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NATURE PROGRAM FOR TEACHEERS

1. What is cassava?
A. Tropical root crop--describe plants--use slides 1-6
B. Describe products and uses
1. Grated--with fiber remaining
2. Grated--with fiber removed
3. Grated end fermanted
4, Greted and pressed and bsked
5. Tapiloca and how produced
6. I@af protein
7. Use of expressed juice as Cassaripe
8. Industrial uses
2. Stamp mucilage
2. Why is cassava important?
A. Basic food for tropicel peoples
B. Grows in places unsuited for other crops
Dry, arid lands
Low altitude in tropics
C. BEase of planting and growth
3. Interesting aspects
A. Content of prussic acid
B, liethods of removal
4, Geography
A. World wide--in lands with no frost
B. Lower slsvations--little above 5000!

€. Origin--South America, Brazil--dry zones--spread--
by plant hunters--Fortuguese end Spenish

5. Problems
A. How many varieties are there?
B. TIg there one svecies or more?

6. Classification--one of the major problems
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0f 81l the world's importent food crops, ons of the lesst well
known is omssava. Even in the tropicel lands where cassava is of greatest
importunce to the people this statement ia true. Wherever one travels,
it 1= possible to find experts on cotton, on tobaceo, rice, potatoss,
eorn, coffee, sugsr cene or csgcuo, but tc find someons who knows even
one sspect of the study of cessuve, one must ﬁ;nnl grest cﬁs"slﬂ: Be

NG of Uei o4 e ag ’j“
Yot oassava is one of the world's greet food erops.p Why has this orop {'aw,-.d‘

bean over-looksd by resesrchers end sgriculturists? It is diffioult to !:‘;?,;‘
find eny good snewer to this question, nor will answers to such questions
be attempted here. Rather, lst us confine oursslves to some of the
biologiesl problems conceraing cesseva, or Manihot utilissima,
In any aspsct of the study of cessave there sre mostly unsolved
problems, There is no sgreement concerning methods of fertilizing
for beat results. The question of method and time of planting is one
which {s unsettled, Oenetically, the plents sre almost completely
unknown, eside fros 8 few chromosome counts (Zn = 36) but thers is nmo
documentetion of the ;ﬂ:m;:d y whic :1}:50 counts were made, How many

T seters 05 sKew g vaviants,
gtable verisnts are thera?, Over two hundred names have been comyiled

A
from South America alons, but it is doubtful that thece loesl nemes
are indicative of the same humber of varisties. There is no good histori-
o8l data concerning the plsnts, and prior to the first explorsticns of
the Americas, no written reports are known. A few senttersd ceremonial
vages from Incs greves in ieru depicting cassava roots heve been found,
but no prehistoric plcture has been built up from enelyses by archeclogical

techniques.
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Even the proper solentific name of the plants is in doudbt. Most
botanists end ogronomiets use Manjhot utilissims Fohl, but scme say
thet this is not the valid neme end substitute M, esculente Crantz. As
for comaon neses, one must huve half & dozen nemes availsble in order to
converse with people in es8 meny different lsnds, "Cessava" has been
chosen becsuse it is the npme used most frequently by English spesking
peoplos, and is comuonly spplied to the plent snd ite products in the
British West Indies., The name cuossave seems to be & corruption of en
earlier, pre-Colusbisn :\ntillun term, " cesuvi" or "ouzevi”. The word
"gasabe" is found smongst primitive tribes of Northern South /merica.

In Spenish speeking sreas of the New World tropics, "yuoa" is appropriate;
in Brazil, the most frequently spplied name is "mendiocea", and in tropical
Africs, the French use "manioce". These last two naces are spperently
derived from one of the South Americen Indian ( Tupi-Guarini?) lengusges.
" Tapioca ", & neme femilisr to most temperate zone peoples and applied
in English, Prench, Portuguess snd other lsngusges to one of the produsts
of these plants is likewise derived from sboriginal South American Indien
langusges. Thess namas, incidentally, give some indirect cluss es to the
original home of these plants, ]

