cattle. Although 
emetine has been synthesized, it  could be another renewable shadegrown prod- 
uct from the Extractive Reserve. At  one time, Brazil was exponing more Lhan 80 
tons annually, and India was producing 20-30 tons. If you accept the GATT 
(Anon., 1982) figure of $40/lb and figure world production at 100 tons, that in- 
dicates a value of $8 million for crude ipecac, potentially available from ExWac- 
tive Reserves. 
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Pilocarpine: 

Jaborandi (Pilocarpus spp.) is still confined to Latin America. the derivative 
alkaloid, pilocarpine, being produced, almost monopolistically. by an interna- 
tional pharmaceutical concern in Brazil. When I visited jaborandi country in 
1986, that concern was apparenlly buying leaves from middle men at $300-500 
per ton. From a ton of leaf hey could reasonably expect to get 4-10 kilos of pi- 
locarpine, then worth $1,500-2,000Fg in h e  US. The Sigma catalogue lists 
crystalline pilocarpine-hydrochloride at $12.70/kg). The commercial price had 
gone up tenfold in a decade, even though pilocarpine was falling out of favom 
as a drug of choice for glaucoma (with other natural products like physostigmine 
and now, perhaps, tetrahydrocannabinol being used for glaucoma). Pilocarpine's 
value was surging as North Americans were proving an Amerindian belief 
cradled in the Tupi word "jaborandi ", which means "that which makes you 
salivate". Fox er of., (1986) showed that xerostomic patients salivated ten times 
more when given 5 mg pilocarpine a day for 4 days. In trying to learn how much 
pilocarpus or pilocarpine was imported to the US. I contacted all US importers 
of record. The few who responded indicaled that such data were proprietary. 
One worded his answer such that I was left wilh the impression that the US im- 
ported 7-8 tons a year out of a world import of 11 -13 tons. wih an inlentional 
ambiguity; it was not clear whether he meant leaves or pilocarpine, giving me a 
possible latitude of 2 orders of magnitude. If forced to guess, I would guess that 
the US now imports 10 tons pilocarpine out of ca 15 tons exported from Brazil. 
Pilocarpine occurs in several Latin American species of Pilocarpus. some xero- 
phytic, some mesophytic, including some that could occur or be interplanted in 
Extractive Reserves. Like most planls above, Pilocarpus could only be grown in 
frost-free regions of Pakistan, e.g.. in Sindh, Southern Punjab and coastal 
Balochislan. 

Curare: 

Extractive Reserves are playing or could play host to some of the sources of 
the Amerindian curares, used by the Indians to poison their darts and paralyze or 
kill their prey. From such plants as Chondrodendron lomenlosum we now get 
such drugs as tubwurarine, used as a myorelaxant in delicate operations. About 
50 years after h e  discovery of the New World, Francisco de Orellana is said to 
have lost a companion to a curate-tipped arrow. About 100 years after discovery 
(1595) Sir Walter Raleigh took a sample back to England. Five hundred years 
after discovery it will probably still be used as an anticonvulsant (against sbych- 
nine or tetanus) and as a myorelaxant (e.g., in setting broken bones, for victims 
of cerebral palsy and polio, in abdominal surgery, for prevention of injury in 
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epileptic seizures, and as a diagnostic agent in myasthenia gravis). Sigma 
(Anon., 1990) lists crystalline tubocurarine-chlorine at $63.80/g translating to ca 
$60,OOO/kg. Perhaps compounds similar to tubocurarine exist in Pakistani repre- 
sentatives of Menispermaceae. 

Steroids: 

The first American Revolution was partially triggered by the stimulant tea 
(Camellia sinensis), an important source of theophylline which, like caffeine and 
theobromine, still has many viable medicinal applications. I don't see tea in 
Stewart's Catalogue (1972) but feel sure that it could be grown locally. I attrib- 
ute the second American Revolution, the Sexual Revolution, to the wild yam, 
Dioscorea spp. Wild yams finally yielded a practical source of steroids, leading 
ultimately to the development of inexpensive female contraceptives. There are 
many plants, including Dioscorea, in Pakistan which could also serve as starter 
materials for the modem steroid industry. As the Sexual Revolution progressed 
in the US, Mexico raised the price of its barbasco (Dioscorea composita) so of- 
ten that drug manufacturers sought other slarting materials, the Chinese soybean 
replacing the barbasco. 

Now most of our steroids derive as byproducts of the soybean processing 
industry. The female conlraceptive industry is still megabucks. Sigma (Anon., 
1990) still lists diosgenin at $1 12.35/100 g, or $1,124/kg. Beta-sitosterol (ca 
60% purity, with campester01 and dihydrobrassicasterol as impurities) com- 
mands only $56,55/500 g or ca $1 13/kg, but pure soybean sitosterol (minimum 
purity 97%) runs $109.45/10 mg which translates to roughly $10.000/g or $10 
million/kg. Synthetic sitosterol (ca 95% pure) lists at $171.30/100 mg or ca 
$1,700/g or $1.7 million/kg. Unlike cocaine, sitoslerol, like chlorophyll, seems 
to be ubiquitous in the higher plants. 

Gossypol: 

Buying North American, I'd perfer Apios "potato" chips cooked in Oenoth- 
era oil to Solanum cooked in Gossypium oil. The FDA only tolerates the aliens. 
(Seed oils of Actinidia, Borago, Oenothera and Ribes are battling for a GLA- 
market, not encouraged by the FDA). Cottonseed. i f  not cottonseed oil, could be 
contaminated with gossypol, an experimental contraceptive. Blacks quickly 
learned about Gossypium after their arrival in thc southern US. They told us over 
a century ago that cottonseeds and roou could be both contraceptive and aborti- 
facient. They were right on both counts. Pigs rooting through an old cotton field 
are subject to abort if they eat the cotton roou. Chinese have devolopd a revers- 
ible male contraceptive for humans from gossypol. I have not observed any 
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American males beating paths to Chinese doors, seeking this male contraceptive. 
In an intelligent Amazonian society, females might demand it. I predict no 
megabucks in the US for gossypol, unless scientists can induce feral male ani- 
mals in excess to ingest enough to reduce feral populations. A byproduct of cot- 
tonseed processing, crystalline gossypol is listed by Sigma (Anon., 1990) at 
$131.601500 mg which translates to ca $260/g or $260.000/kg. Cotton is of 
course a viable crop in Pakistan. 

Licorice: 

There are cosmopolitan genera like Glycyrrhiza with bioactive species used 
almost interchangeably. Chinese licorice root, followed by Turkish, then Paki- 
stani licorice, is usually what we use instead of American licorice. Sometimes 
politics dictates where we get out licorice. Iran was once a major source. In 
1980, we imported 21,665 tons from China, 871 tons from Turkey, 189 tons 
from Pakistan, 57 tons from elsewhere. Probably no more than 500 tons a year 
goes into American medicine (Anon., 1982). But in 1981, we imported none 
from Pakistan and 4,590 tons from Afghanistan. Prices for whole root ranged 
from $0.40-0.50flb in 1981. probably making it cheaper to import than to grow 
and process. Its use in American medicinal and sweetening markets are probably 
on the wane. Growth of the largest consumer, the tobacco industry, may be 
slowing down. Ironically, some people chew on licorice sticks to help them curb 
smoking. 

I know of no herb where Ihe schism between herbalists and pharmacog- 
noscists grows greater than in the controversy over licorice. Conservative Varro 
Tyler (1987) notes that herbal remedies may dose one with 500-1.500 mglday 
glycyrrhizin, one active principle, enough to cause toxic effects in one week. 
"For persons suffering from high blood prcssurc or hart trouble, these could be 
seiious" (Tyler, 1987). Dan Mowrcy (1988) praises the herb for treating 
Addison's disease, arthritis, and hypoglycemia. He adds hat "no other herb has 
been as thoroughly and unjustly maligned". He quips that the Chinese eall it not 
a toxin but "the great detoxifier." Takagi (1989) notes that i t  is the most frequent 
herb found in the therapy called "Kanpo" (Japanese-Chinese herbal medicine). 
As I write this, I am sucking on a Chinese licorice stick, letting the juice trickle 
down my throat, checking out its expectorant activity. I've been coughing like a 
smoker's hack over a week now, somewhat alleviated by dittany, horsebalm and 
mullein, but that concoction has run out and my cough has not. Licorice' antitus- 
sive and expectorant activity has bwn proven. Leung (1980) suggests it  is com- 
parable to codeine as an antitussive, due to a derivative of 18-beta-glycyrrhet- 
inic-acid. Even Tyler (1987) ratcs i t  as appararently efficacious in normal indi- 
viduals as a demulcent and expectorant (p. 251). At 10 times the strength. 
glycyrrhizin has antiinflammatory activity comparable to cortizol. Just looking 
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at the references I cite suggesls that licorice or its important compounds can be 
of use in Addison's disease, allergy, arthritis, asthma, cancer, caries, convul- 
sions, cough. diabetes, dermatitis, hepatitis, hypotension, inflammation, malaria, 
and ulcers. Like all good effective medicines, it is not for everyone, and can be 
toxic, if used inappropriately. I think b e  US should conduct an unbiassed heads- 
on comparison of the best non-herbal antiulcer drugs. something like Cytotec or 
Tagamet, with the best herbals, perhaps plantain and licorice, with controls (not 
only for safety and efficacy, but adding costs to the risk: benefit equation). I 
don't know whether Cytotec and/or Tagamet are safer and/or more effective 
than licorice and don't know anyone who does know. It would be nice to know. 
Sigma (Anon., 1990) lists 18-alpha-glycyrrhetinic acid at $50.65110 g, 18-beta- 
glycyrrhetinic acid at $262.351100 g and glycyrrhizin at $63.651100 g which 
translate to ca $5.000.2.500 and 600 a kilo respectively. Stewart (1972) reports 
three Glycyrrhiza species in Pakistan, including Clycyrrhiza glabra. 

Ginger vs Scopolamine: 

Another interesting battle is developing between advocates of two more 
plant-derived drugs, wilh jimson weed in one comer (Wood er al.. 1989). ginger 
in the other (Mowrey, 1986). Concluding that about one gram of ginger root was 
more effective against nausea than the usual dose of dramamine, Mowrey says: 

"The herb worked for over 90% of the people who tried it, i f  they used it  
correctly. . . After performing toxicity tests in scores of rats and mice, 1 did 
not observe even slight toxic symptoms at doses 10 times those that a hu- 
man would normally ingest. . . To my knowledge, no other study exisL~ that 
shows toxicity". 

More recent studies suggest ginger may be useful  for peptic ulcers and 
burns. Comparing scopolamine, derivative of jimsonweed, with dramamine and 
ginger, Wood el al.. (1989) conclude differently: "Ginger is ineffective when 
used as an antimotion sichess medication. . . The antimotion sickness drug of 
choice is scopolamine 0.6 mg with d-amphetamine 10 mg". Herbalists will tend 
to believe Mowrey while doctors and pharmacists will tend to believe Wood el 

al., (1989) and you and I may never know. Clearly scopolamine (and probably 
amphetamine) can have serious side effects. A gram of ginger costs almost a 
penny in Washington, DC, a bit less as a rootcrop in Pakistan. A kilogram of 
jimsonweed leaves costs $0.40-0.45. The Sigma catalogue (Anon.. 1990) lists 
scopolamine hydrochloride at $1 1 .lo/ g, about a penny a milligram. In transder- 
ma1 patches that deliver 500 micrograms over three days. you pay about a penny 
a microgram for your scopolamine. Scopolamine can be derived from many 
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solanaceous genera, including Pakistani species of Datwa. A kilo of saamo- 
nium leaves selling for 45c (ca 20 cents/lb) can yield scopolamine worth 
$25,000 at the pharmaceutical level. Tropical leaf crops. even tea, can easily at- 
tain yields of 5 tonsha annually. Five tons of datura leaf (stramonium) is worth 
$225 FOB New York. Five tons of stramonium leaves could yield scopolamine 
worth more than a billion dollars, if the market could handle it all. That's quite a 
markup. We would be more accurate in estimating $225 for the value of the raw 
product in the Extractive Reserve. not the hypothetical $1.25 billion value for 
pharmaceutical grade scopolamine in transdermal packages. Ginger is cultivated 
in the Sind and Punjab (Stewart. 1972). 

Psyllium: 

A quiet battle now. that may rage soon. might be termed the Battle of Batlle 
Creek, involving one of our OTC (over-the counter) laxatives, psyllium, Plan- 
tago ovata. At least two major companies want the FDA to declare  his pseudo- 
cereal a food, so they can add it  to their cereals. Two other major companies, 
however, want the FDA to declare i t  a non-food so that they can continue their 
OTC sales. Due to its 10-30% mucilage, mostly in the husks, psyllium is both 
laxative, hypocholesterolemic and hypotensive. According to GATT (Anon., 
1982). it is also used for its demulcent and emollient properties to help produce 
smooth, solid faecal mass after a colostomy and to treat irritation of the colon 
due to amoebic and bacillary dysentery and diarrhoea. It's even said. with good 
reason, that if the bowels are loose, psyllium will tighten, if  they are tight, psyl- 
lium will loosen. Psyllium's historical use as a bonafide medicine is clear; his- 
torical use as a food is equivocal, especially here in the US. If' it is approved for 
food use, American consumption could double. In 1982. World Consumption 
was put at 15,000 tonsla with an annual growth of 3%. India produced 13.000 
tons seed a year and 3.200 tons husks. 90% exported. Pakistan has psyllium and 
could be a major producer, if she could intercept a market. Seeds were worth ca 
$3.30-5.50 and husks $2.20/kg FOB New York in early 1990 (CMR, Jan 29, 
1990). 

