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Federal Department of Agric. Research,
Umudike,

Private Mall Bag 26,

Umushis~Ibeku,

East Central State,

NIGERIA.

8] : U 1 20th March, 1971.

8ir,

SSIFICATION OF & CASSAVA V. 8

We in Umudike station of the Nigerien Federal
Department of Agricultural Research are embarking on
collection, identification and eventual classification
of local varieties of yams (Dioscoreas) and of cassava.
But unfortunately we have no professional training in
taxonomy and would be grateful if you would acquaint us
with the statistifal taxonomy used by you (1967) for
cassava.

Your early action will be greatly appreciated.
Yours faithfully,

J@(’A TR
P. - BHINWUBA

PRINCIPAL RESEARCH OFFiGlR I/c.

Dr. D. Rogers,
Taxmetrics Laboratory,
University of Colorsado,
Boulder,

Colorado 80302,

U. 8. As

PMC/Psajuz.
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AkBcLATS o cHAHeReS INTERNATIONAL INSTITUTE OF
RA e TROPICAL AGRICULTURE

IBADAN
TELEPHONE: 2146172
THE FORD & ROCKEFELLER FOUNDATIONS

LAGOS OFFICE ;
, 1080 AMORIODU AVE Cable Addres:
P.O. BOX 45,
% TROPFOUND, LAGOS.
TELIPHONE: 1071

25 February, 1971.

Br. D, J. BRogers,

Division of Population Studies,
Departmwent of Biology,
University of Colorado,
Bou}dei, Colorade 80302.

U. b‘ -

Dear Dr. Hogers,

Dr. B. T. Kang of our Institute has advised me to get in touch with
you for a number of your publications pertinent to our research
program. Kindly send us reprints of your papers listed below:

1. Appan, =, G, & D, J. Hogers, 1969.
Taximetric methods for delimiting biological
species, XI International Bot. Congress,
Seattle.

2. Appan, 5. @, & D. J. “ogers, 1970.
The closed gene pools of Manihot delimited by
computer-aided taximetric methods to aid
utilization of the wild genetic wealth in cassava
improvement programs. JIrovical Root & Tuber
Crops Newsletter 3: 16-18.

3. Appan, ®, G., 2,J, Hopers, G.N. Hersh; and H.S.

Fleming. 1970.

A strategic program for genetic engineering of
cassava. Lroc. 2nd. International Sympesium on
Trop. Root & Tuber Crops 1: 79 = 82.

4, Fleming, H.S. & D.J. Rogers. 1970.
A classification of Manihot esculenta using
information carrying content of a character as a
measure of its classificatory rank. Proc. 2nd.
Intzgggtional Symp. Tropical Root & Tuber Crops
1g - 71.

5. Rogers, D.J. & 8, G. Appan
Cassava based nourishment generating system capable
of functioning in ecologically and economically
impoverished areas.

6. Rogers, D.J. 1965.
Some botanical and ethnological considerations of
M. esculenta. Economic Botany 19:369 - 377.

Sincerely yours, .

A AT Bam—
5.M. Lawani, Librarian.
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THE FORD FOUNDATION
47, MARINA P. O, BOX 23686
LAGOS

CABLES : FOROWAN. LAGOS TELEPHONES: 27525/8.7.6.9,

23xd December, 1970

Professor W. Rogers

The Department of Biology, Division of Population Studies
The University of Colorado

Bouldei,

Colorado 80302

USA.

D Womner “Coggs

The West Africa Office of the Ford Foundation, in close
collaboration with the Internmational Institute for Tropical
Agriculture, Ibadan and 1'Institut de Recherches Agronomiques
Tropicales, Paris are currently organising a series of seminars
on agricultural research in West Africa,

The next in the series will be on the subject of
"Research on Root and Tuber Crops in West Africa"

and will be held from 22nd - 26th February, 1971 at the Conference
Centre, the University of Ibadan, Nigeria.

On behalf of the cosponsors of the seminar, I have great
pleasure in inviting you to attend and to give a paper on the
taxonomy of the gerws Manihot.

We hope to bring together most of the people currently
engaged upon root crop research in West Africa. Most of these
are young scientists who have little or no experience of the
techniques you are using and who would benefit very much by
meeting you persomnally and discussing their work.

The Ford Foundation will give you a Travel Fellowship

which will provide for your airfare, per diem allowances en route
and the cost of your accommodation at the University of Ibadan.

tl./Z.
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I sincerely hope you can come for I have worked on
cassava for many years and would be very happy to make your
aquaintance.

Yours sincerely,
Brian D. A. Beck,

Programme Specialist in
Agricultural Research.

Enclosed. 1, A general letter to delegates
with data forms for completiom.

2, A provisional programme for the seminar.
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THE FORD FOUNDATION

47. MARINA P. O, BOX 2368
LAGOS.

CABLES : FORDWAN. LAGOS TELEPHONES: 275258/6,7.8.9.