We are not through with the names of these plants by use of any of
the sbove terms, however, becsuss these common names, without modifiestion,
sra too inclusive., Thore ere two reces or types of cassava which must be
denlt with: one is "bitter" cmssavs, the other "sweet" cassava. Frequeatly
these two races sre considersd as two separste speciss, but more often

the two are considerad as subdivisions of ons large sjecies,
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The edible portion of cassava i the root.)\ ( Mention will be made
ister of the use of the folisge aa » gresn vegetable,) Lurge fleshy roots
resembling these of an over-grown sweet potato ure jroduced just below
the soil surfsce snd st time of harvest, e steady, gentle pull on the
woody stems brings out snywhere from three to fifteen enlarged structurea
with = totul starch content of from 20 to 40 % of total weight. The
sweat casseva oan be eaten with very little reparatiocn: pesling and
boiling the root produces & vegeteble dish tasting something like a
boiled Irish poteto. The bitter cssssve muet go through & much more
extensive trestment bafore it beccmes safe for eating, All parts of
the raw plant oontain s deedly poison, hydrooysnic scid. First the
root 1s ground or grated into & pulp end weshed, then the pulp is
pleced under fairly high presesures to expell the water ( ses ocut );
sfter thie treatment, the pressed ceke can be aither baked, boiled, or
fermanted to Temove the remsining "bitter" principle. Vearious names are
applied to the products of the different trestments: "cesabe" ia applied
to the bread made by baking. The expressed Jjulece is not wested either,
but by long boiling end concentration, and by addition of seasoning
materisls, becomes the famed "pepper-pot” of many South Americen tribes.
With all the preperation nefesssry to make a food product out of the
bitter cassava, ons wonders why the bitter plants were continusd in
cultivation, especislly so when thers ia the swest type which requires
much less effort. Almoet invariably, the bitter types m more produc-
tive of sterch than sre the swoet onss® (3). The variety of products

from tho bitter cassmave ic grester, which may have soms bearing cn the

* jnelyses mede for the suthor by the Agricultural Ohemist of the
Jamsican Department of Agriculture support this statement.

Digitized by the Hunt Institute for Botanical Documentation




e

Fe(er

T mups

-

sontinued use of ths polscnous warieties. Both bitter and sweet have
their apecial plsces in the lives of the peopls, howavar.

How 444 primitive ssn lesrn ihe relstively cumplex jrocess of
resoving the polasoncus msterials from his csassve plents? Even more
fundamental a quastion - why bother with such plants when it is feirly
eertain thot other starehy, mors attractive food plsnte were avallable?
Ona factor, nc doubt, is thet cassava, bitter or sweet, ie adspteble to
a wide variety of hsbitets., During the dry sesscn, frequently the only
erops with eny fclisge left sre the plsntings of Zandhot utilissima,
Othsr varieties do equelly ee well where there is high reinfall the
yoar 'round. The cultivation techniques sllow plantings on steep hill-
sides and jungle clesrings where no " clean crop ™ ocultiveiion is
possible. It is not necessary to remove all the stones and tree ﬁmp
to get s saoﬁ_prnﬁuutim. Frimitive msn, without the uid of sdvanced
sgricultural methods, oould essily derive his carbohydrate food re-
quirements from such plants,

Whers did Manihot utilissime originete? Aside from saying in the
lowlsnd tropics of the Hew World, we m find little sgresment amongst
people who heve tried to enswer the question. It has been intimated
earlier ﬂué a placs of secondury evidence for s Jouth American origin
is found in the names applied to the plants. Sauer (5), using evidences
of egricultural urlsu_ls in genersl, prefers the rather dry shores of the
Caribbeen Ses in South America. Some support is geined for this gensrsl
region in thet one of the most closely sllied wild species to M. utilissima,
M, gartheginensis, oecuples an aree elong the Colombiun Ceribbesn Oocast,
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and along the racifie coest northwsrd and westward in Cantral America,
Vavilov (6), by contrast, thinke thet the plsce of origin of Manihot

utilissi=e i= somewhere in esstern or southesatern Brezil. His theory
is bosed upon two fectors: (1) that the greatest number of species in