Guar: 

Guar gum from Cyamopsis re~ragonoloba is finding its way into the health 
Kood markels of' thc US a$ an important solublc fiber. I t  has long bccn used as a 
thickener in such diverse ilems as icccream and oil-drilling muds. Stewart rc- 
ports guar from Altock Dr., Fatchjang, Jhclum, and Sind, noting that it  is often 
cultivated in Pakismn. Guar prices in the US, hcretof'ore, have bcen more closely 
attuned to thc oil-drilling industry in the US. The Health Food industry may 
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change that, especially if the fiber and Bowman-Birk inhibitor ratios prove to 
have cancer-preventive promise. Guar now runs ca $1.00-1.30/kg (fob, New 
York). Sigma lists it at $13.60/kg. But the Bowman-Birk Inhibitor (from soy, 
not guar) lists at $267.60/500 mg. which translates to $535.200/kg. 

Other Gums: 

My PL480 colleague Dr. Mushtaq Ahmad at Lahore is studying other eco- 
nomically important gums in various of the more than 30 species of Acacia 
growing now in Pakistan. For Acacia nilotica, Ahmad reports 1.5-3.0 ppm cad- 
mium, 2.8-17.4 pprn copper, 20.7-933.0 ppm manganese and 2.77-3.8 ppm zinc 
in the gum, which resembles gum arabic. now listed by Sigma at $23.70/kg. 
F.O.B. New York, gum arabic is closer to $3.30-5.70. Gum arabic, Acacia sene- 
gal is native to Balochistan and Sind in Pakistan (Ali, 1973). Among other gums 
that could be cultivated in Pakistan are carob (Ceratonia), listed by Sigma at 
$14.90/kg; guaiac (Guaiacum), listed at $168.00/kg; karaya (Sterculia), listed at 
$1 1.40/kg. and tragacanth (Astragalus), listed at $72.80/kg. 

Among the world's most touted immunoregulating planls. China's Astra- 
galus membranaceus and America's Echinacea seem to be attracting most atten- 
tion. Of Astragalus, Weiner (1989) says: "Prior to the discovery that this species 
enhances natural killer cell activity, it  was employed to control diabetes, lower 
blood pressure. treat coronary heart disease, cirrhosis, anemia, uterine hemor- 
rhage and glaucoma. Most recenlly Astragalus has been shown to induce inter- 
feron production, kill viruses, and destmy cancer cells". The immunos!imulant 
activity is attributed to polysaccharides in both Astragalus and Echinacea. Re- 
cent studies suggest 10 mgkg coneflower plysaccharide daily for 10 days is ef- 
fectively irnrnunostimulant, larger doses being counterproductive (Kindscher, 
1989). With nearly 100 species of Astragalus in Pakislan (Ali, 1977), there 
could be some immunoregulalory activity. 

GLA vs ALA : 

The subtle batlle continucs between the purveyors of sced oils of America's 
evening primrose (Oenothera biennis), and currant (Ribes spp.), and the euro- 
pean borage (Borago oficinalis). all competing for gamma-linolenic-acid 
(GLA) sales in the health food market. The FDA has challenged health food 
claims for GLA and confiscated several lots of evening-primrose secd or seed 
oil. Seeds of Oenorhera were however eaten by Amerindians (Yanovsky, 1936), 
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a claim that can't be made by advocates of psyllium as food. Further complicat- 
ing the GLA war are claims being made by advocates of ALA, from flaxseed, 
perilla and other sources, and claims of EPA in the herb purslane, all competing 
with fishoil. USDA studies suggest that soybean oil, once ingested by humans, 
gets shuttled into the same cascade as the lishoils, and the soybean oil is cheaper 
and less smelly. All these genera are represented in Pakistan (Stewart, 1972). 
Signla lists evening primrose oil at $108.10125 g, translating to $4,324lkg. 

Sanguinarine: 

In 1989, some television ads featured Sanguinaria root on TV in the US. 
There may soon be a court baltle over the use of the antiplaque alkaloid, sangui- 
narine, in mothpaste. So far, the bloodroot, Sanguinaria, and the plume poppy, 
Macleaya, are the only frequently mentioned sources of sanguinarine. There is a 
weedy shrub or small wee, Bocconia, in higher areas of some potential Extrac- 
tive Reserves that might produce sanguinarine even more copiously. Sanguinar- 
ine also occurs in other members ol the poppy family that grow in Pakistan. 1 
would not bank on its continued use in toothpaste in the US however. The 1990 
Sigma Catalogue lists sanguinarine chloride at $62.601'25 mg, translating to ca 
$2,500,001kg. 

Artemisinin : 

Arfemisia annua is a eurasian weed, locally quite abundant in North Amer- 
ica. It has been a weed on my farm since I collected 100 pounds for Walter Reed 
Army Research where Dr. Dan Klayman is studying the antimalarial properties 
of the endoperoxide artemisinin and some of its derivatives. According to Liu 
(1989), the herb was first reported for malaria cerca 300 AD but the antimalarial 
compound was not isolated until 1972. Liu reports therapeutic indices suggest- 
ing the compounds are 5-50 times more effective than chloroquin, while less 
toxic, in the treatment of chlorocpin-resistant malaria. I am trying to stimulate 
the study of endoperoxides such as occur in Arremisia annua and Chenopodium 
ambrosioides as food additives to reduce methane-laden eructations of rumi- 
nants, or as landfill weeds, to lessen methane generation, possibly alleviating the 
greenhouse effect. The active compounds from Arfernisirr annuu are showing 
toxicity to several organisms, from weeds to microbes opportunistic in AIDS. 
Arremisia annua is reponed LO range from Peshawar to Wmiristan in Pakistan 
(Stewart, 1972). 
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Capsaicin : 

Like ginger, garlic, and onion, widely grown in Pakistan. Capsicum spp., 
have many medicinal applications. Crystalline capsaicin (8-methyl-N-vanillyl-6- 
noneamide), the hot bioactive principle, is listed at $151.75/g (Sigma, 1990). 
The pungent principles occur at levels of 1,000-15.000 ppm in the fruils. With 
yields of 10 tonsha and capsaicin levels of 1,000 ppm, capsaicin yields could 
approach 10 kg, worlh about $1.5 million at the Sigma Price above. Because it 
tends to block the pain factor, substance P, capsaicin is being investigated in ar- 
thritis, herpes zostger and the like. 

Papain: 

Papaya, Carica papaya, has long been an important source of proteolytic 
enzymes, like papain and chymopapain. Papaine, e.g., is used in the cosmetic, 
food and pharmaceutical industries. Over 80% is used in chill-proofing bear and 
in meat tenderizers. Purified papain is commonly sold at slightly over $6.00/lb 
(Anon.. 1982). Sigma lists crude papain at ca $100-200/kg but purified pharma- 
ceutical papain can run that much per gram. Papain competes with three other 
natural proleolytic compounds. bromelain from pineapple, ficin from fig, and 
zingibain from ginger. Chymopapain was recently approved by the FDA for in- 
jection into the spine for lower back problems. Stewart (1972) obtained fruit 
only once in Rawalpindi. Nazimuddin (1978) notes that the "papeela" is widely 
cultivated in Sind and Punjab: 

Onginally discovered in the Moorestown Bay Chestnut (Castanospermum 
australe of Australia's "rain forest"), caslanospermine has more recently bcen 
discovered in several species of Alexa of tropical America, adapted to the Ex- 
tractive Reserves. The Alem trees could be "tapped" renewably for the com- 
pound. Castanospennine is of great interest as a template for compounds wilh 
anti AIDS potential. 'The drug appears to halt reproduction of the AIDS virus, 
alone or in combination with AZT, the only AIDS-fighting drug currently fully 
approved by the Food and Drug Administration" (Duke, 1989). I t  is also the ba- 
sis of an antidiabetic patent. Sigma (Anon., 1990) lists it at $27.45/mg which 
mslates to more than $27 million/kg. Castanospermum can survive in Pakistan 
where frosts are absent or mild and infrequent. Stewart (1972) already noted that 
it is cultivated in Pakistan gardcns. 
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Colchicine: 

The autumn crocus, Colchicum autumnale, is not native to America, but is 
widely cultivated here as an ornamental. The alkaloid colchicine is familiar to 
gout sufferers, trying to halve the pain in their joint, and cytologists. trying to 
double a set of chromosomes. Possessing both carcinogenic and antitumor activ- 
ity, colchicine is now being investigated for potential relief of cirrhosis. Stewart 
(1972) lists Colchicum lureum as one of Pakistan's earliest spring flowers. 
Zaman (1961) notes that, as a good substitute for C. au fwn~le ,  C. lureum is 
scattered around Murree Hills and in Hazara district. Sigma (Anon., 1990) lists 
crystalline colchicine at $30.60/g, or $30,600/kg. 

Harmaline: 

Several tropical American species of Passiflora share harrnaline and seda- 
tive activities with the temperate maypop, Passiflora incarnura. These species 
are being exported from America for the European sedative market. Surely Pas- 
sifora incarnara could be grown as well as the P. edulis and P. lurea reported 
by Stewart (1972). Sigma (Anon., 1990) lists crystalline free-base hmaline (1- 
methyl-7-methoxy-3.4-dihydro-beta-carbolne) at $12.90/g translating to 
$1 2,9001kg. 

There is intensive work in the US on taxol from Tuxus, and in China on har- 
ringtonine from Cephalotaxus for thcir antitumor activity. Native and introduced 
ornamentals contain varying amounts of these or olher antitumor compounds. 
These are not priced in Sigma. I have no data on the chemistry of Pakistan's 
Taxus wallichiana, reponed by Stewart (1972) from mixed forests around Astor, 
Chitral, Hazara, Kurram, Murrce Hills, Poonch, Swat, etc. NCI studies are lim- 
ited by their inability to procure enough taxol from its main source Taxus bre- 
vifolia. 

If uperzine: 

Lycopodium lucidulum looks so similar to China's Huperzia serrata, that I 
have predicted anticholinestcra.~ activity in L. lucudulum. Huperzia serrara 
contains two alkaloids, huperzinc A and huperzinc B wilh just such activity, 
triggering hopes that they might be uscful in Alzheimer's Disease. Consequently 
I have submitted spccimcns of L. lucidulum lo hrcc concerns for analysis. Other 
spccies of Lycopodium havc olhcr anlicholincslerase alkaloids. e.g.. selagine and 
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nicotine. The latter has been approved in transdermal nicotine patches for mar- 
keting in Ireland for the cessation of smoking. The patches deliver ca l mghr - 
equivalent to one cigarette per hour - for up to 24 hours. A New Drug Applica- 
tion (NDA) for the patches is pending in the US and is being filed in several ma- 
jor countries (Chemical Marketing Reporter (CMR ), Jan. 1, 1990). Sanberg el 
al., (1988) reported that chewing nicotine gum, when added to continuing halop- 
eridol treaunent, produced rapid, striking and marked relief from tics and other 
symptoms of Tourette syndrome nor conlrolled by haloperidol alone. Sigma 
(1990) lists free-base nicotine (98-100%) at over $400/kg ($432.8511). 
Huperzine and selagine are not listed. Pakistan's Lycopodiurn selago, probably 
containing selagine, is reported from high elevations around Burzil Pass, Gilgil, 
Gulmarg, Nanga Parbat. etc. (Stewart, 1972). 

Hypericin : 

The St. Johnswort, Hypericurn perforalurn, is a photodermatitigenic wed, 
from coast to coast in the US. The USDA has successfully waged biological 
warfare on the weed, under the name of Klamath Weed. on the west coast Stud- 
ies this decade have shown antiretroviral activities for hypericin and pseudohy- 
pericin. Strangely, among my submissions to the NCI AIDS screen, Hypericurn 
hypencoides, lowest in hypericin, showed more in-vitro activity than the species 
higher in hypericin (Hypericurn perforalum and H. punctarum). Even more 
strangely, pure hypericin showed no activity in the NCI AIDS screen (Gordon 
Cragg, per comm., 1989). Hypericurn petjbrarwn is the commonest of the eight 
species reported for Pakistan (Stewart, 1972). Neither hypericin nor pseudohy- 
pericin are Listed by Sigma (Anon., 1990). 

Etoposide (Vepeside) a semisynthetic derivative of podophyllotoxin, from 
North America's Podophyllum peltaturn and Asian P. emodi, was approved in 
the past decade for cancer of the testicles and small cell lung cancer. The natural 
compound, podophyllin, long a drug of choice for venereal warts, contains vari- 
ous lignans which have antiviral properties. Podophyllotoxin is ichthyotoxic at 
0.73-1.2 ppm and herbicidal at 500 ppm. Podophyllotoxin is antileukemic with 
ID-50 of 0.00554 pglml while deoxypodophyllotoxin is antileukemic with ID-50 
of 0.0047 pglml (Inarnori et al., 1986). Zheng er al., (1987) state that "purified 
podophyllotoxin is an inhibitor of microtubular aggregation, used in the treat- 
ment of cancer, psoriasis and rheumatoid atlhritis". Stewart (1972) reports 
Podophyllurn emodi from Astor. Chitral. Dras. Hazara. Poonch, Shendtoi Gorge. 
Swat, Zanskar, Ziarat, etc., at 6,000-12,0000 f t  elevation. Sigma (Anon., 1990) 
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lists podophyllotoxin, ca 75% purity at $45.851500 mg, ca 98% purity at $76.70/ 
500 mg which translaters to $91,700 to $153,400/kg. 

