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M J NATIONAL ACADEMY OF SCIENCES

Y w 2101 CONBTITUTION AVENUE
\ :.' WASHINGTON 28, D, C,

October 24, 1957

Dear Dr. Robbins:

Thank you for submitting the card and abstract (three copies)
indicating that you will sponsor a paper by David J. Rogers before
the Autumn Meeting of the Academy next month. In accordance with
subsequent telephone conversations, entry on the printed program
will be as follows:

David J. Rogers, The New York Botanical Garden, New York,
New York (Introduced by William J. Robbins): Intraspecific
Categories of Manihot esculenta. (Illustrated) 15 minutes.

1t is noted that lantern slides, size 2" x 2", will be used by
Dr. Rogers in his presentation.

Sincerely yours,
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Edna Gilbertson

Office of the Home Secretary

Dr. William J. Robbins

New York Botanical Garden
Bronx Park (Fordham Station)
New York 58, New York
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ABSTRACT OF FAFER ENTITLED

"Infraspecific Variation of Menihot esculenta"

David J. Rogers

| Manihot eseculenta (Euphorbiacese), a complex of tropiecal

i food plants, has a large number of unclassified subspecific
units. In this study the variability of the species has been
intensively examined in two areas where the crop is important--
' i Jamaica and Costa Rica. The 75 eultivars found here probably
I.j are representative types of esmuch larger area, inasmuch as men

hes introduced many varients in his efforts to improve the crop.

A After examination of plants in the field end speclially pre-

pared herbsrium specimens, it is possible to make a few rather

definitive groups, and from these, to judge something of the

total rangze of variation which can be expected in other reglons

of the growth of cassava. ’

The fremework of taxonomic categories proposed for a clas-

sification of the subspecific entities of Memihot esculenta is:

1, Converiants, the esquivalent of subspecies in wild

plant taxonomy;

2, Sub-convarisnts, comparable with "seriss';
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5 Cultiveres, the cultiweted counterpart of the texonoe

nwiot'e "varioty."

In Manihot ssculonta two convarients exlaet, an! balow this
oatagory mmy subeconverisnte are founds In oach of the cone
varisnts tho characteristics wileh differentiste the subordinate
groups are almost identicsl snd parallel catosorics ere established,
In this vlassification the importence of fndividusl cultivars is
subordinate to those units designeted ss subeconvariants. Some
inferences as %o the origin of the cultiveted forms mey bo dramm

after this clasalfication 1a proposed,
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Intraspecific Categories of Manihot esculenta

The systematics of cul tivated plants had illustrious begine
nings with the outatending work of such men as Liberty Hyde Bailey,
Alfred Rehder, and others, These taxonom!sts, however, gererally
have conecentrated on the clasalfication of the higher units (the
family, genus, and specles), and 1ittle attention has been given to
bee—eisssdlietioe—T catecorles within specles, Thore are several
reasons for thls lack of work with the intere and intraspecific units
of cul tivated planta, Among these, wo might cite the fact thet the
morpholozical characters for separating subspecifiec units ere fre=
quently teruous; that many categories below tho species level depend
upon geogrephic and /or acologlesl isolation as a factor In distine
guishing them, one which may not exist for cultivated variesties;
that ths varlety of the horticul turist or agronorist depends upon
man for ite continuod oxistenco, and, if left clone, would not sure
vives md thot most herbaris do not have enough specimens for ade=
quate study of subspeciflic cetegories of cul tivated plsrts, noV ine
dead enocuch room for such collections, These may be vrlid arguments,
but the fact remnins that meny of our cul tlveted plents are poorly
known, anéd there are very wide geps in our knowledge of the numbsrs
and kinds, past and present, most importart to mankind's cont!inued
livelihood,

The following discussion considers one such problem, It probe
ably is an intraspecific problem, bubt it may prove to be Interspe=
eifiec also. It will demonstrete that tplcal methods of the taxom=
omist, with a few additions, are velid for the elucidation of sys=
tematic problems of cul tivated plants, One of the most important
items is the collection of dat: end speeimens, Much more time 1is
spent in the proparation of the individual herbarium specimeni of
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a cultivated plant than of a wild one, Actually, each specimen is
a population sample, not a random Jathoring. Manihot esculonta is
the epithet usually applied to a tropical root erop, the only edible
spaclies of the genus, in the Euphorblacese. There ars no presently
defined boundaries of this species, end possibly two speciss are
mixeds