the genus Munihot oceur in this region and (£) the grestest nusher of

varietions within the species iz likewise in Brazil,

Before definite snswers to the question of origin can be produced,
wo muet first esk what is Manihot utilissime? Is it & single species
camplex, or is the tremendous veristion which exists under this name the
result of hybridizetion amongst two or more specise? The fact that
sweet and bitter races exist, with intermediste cocncentrations of HON,
and that there is some distinotion in the range of the two types in
South snd Centrsl jmerios ( slthough there is much overlepping ) suggests
that more then one species is involved. Unfortunately few, if eny,
morphological characteristics for saparating the two reces cen be found,
Have the wild gprogenitors of the two "spocies" been lost, or has the
procass of selection of verisnts in cultivetion taken us so far eway
from the wild stote that we gould not recognize some non-cultivated
plants which sre the sotusl forebeara? Before sn "origin" may be
postulated, however, we must have answers to the foregolng questions.

How can we answer these questiona? Techniques of taxcnomy are
applied in the present study. The clder methods of the texonomist,
coupled with more recently developed technigues for eriticel examinstion
of minor differences will be n;aat useful in spproeching a problem of

‘tua nsture. For example, one of the criteris for distinguishing species
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might be the number of nodes in & certain length of stem, & small

nusiber for one species, ahigher nusber for snother. In clder taxocnomie
studies, if intermediste numbers oxisted, these were accounted for as

* possible hybride ". Iturting with the " poasible hybrids " it ia

now possible to eveluste whet parent species must have locksd like by
amsking quentitetive stulies of the interediste condition between

low snd high numbers of nodes. Ubviocusly, evelustions of meny sdditicnel
intermediste structures smust be made prior to any definite conclusion

88 to the originel parental \t,vpn".

If two species be invelved, we must find their geogrephicel dis-
tributions, find the pisce or placss where these distributicns overlap,
and lock in these regions for evidence of greater veriebility. This is
no simple metter with plante which men has found useful. Ha carried
his plants about with him, end in such movemsnts, it is very likely
that there will be some mixing or hybridizing, either by conscious
effort or by purely accidentsl erossing with neerby olosely reloted
species. ( Yenihot glaziovii, cears rnbh&, has been crossed with
M, utilissime to inorsase disease resistance snd te produce more robust
plents.) If these hybride have some peculisr amdvuntage tlat the perents
lacked, it is guite possible that the jperents may be discarded in favor
of the more desirable traits of the hybrid offspring. The favorable
cherancteristice cen be meinteined yeer sfter ysar in the cese of onssava
by vegatsetive propagetion, using cuttings of meture stems,

One piece of informetion concerning the differentiation between

the two races 1s that the sweet types csn apparently be reised €¥er o

¥ For e full discussion of methods, see Anderson, E,, "Introgressive
Hybridizstion", John Wiley end Sons, 1948,
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wider rangs of tempersture veristion than esn the bitter types. The
bitter seems more cold sensitive, end is seldom found outside of
latitude 27° North or South, wheroes sams of the sweet varieties cen be
found to 30° North or Scuth. A fector in this differentiotion mey be
the length of time required for msturity of the two groups. There is
no aversge for either group, but whet little dete have been recorded
show thet the bitter veristies requirs e longer period, twelve to
eighteen months, to scounulate their higheet sterch content while the

swast types require only from seven to twelve months.

. The salection of better hybrids, or sutents, hes not slways been
under " sclentifie " control, but hes been done with o greet desl of
practicsl know-how by the peoples whose lives depended on the erop,
Hybrids heve bsen selected for varying fectors such ss bigh yield of
stareh, flevor, or low fiber content cof root. Thesa factors sre, no
doubt, the ones uppermost in the ainds of the farmars, but other fectors
such se drought-resistsncs, rate of maturity, snd cthera have enterad
the plcture, A variety of bitter csasave which hos high fevor in Jemeiocn
18 looslly knovn as " Cateh Thief ". This particulsr form resembles
elossly one of the sweet varieties, end is considersd by the farmers
@8 velugble in preventing praediel isvceny which is too common on the
islend, It is doubtful thet the set of charscters included in " Cetch
Thief " are sntirely fortuitous, but rather were salected to give the
inesutious thief o serious tummy ache.