Vinca Alkaloids: 

Recent events with etoposide make Podophyllum the number two anticancer 
plant, still not challenging Catharanthus roseus, the long-outstanding number 
one anticancer plant. Dr. Anwar Khan, my PL-480 colleague, has obtained 
yields of 1,220-1,730 kgha fresh leaves and 5 10-820 kgha fresh roots from 
Catharanthus grown between rows of another medicinal plant, Eucalyptus 
citriodorus. Catharanthus, the so-called Madagascar Periwinkle, is widely 
grown as an ornamental, e.g., "in the plains" of Pakistan, and has naturalized as 
a weed in dry subtropical areas. It could be more widely grown in Pakistan. An 
American Pharmaceutical firm cultivates the species in Texas, having found ex- 
ternal suppliers too unreliable. The alkaloids, used for decades in successfully 
ueating certain types of leukemias and lymphomas, command incredibly high 
prices. Sigma lists vinblastine at $173.10150 mg. vincristine at $445.30/25 mg. 
translating respectively to $3,462.000 and $17.8 12,000 per kilogram. Vincamine 
is more reasonable at $20015 g, translating to only $40,000 per kilo. I t  can be ob- 
tained from temperate species, Vinca minor, "naturalized in Abbottabad and 
Murree and is planted in gardens and graveyards in the plains" (Slewart. 1972). 
Perhaps this may also occur in Vinca major, the only Vinca species listed for 
Pakistan by Nazimuddin & Qaiser (1983). 

Castor Oil:  

Unreliability of external suppliers is forcing the US back into growing its 
own castor bean, Ricinur communis. The US requires about 35,00040,000 MT 
castor oil per annum. 

"Over the last 15 years, most of the US supply of oil has come from Brazil, 
but small crop harvests in recent years combined with growing European 
demand for Brazillian castor oil derivatives have left US users increasingly 
dependent on irregular shipments of lower quality Indian castor oil. . . Insta- 
bility has drivcn prices higher over the past 18 months, to a pcak of 54 112 
cents per pound for Brazilian No. 1 grade oil. However, prices have begun 
to ease during the last two weeks as early shipments from this year's large 
Indian harvest reach the US. The US has produced castor oil in the past. av- 
eraging 20,000 tons annually, but production ended in 1975, dying rapidly 
after government price supports were discontinued in 1973" (Chemical 
Marketing Reporter (CMR ) p. 10 Fcb. 5, 1990). 
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In the same CMR issue, castor oil prices ranged from 53.5 to 79 cents per 
pound, roughly $1.20-1.75 a kilo, while listed by Sigma at $22.50 a liter. Not 
only castoroil, but ncin, the poisonous albumin, is finding new uses. Like poke- 
weed mitogen, rich is being studied as an antiAIDS drug and for targeted deliv- 
ery to tumor sites via monoclonal antibodies. Ricin-A lists for $36.90/mg and 
Ricin-B for $26.50/mg, translating to that many million dollars per kilogram at 
the Signa prices. In Pakistan, Ricinus is "widely planted to c. 4000' and may be 
self sown about villages" (Stewart. 1972). 

Aconitine and Ah-opine: 

Aconitine is another toxin of great interest. Two milligrams is enough to kill 
a human. and it can be absorbed through the skin (Duke. 1985). Aconitine oc- 
curs in many species of Aconitum including no doubt some of the dozen or so 
species in Pakistan. Atropine is the recommended antidote to aconitine. Atropine 
is derived from Atropa belladonna, closely related to Pakistan's Atropa ocumi- 
nata, an alternative source of atropine. Amin (1961) noted that belladonna was 
going extinct in the wild, and that belladonna extracts were being imported, 
three decades ago. Perhaps as a consequence, Dr. A.A. Khan is studying the 
growth of widely distributed Pakistani Atropa acuminata in the Hill Forests. At 
Kuza Gali, he is attaining fresh-leaf yields of 2,770-3.470 kg/ha. Sigma lists 
aconitine at $1 18,901250 mg which translates to $475,60O/kg. The antidote, amo- 
pine, is cheaper at $849.50/kg. 

Digitalis: 

Digitalis and its glycosides remain some of the world's most importan1 
medicines. Dr. Khan is getting Fresh-leaf yields of ca 650-3, 300 kg/ha at Kuza 
Gali. Stewart (1972) reports both major species, Digitalis lanata and Digitalis 
purpurea, as cultivated in Pakistan, for medicinal or ornamental purposes. Using 
the leaves can be dangerous because the lethal dose is not a great deal higher 
than the therapeutically effective dose. Sigma lists Digitoxin at $131.50110 g, 
translating to $13,15O/kg and digitoxigenin at $75.001100 mg, translating to 
$75O,OOO/kg. 

Silymarin: 

Having recently reviewed the literature on hepatoprotective herbs, I con- 
cluded that silymarin from the milk thistle. Silybum morianum, seemed to be the 
most promising natural compound both for preventing damage to the liver and 
for correcting damaged liver. According to Weil (1989). "Silymarin has been 
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used in Europe to treat some victims of deadly Amanira poisoning with good re- 
sults, U.S. doctors and poison control centers remain unaware of it. Milk thistle 
is a weed in Pakistan reported from Barikot. Hazara. Havelian, Kohat, Lahore, 
Peshawar, etc., (Stewart, 1972). Silymarin is a mixture of several of the follow- 
ing hepatoprotective compounds, mostly lignans, e.g., 3deoxysilychristinsi- 
lybin. silandrin, silybin, silychristin, silydianin, and silymonin, none of which 
are listed by Sigma (Anon., 1990). Herbalist Chris Hobbs (1988) suggests that 

"The main indications for milk thistle are any liver-based disorder. such as 
cirrhosis, hepatitis, toxic stress from environmental factors, and alcohol or 
drug abuse. According to actual clinical experience, it can benefit people 
with psoriasis, providing up to a 60 per cent remission rate". 

While the herb is not GRAS. it is what I call GRAF (Generally recognized 
as food), as we read in Medicinal Plants of the Bible (Duke, 1983): 

"The young leaves are often eaten as salad ingredients. The roots also are 
eaten like salsify. Birds like the seeds, which might also serve as famine 
f d  for humans. The heads were once eaten like artichoke. The sseds have 
served as coffee substitutes, and the ssed cake is used for cattle fooder, the 
seed oil being used for food or lubrication." 

THC: 

Tetrahydrocannabinol (THC) from Cannabis sariva has received enough at- 
tention in the last two decades that the "chief administrative law judge of the 
Drug Enforcement Agency (DEA) recommended the DEA reclassify marijuana 
to a less restrictive status that would make it available by prescription to patients 
with multiple sclerosis or chemotherapy induced nausea. He called the drug 'one 
of the safes1 therapeutically active substances known to man'. Slewart (1972) 
notes that in Pakistan, Cannabis. "is a weed almost everywhere from the plains 
to 9000' and even higher. I think that I have only seen it cultivated in Hunza." 
According to Chaudhri (1961). "about 8,000 Ibs. of 'Charas' is produced every 
year in Chitral and adjoining regions of Gilgit." Charas is Cannabis resin which 
adheres to cloth and is scraped off the cloth into a container. 

Poppy Alkaloidr: 

From the poppy family, papaverine is being studied in AIDS protocols. It is 
also injected into the penis of impotent males. Protopine may have even more 
antiarrhythmic activity han quinidine. Thcbainc from Papaver bractearurn (or 
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from seedlings of P. somniferum) is a starting material for naloxone, a narcotic 
antagonist injected into new born children of heroin addicts, suffering with- 
drawal. Naloxone is also reported to induce copulatory behavior in sexually in- 
active rats (Gessa et al., 1979). Thebaine can also be converted to an even more 
important poppy alkaloid, codeine, an irreplaceable analgesic and antitussive. 
Papaver bracteaturn could be grown in Pakistan and P. somniferum "is widely 
planted in flower gardens for its beauty and in various places on the frontier for 
opium" (Stewart, 1972). 

Compound "Q". 

Since AIDS is such a new disease, any antiAIDS activity constitutes a new 
use for a product. For that reason, so-called Compound Q, in clinical trials for 
AIDS, is based on a patent for the use of mchosanthin. from Trichosanthes kiril- 
owi. The patent also covers the use of momorcharin, from Momordica charan- 
ria, for AIDS (Duke & Foster, 1989). While trichosanthin had been used for 
years as a Chinese abortifacient and momorcharin as a Chinese antidiabetic, the 
patent embrace3 a new use, for AIDS. Sigma (Anon., 1990) lisls neither of these 
but does list momordin, a highly purified lyophilized powder with ca 40% pro- 
tein at $34.10/mg (translating to ca $34 millionlkg) and lectin of Momordica 
chorantia (ca 25% protein) at $28.95/mg (translating' to ca $28 millionlkg). Ste- 
wart. (1972) reports Momordica balsamina, M .  charantia, M ,  dioica, Trichosan- 
thes anguina. T .  cucumerina and T. dioica from Pakistan. 

A loin : 

Chaudhri (1961) notes that Aloe Vera flourishes in the arid climate of Kara- 
chi, where it was introduced into graveyards, and then ran wild. Aloin now lists 
at $26.00/100g, translating to $260.00/kg. Undcr the trade name "Carrisyn", a 
purified and modified natural product from Aloe is being tested against AIDS. 

Psoralen and Khellin: 

For years used in the PUVA-treatment of psonasis (Duke. 1988), psoralen 
(8-methoxy-psoralen) has been used independently for more than two millennia 
in Asia and Egypt for vitiligo. That's not new. It is now being used experimen- 
tally in photopheretic treatment of lymphomas in humans (Edelson et al., 1987) 
and has shown anti-AIDS activity, in vitro. Two major sources of psoralen, 
Ammi majus and Psoralea corylifolia, both occur in Pakistan (Stewart, 1972). 
Sigma (Anon.. 1990) lists 8-methoxy-psoralen at $12.60/g (translating to 
$12,6Oo/kg). Ammi visnaga, source of khellin, was reported to have "almost 
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been naturalized at Abbottabad, and is spreading in the neighbouring fields as an 
escape" (Zaman, 1961). Khellin, listed as a bronchodilator in Merck (8th ed) 
was more properly listed as vasodilator in Merck (9th ed). Khellin is carried by 
Sigma (Anon., 1990) at $108.001100 g, translating to $1.080/kg. 

Ephedrine: 

Another antiasthmatic drug, ephedrine, was once a major exporl of Paki- 
stan: 

"Ephedra gerardiana Wall., is found throughout the region between the al- 
titudes of 6,000-14.000 feet. At present the plant is collected only from the 
Balmhistan region because of the nearness of the source to the Ephedrine fac- 
tory at Quetta. The present annual consumption of the crude drug in the factory 
is around 1,000 tons. Pakistan has a world monopoly for meeting the entire 
world demand for natural ephedrine but is facing serious competition with the 
synthetic drug" (Chaudhri, 1961). 

Today most of the world's natural ephedrine (about 113 of production) 
comes from China, with one-third being synthesized in Germany, another third 
in the US. Sigma (Anon., 1990) lists free base ephedrine (d-pseudoephedrine) at 
$60.251100 g, translating to $602.50/kg. 