The plants arc cormonly known es cassava in English-speaking
areas, &5 yuce in Spanish, end either mmndioca or manioc in Portue
guese, We may not call the group "tepioce", for "tapioca" refers

only to one of many dif ferent products of the complex,

r The cul tiveted cassava is e shrub, from about five to twelve
S/ider

Slide>
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feat tell, learly all veriants have a tuft of leaves near the apex
of the stem at maturity, but some are lnown which maintain their
foliage throughout the length of the stems Thoe enlarged tuberocus
roots, verying in shape, size and number, produce the main source
of carbohydrate food for many millions of tropical people, The
plents are propageted slmost exclusively by vesgetative mempgt eight
to ten inch stem cuttings, plerted vertleamlly, at an amgle or horie
gontally gilve nearly 100% reproduction, In eommon practice, two
groups of cascava are recognigmed: bitter (with high concentration

of HCN) end sweet (without HCN, or the prussic acid coniined to
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the cortical zones of the root)s So far, I have not been able
to differentiate these two morphologically, and from anslyses
made on 456 varieties from Jamaicn, there 18 no clear=cut dif-
forences between these two blochemically.

Today, cassava is distributed gererally throughtout the
world's tropics. Prior to European discovery of the New World,
the plants wers probably confined to the Americas, and the
closely associated islapdochains of the West Indies, It is
likely that they were first used in cultivation in northern
South America, Today, there are more recorded varistiss from
Bragil than from any otler country of the worlds The oldest
archaeological records that I have examined in which there is
a specific reference to Marlhot is from a ceremonisl vase made
in the shepe of a cluster of roots whieh is easily édentified
as depiocting cesssava. It was teken from an Inca grave in Feru,
The tertative date given for this piece of vottery is about
2000 B.,C. Peru is not considered as an aree of origin for case
sava, Thevefore, ths plants must have been much longer in cul-
tivation to have been transported to reru and there become 80
well established as to bs incorporated into decoratlive pottery.

A cursory glance at tho assembly collectively termed cas=-
sava gives the improssion of rathor continuous variation from
one extreme of dimensions to the other, ea:ud by meny crossings
of different genetic stocks, This is, of course, an oversime
plified observation which has no basis in fact. My discussion
of the varieties is confined to those found in Jamailcs and in
the two Centrel Americen countries, Costa Rica and NI1caragua,

In these areas, I recognize 70 veriants, 45 from Jamalca, the
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remainder from Central America. In wild-plant taxonomy, to make
inferences sbout the classification of the total group from the
rather limited geographiecal samples which I have made would be
sheer folly. Cassava, however, has had the agency of man to assist
in 1ta distribution, both prior to and after Columbus' discovery,
and Introductions to Jamaica heve been earriled on for hundeeds of
years, bringing many plents from South America into cultivation in
areas far beyond their poseibility of spread had they to depend on
Tnaturnl" methods, The seme mny be said for the Central Amerieesn
gountries, Certainly, the materisl repressnts particular selections
of plents to be introduced, but over the years, with shifting ine
torogts and mew motives for introduction, ons may essume thet an
almost random sampling of verieties occurring in South Amerieca have
been brought to Jamelica and Central America for culture,

After examina tion of plents in the field and from specially
prepared herbarium specimeéns, 1t is possible to meke & few rather
definitive growps, end from these, to judze something of the total
range of variation which cen be expeeted in other regicons of the
growth of camsava,

A point should be emphasized; the classification of the vari-

etles of Menihot esculenta raquires no new framework of taxonomie

categories, The varients may be divided into subspecific categories
using common taxonomic methods, if satisfactory specimens have been
mrepared, Another point shculd be mentiocned here, MNany of the
charagters utilized for differentietion are vegetative, not floral
ar reproductive, Although not considered good practise, i1t is
necessary tc make use of these becauss meny of the varients do not
produce any flowers in thelr normel growth oyele. Many vegetative

characters wers measured in preliminery studles and those which
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whowed constancy were reteined, while those of low stablility
were discardaed,