Today there ere few tropiosl sreas of the world whers cassava is

not of major importence. Any aree which is frost free ull year, or
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which has e few light frosts per yeer is suitsble for the plunts.
Central Africa, where the plents ere thought to have heen introduced

by the Spenish or Fortuguese from the New World after the 15th century,
has few ereas in which the rcots do not provide the staple starch, The
Pacific Islands, to which the crop was probsbly intwoduced by Spenish
trevelers,(l) ere grest sroducers of osssava and the derived product
tapioca, The islonds of Jevs, Sumotre and Bormeo, pricr to World Wer II,
were the main source of the taploce utilized in the United Stetes. Like
Brazilien Rubber, which is in the seme plant family, Manihot seams to
have caught on and becoms more important in ites edopted lend then at its
source,

Oassave has bean the step-child of sgrioultursl resesrch until
very recently. OSince 4t wus largely s home-consumed product, without
too much importence in our own or in Zuropean sconony, no intensive
work hes been done towsrde its betterment., Compared with the knowledge
of wheat, cesseve is cbout ons hundred yosrs bshind, There has been an
upsurge of sctivity, howevar, snd todey meny espects of the study of the
plant are being cerried out (3), (4).

Very vecently it has been shown that the tops of the plant are
velusble as sources of proteins, snd ss suoch may be used either fresh
for humsn consumption or dried snd ground as e menl for osttle. For
many years, netives of f.triaa and Austrelis heve esten the young green
folioge e a vegeteble, but curiously enough this f{s 1ittle If et all
prectised in the New World. Teste in Central Americs hsve shown that
ecattle produce nesrly es much milk from & diet of mesl from dried yuca
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lsaves snd stems as from the best known source of protein, slfslifs,
Alfalfs hes sc fer bsen a feilure es fer se growth in the t-opics is
concerned., Similerly, products from cne port or enother of the cassava
plent have been found to be getifactory food for horses, hoge snd
chickens, Other valuable uses of the plant inelude production of
nleohol, lactie oeid, paper pulp, and seuces show that in Kanihot
utilisaims we heve cne of the most versetile of ¢rops, ond one whoas
full vslue hes not been apprecisted.

iogra

(1) Burkill, I.H., 1985, A Dict t t
g0 W_%MM&&L&M

(£) 1949, Congres du Menioo, Institut Colonisl de Marseille

(3) Cristeldo, T.C., 1965, Lo Industris de la Ysndioos, Bull. 160, p.l2,
IIAA, feuncion, Peragusy.

(4) Fynmert, L., 1951, Le Menioc, iubliostions de ls Direction de L'Agriculture,
Bruxelles.

(5) Geuer, Carl 0., 1950, Cultivatéd ilants of South Central *ﬁn, in
Hendbook of South Amarican Indians, 1. 143, Vol. 6, Bur.
Am, Btbnol., Smithsonien Institution,

(8) Vevilov, N.l., The Origin, Varistion, Imuunity a sd sﬁ%?m
| " Plsnts, trensi, by K. Sterr Ohnﬁ%,%s [TH
t 1/6, 1951,
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Of all the world's importent food crops, one of the least well
known is casseva. Even in the tropiesl lands where cassave is of greatest
importance to the people this statement is trus. Wherever one travels,
it is possible to find experts on cotton, on tobacco, rice, potetoes,
corn, coffee, sugar cene or cacec, but to find someone Wwho knoys even
one aspect of the study of cessave, one must travel grest distances.

Yot cassava is ons of tha world's grest food crops. UWhy hes this erop
been covar-looked by resesrchers snd egriculturists? It is difficult to
find sny good enswer to this question, nor will answers to such queations
be attempted here. Rather, lst us confine ourselves to some of the
bicloglesl problems concerning cessava, or kianihot utilissima.