16 June 1971

Chron BDAB
Chron SAOQ
File

Professor D.J. Rogers

Department of Biology

Division of Population Studies

The University of Colorado

Boulder, Colorado 80302

UI SOA.

Dear Dave,

I have at last had a letter from the New York office con-
firming that your $ 1,232,06 was paid to you in April. I
regret that it all took so long.

In accordance with Haldore Hanson's Travel Fellowship letter,
could I remind you alout providing us with a short report gi-
ving your comments on the Root and Tuber Crop Seminar and then
I can close this file.

Have you been able to make any progress with T.P.I. about col-
lecting the literature on root crops? C.I.A.T. asked me the
other day where the best cassava bibliography was to be found,
and I advised them to get in touch with you.

With my best wishes,

Yours sincerely,

Brian D.A. Beck

Programme Specialist in

Agricultural Research
BDAB:cls
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THE FORD FOUNDATION
47, MARINA. P. O. BOX 233
LAGOS

TELEPHONES: IT525/86.7.0.8.

CABLES : FORDWAN, LAGDS

22nd March, 1971

Professor W. Rogers

The Department of Biology, Division of Population Studies
The University of Colorado

Boulder

Colorado 80302

U.S.A.

Do 0.

This is not a nit-picﬁiug reminder about a summary of your
address to the Root Crop Seminar. I have now got around to preparing
the summary paper and in the discussions you suggested that there
were at least fifteen species, closely related to Manihot esculenta,
that you considered would be of value in breeding for resistance
to C.M.V.

I would like to include this species list as an appendix to
the summary. Could your "Computing Machines" also give me a list
of addresses of sources of seed, because none of the West African
delegates are familiar with the areas in which you found them.

The material Guillermo brought into Nigeria is doing fine,
though the Plant Quarantine Service is still quivering with shock.
I have now established with them that there is no quarantine
necessary for seeds of Manihot spp.. I would like to get seed of
the fifteen species, plus anymore you may recommend for IITA. For
instance, we both agree that M. melanobasis and M. saxicola are
not true species, but whatever they are, they do have a very high
crude protein content in the tubers. Now that my original collections
are lost, where can I get new seed ?

One further request, could you let us have two sets of your
reprints Manihot taxonomy, ome for my library here and one for the
IITA library. The papers that you consider most important, I will
photocopy here and send to the cassava people at the seminar, inclu-
ding the French, but I don't think the French market is large
enough to have them translated.

With my best wishes. ?/

- o

Al vl ;'_‘LK‘”-

\t'?._\i\-h

Brianm D. A. Beck,
Programme Specialist in
Agricultural Research.,

Digitized by the Hunt Institute




CLASSTFICATION OF MANTHOT

Introduction
The objective of this paper is to aid various workers in the improvment
of va (Manihot esculenta) by providine them with the most up-to-date

to indicate
classification of the genus Manihot, and/the relations between the wild

species of the genus and the cultivated species, Because there is imperative
need to introduce new senetic material for various needs, such as breeding
resistance to virus diseases, improvement of quantity and quality of the

raw roots, and to fit the plants better into many different environments,

all those interested in the improvement of cassava should know what materials
are available and where these may be found, There is a wealth of species
with qualities of importance in breeding that have never been used, and

the species that have been used already, such as Manihot glaziovii, M,

saxicola, and a few others, are not necessarily the best species for the
purposes intended.

Unfortunately, I cannot sive a full accountine of the classification
in the time allotted, because we recognize some 95 species in the genus,
and some of them are interesting only for reasons that are purely botanical,
The range of variation in morpholopical types in Manihot is considerable:
acaulescent ppecies no more than 10 em. tall, sprawline semi-woody shrub,s
shrubs, and trees up to 12 meters tall. The range in geopraphy of the
species extends from the southeestern United States throurh Mexico, Central
America, South America and the West Indies. There are no species of the
genus native to any other parts of the world. In ecolorical relations,
species are found from desert areas, savannahs, and scrubby woodlands to
tropical rainforest. Altitudinally, the species are generally confined
to areas below 1500 meters, but one species, M, rubricaulis, in Mexico
grovs up to 2000 meters. Thus, there is a wealth of potentially useful

germ plasm to aid plant breeders in desiening new variations suitable to
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meany requirements,
History of classification of Manihot
Before actual consideration of some of the species and their classi-