Yohimbine: 

Although banned by the FDA, the alkaloid yohimbine, alone or in combina- 
tion with methyl-testosterone and nux-vomica exmct (5 mg each in Aphrodex), 
still seems to be the most promising of the "aphrodisiac" alkaloids, with poten- 
tially dangerous anxiogenic side effccls. Tabcrner (1985) surveyed double blind 
studies on Afrodex and concluded that after four weeks on Afrodex, patients had 
more than ten times as many erections and five limes as many orgasms. Yohim- 
bine is reported to be serotoninergic. Yohimbine is an alpha-adrenergic antago- 
nist. Administered to rats, yohimbine induced increased mounting behaviour, 
improvement in initial heterosexual encounter and increased copulatory behav- 
iour in sexually inactive rats (Wein, 1986). Yohimbine is reponed from two ex- 
tra Pakistani tropical trees, Aspidosperm and Pausinystalia, and the Asian 
snakeroot, Rauwolfia serpentina, reported only from Jarnmu by Stewart (1972). 
The 1989 Physician's Desk Rclerence still lists three brands or pills, each con- 
taining 5.4 mg yohimbine hydrochloride. Sigma (Anon., 1990) lists yohimbine 
hydrochloride at $6.50/g or $184.951100 g (translating to ca $1,80O/kg). 
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Ajmaline and Reserpine: 

Siddiqui (1961) reminds us that another important alkaloid from Rauwolfia, 
ajmaline, was named, cerca 1930, for the great physician Hakim Ajmal Khan, 
while reserpine was not even named until 1952. Today ajmaline lists for $62.501 
10 g translating to $6.250/kg in Sigma (Anon.. 1990) while reserpine lists for 
$38.15/10 g, translating to $3,815/kg. 
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Cedrol 5.25 - /Ib 5.25 - /Ib 5.25 - (=I Celery seed .84 - .95/lb .46 - /Ib .46 - 
Celery seed oil 60.00 - /lb 37.00 - (-1 

Ab 34.00 - 37.f3) (-) 
Chamomile flowers 2.70 - 4.94flb 2.70 - 4.94Ab 2.70 - 4.94 (=) 
Chamomile oil, blue 340.00 - 370.901b 370.90 - 545.00nb 370.00 - 545.00 (+) 

Chenopodium oil 15.00 - /lb 15.00- Ilb 15.00 - (=I 
Cinnamon 1.55 - fib 1.10- 1.15nb 1.90- 
Cinnamon bark oil 

(+I 
88.00- 95.00Ilb 105.00 - 3 10.00b 240.00 - 

Cinnamon l ed  oil 
(+I 

4.50 - 5.00Ab 3.10 - fib - 5.00 ( t )  
Citral 5.50 - 6.65/lb 3.18 - 6.65flb 7.00 - 12.00 ( t )  
Citmcllal 3.85 - 7.40nb 5.00 - 11.00nb 3.40 - 4 . ~ ( - )  
Citronella oil 2.25 - 2.50Ab 4.75 - nb 2.25 - (=I 
Citmellol 3.60 - /lb 3.68 - /Ib 4.00 - 4.75 ( t )  

Clove bud oil 12.00 - 30.00Ab 11.36 - 4.73nb 10.90 - (-) 
Clove leaf oil 3.00 - 4.20/lb 1.39 - 1.55nb 
Cloves 2.00 - 4.20nb 2.00 - 2.10nb 1.15 - (-1 
Cocillana bark .40- .45/lb .40 - .45/Ib 
Cocoa butter 2.23 - 2.35llb 2.19 - Ab 1.35 - (-) 
Codeine 410.00 - Ilb 409.09 - nb 410.00 - (=) 

Copaiba balsam 2.25 - /lb 1.50 - /lb 2.30 - (+) 
Copaibn oil 1.35 - 2.00Ab 3.75 - nb 
Coriander oil 22.W - 28.00Ab 32.00 - 34.00Ab 45.50 - (+) 
Coriander seed .28 - .31Ab .34 - .35/lb .36 - (+I 
C O ~  oil .13.5 - .14/lb . I35  - .14/lb .I35 - .SO ( t )  
CdlOnsced oil .I3 - /lb . IS- flb .I25 - .I27 (-) 
Coumarin 6.05 - 6.20flb 6.50 - 6.6Wb 7.25 - 7.55 ( t )  
C U ~ C  ~t - .60nb .a- nb . a -  (=I 
Cumene .23 - /Ib .23.5 - nb 
Clnnin ~ u d  .63 - .66/lb .90 - nb 9 - 1.40 ( t )  

Cyclunm aldehyde 4.85 - 9.20/lb 4.85 - 9.20/lb 4.40 - 11.85 ( t )  
Digitoxin 1180.00 - 1360.001b 1183.00 - 1365.00Ab 1190.00 - 1374.00 ( t )  
Dill oil 7.25 - 8.25nb 7.00 - 7.5011b 7.75 - (=I 
Ephedrine and ulu 20.00 - /lb 20.00 - /Ib 20.00 - 28.40 ( t )  
Epinephrine and salw 272.00 - /Ib 273.00 - /lb 274.80 - (+) 
Euulyptol 4.50 - /lb 3.50 - 3.64nb 6.68 - 6.82 (+) 

Euulyptur oil 2.50 - 2.85nb 2.55 - nb 4.25 - 5.00 (+I 
Eugcnd 3.90 - 5.85Ab 3.43 - nb 1.25 - 1.48 (-1 
Fennel oil 9.00 - /lb 9.00 - Ab 14.25 - (+) 
Fermel seed .45 - .58/lb .59 - .95/lb .66 - .98 ( t )  
Fenugreek r e d  a extract .25 - .32/lb .35 - .38 ( t )  
Fir oil 10.20 - /lb 10.00 - 12.75nb 9.75 - 14.50 (+) 
Furfud .66 - /Ib .75 - /lb .75 - (+ 
Garlic oil 60.00 - 70.00Ab 52.27 - 50.09Ab 35.00 - 45.45 (-1 
Genniol 10.50 - Ab 10.75 - /lb 4.15 - 10.60(-) 
Geranium oil 15.50 - 40.00Ab 21.00 - 61.00/lb 16.00 - u . m ( + )  
Ginger . - 1.70/lb .55 - .65/lb .51 - .92 (-) 
Ginger oil 45.00 - 75.00/lb 18.64 . 29.55Ab 13.64 - 24.09 (-1 
Gin~er  deoresin 30.00 - /lb 30.00- nb 22.00 - 30.00 (-) 
Grrpcfmit oil 1.40 - 3.45Ab 3.00 - /lb 9.75 - 9.75 (+) 
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Guaiacol 
Guaiacwood oil 
Gum guar 
Heliaropine 
Hemlock oil 
Henbane leaves 
Horehound 
Inositol 
Ipecac root 

Isobrneol 
Isoeugenol 
Japan wax 
Jojoba oil 
Juniper beny oil 
Karaya gum 
Kola nuts 
Laurel leaves 
Lavandin oil 
Lavender flowers 
Lavender flower oil 
Lecithin 
Lemmgnrss oil 
Lemon oil 
Licorice root (whole) 
Lime oil 
d- Limonene 
Linalml 
Linalyl acelate 
Linden flowers 
Linseed oil 
Locust bean gum 
Lycopodium 
Mace 
Marjoram 
Menthol 
Methyl eugenol 
Methyl salicylate 
Morphine alkaloid 
Morphine sulfate 
Musmrd seed 

Myrrh gum 
Nerol 
Neroli oil 
Numeg oil 
Nutmegs 
Ocotea c y m b r m  oil 
Oiticicr oil 
Olibmum oil 
Olive oil 
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Opium 
Ormge oil 

h g e  peel 
O ~ g m o  
Origmum oil 
Onis mx 
Ourialry wax 
Palmarom oil 
Pdm oil 
Papverine hydrochloride 
Paprika 
Palfhouli ail 
Pelargonic Kid 
Pennyroyal oil 
Pepper. Mack 
Papper. d 
Pepper. white 
Peppermint laves 
Peppermint oil 
Peru bslsam 
Petitgrain oil 
Pilourpine hydrochloride 
Pimento l u f  oil 
Pine oil 
m-Pinene 
b- Pincne 
Popw seed 
P~yllium seed 
Pyrclhrum flowen 
Quarsia chips 
Quince seed 
Quinidine sulfa& 
Quinine hydnrhloride 
Quinine sulphate 
Rapcsead oil 
RauwoKa terpentina nm~ 

Reserpine 
Rhubarb rmt 
Rose oil 
Rasmary oil 
Ramone resin 
Smfflower oil 
Sage luver 
Sage oil 
Sandalwood 
Scopolamine hydrobrwnidc 
Senna leavea 
Sesame oil 
Sesame secd 

56.81 - /lb 56.81 - Ab 56.81 - 
.a- d5OAb .a- 13.00nb 1.04 - 
.38 - Ab .38 - /lb .35 - 
.53 - 1.08/lb 1.05 - 2.80/lb .a5 - 

12.27 - /lb 15.91 - /lb 25.90 - 
3.00 - 5.00Ab 3.00 - 5.00jlb 3.00 - 
3.25 - 3.35Ab 3.25 - 3.35nb 3.25 - 

19.00- 21.00Ab 18.18 - nb 13.64 - 
.30- .45/lb .17 - nb .21 - 

25.45 - f lb 25.45 - flb 25.45 - 
.85 - 1.00Ab .90 - 1.04Ab 1.02 - 

18.10 - 20.00flb 8.18 - 8.86nb 7.05 - 
.70 - nb .70- nb .97 - 

5.90 - flb 10.25 - flb 
1.15 - 1.21/lb 2.40 - 2.58Ab 1.03 - 
.06 - 1.20Ab .54 - .79/lb 1.15 - 

1.60 - /Ib 2.97- /lb 1.28 - 
2.25 - nb 2.00- flb 1.90 - 
7.00 - 16.00Ab 2.95 - 15.00nb 7.00 - 
9.50 - flb 3.25 - Ilb 6.00 - 
5.75 - 6.25flb 5.00 - /Ib 3.00- 

200.00 - 208.00Ab 681.82 - 909.09bb 681.82 - 
19.50 - Ilb 13.90 - nb 20.00 - 

.47 - .54flb .47 - .53/lb .68 - 

.25 - 3.00Ilb .I8 - .74/lb .43 - 

.45 - 3.00Ab 3 - 1.OSnb .55 - 

.37 - .43/lb .53 - .59/lb .46 - 

.90 - 2.85Ab 1.50 - 1.75/lb 1.50 - 
1.91 - f lb 1.91 - /Ib 
.57 - nb .57 - Ilb .57 - 

2.00 - 2.75Ab 2.00 - 2.7Snb 2.00 - 
55.20 - 56.00Ab 67.20 - 68.00nb 64.00 - 
37.60 - 38.40Ilb 39.20 - 40.00/lb 37.28 - 
36.80 - 311.401lb 36.80 - 4o.mnh 37.28 - 
.54.5 - .56Ilb .62.5 - /lb .527 - 
3.75- 4.00nb 10.00- Ah 10.00- 

136.00 - 181.00nb 182.00 - 193.38Ilb 180.60 - 
.45 - .70/lb .45 - .70/lb .45 - 

1022.54 - 1813.54nb 2590.91 - 2818.18Ilb 3318.00 - 
6.25 - ' 11.50/lb 4.09 - 7.95nb 3.97 - 

.21 - .23/lb .21 - .23/lb .38 - 

0 .90/lb .55 - .80nb .545 - 

.SO- I.68flb 1.35- 1.95nb 1.10- 
9.50 - 58.mnb 8.64 - 83.1snb 11.82 - 

46.00 - 55.00Ilb 81.82 - 86.36nb 77.27 - 

576.00 - 744.00Ilb 576.00 - 744.00llb 576.00 - 
.TO - 1.10nh .70 - 1.10nb .TO - 

1.00- 1.20nb 1.00- 1.20nb 1.00- 
.56 - ~ l h  .52 - nh .so - 

(=I 
16.00 (t) 

.38 (-) 
1.10 (+) 

(+I 
5.00 (=) 
3.50 (+) 

I 8.00 (-1 
-45 (-) 

(=I 
1.30 (+) 
9.10 (-) 

(+I 
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Soapbark 
Spearmint leaves 
Spearmint oil 
Spruce oil 
St. John's bread 
Stramoniurn leaves 
Sunflower seed oil 
Tangerine oil 
Theobtornine 
Theophy lline 
Thyme leaves 
Thyme oil 
Thymol 
d-a-Tocopherol 
Tdu  blsam 
Tmka beans 
Tnrgacanth gum 
Tmg oil 
Turmeric 
Turpentine 
Uva-Ursi l aves  
Valerian rmt 
Vanilla beans 
Vetiver amate 
Veliver oil 
Wheat g e m  oil 
Witch hazel bark 
Witch hazel leaves 
Wormwood oil 
Yerba sanra leaves 
nang-ylang oil 

'Source: Chaniul Matlreting Reponer. March 18, 1985. 
'Source: Chemical Marketing Repmet. May 11, 1987. 
'Source: Cherniul Marketing Rep-ter. Jmurry 8. 1990. 
(+) = hca trulding upward 
(=) = Prices remaining the same 
(-1 = h c u  trending downward 

w i n g s  d the Intanrtiorr.1 Symposium cn P h  Life of South Asia held at tk Deprmar, of 
Bouny, Univenity of Karachi Karachi-75270, P a k i r t ~ .  24-27 Fabnrary, 1991 
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THREATENED PLANTS OF PAKISTAN 

YASIN J. NASIR* 

N a t i o ~ l  Herhrium, 
NA.R.C., Islamabad, Pakistan. 

ABSTRACT 

The preaent knowledge of the t h r e a t d  plants of Pllrirtm is insufficient as no Red Data 
Book exists for our area. Preliminary lisu (unpublished) include a ccmservativc eshmte of 580450 
plant species (i.e., c. 12% of the flora) thu mm threatened. The pmsmt ppcr ia  m attempt to high- 
light the status and predicament of sane of our threstened plants. Brief notes dong with ewlogy, 
flowering period. canmon name and local distributicm for a select 14 taxa are given. 

INTRODUCTION 

Pakistan has a rich and varied flora. There are c. 4940 native flowering 
plant species (5738 if naturalised or cultivated are included) that are found in a 
variety of habitan from the seashore to the desert and to high mountainous areas 
in the North. About 372 species are endemic, found mainly in the Western and 
Northern mountain regions (Ali & Qaiser, 1986). 

Unfortunately due to population pressure, urbanisation, overgrazing etc., the 
original flora is fast disappearing. It has been estimated by the IUCN/WWF 
Plant Advisory Group that as many as 60,000 plant species (out of 250,000 spe- 
cies worldwide) can become extinct by 2050 A.D., if the present trend contin- 
ues. In Pakistan our broad leaf forests are disappearing at the rate of 10 sq. km/ 
year (Anon., report, 1980). 