In any sspect of the study of cassave there are mostly unsolved
problems. There is no sgresment concerning methods of fertilizing
for best results. The guestion of methed end time of planting is one
which is unsettled. Geneticelly, the plants ers almost completely
unknown, aside from & few chromosome counts (2n = %6) but thers is no
documentetion of the plants from which these counts were made. How meny
stable verisnts sre thers? Over two hundred nemes have been compiled
from South Americe alone, but it is doubtful that thase locel names
&re indicative of the same number of varieties. There is no good histori-
cal data concerning the plents, end prior to the first exploratiocms of
the Americas, no written reports are known. A few scattered ceremonial
veses from Ince greves in Feru depicting cassava roots heys been found,
but no prehistorie pleture has been built up from anslyses by archeclogical

techniques.
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Even the proper scisntific neme of the plants is in doubt. Most

botenists end egronomists use Menihot utilissims Pohl, but scme say

thet this is not the valid name snd substituts M. esculenta Crentz. As
for common nemss, one must have half & dozen nemes availsble in order to
¢onverse with people in as meny different lends. "Cassave" has been
¢chosen becsuse it is the neme used most frequently by EZnglish speaking
peorles, and is comuonly epplied to the plant and ite products in the
British West Indies. The name cassava ssems to be & corruption of en
earlier, pre-Columbisn Antillean term, " casevi" or "cuzavi". The word
naagabe® is found smongst primitive tribes of Horthern South America.

In Spanish speaking sress of the New World tropics, "yues" is aprropriate;
in Brazil, the most frequently epplied name is "mandioea", and in tropical
Africa, the French use "menioe"™. These last iwo nawes ere apperently
derived from one of the South Americen Indian ( Tupi-Guerini?) langusges.
" Tapicea ", & nems femilisr to most temperate zone peoples and applied
in English, French, Portuguese and other languages to ons of the products
of these plants iz likewise derived from sboriginel South Americeén Indian
langueges. These namss, incidentslly, give some indirect clues &s to the
original home of thsese plants.

We ere not through with the nemes of these plents by use of any of
the ebove terms, howaver, bscsuse these common namss, without modificatien,
are too inelusive. Tnere ers two races or types of cassava Which must be
deslt with: one is "bitter" cassavs, the other "sweet" cassavs. Frequently
these tWo races are considersd ss two seperate species, but more often

the two ara considered es subdivisions of one large species.
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The edible portion of cessavs is the root. [ Mention will be made
later of the use of the folisge &s @ gresn vegetabls.) Large fleshy roots
resembling those of an over-grown swset poteto are produced just below
the soil surface snd at time of hervest, & steady, gentls pull on the
woody atems brings out enywhere from three to fiftesn enlargad structuras
with a totel sterch content of from 20 to 40 % of totel walght. The
BWeat cessavVe c¢an be eaten with very little preparation: peeling end
boiling the root produces a vegetsble dish tasting scmething like a
boiled Irish poteto. The bitter cessseve must go through & much more
extensive treatment before it beccmes safe for eating. All parts of
the raw plent contaein a deedly poison, hydrocyanie acid. First ths
root is ground or grated into & pulp end washsd, then the pulp is
pleced under fairly high pressures to expell the water ( see cut };
efter this trestment, the pressed cake can be sither baked, beiled, or
fermented to removs the remsining "bitter" principle. Various names sare
applied to the products of the different trestments: "essebe” is applied
to the bresd made by baking. The expressed juice is not wasted either,
but by long boiling end concentration, snd by addition of sesscning
materials, becomes the famed "pepper-pot" of many South Americen tribes.
With ell the preperation necessary to meke s food product out of the
bitter ceassava, one wonders why the bitter plants were continued in
cultivation, sspeciaslly so when there is the sweet type which requires
much less effort. Almost invarisbly, the bitter types are more produc-
tive of sterch then sre the sweet ones® (3). The veriety of products

from the bitter cassava is greater, which may have scme bearing on the

* Inslyses made Tor the suthor by the Agricultural CHemist of The

Jamaican Depertment of Agriculture support this stetement.
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continued use of the poisonous verieties. Both bitter snd sweet have
their specisl places in the lives of the people, howaver.