fication, a short sketéh of the history of classification is useful, The
understanding of this history should help workers in aesriculture to
understand why we taxonomists seem to be forever chancine names and
concepts. After all, the knowledre we main in/ggientific endeavor
causes us to modify our concepts to fit new evidence, and noone expects
plant breeders today to use technigues known and used a century ago.
For these same reasons, the concept of species changes, with new evidence,
and with newer concepts. In our attempts to classify Manihot, we have
used the latest species concept, and hopefully our efforts come closer to
objective reality than the work done by taxonomists in earlier times.
Although cassava was known and used for countless centuries in the
tropics of the New World, the rirs%wledmu“})dm-
ﬁ:ﬁ?&?w early part of the 16\123 century,
ausbck when Caspar Bauhin, & Swiss botanist, described plants brousht back
from Brazil by Andre Thevet,. After Bauhin, other prelinneaean botaniets
wrote some interesting observations about the cultivation and use of the
plant among the natives of various parts of the New World. While the
name Manihot is a western European spelling of the/izgizndescribing the
plant, this name did not become formalized by the botanists until 175L,
by Miller in The Gardener's Dictépnary., Linneaus himself placed the
species into the genmus Jatropha, a source of much confusion in the names
for some time after his first publication in 1753, The first acceptable
name for the speciggigggbﬁ;%é%aed by Crantz, a Vienese botanist, in 1766.
Unfortunately this name was unknown to Pohl, another Viensse botanist
who did the first serious study of the species of the senus, and as a
result Pohl gave entirely new names to the cultivated species. Pohl
in 1827 designated the cultivated species M, utilissima, and separated

the sweet and bitter variations by applyine another specific epithet to
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those variations which are desirmated "sweet", Pohl's name for the sweet

variations is M, aipi. Following Pohl's work, the next serious study of
in 1B66.

the genus Manihot was done in Switzerland by Mueller von Argaud Mueller

followed Pohl,tw using M. utilissima, but changed M., aipi to M. Palmata,
among other changes for other species of the genus. Pax, in 1910, was
the next xwxxmm botanist to reclassify the renus. By 1910, well over
150 names for species in the gerus were in common us. Pax indicated that
there 125 species in the genus. For the cultivated species, this author
also accepted Pohl's name, M, utilissima, but chaneed the name for the
sweet variations again, to M. duleis. It is instructive to examine the
work of the three authors, Pohl, Mueller, and Pax, to try to find what
differentiate

differences they employed to/smxiwatm the cultivars into separate species,
None of them agree as to what characteristics of the plants clearly indicate
sufficient difference to make two separate species, Only in 1938 was the
original species name, M. esculenta, again used, this time by an Ttalian
botanist, Ciferri. It was the latter author who indicated that there was
ne valid means by which the variations of the cultivated species could be
separated into separate species, His decisions have been corroborated by
many workers who have found that the variants are almost entirely interfertile,
and I have followed his decision to cut the confusion by maintenance of one
species name for all the variations of mamimex cassava,

The above discussion abbreviates the historical aspects drastically.
There are other considerations, but the ones siven are intended to indicate
what happened, and why the confusion over names has occurred.

Methods of deriving the present classification

Because of the great confusion in the species names, a number of new
procedures had to be addpted in order to privide the best evidence for
any changes I cared to make. First, I spent nearly 15 years, travelline and
collecting herbarium samples of the various species in most of the zrwoing

area of latin America, Followine these collections, I devised a number of
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L.
of computer programs to aid in making the classification more objective,
With these programs, and with the additional collections of specimens, added
to over 3500 herbarium specimens from most of the world's collections,
I was able to proceed with establishing the correct species, and relating
these to geopraphical and ecolorical considerations. The results of the
classification are gziven below.

Generic classification

The penus Manihot is subdivided into subeseneric catepories of Sections.
The species of the genus gnerally fall into two reopraphic categories,
between ilorth and South America, and these categories are reflected in the
sectional differentiation: two sections in North Ameriea, and 17 sections
in South America., Hecause Manihot esculenta is a cultigen (definition =

or cannot be determined,

a species in cultivation, whose wild ancestors have been lost4 and whach
requiresfhe aid of man to survive), we have established a separate section
including only this one cultivated species. Figure 1 illustrates the
sectional divisions we have established. The sectional divisions were
established using the "skyline" computer printout, as illustrated in
Figure 2. Many of the sections xx® contain miam species of little interest
to the plant breeder, but several of the sections show interesting relation-
ships to xkm cassava., As many in this audience know, cassava will krmed
hybridize easily with many other species of the renus, However, some of the
species show more potential value for hybridizins with cassava than others.

In North America, Section Aesculifolia, with 11 species,zmimwx contains
potentially valuable genetic material of interest to plant breeders.
Unfortunately, mzmexm only one of these species is now maintained in a

garden from which seeds or cuttinegs may be obtained, and that is Manihot

Pringlei,

Digitized by the Hunt Institute for Botanical Documentation
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THE FORD FOUNDATION
47 MARINA, P. O. BOX 2360
LAGOS

CABLES | FORDWAN, LAGOE TELEPHONES) 27525/ 6,7.0,0.