The majorily of our native plants have never been examined for food, fibre 
or medicine; many are a potential source for pharmaceuticals or industrial raw 
materials. I1 is interesting 10 note that worldwide some 20 plants provide more 
than 85% of our food and only a few hundred species are cultivated widely. Un- 
less drastic steps are laken, many of our valuable plant species will disappear. 

'Presenl addros: 284, Risebornugh Circ., Markham, Ont., L3R 312, Canada. 
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The causal factors which threaten existence of plants in Pakistan and 
other parts of the world in general are: 

i) Habitat destruction of the plant species. 
ii) Selective: removal of plants by over-exploitation of plants of economic 

value. 
iii) Introduction of alien plant species that can pose a threat through compe- 

tition to our native plants. 
iv) Air, water and landhollution through toxic wastes. 

The identification of our threatened plants is part of WWF-Pakistan Plants 
Programme. A Red Data book on threatened plants for Pakistan has not been 
prepared so far. Our knowledge as yet is far from complete; for the majority of 
our taxa much more information is required concerning their distribution and 
abundance. According to preliminary estimates, based on checklists (K.H. 
Sheikh; Y. Nasir, ined.) at least 12% of our flora (i.e., 580-650 species of ferns 
and flowering plants) is threatened. The number will be appreciably more when 
the work on the flora of Pakistan complete (to date accounts of 192 plant fami- 
lies have been published). 

In the present paper an attempt is made to highlight some of our plants in 
danger. The lists of plant species that follow are categorised according to the ter- 
ritory which comprise Pakistan. (Table 1). 

Table: 1. Some families with the most threatened taxa in Pakistan. 

Family Nativelwild spp. (approx.) Threatened taxa 

Compsitae 
Papilionaceae 
Pmceae 
B rassicaceae 
Umbelli ferae 
Scrophulariaceae 
Ranunculaceae 
Cyperaceae 
Boraginaceae 
Rosaceae 
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1. Extinct: 

Taxa which are no longer known to exist in the wild after repeated searches 
in their type locality and other known places. 

Merremia palmata H. Hall vel aff. Fam.: Convolvulaceae 

A trailing delicate herb with deep 5-palmately lobed leaves and pale yellow 
flowers. 

Collected only on two occasions about 12 years ago, from the Margallas at 
750 m, but not seen ever since. Possibly eradicated by construction and expan- 
sion of road. Flowers in September. 

Holurrhena pukscens (Buch.-Ham.) Wall. ex G. Don Fam. : Apocynaceae 

A small tree or shrub with elliptic or elliptic-oblong leaves. Flowers 
creamish, 2 4  cm broad. in terminal clusters. 

Known only from a single gathering collected c. 40 years ago from the Nur- 
pur area, Islamabad at the base of the Margallas. The leaves, bark and seeds are 
used medicinally for dysentry. The wood is used for light furniture. Possibly 
overexploited. Common name: 'Kurch, Kewar'. Flowers in March. 

2. Endangered: 

Taxa in danger of extinction and whose survival is unlikely if the causal 
factors continue operating. Included are taxa whose habitats are reduced to an 
extent that they are in danger of extinction. 

Cinmmomum tarnola (Ham.) Th. G. Fr. Nees Fam.: Lauraceae 

A medium sized tree with flowers in axillary panicles. The leaves are 
prominently nerved and sold as 'tez pat' as a spice. 

Once found local in Nakial and Nawal Nadi (Azad Kashmir). Over ex- 
ploited for economic use. Common name: 'Tez pat'. Flowers in May. 

3. Vulnerable: 

Taxa believed likely to move into the endangered category, if the causal 
factors continue operating. 
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PodophyUum hexandrum Royle Fam.: Podophyllaceae 

A forest herb from 30-50 cm tall. Leaves 2. prominent. palmately 3-lobed, 
15-25 cm broad. Flowers white to pale pink. solitary. Fruit ovoid-oblong to el- 
lipsoid. 3-5 cm long, red when ripe. 

A medicinally important plant. The rhizome yields the drug podophyllin. 
The plant is also used in cancer research. Overexploited. Common name: 'Ban 
kakri'. Flowers April-May. 

Colchicum luteum Baker Fam.: Colchicaceae 

An early flowering herb with solitary yellow flowers and 3 4  nmow cylin- 
drical leaves up to 20 cm long. 

The underground corm yields the alkaloid 'colchicine'. Overexploited. 
Flowers January-April. 

Hygrophib auriculrrlo (Schum.) Heine Farn.: Acanthaceae 

A spinose branched suffruticose herb up to 1.5 m tall with lanceolate leaves 
and pink flowers in axillary whorls. 

Found in one spot in the Kittas area of Chakwal district. Also reported to be 
cultivated at the Pakistan Forest Institute (Medicinal Branch), Peshawar. 'lhe 
plant parts are used in jaundice, as a diuretic and in coughs. Might possibly be 
now endangered due to habitat destruction. Common name: 'Tal Makhana' 
Flowers September-October. 

Rhododendron arboreurn Smith Fam.: Ericaceae 

A small evergreen tree up to 6 m tall with large lanceolate or oblong leaves 
up to 18 cm Long. Flowers large, showy, scarlet-red, in terminal clusters. 

There are local pockets of this tree in the North West Frontier Province and 
Kashmir, in the Oak and Pine zone between 1500- 1800 m. A few scattered trees 
remain in the Mmee hills. The leaves are used as a cure for headaches and the 
flowers are not only picked for their beauty but used as a vermifuge. Common 
name: 'Kikari'. Flower.; February-March. 
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4 .  Rare: 

Taxa with small world populations that have a restricted geographical area 
or habitat or are sparsely scattered over a wider area. 

Meconopsis aculeata Royle Farn.: Papaveraceae 

A perennial prickly herb up to 70 cm tall with large blue to sky-blue flow- 
ers. 

A plant of steep rocky places in the alpine zone from 310-3700 m, found 
in the Kagan and parts of Azad Kashmir. Plant parts poisonous and narcotic. 
Flowers July-August. 

Tetrastigma serrulafum (Roxb.) Planch Fam.: Vitaceae 

A weak herbaceous shmaggler with digitately divided leaves and small green- 
ish flowers in clusters. 

Found locally in the Margallas, above Islamabad, at 1000 m. Flowers Octo- 
ber-November. 

Nervilea gammieana (Hook. f.) Pfitzer Fam.: Orchidaceae 

Plants precocious with globose corns. Leaves fan-like, orbicular to cordate, 
up to 12 cm broad. Petiole 10-15 cm long. Flowers recemose, drooping, 2-2.5 
cm long, pink with a lemon yellow center. 

Found in the Pinus roxbwghii zone in the lower Murree hills, the Panjar 
valley and Margallas. The flowering is sporadic and may occur after several 
years interval. Threatened due to encroachment and modification of habitat. 
Flowers in July. 

Ralanophora involucmta Hook. f. Fam.: Balanophoraceae 

A leafless erect glabrous fleshy herb up to 13 cm tall. Looks like a phalloid 
fungus. 

Collected only once from Titri, Panjgul (Kagan valley in Hazara). Perhaps 
overlooked. Flowers July-September. 
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C a d a h  heterobicha Stocks ex Hooker Fam.i Capparidaceae 

A shrub or small tree up to 6 m tall with thickish round hairy leaves. Flow- 
ers yellow. 15-20 mm broad. in clusters. 

Found on coastal hillocks of Hawkes Bay and Sona Pass in Karachi. Flow- 
ers in November. 

5. Indeterminate: 

Taxa for which there is not enough information, but are known to be ex- 
tinct, endangered, vulnerable or rare. 

Pseudomerternsia sericophylla (Riedl) Y .  Nasir 

A bushy perennial with softly hairy lanceolate leaves, 5-9 cm long. Flowers 
small, purplish blue, in clusters. 

Endemic to Pakistan (Kurram and Hazara in N.W.F.P.) Very rare, may pos- 
sibly be endangered or extinct. Flowers in August. 

Eulophia graminea Lindley ex Wall. Fam.: Orchidaceae 

A herb with flowers and leaves together. Leaves persistent, narrow. Flower- 
ing stalk up to 60 cm long. Flowers spreading, greenish with purplish netiing. 

The underground part of this orchid was collected only once from Bharatian 
(Panpr valley, E. of Rawalpindi). Apparently very rare. Flowers March-April. 

REFERENCES 

Anonymous. (1980). FAO/UNEP Report 
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ABSTRACT 

Protection of the biological diversity is the evolutionary responsibility of mankind. Cmsewa- 
tion biology is a multidisciplinary rpproach used for evolving the appropriate cansewation atrate- 
gies for living resourcces and is hence treated as Science for Survival. This aspect is exemplified 
with the field and experimental data collected on two plant m a  Coplir and Meconopsis, both of 

which are listed in Red Data Books as endangered. 

INTRODUCTION 

The species extinction crisis is a threat to mankind next only to thermo-nu- 

clear war. The endurance of Homo sapiens is dependant on the survival of rest 
of the species. The essential processes responsible for the functioning of ecosys- 
tem, in which man is just one among the myriad of species, are maintained by 
the biotic community. Within the biotic community, the plant species perform 
wide range of functions in the ecosystem - (i) constitute the prime life-sup- 
porting system; (ii) form earth's soft green 'security' blanket; (iii) regulate the 
atmosphere; maintain hydrological cycle; feed the mankind; provide raw materi- 
als for scientific, industrial and pharmaceutical innovations. 

It is largely through anthropogenic activities that the present 9% rate of spe- 
cies extinction will jump to 50% within the next few decades resulting in mass 
extinction of the magnitude that took place about 65 million years ago. It  is esti- 
mated, for example, that 60,000 plant speices are threatened to slide towards ex- 
tinction during our lifetime (Lewin, 1986). 

I t  has bccn estimated hat with the disappearance of one plant species, somc 
30 odd spccies also vanish (Ehrlich & Ehrlich, 1981). Recent studies on the bio- 
logical diversity in tropics demonstrate that a single tropical tree (in rainforest 
of Pcru) harbour as many as 43 species of ants belonging to 12 genera (Lewin, 
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1986). The rainforests harbouring such rich biological diversity' have been dis- 
appearing at the rate of 50 acres per minute. It has increasingly become evidenl 
that the species survival is a must not only for the survival of human species, 
but also for the very existence of biosphere. This awareness has led to the con- 
cept of ecological security and the protection of the biological diversity is cen- 
tral to this concept. The net result of this awareness has been the development of 
conservation strategies. However, the underlying scientific logistics of conser- 
vation programmes for the management of biological diversity are not ade- 
quately understood. The failure of reintroductions of endangered buds and ma- 
rine animals into their natural habitats, after captive breeding exemplifies the 
problem beset with  he conservation of biological diversity. The attempts to re- 
introduce the cheer pheasant (Catreas wallichii) into Pakistan, for example, ini- 
tially met with failure because of non-availability of the data on the habitat re- 
quirements of the bird (Lyles & Mary, 1987). 

CONSERVATION BIOLOGY: STRATEGIES AND PROTECTION 

To secure the endangered taxa, understanding their basic biology, ecology, 
evolutionary genetics and biogeography are a prerequisite. In other words, 
sound conservation strategies are h e  outcome of conservation biological studies 
- an interface between systematics and ecology on one hand, evolution and ge- 
netics on the other. It is in this context that the conservation biology is aptly de- 
scribed as 'Science for survival'. To make this point explicit. mcntion should be 
made of the danger of captive breeding strategy (a method of ex siru conscrva- 
tion) for the conservation of living resources as evident by the genetic homoge- 
neity among the Asiatic lions preserved in zoos across the world and the popula- 
tions maintained in wildlife sanctuaries (Cohen, 1990). The same holds true for 
plant species maintained in botanic gardens and germplasm institutions. The 
plant tissue culture technology considered to be an effective conservation prac- 
tice as an ex situ measure has the same inherent problem. 

Recent successful stories of reintroductions of nearly extinct species, based 
on captive breeding, include lynx in Western Europe, cheer pheasant in Paki- 
stan, Arabian Oryx,  blackpooled ferret in U.S.A., and the tree snail of the genus 
Parrula in tahitian Island of Moorea (Lyles & Mary. 1987). Thesc reintroduc- 
tions failed initially, but subsequent conservation biological studies, particularly 
of the ecological niche characterisation made these successful. However, Lhe 
evolutionary potential of these reintroductions is still a moot question to be an- 
s wered. 

The role of conservation biology in fighting for survival of some 5.000 van- 
ishing species every year is amply demonstrated by Seal (Chairman of the Spe- 
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cies Survival Commission (IUCN) Captive Breeding Specialist Group), who re- 
marked, "If we can identify a species, however small the population, and if we 
have adequate commitments from Governments, then the science we have at our 
disposal today can ensure the survival of the species". 

Conservation'biological studies of animals have received much more atten- 
tion than those of plants. In fact, there is neither an example of the successful re- 
introduction of nearly extinct plant species into its native habitat, nor a detailed 
account of the conservation biological studies of such a species. It is rather diffi- 
cult to explain such a contrasting situations between animals and plant conser- 
vation biological studies. This is perhaps due to the fact that animals exhibit a 
behaviour which plants do not, therefore. attract attention of man and his be- 
nevolence. 