How did primitive men learn thes relstively complex process of
raxoving the poisonous materiels from his cessave plents? Even more
fundemental a question - why bother with such plants when it 1s fairiy
certain that other starcliy, more attractive food plents were available?
Cns factor, no doubt, is thet casssva, bitter or sweet, is adaptable to
& wide veriety of hebitets. During the dry sesson, frequently the only
erops with any folisge left are the plentings of lianihot utilissima,
Other verieties do equally es well where there is high reinfsll the
year 'round. The cultivetion techniques sllow plantings on steep hill-
sides end jungle clearings where nc " cleen crop " cultivetion is
possible. It is mot necessery to remove ell the stones and tree stumps
to get & good produetion. Frimitive men, without the aid of asdvanced
sgricultural methods, could sasily derive his carbohydrate focd re-
quirements from such plants.

Where did Menihot utilissima originste? Aside from seying in the
lowlsnd tropics of the New World, we cen find littls sgreement smongst
people who have tried to answer the question. It has been intimsted
earlier that a piece of secondsry evidence for a South Americen orig;n
is found in the nemes applied to the plants. Ssuer (5), using evidencss
of sgricultursl origins in generel, prefers the rather dry shores of the
Ceribbeen See in South Americe. Some zupgort is gained for this gensral
region in thet one of the nost closely ellied wild species to M. utilissims,

U, certheginensis, occuples zn eres along the Colombian Csribbean Coest,
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and aleng the Pescific coast northwerd and westward in Central America,
Vavilov (6), by contrest, thinks thet the plsce of origin of Manihot
utilissima is somewhere in eastern or southeestern Brazil. Kis theory
is besed upon two Tactors: (1) that the grestest number of speciss in
the genus lisnihot occur in this region and (2) the grestest nusber of
verietions within the species is likewise in Brazil.

Hefore definite esnswers to the guestion of origin csn be produced,
ws must first ask what is Msnihot utilissima? Is it & single species
camplex, or is the tremendous veriation which sxists under this name the
result of hybridizetion amongst two or more spscies? The fact that
sweet and bitter races exist, with intermediate concentrations of HCN,
and thet there is some distinction in ths rsnge of the two types in
South end Central America ( elthough there is mueh overlepping ) suggests
that more then one species is involved. Unfortunately few, if eny,
morphological characteristics for sepsreting the two reces can be found.
Have ths wild progenitors of the two "species" been lost, or hss the
process of selection of verisnts in cultivation teken us so far away
from the wild stste thet we could not recognize some non-cultiveted
plents which sre the sctusl forebears? Before an "origin" may be
pestuleted, nowever, ws must heve answers to the foregoing questions.

How cen we answer these qusstions? Techniques of taxcnomy are
‘applied in the present study. The older methods of the texonomist,
coupled with more recently developed tecknigues for criticsl examinaticn
of minor differences will be most useful in approeching & problam of

this neture. For exemple, one of the criteris for distinguishing species
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might be the number of nodes in & certain length of stem, e small

nuiber for one species, shigher nusber for snother. In older texonomic
studies, if intermediete numbers existed, these were sccounted for as

" spsgible hybrids ". Starting with ths " possible hybrids " it is

now possibla to eveluste whet parent species must have locked like by
moking guentitetive studiss of the intermediste condition betwssn

low &nd high numbers of nodes. Ubviously, evalustions of many additionsl
intermediste structures must be made prior to any definite conclusion

as to the original parental types*®.

If two species be involved, we must find their geographicel dis-
tributions, find the place or places where these distributicns overlap,
and lock in these regioms for evidence of greater variability. This is
no simple metter with plants which man has found useful. Ls cerried
his plants sbout with him, snd in such movements, 1t is very likely
thet there will be some mixing or hybridizing, either by conscious
effort or by purely eccidental crossing with nearby closely relsted
species, ( Manihot gleziovii, cears rubber, has been crossed with
M, utilissims to incresase disesse resistance and to produce more robust
plants.) If thess hybrids bhave some peculisr adventage that the pesrents
lecked, it is guite possible that the perents may be discerded in fevor
of the more desirsble traits of the hybrid offapring. The fevorsble
cheracteristics can be msintained yeer efter yeer in the case of caéaavﬂ
by vegetetive propagstion, using cuttings of msture stems.