Two broad groups of the entities mey be recornized, For
present purposes, these are designsted "convarients" in accord
with propossls for en international code for cultivated planta,
"gonvariant" 18 used at the same level of classiflecation of cul=
tivated plants as "subspecies” is used for wild ones. It does
not earry any suggestion of geogzraphic separation, for obvious
reasons, a8 does subspecies for netive populations,

The characteristics which diffarenticte the two convariants

St Je 5 are: Growp Ar sllver-colored stem, and 1ight tan, smooth=
5/‘-‘{? 6surracsd roots. Group B: brown to yallow stemsz, and dark brown,
v rough-surfaced roots, These are well=dafined groups, with very

/"fﬁig 1ittle over-lapping. The gonetic syatems goverming this stas
bility is unknown, but wvhether one or many genes are involved is
not signirficant texonomicelly, becsuse these charactoristies pro=
vide & convenient method for distinguishing groups of closely ree
lated plants,

The aata)gl__;&ahment of the two cateporles (convariants) solves
one problem, but introduces several others, Upon examination of
plants from categories A and B, one finds thet characters, other
than those used for the major division, eross back and forth be-
tween the convariants, For example, the branching pattern of
the verisnts 18 a signifiocant bexonomic charecter, In both cone
variant A end convarisnt B may be found plants with unbranched,
$all stems, or astems branched once, twice, three, four, or five
times, The same may be sald for the numbers and shapes of the
lobes of tha leaf, for the coloration of the young follsge, the
peticles, eto,
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Within each of the two convarients, small clusters of the
individual entlitles, or subeconvariants, demonstrate cimilar
charactoristicss These mubconverients have from one to six en~
titles, The individusl entities or veriants ers correctly de=
signated texonomically as "cultlivars,”

The echaracteristies which disti: sulsh closely related cul=
tivars are obviously btenuous, fremuently guantitative, not quale
itatives It 1s very difficult, therefore, o mlks ley difforents
istions of the individusl cultivers in any one subeonvariant,
Perheps this would not be true if = purely arbitrary asrrangement
of the cultivars was desirabls, but my irtention has bsen to re=
flact relationships first,; before dif forentietion. The sube
converisnts themselves are not too difficult to key out, For
practicel purposes, I doubt that it is too important to distine
guish characteristics of the indlvidual varients separately from
those of the constellation, If one knows the constellation to
which the cultiver belongs, ani to which of the two me jor cate=
gories (convarisntas), the very minute differences are not too
significent, This 1s not to sey thet within the constellations
the cultivars sll demonstrate the same cul turel charscturistics.
There is some variamce in the starch content and ‘n other such
cheracters, but these do not assist in resdy field identification.

Althouch much more date must be accumulated fram a wider
renge of sarpling, some infereness concorning the type of plants
which were the original progenitors of the wltivated forms may
be drawn, At least two sjecies must be involved. One is low,
many-branclied, cccurring in regions of moderats to high rainfall,
The other, taell and secldom branched, is distributed in more arid

lands then the former, This sccond type occups more frequently
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in cultivation in arid regions today whereas the first oceur,
as anticipeted, where rainfall is plentiful, aml svenly dis=
tributed, These hypothesized progenitors have not been found,
exactly a2 o pure form, As with meny cul tivated plents, they
may no longer exist as such,

I beliove tho classificetion of this cul tivated complex
48 not an unsolvable problem. It is entirely possible to make
setiafsctory texomomie cetegories. The recommendod modificae
tion f& that the emphasis not be placed on ths individual cule
tiver, but on the subconverimnt,

Although the classification and detormination of relations

ghips of Manilhot asculenta are atill far from complete, the

proposed system provides s framework for further enumeration of
the eul tivers, end, 1 hope, will give students interasted in
other botanical dlsciplines & betber orgenized body of imowledge
for eontinued investigations of a veluable food plant,
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