Third World countries are rich in resource base but lack technologies to ex- 
ploit the resources on a sustainable basis. The overexploitation of living re- 
sources to earn foreign exchange for repaying debts has led not only to the eco- 
logical insecurity but also to economic instability. The United States of Amer- 
ica, for example, imports around 70% of medicinal herbs for manufacturing 
some drugs from India. This is notwithstanding the fact that of medical prescrip- 
tions more than 25% drugs come from plant sources already under exploitation 
(Prescott-Allen & Prescott-Allen, 1986). Under these circumstances does the 
conservation biological studies of plants deserve any status in science and tech- 
nology programmes of the Third World programmes? The answer is obviously 
YES, as evident by the following facts : (i) the tropical forests are disappearing 
at a rate of 3000 acres per hour; (ii) the loss of keystone species leading to dis- 
ruption in ecological processes, which in turn lead to instability and prevention 
of ecosystem development; (iii) only a minute fraction of the species is known 
to science; (iv) scientific information on the biology and economic potential of 
even those that are catalogued is scarce; (v) genetic diversity found in natural 
populations permit the evolution of novel variants which can thrive under ever- 
changing environments as well as are superior in economic traits; the genetic re- 
sources serves as a reservoir for the constant infiltration of desirable genes into 
cultivated plants through conventional as well as nonconventional technologies; 
(vi) the conservation biological dab are useful to monitor the impact of anthro- 
pogenic activities onthe ecosystem functioning; (vii) generating baseline data 
for evolving effective conscrvation strategies; (viii) species extinction is a threat 
to mankind; and (ix) aid in the preparation of Green Books. 

If one has to achieve the goals set for in the conservation biology, the next 
question to answer is what are the scientific approaches available. The follow- 
ing are some of the ways and means by which the goals of conservation biology 



238 I.M. SULAIMAN ET AL., 

can be met with: (i) field exploration studies to assess the range of distribution 
of populations/species as well as to collect the field biological data; (ii) syskm- 
atic investigations assessing the correct taxonomic status of the taxa; (iii) popu- 
lation biological and evolutionary genetic studies to understand the extent of 
population differentiation, genetic structure of populations, reproductive fitness 
and evolutionary strategies followed by the speices to acquire resources; (iv) 
ecological studies, particularly plant-herbivore and plant-pollinator interactions, 
coevolution, trophic relationships and community function; (v) cytogenetic in- 
vestigations aimed at revealing the under lying mechanisms associated with re- 
productive fitness leading to speciation and extinction; (vii) phytochemical stud- 
ies to explain the defence mechanism and to detect natural products of commer- 
cial value; (viii) development of appropriate in situ and ex situ conservation 
strategies for the sustainable utilization of the resource; and (ix) computer mod- 
els for monitoring the taxon in time and space. 

CONSERVATION BIOLOGY OF COPTIS AND MECONOPSIS 

Our investigations on the two taxa, Coptis (Ranuculaceae) and Meconopsis 
(Papaveraceae), ranged from basic systematic studies to ecological and evolu- 
tionary genetics. Ecological studies (including mapping of the natural popula- 
tions) indicate that both the tam are restricted to small geographic areas in the 
Eastern Himalaya, and are characterized by small population sizes. The small 
population size appears to be an inherent property of the genetic system investi- 
gated. This is perhaps due to manifestation of the severe bottlenecks in the re- 
productive biology. Both the taxa are characterized by genetic homogeneity in 
their populations and have specific of Copris and Meconopsis, for example, re- 
quire soils with high acidic pH and high percentage organic matter. Coptis reela 
prefers shaded habitats (Pandit, unpublished); whereas the different species of 
Meconopsis are distributed mostly in the alpine meadows and scree slopes (M. 
horridula, M. paniculata, M. simplicifolia, M. sinuata), rarely getting into the 
forest fringes (M. villosa). 

The reproductive strategies of the two taxa are different, although both the 
taxa are characterized by small population size. The reproductive botllenecks in 
Coptis reera operate both at pre - and post-fertilization levels, whereas 
Meconopsis spp., being a copious seed producer suffer mostly from post fertili- 
zation hazards. This is indicated by high pollen slerility in Copris which is a 
consequence of high male meiotic abnormalities and ovary abortion (Pandit, un- 
published). In Meconopsis spp., though the seed production is high, h e  seedling 
lethality drastically brings down the number of individuals in different popula- 
tions. 
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Based on the multidiscipilinary investigations on Coptis and Meconopsis 
the following conclusions on their conservation biology are drawn: 

(i) small population sizes are inherent property of the genetic systems of 
the species investigated, and are the consequences of bottlenecks in re- 
productive biology. The abnormal meiosis in Coptis reera prevents or 
restricts its sexual reproduction. In Meconopsis segregation of lethals 
in the form of seedling lethality introduces high genctic load, 

(ii) genetic homogeneity, together with small population sizes, and high 
genetic load suggests that the species form evolutionary dead ends and 
may become locally extinct due to short-term perturbation, 

(iii) the ecological niches of all the taxa defined so that successful reinuo- 
duction can be achieved, 

(iv) ex siru conservation strategies for species which are characterized by 
genetic homogeneity and are subject to hard selection have little sig- 
nificance, 

(v) protection of natural habitats is the major approach by which the taxa 
can be secured on long-term basis. 

To sum up, conservation of biological diversity is the evolutionary respon- 
sibility of mankind and conservation biology is the tool to fulfil the responsibil- 
ity. 
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Information regarding h e  f l o d  visiton. their pollen l a d .  lev& of pollinator activity in natu- 
ral papulations, pollinium morphology. locations of the geamination locus with reference to the pol- 
linium insertion in the stigmatic chamber, pollen - ovule ratio md the ratio of pollen grains per 
pollinium to the ovules per carpel of Calorropir procera rubsp. hamiltonii, Glossonema varionr, 

Penfalropir nivalir and Pergulario &emin of tribe Asclepiadeae and Carallvmo edulic, Ceropegia 

bulbom and Lepradcnia pyrorechnica of tribe Ceropegieae is presented. The polliniurn morphology 
viz.. orientation and margin, type of germination locus, pollen-ovule ratio and the type of pollinat- 
ing agenu seems LO be tribe specific. The insedons of the whole pollinarium into the stigmatic 
chamber of Pentarropir nivalis is also being rrporwd. 

INTRODUCTION 

The floral complexity of Asclepiadaceae is rivalled only by that of Orchi- 
daceae in the plant world. Though the floral structure and mode of pollination 
were studied in 18th century, quantitative studies of the reproductive biology 
were first attempted in 1940s. however most of the studies are confined to the 
genus Asclepim and Calorropis (Ali & Ali, 1989). In Pakistan, no comprehen- 
sive study of the reproductive biology of the family has so far been carried out. 
Attempt has been made to study the reproductive biology of (i) Calotropis pro- 
cera subsp. hamiltonii (Wight) Ali (ii) Carallurna edulis (Edgew.) Benlh. (iii) 
Ceropegia bulbosa Roxb. (iv) Glossonema varians (Stocks) Hook. f. (v) Lepra- 
denia pyrotechnics (Forssk.) h n e .  (vi) Penlatropis nivalis (Gmel.) Field & 
Wood and (vi) Pergularia daemia (Forssk.) Chiov. In each case the floral mor- 
phology, floral visitors, levels of pollinator activity in natural populations, pol- 
linium morphology and pollen - ovule ratios have been studied. In virro pollin- 
ium germination has also been studied to find out the position of the gemination 
locus. 
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MATERIALS AND METHODS 

Floral Morphology: Fresh flowers collected from the vicinity of Karachi 
University Campus (KUC), Malir (MAL), Darsano Chino (DAR) and Mangopu 
(MAN) [within the limits of Karachi] were used for the study of floral morphol- 

ogy - 

In vino pollinium germination: Pollinia collected from freshly opened flow- 
ers were germinated at rmm temperature (30-3S°C) in a moist chamber on the 
medium recommened by Khatoon & Ali (1983). 

Determination of the number of pollen grains per polliniurn and ovules per 
ovary' The pollinia were soaked in water over night. Due to hydration, the pol- 
len masses become loose and by teasing the pollinium wall with dissecting 
needles pollen grains may easily be separated from each other and counted. 
Likewise, the total number of ovules was determined by counting the ovules in 
the ovaries of the same flowers used for the pollen count. 

Insects (pollinators and visitors): Most of the insects were collected be- 
tween 8:00 a.m. - 11:OO p.m. The number and location of pollinaria and posi- 
tion of the corpuscula either directly (basal) or indirectly (dishl) attached to dif- 
ferent parts of the insect's body was also determined. 

Level of pollinator activity in natural populations: Random samples of 
flowers of Calohopis procera subsp. hamiltonii, Ceropegia bulbosa, kptadenia 
pyrotechnica, Pentonopis nivalis and Pergularia daernia were collected from 
the above mentioned localities and preserved in 50% ethyl alcohol. Later the 
preserved flowers were studied microscopically in order to determine the num- 
ber of pollinaria removed and the number of pollinia inserted into the stigmatic 
chambers. Flowers were also counted for double insertions and for insertions 
into chambers flanked by intact versus removed pollinaria. 

RESULTS 

Floral morphology: In the studied taxa, generally the flower is composed of 
5 sepals and 5 petals. Two free and superior ovaries are joined by their styles to 
form a gynostegium with lateral stigmatic surfaces. These surfaces are enclosed 
by the anther flaps of two adjacent anthers to produce five stigmatic chambers. 
Filaments of five stamens fused to form the stamina1 column. Corona is in one 
or two series, outer series attached to the carolla and the inner to the stamina] 
column. Each anther is bilocular and each anther sac contain a pollinium. There 
are five pollinaria in each flower. each consisting of p a i d  pollinia from adja- 
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Fig. 1. Side view of Gynostcgium (showing position of pollinia within anther arcs) and polli- 
nrrium. A-AI. Calolropis pocera ssp. hamil~onii; 8-B1. Glossonema varhru; C-Cl, Carallvrw 
edulu; D-Dl, Ceropegia bulbom. 
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cent anthers joined by translator arms to a corpusculurn located just above the 
opening of the stigmatic chamber. Pollinarium removal is effected when the cor- 
pusculum catches on a hair of an insect's body. Pollination is achieved when the 
pollinium lodges in the stigmatic chamber of another flower. 

In Calotrops procera subsp. harniltonii, Glossonema varians, Penratrops ni- 
valis and Pergularia daemia, the pollinia are located in the basal part of anther. 
Translator arms and pollinia are covered with anther sacs. Thus orientation of 
pollinium is pendulous and no external appendages are present on the pollinia 
(Fig. 1, A-Bl). In Carallurna edulis, Ceropegia bulbosa and Lepradcnia pyro- 
technic~, the pollinia are present in the apical part of the anther. Translator arms 
and pollinia are not covered with anther sacs. Thus orientation of pollinium is 
erect and pollinia are provided with external appendages at their distal end (Fig. 
1, C-Dl). 

In vitro pollinium germinarion: In virro pollinium germination studies are 
useful in determining the germination zone. This germination zone of the pollin- 
ium is designated as the germ furrow or germination locus to distinguish it from 
the germ pore of pollen grains. The germination locus is exocentrolateral in C. 
procera ssp. hamilronii, exoproximolateral in G. varians and P .  nivalis, exodis- 
tolateral in P. daemia and distal in C. edulis, C. bulbosa and L. pyrotechnica 
(Table 1; Fig. 2, A-D). 

Table 1. Germination locus. 

Taxa Germination locus* 

Tribe Asclepiadeae 
1. Calotropis procera subsp. hamiltonii 
2. C. gigantea 
3. Glossonemo varians 
4 .  Pentatropis nivalis 
5 .  Pergularia daemia 

Tribe Ceropegieae 
6. Carallurn edulis 
7 .  Ceropegia bulbosa 
8. Lepradenia pyrotechnica 

Exocenvolateral 
Exodistolateral** 
Exoproximolated 
Exoproximolateral 
Exosubdistolateral 

Distal 
Distal 
Disital 

Terminology papod by b o  & Kumari (1979) hs been followed. 
** Sloji & Chitaky 1975; Rao & Kumnri 1979. 
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Fig. 2. Germination Loci: A. Exocentrolateral x 100 (C. procera ssp. homilroniQ; B. Exoprox- 
imolateral x 200 (Glossonema varions); C. Exodistolateral x 200 (Pergularia doemia); D. Distal x 
200 (Carallumo edulir). 

Insects (Pollinators): Floral visitors in the studied taxa belong to the orders 
Hymenoptera, Coleoptera and Diptera. The Hymenoptera are represented by 3 
families, 6 species and 117 specimens, Coleoptera are represented by 2 families. 
2 species and 7 specimens while Diptera are represented by 1 family, 1 species 
and 108 specimens. Details of pollen load i.e., number and location of pollinaria 
and position of corpuscula either directly (basal) or indirecdy (distal) attached 
on different parts of h e  pollinators are given in Table 2. The insects bearing pol- 
linaria an: classified as pollinators. The main pollinators of h e  different taxa are 
listed in Table 3. 

The level of pollinaror activity: The level of pollinator aclivity is given in 
Table 4. The percentage of removed pollinaria ranges from 3.0 in C. procera 
subsp. hmiltonii (KUC) to 66.0 in C. bulbosa. However, h e  percentage of 
single insertion calculated on the basis of removed pollinaria varies from 3.0 in 
P. nivalis in (KUC)  to 34.1 in (MAL) samples, whereas, the percentage of 
double insertions vkies from 0-3.5. Thus it is obvious that h e  level of pollinator 
activity in the populations studied is low. Similar results have also been reported 
by Wyatt (1976) in Asclepim. 
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Table 2. (Cont'd.) 