fne piecea of informetion concerning the differentiaticn between

the two reces is that the sveet typss cen apperently be raised over a

* For e full discussion of wmethods, see Anderson, E., "Intrograssive
Hybridization", John Wiley end Sons, 1949,
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wider range of tempersture veristion them cen the bitter typea. The
bitter seems more cold sensitive, snd is seldon Tound cutside of
laetitude £7° North or South, wherees scms of the sweet verieties can be
found to 30° North or Soutk. A factor in this diffsrentistion may be
the length of time required for meturity of the two groups. There is
no aeversge for either group, but what little date have been recorded
show thet the bitter verieties require a longer period, twelve fto
eighteen months, to sceunulate their highest starech content while the

sweet types require only from seven to twalve months.

The sslsction of better hybrids, or mutants, has not slwsys been
under " seientific " contrel, but bas been done with a great deal of
practical imow-now by the peoples whose lives dapended on the crop.
Hybrids have been selected for verying factors such &s high yield of
starch, flavor, or low fiber content of root. Theae factors arl;, no
doubt, the onss uppermost .in the minds of the farmsrs, but other factors
such a8 drought-resistance, rete of meturity, snd others haye enterasd
the pleture. 4 variety of bitter cassave whiech has high favor in Jamsica
is locslly known as " Cateh Thief ". This perticulsr form resembles
closely one of the sweet varieties, and iz considersd by the farmers
as valuabla in preventing praedisl lsrceny which is too common on the
island. It is doubtful that the set of charscters included in " Catech
Thief " are entirely fortuitous, bui rather wera sslected to give the
incsutious thief s serious fummy ache.

Today there ere few tropicel ereas of the world whers cassava is

not of mejor importence. Any sres which is frost free all year, or
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which has a few light frosts per yesr is suitabls for ths plenta.
Central Africa, where the ylents ere thought to have been introduced

by the Spenish or Fortuguese from the Zew World after the 15th century,
hes few aress in which the roots do not provide the staple stareh, The
racific Islands, to which the crop wes probebly introduced by Spenish
travelers, (1) esre grest producers of cesssva end the derived rroduct
tapioce, The islends of Jeve, Sumstrs and Borneo, yrier to World Wer II,
were the main scurce of the tepioca utilized in the United States. Like
Brezilien Rubber, whieh is in the same plant family, llanihot seams to
have csught on and become more important in its adopted land then et its
spurcs.

Cesseve has bsen the step-child of agricultursl research until
very recently. Since it was largely & home-consumsd rroduct, without
too much importence in our own or im European economy, no intensive
work has besn dons towsrds its betterment. Compsred with the lmnwl&dgs
of whest, cesseva is sbout one hundred years behind. There has been sn
upsurge of sctivity, however, end todasy many aspects of the study of the
plent sre being carried out (2), (4).

Very recently it has been shown thet the tops of the plent are
valueble &s sourcss of proteins, end &s such msy be used either fresh
for humen consumption or dried and ground s & mesl for csttle. TFor
meny yeers, netives of Africa and Australis heve esten the young green
folisge 2= a vegetable, but curiously enough this is little if at all
prectised in the New World. Teste in Central Amsrica heve shown that

cattle produce nearly as much milk from & diet of mesl Trom dried yuca
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leeves and stems &8s from the best known source of protein, alfulfa.
Alfalfe hes so far been & feilure &s far a&s growth in the tropics is
concerned. OSimilerly, products from one pert or auother of the cassava
plent have bsen found to be satifactory food for horses, hogs aund
chickens. Other veluable uses of the plant include production of
aleohol, lasetie seid, paper pulp, and sauces show thet in lanihot
utilissime we have one of the most versatile of crops, snd cne whose

full value has not been appreciated.
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FPRELIMINARY CONSIDERATIONS ON THE INTRASPECIFIC
VARIATION OF MANIHOT UTILISSIMA Fohl

This is a progress report on activities of & somewhat hybrid nature; it
is no%t a report of a finished task. It is fitting that this first report be
given on this pus, for it was here in Gainesville, only a few blocks from
this spot that I first became aware of the existence of the plants which bear
the name Manihot ytilissine.