29 March 1971

Chron BDAB
Chron SAOD
Fiie

Professor D.J. Rogers

Department of Biology

University of Colorado

Boulder, Colorado 80302

yéﬂft Abe

n as much as you did not receive your air ticket or expenses
for intermational travel, but did receive your expenses in Ni-
geria, your travel grant is hereby supplemented to cover the
cost of your actual out-of-pocket expenses listed in your let-
ter of 2nd March, to a total of § 1,232.06.

Yours sincerely,

Gority

Brian D.A. Beck
Programme Specialist in
Agricultural Research

BDAB:cls

Digitized by the Hunt Institute for Botanical Documentation



e N3 ’:})' /‘!/ Tg)'w\.*‘ 2 j/;{ lix1 Ty &6«1@%
bl __-':5__@__ Srs Afpcirs, |ixe @1235#@ ;
rhick cowld e ﬁ.&w/_ﬁ}@wu g
ufw 7y Jacu Modowse copyke.
2 I i 2ieulba e e
Sl 1,/3 i forent planty -

# Braondiny fotZtils -
 sfida 14,15 L6 d M Pr :

oids in A e
nd 6o vtdid 1o Dy sfoeien fopnr

LA Mo+ S AM.
Prosthos,. v b % ="
p rod an g P

Shide 14 e fSy Al

BT ia..:") M. Lol WAW
Slide /9. W Yorpglh fyims vsed sin Hasaic

2 .
IMWP W/ﬂ*_é:z;&!,\ Gt Mw
AR T

W\ﬁ Nma g A A

Digitized by the Hunt Institute for Botanical Documentation







Sﬁlfu‘/;,p. g_j Ié‘ gd?k.-_.) JJJZ B RE

/ ‘Ln"}V'UJ,-...,—_‘}' Jn P

%_//4/,‘9.«, 2 ado-id 15 Yp st WADINS 4/
Corrns ot P v‘ﬁe mﬂﬁ WJ’?J b7 /:):

B i AR G c;d:@ Kot Boisloey
lrrd w@m o IR, #
£ E%ﬁ B P8 o 5 PP N M—amw/da.mM..

»/’[ |

?-. -lwdwﬂf# wwﬁq MJ"J/M r//ﬁ

_4M1M M&_ %,Zm

i?w;,aféﬁ ot s wau “

4. |

WCWW%;@CEMM amm
:‘: 2. /5504‘ ol D wined) M. Thovell
WJ‘WWM* o alut- ot Tl/l’dmw
JJMM, ity Camme s, o, o 53
Linnasr Sp. Plptive
P M,!/%f/#z/aua% %_,% o
~A é—’hm& A /'_ﬂ-j ;&
;:mevf}-/‘f(—&w ,-/ff WMQMZ %

Auf o 8217

LA e AN D 1D

T SR

Digitized by the Hunt Institute for Botanical Documentation



I T

'Q/WI» 128 - DL /nq,r /EMJJAWJM,-MM ]
%Mﬁww%a/ﬁw !

PAR 5 (910 = ¥ g lumilisen
L ey %J,z,ﬂ,ejw
P M. ol 2o M, s

. C%Mf [73€- »’”{M Vv Muﬂa‘\%,*
3) MJVJ VoV 2078 M;«Z

LMy vsed prdZly o
j):;r-b&%wf v/ ?/w.? MWJM b«%& M

M Mm
'Pra Y s M 754 / éﬁw
S Bty JS

é@&mm W M?{spm
$1LM-S Ao, — 13

K293 Vi Amw =
- | —For MWoeeslts

- Sp w S.AM.
% Z“Lzﬁwy..f&hwa
mﬁ_\zu‘ﬂfw_c mﬂw% f—ut//mwM
iﬁ:,wmﬂza.ﬂam M,a

slilrh8b, 1. Tn S. Awn seztyn Cokoms —
nJE\quo' 2 IM- h/ A/‘H 4 WJ‘/MM s

S‘?-at F&-SM/Q-,-;(J- s

L Cw ganbins andoantld M 2ecd. o com posilp s p ~[

Digitized by the Hunt Institute for Botanical Documentation



GENUS MANIHOT 19 sections 96 species

CULTIVATED — 1. ESCULENTA — 1 species
~92. MULTIFIDA 15
3. ANISOPHYLLA— 2
4. CARTHAGINENSIS )
5. VIOLACEA 14
6. GRACILIS 9
7. ANOMALA )
8. MIRABILIS: )
A::;IITGHA —dv 9. GLAZIOVII 7
10. PERUVIANA 3
11. PROCUMBENS 4
12. PUSILLA 5
13. TOMENTOSA 1
14. SALICIFOLIA 6
15. PELTATA 3
18 "TRIPARTITN — 1
L17. COERULESCENS 2
NORTH __| 18- AESCULIFOLIA 11

AMERICA  L19. FopTIDA 6
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