Taxon Insects Sample Mouth part Claws Tibiae Tarsi 
size B B B B D 

Glossonrmo -ON Hymenoptera: Apidae 
Apisflorea (F.) Q 

Scoliidae 
Scolia qlrodriprrsrulota Fabr. 0 0 
Coleoptem Dermestidae 
Anagenus fasciatus (Thaumb.) 

Total 

Pentanopis nivalir Hymenoptera: Apidae 
Apisflorea (F.) Q 

Frcqmcy and h t i m  of B a d  (B) and D i d  (D) corpurcul. on iruectr. 



Table 3. Pollinating insects. 

Taxa Tribe Asclepiadeae Tribe Ceropegieae 

Insects Calotropis Glossonema Pentatropis Pergularia Ceropegia L.epta&nia 
procera varians nivalis daemia bulbosa pyrotechnica 

Xylocopa pubescem + 
Xylocopa fenestrata + 
Apis florea + + 
Braunsapis sp. + 
Ropalidia sparulata 
Scolia qwdripustulata 
Atragenus fascitrrrrs 
Brwnoides snvolis + 
Forcipomyia sp. + 
Information r h t  rhc p o l l k t c u  d Cwdlmm eddu is not available. 



Table 4. Level of pollintor activity. 

Localities No.of Percentage Percentage Percentage of single Percentage w 
flowers of removed of single insertions of pollinia of double I 

0 
Taxa examined pollinaria insertions in flowers with insertions u 

of pollinia of pollinia 
Intact Removed m 

pollinaria pollinaria 

Tribe Asclepiadeae 4 

1 .  Calofropis procera % 
ssp. hamiltonii 1.2,3 320 10.2 15.8 10.9 4.9 3.0 

2. Penrarropis nivalis 1.4 250 8.8 15.3 8.1 7.2 - Fi 
- 

E;; 
3. Pergularia hernia 4 167 3.6 15.0 11.7 3.3 5 

0 > 
Tribe Ceropegieae g 
4. Ceropegia bulbosa 1 56 65.7 6.5 3.0 2.3 z 
5. Lep:.denia pyrofechnica l , 2 , 3  227 39.7 5.9 4.1 1.8 0.3 

1 = Kanchi University Campus (KUC). 2 = Mangopir (MAN). 3 = Danano Chino OAR). 4 = Malir (MAL). 
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Pollen - Ovule Ratios: As pointed by Cruden (1977) Asclepiadaceae have 
low pollen - ovule ratio compared to other xenogamous species. In those mem- 
bers where pollinia are present, the important parameter is not plo but the ratio 
of pollen grains in a pollinium to the number of ovules per carpel. The plo in the 
studied taxa varies from 5.8-26.5 and the ratio of pollen grains per pollinium to 
the ovules per carpel varies from 1.2-5.3 (Table 5). 

DISCUSSION 

Sreedevi & Namboodiri (1982) have stated that the position of the germina- 
tion locus is genus specific, however, the present study indicates that two or 
more genera may have similar germination locus. For instance P. nivalis and G .  
varians both have exoproximolateral germination locus and in C. edulis, C. bul- 
bosa and L. pyrotechnica germination locus is distal. Furthermore, in some gen- 
era e.g., Calotropis, where the information about more than one species is avail- 
able, intrageneric variation has also been observed. In Calotropis gigantea the 
germination locus is exodistolateral (Saoji & Chitaley, 1975; Rao & Kumari, 
1979). whereas in C. procera it is exocentrolateral. Our observations also indi- 
cate that the position of the germination locus is strongly correlated with the 
mbal classification. In all members of the tribe Asclepiadeae, the germination 
locus is present in the broader part of the pollinium i.e.. the germination locus is 
exolateral, whereas, in all memebers of the tribe Ceropegieae, the germination 
locus is located in the narrow portion at one end of the pollinium i.e., it is distal. 

Tabel 5. Pollen - Ovule Ratios 

Taxa 
Pollen-Ovule Pollen grains per 

Ratio pollinium/ovules 
Per carpel 

Tribe Asclepiadeae 
1. Calotropis procera ssp. hamiltonii 6.1 1.2 
2. Glossonema varians 5.8 1.1 
3. Pentatropis nivalis 8.9 1.7 
4 .  Pergularia hernia 9.5 1.9 

Tribe Ceropegieae 
5. Coralluma eduiis 26.5 5.3 
6. Ceropcgia bulbosa 15.5 3.1 
7 .  Lcp~a&nia pyrotechnics 16.5 3.3 
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The pollinators (insects) seems to be species specific. The major pollinators 
of C. procera ssp. hamiltonii are Xylocopa pubescenr and X.  fenestrata. The pol- 
linators of G. varians, P. nivalis and C .  bulbosa are Scolia quadripustulata, Apis 
florea and Forcipomyia sp., respectively. P.  daemia is pollinated by Ropalidia 
spatulata and Braunsapis cf. rnixta (Fig. 3). Only Apisflorea is the common pol- 
linator of C. procera ssp. hamilronii, G .  varians, P .  nivalis and P.  daemia. It is 
interesting to note that Apisflorea visits and pollinates only the members of the 
tribe Asclepiadeae. Most of the corpusculae are directly attached to the insects. 
In C. procera.ssp. hamiltonii, P .  daemia (Fig. 3, B & F) and P. nivalis the polli- 
naria are attached to the insect's leg while in G. varians, C. bulbosa (Fig. 3. E & 
G) and L. pyrorechnica, they are attached to the mouth parts. 

The pollinator activity is assessed as the percentage of pollinaria removed 
from the flowers. In tribe Asclepiadeae, P. daemia has low pollinator activity (as 
indicated by low % of pollinaria removals) compared to the other two taxa while 
in tribe Ceropegieae, pollinator activity is high in C. bulbosa (high % of polli- 
naria removals) than L. pyrorechnica. 

Tribe Asclepiadeae have more effective pollinator service than the tribe 
Ceropegieae. As in tribe Asclepiadeae, the rate of pollinaria removal is low and 
rate of pollinia insertions (of the removed pollinaria) in stigmatic chambers is 
high (thus loss of pollinaria is less) while tribe Ceropegieae has high rate of pol- 
linaria removal and low rate of pollinia insertions (of the removed pollinaria) in- 
dicating that most of the removed pollinaria are lost, thus having less effective 
pollinator service. 

Wyatt (1978) critically investigated the difference in the frequency of pol- 
linium insertions in the flowers having intact pollinaria and those from which 
the pollinaria have been removed. He concluded that fewer pollinia are inserted 
into flowers with removed pollinaria than into flowcrs with intact pollinaria. Out 
of 10 populations studied by us (Table 4) in 8 populations, Lhere were more in- 
sertions in flowers with intact pollinaria. Thus, our observations on 5 different 
genera also support Wyatt's conclusions. In his opinion, this process may affect 
some degree of temporal separation of the male and female function of the 
flower. As the probability of insertion is greater for flowers with intact polli- 
naria, out crossing is encouraged, since insenions are likely to be from flowers 
from which pollinaria have becn removed to othcr flowers with intact pollinaria. 

In most of the cases. the pollinium insertion mechanism described by Wyatt 
(1976) for the genus Asclepias holds good and only one pollinium is inserted 
into the stigmatic chamber and the translator arm breaks at the knee bend below 
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Fig. 3. Pollinaton: A, Xylocop~ pubesccns x 2; B ,  pollinariurn attachd to its tarsal segment x 
280 (C.  proccra ssp. homiltonii); C.  Apirflorco x 5 (P. nivoiir); D. Scolia quodriprrsruloto x 5; E. 
pollinaria attached to its mouth pan x 70 (G. varians); F. pollinariurn attached to the claw of Ropol- 
idia sw1ulafo x 70 (P. doemio); G, Forcipmyia sp.. pollinarium attached to iu mouth pan x 80 (C. 
bulbma). 
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Fig. 4. A. Dissected stigmatic chamber showing insertion and germination of a polliniurn x 70  
(P. h e & ) ;  B, dissected stigmatic chamber showing entire pollinarium (Corpuscuhm with both 
pollinia) insertion and germination of both pollinia x 70  (P. nivalis); C & D, ride view of gynoste- 
gium showing inseaion of a pollinium only external appendages insened and rest of the pUinium 
remain outside the stigmatic chamber (C. edulis x 7 0  & C. bulhsa x 280, respedively). 

the corpusculum (Fig. 4, A). However, in Pentatropis nivalis, sometimes whole 
of the pllinarium is inserted into the stigmatic chamber and the groove of the 
corpusculum of an intact pollinarium does not serve as an attachment point for 
the translator arm (Fig. 4, B). In the members of the tribe Asclepiadeae, entire 
pollinium is inserted inside the stigmatic chamber and is rarely extended partly 
outside the anther flaps while in the members of the mbe.Ceropegieae, only the 
external appendages i.e., germination locus is inserted inside the stigmatic 
chamber and rest of the pollinium remains outside the anther flaps (Fig. 4, 
C&D). 

The p/o and ratio of pollen grains per pollinium to the number of ovules per 
carpel also seems to be tribe specific. In tribe Asclepiadeae plo is upto 10.0 and 
in tribe Ceropegieae it is more than 15.0 while ratio of pollen grains per pollin- 
ium to the number of ovules per carpel in tribe Asclepiadeae is upto 2.0 and in 
tribe Ceropegieae it is more than 3.0. 



Table 6. Some reproductive parameters and tribal classification. 
-- - 

Pdlinium 
Tribe Orimmim Margin External Germination Insertion in Percentage Percentage Pollen- Pollrn gninr 

appendages l m s  stigmdc of removed of single Ovule pn pollinirrm 
chamber pollinaria insertioru Ratio 

of pollink Ovules per carpel 

Paddour  Notpe- - Exolateral Entire 
Uucid pollinium- 3.6-10.2 15-15.8 5.8-9.5 1.2-1.9 

Erect Pellucid + Distal Only external 39.7-65.7 5.9-6.5 15.5-26.5 3.1-5.3 
appendages 

(Germinaticm 
locus) 
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The reproductive parameters and tribal classification is summarized in 
Table 6. Thus tribe Asclepiadeae is characterised by pendulous pollinium, with- 
out pellucid margin and with exolateral germination locus which is not sur- 
rounded by external appendages. The entire pollinium is inserted inside the stig- 
matic chamber with the exception of P. nivalis where sometimes the entire polli- 
narium get inserted. The percentage of removed pollinaria is less than 15.0 and 
the percentage of single insertions of pollinia is more than 10.0; the raito of pol- 
len per pollinium to the ovules per ovary ranges from 1.0-2.0 and the pollen - 
ovule ratio is up to 10.0. Floral morphology particularly, pollinium orientation 
seems to be adapted for pollination by strong and large insects, as the removal of 
pendulous pollinium is not easy and force is required for its removal whereas the 
tribe Ceropegieae is characterised by erect pollinium, with pellucid margin and 
distal germination locus which is surrounded by external appendages. Only the 
germination locus (external appendages) is inserted in the stigmatic chamber. 
The percentage of removed pollinaria is more than 15.0 and the percentage of 
single insertions of pollinia is less than 10.0, the ratio of the pollen per pollinium 
to ovules per ovary is more than 3.0 and the pollen - ovule ratio is more than 
15.0. As the pollinia are located in the apical part of the anther, therefore they 
can be removed easily by small insects. 
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ABSTRACTS OF POSTER EXHIBITS 

TAXONOMIC STUDIES IN THE GENUS ARTEMISIA L. 
(COMPOSITAE) FROM PAKISTAN AND N.W. MMALAY AS. 
Abdul Ghafoor 

Deparment of Botany, University of Karachi, Karachi-75270, Pakistan. 

Based on the studies of extensive herbarium material, a revision of the 
genus Artemisia L., from Pakistan and N.W. Himalaya is presented. A new 
monotypic genus viz., Artemisiella is described. Generic limits and relationships 
with other genera of Anthemideae belonging to Artemisia group are discussed. In 
all 44 species have been recognized including A. alii and A. khuzdarense as new 
species. Two new varieties have been described. A. swatemis has been reduced 
to the synonymy of A. cappillaris. 

BIOLOGY OF GREWIA TENAX COMPLEX FROM PAKISTAN 
RizwanYousuf Hashmi and Moharnmad Qaiser 
Department of Botany, University of Karachi, Karachi-75270, Pakistan. 

Grewia tenax (Forssk.) Fiori is generally considered as a highly polymor- 
phic taxon. However, a biological study of this complex from Pakistan indicates 
the existence of two distinct taxa viz., G. tenax (Forssk.) Fiori and G. erythreae 
Schwienf. G .  tenax is characterized by having taller growth habit, ovate-acute 
leaves and deeply 4-lobcd glabrous ovary; while G. erylhroea is delimited by 
smaller individuals with obovatc-obtuse and entire, densely hairy ovary. The 
two taxa also differ on the basis of chemical and palynological characters. Both 
the species are lacullative xenogarnous, sympatric in distribution and the flower- 
ing period is also overlaping in southern Pakistan. An intermediate and a fairly 
hetcrogcnous population was also found in southern Pakistan, indicating a pos- 
siblility of lirniled gene cxchagc bctwccn thc 2 spccics in southern Pakistan. 
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A MICROMORPHOLOGICAL STUDY IN SOME REPRESENTATIVE GEN- 
ERA OF THE TRIBES STACHYDEAE AND SATUREJEAE (LAMIACEAE) 
Syed Zahoor Husain and M. Qaiser* 
Department of Botany, Plant Science Laboratories. University of Reading, 
Whiteknights, Reading RG6 2AS. England. 

Tho Old World genera in hibes Stachydeae and Saturejeae are usually dis- 
tributed either in Europe and North Ahca or in the temperate parts of Asia. The 
centres of disrribution of investigated genera are mainly in the Mediterranean 
region and South West Asia. In taxonomic revisions very little reference is usu- 
ally made to micromorphological characters, in particular, to nutlets and leaf in- 
dumentum, inspite of the stability of these characters. SEM of nutlet surface and 
patterns of leaf indumentum show a wide range of variation, not only among 
genera, but also at specific and infraspecific level. In view of this, nutlet surface 
and leaf indurnentum, as seen in the SEM, of representative species of 18 genera 
in the tribes Stachydeae and Saturejeae provide useful additional character com- 
binations in delimiting these closely related genera. 

'Permanent Address: Depatirnent of Botany. Ur.~venity of Karach. Karachi-75270, Pakistan. 

THE EFFECT OF AMMONIUM SULPHATE, SUPERPHOSPHATE AND 
FARM YARD MANURE ON GROWTH, OIL AND MUCILAGE CON- 
TENTS IN OCIMUM BASIWCUM LINN. 
Imtiaz-ul-Haq and Ihsan Ilahi 
Department of Botany, University of Peshawar, Peshawar, Pakistan. 

The effect of different fertilizers e.g., ammonium sulphate, superphosphate 
and farm yard manure in single and double doses, on the growth, oil and muci- 
lage contents of Ocimum basilicum Linn., were studied. 

It was observed that application of different fertilizers singly or in combina- 
tion had different effects. Ammonium sulphate and superphosphate mixed 
double dose (60 gm/bed) increased the height of plants and length of leaves. 
Ammonium sulphate single dose (30 grn/bed) increased the oil contents, while 
by the application of farm yard manure the mucilage contents increased in the 
seeds of Ocimum basilicum as compared to control and other treatments of fer- 
tilizers. 
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MEIOTIC CHROMOSOME COUNTS IN MEMBERS OF FABACEAE 
FROM PAKISTAN. 
Bushreen Jahan, Ahsan A. Vahidy* and S.I. Ali 
Department of Botany, University of Karachi, Karachi-75270, Pakistan. 

Chromosome counts were determined in 60 taxa belonging to 35 genera in 
17 tribes of Fabaceae from Pakistan. New chromosome numbers are recorded 
for the following tam: Argyrolobium stenophyllum Boiss. (n = 13); Astragalus 
bicuspis Fish. (n = 8); A. ptilocephalus Baker (n = 8); Chesneya parvrflora Jaub. 
& Spach (n = 8); Indigofera caerulea Roxb. var. caerulea (n = 8);  Sophora mol- 
lis (Royle) Baker ssp. grifithii (Stocks) Ali (n = 9) and Taverniera glabra Boiss. 
(n = 8). Counts for 36 other taxa are reporteed for the fist time from Pakistan. 

Department of Gendcs .  University of Karachi. Karachi-75270, Pakism. 

NEW CHROMOSOME COUNTS IN GRASSES OF PAKISTAN 
M. Moinuddin, Nadeem Ahsan, A.A. Vahidy* and S.1 .M 
Department of Botany, University of Karachi, Karachi-75270, Pakistan. 

Chromosome counts for 104 members of Poaceae are reported from Paki- 
stan. Of these, the counts for 11 taxa viz., Agrostis munroana Aitch. & Hemsl. 
(n = 21). Arislida funiculata Trin. & Rupr. (n = l l) ,  Elionurus royleanus Nees 
ex A. Rich (n = 10). kptothrium senegalense (Kunth) W.D. Clayton (n = 10) 
Panicwn atrosanguineum Hocha. ex A. Rich (n = 18). Pennisetwn lanalum 
Klotzsch (n = 18), Piptalherum gracile Mez (n = 12), Poa sinaica Steud, (n = 7). 
Sporobolus arabicus Boiss. (n = 18). S. nervosus Hochst. (n = 18). Stipagrostis 
plumosa (L.) Munro ex T. Anderss. (n = 22), are new to science. Counts for 63 
other taxa are new for the flora of Pakistan. 

'Depament of Genetics, University of Karachi. Karachi-75270, Pakistan. 

A PALYNOLOGICAL STUDY OF THE FLORA OF KARACHI 
Anjum Parveen and M. Qaiser 
Department of Botany, University of Karachi, Kmchi-75270, Pakistan. 

Pollen morphology of 353 species, from Karachi belonging to 67 families, 
distributed in 58 Dicots and 10 Monocots, have been examined by Light and 
Scanning Electron Microscopy. Pollen morphology of these families is ex- 
tremely varied in size, shape, polarity, structure, number and position of aper- 
tures and exine ornamentation. The size of pollen ranges from smallest (Zygo- 
phyllum simplex 9.7 x 9.8 pm) to largest (Senera incana. 100.2 x 11 l pm). The 
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grains are commonly prolate-spheroidal to oblate spheroidal, sometimes prolate 
to subprolate. The apertures are generally colporate, colpate or prate rarely 
nonaperturate. in some families more distinct heterocolporate grains are also ob- 
served. 

Besides this, some miscellaneous type of apertures have also been found in 
Neuradaceae, Sapindaceae and Menyanrhaceae (Nymphioides cirstara). Tectum 
of the grains is extremely varied, i.e.. echinate and tubliferous spinulose. In ad- 
dition to this some families are remarkably distinct in their pollen types viz., 
Acanthaceae, Boraginaceae, Convolvulaceae, Polygonaceae, Typhaceae and 
Zygophyllaccae. 

With few problematic exceptions, pollen data is well correlated with the ac- 
cepted evolutionary trends. 

FOLIAR MICRO-ARCHITECTURAL FEATURES OF SOME GRASSES OF 
PAKISTAN. 
Abdur Rashid, Mohammad Ali and A.R. Beg* 
Department of Botany, University of Peshawar, Peshawar, Pakistan. 

Foliar epidermal microstructres of 22 species of grasses were examined. 
The study revealed that the plants could be divided into 2 groups, viz.. Festucoid 
and Panicoid. While the Festucoid plants have generally horizontally elongated 
silica bodies with entire outlines and usually in short rows, generally parallel- 
sided stomata, macro hairs with a spherical base, short cells in short rows, the 
Panicoid group has mostly dumb-bell and cross, even nodular, crescent, saddle- 
shaped and oblong silica bodies, short cells generally in long rows, stomata tri- 
angular. long cells usually with sinuous-moderately sinuous walls, micro hairs 
and sometimes variable-shaped stomata, tall dome stomata, both oblique and 
small cuticular papillae. 

The species investigated exhibit a big variation, cross, cross to dumb-bell, 
dumb-bell, saddle, crescent and horizontally elongated types of silica bodies, 
outlines of long cell walls entire to sinuous, thickness from thin to moderately 
thick, mainly triangular and parallel-sided, some low dome, rarely tall dome and 
variable-shaped stomata, micro hairs, macro hairs of 3 types (short rigid, long 
thick-walled with superficial base and long thick-walled with sunken base), 

*Forest Botanist. Pakistan Forest Inatitutc, Peshawar, Pnkisun. 
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pointed, unpointed, hooks and angular prickles, oblique and small cuticular pa- 
pillae and large thin papillae. The structures are quite reliable as taxonomic fea- 
tures. To further high-light the importance of the characters, a key to the species 
is given. 

FOLIAR EPIDERMAL MICROSTRUCWFES AS AN AID IN THE TAXON- 
OMY OF CHENOPODIACEAE AND AMARANTHACEAE 
Abdur Rashid and Ihsan 1lahi 
Department of Botany, University of Peshawar. Peshawar, Pakistan. 

Foliar epidermal microshuctures viz., trichomes, stomatal types and epider- 
mal cells were studied in eight species of Chenopodiaceae and fourteen species 
of Amaranthaceae readily available. Species examined are generally hypoam- 
phistomatic except Haloxylon recurvwn and Digera mwicata which are epiam- 
phistomatic. Among the Chenopods examined, some possess no trichomes at all 
while others bear only glandular trichornes. As to the Amaranthaceae some have 
no trichomes, some only non-glandular and still others only glandular trichomes. 
Likewise, distinct variation occurs, too, in the stomatal complexes in both the 
families. The Chenopods possess four types of stomata viz., diacytic, ano- 
mocytic, anisocytic and hemiparacytic, the others possess only three of them 
with first named being absent. Over-all for the species checked. the stomata are 
found either pure or in fixed proportions of 2-3 types asociations; diacytic type 
is rare, only occurs pure and only in Chenopodiaceae, while the anomocytic- 
hemiparacytic association is rare in both the families; anomocytic type of st* 
mata sometimes occur pure and only in Amaranthaceae while anomocytic-ani- 
socytic-hemiparacytic and anomocytic-anisocytic associations being the most 
dominant and next below in occurrence respectively. The characters of 
trichomes and stomata in all their variations and associations were found reliable 
taxonomic features, that of epidermal cells proved to be of limited importance. 
Keys to the species are given. 

PLASMID BORN COPPER RESISTANT PSEUDOMONAS FROM POL- 
LUTED WATER. 
AnjumNasim Sabri and Shahida Hasnain 
Department of Botany, University of the Punjab, Quaid-e-Azm Campus, La- 
hore-20. Pakistan. 

Indusbial pollutants may be degraded and converted into valuable composit 
manure or they cannot be degraded by natural biological processes. These are 
poisonous. carcinogenic, tetragenic and mutagenic in action and copper is one of 
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them, which due to being mobile in environment inhibits biotic growth by af- 
fecting cell division and cell density. Bacteria can play crucial role in clearing 
the heavy metals from the polluted waters, for that reason copper resistant bacte- 
ria from industrial wastes and wastes of MIRDC were isolated. Two isolates 
which could tolerate upto 400 pglml copper in the medium were obtained and 
were characterized morphologically, physiologically and biochemically. These 
studies revealed that both strains belong to genus Pseudomonas. Since extra 
chromosomal determinants may be present in extreme environment, these strains 
were screened for the presence of plasmids. Plasmids were present in both 
strains and conjugation experiments demonstrate that in one of them copper re- 
sistance is plasmid born. 

POLYCYCLIC AROMATIC HYDROCARBONS DEGRADING PSEUDO- 
MONAS SP. FROM OIL WASTES. 
Samina Sardar and Shahida Hasnain. 
Department of Botany, University of the Punjab, Quaid-e-Azam campus, La- 
hore-20, Pakistan. 

Keeping the importance of biodegrading bacteria in pollution, bacteria was 
isolated from oil wastes of Filling Station. M i e d  colonies were morphologi- 
call y and biochemically characterized. Bacteria were screened for degradation of 
aromatic hydrocarbons using a sprayed plate technique. One isolate was tenta- 
tively indentified as Pseudomonas sp., which had the ability to degrade diphenyl 
amine, biphenyl, naphthalene, xylene, benzene and taulene. Isolate was screened 
for antibiotic and heavy metal resistance. It could resist amplicillin and chlorarn- 
phenicol and was sensitive to streptomycin, tetracycline and kanamycine. As re- 
gards the heavy metal resistance it could grow on media containng Mn+2, Cd+2, 
Ni+2. Al*', Ba+2, Hg+2, Zn+2. Sn+2. C O + ~  and C U + ~  while it was sensitive to CP3. 
These isolate also harbour a plasmid which has not yet been characterized. 

EFFEnS OF INDUSTRIAL EFFLUENTS ON GERMINATION, GROWTH, 
DNA, RNA AND PROTEIN CONTENTS OF 10 DAYS OLD SEEDLINGS 
OF GOSSYPIUM HIRSUTUM VAR. NIAB 78 AND ALLIUM CEPA VAR. 
PHULKAR A. 
Shahbaz Khan Sherwani and Shahida Hasnian 
Department of Botany, University of the Punjab, Quaid-e-Azam Campus, La- 
hore-20, Pakistan. 

Environment industrial pollution is deteriorating the soil conditions for 
plant growth. In the present study effects of polluted waters from different ind- 
stries on the growth of Gossypiwn hirsutwn var. Niab 78 and Allium cepa var. 
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Phulkara were studied. Effluents thrown out in the environment were collected 
from different industries. Seeds were grown for 10 days in different polluted wa- 
ters and effects on 10 days old seedlings were studied. Effects on germination 
growth and changes at molecular level (DNA. RNA and Protein) were evalu- 
ated. Each treatment was found lo be affectiong differently on the two plant spe- 
cies. The changes observed in germination, growth. DNA, RNA and Protein 
content of seedlings will bc prcscnlcd. 

h e c d i n g r  of h e  Internrtiond Symposium an Plant Life of South Aria held at the Department of 
Bol.ny, University of Kurchi, Karachi-75270, Pattisun. 24-27 February. 1991 
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