The systematics of cultivated plents has had illustrous beginnings with
the outstending work of such men as Liberty Hyde Bailey, Alfred Rehder, and
others. These works, however, have been on the lsvel of the higher taxa generally,
ln%}rm li.ll‘l::tmttm has been given to the classification of spescies and
Jower axk, | Mhis\gype 4f problem—of intre- and interspesifie classifisstion—
had to ewait the development of more definitive techniques. Techmiques for

quantitative evaluation minor differences are generally available now as a
's "Introgressive Hybridization" and Woodson's
in Asclepiss tuberosa”. My work with the intra-

Manihot is largely an application of

result of such work as Ander:
"Some Dynamics of Leaf Veriati
and interspecific variation in ¢
these techniques.

To keep away from the kmotty problem of correct memes, I shall hereafter
refer to the group of plents under discussion as "cassava", In the British
speaking West Indies, this name refers both to plent and to its products. In
Spenish speaking areas of the New World, "yuea" is proper, and in Brezil, either
"manioe" or "mandioca™ is used, We can't eall the group "tapioes plants" far
"tapioca™ refers only to one of many different products of these plants.

Cassave never has received a thorough systematic investigation: two studies
have been made, both consisting of limited scope, end neither with the idea in
mind of the problems of evolution, distribution, or other faetors which modern
texonomists normally inelude in their studies. Quite e large nmumber of agronomie
studies of such factors se yield, fertilizer application, planting techniques,

oto,, have been These ere unfortunstely of little general significance
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gince the clones used were not well described nor kept in museum plots to be
made generally available for future studies, The same negative statement cam
be made for any aspect of the study of cessave--none, or few of significance
have been made--in genetics, cytology, ethnoboteny or archeology.

The eultivated cessava plants (amd I have to speak only of cultivated plants
gince I have not had an opportunity to study possible wild relatives) are shrubs,
from sbout 5 to about 12 feet tall, Most of these at maturity have only a tuft
of leaves near the apex of the plant, but some olomes are known which maintein
their foliage from base to apex of the meture plants. The enlarged tuberous
roots, varying in shaps, size and number, produce the main source of carbohydrate
food for many millions of tropical people. Maturity date of plents varies in
varying environmental eonditions, end the clones in the same locality are variable
as to date when the roots have reached their maximum size end carbohydrate content,
but an average figure for meturity of plents is from 8 to 14 months.

The plants ere commonly and loosely divided into two categories, besed uponm
the eoncentration of & eyanogenic glucoside in the roots: one group being known
as "sweet" if the content of the glucoside is nil, or wery low, and the other
"bitter”, if the content of the glucoside (HON, or prussic seid) is sufficiently
high to produce harmful effects if eaten before some extraction method removes
the prussic aeid. This division is very tenuous, the content of HCN supposedly
influenced by varying environmental faoctors. Actually there are no two clomes
eomtaining exactly the seme amount of HON. The Fremch, in Africa, have classi-
fied the plants on the basis of HON content as (1) "inoffensive”, (2) "a little
poisonous”, (3) “poisomous”, and (4) "very poisomous". They fail to say just
what represents the point of separation for these categories.

So far, no charscteristies of a morphological nature have been established
whieh support the differentistion into two races, subspecies, species or other
taxa, Some morphologicel cheracteristics may sccompany this differentiation
into sweet and bitter races but these are minor, end have not yet been roved,

In order to make & comprehensive study of the variation in e¢assava, 1t hes

-ﬁl. tly dif foqnt methods m those used by most
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taxonomists when attaching a problem in systematics. Since the plants are quite
large, it is difficult to make & very complete herberium specimen by ordimary
techniques. Usually, @ collector mekes no specimen unless it bear flower or
fruit, These plents when in flower or fruit have different leaf (end other
such characters) from those of the vegetative conditions, Since flowering

and fruiting ere of sporadic occurrence in this group, it is necessary to rely
mainly on vegetative characteristics, Due to this fact, plus others, I have
1little valid material with which to stert this work. Im order to quickly bring
together sufficient meteriels for study, it hms been necessary to have the
cooperation of many different orgenizations--most of them departments of
agriculture, and it has been & very satisfying expesrience in most cases to find
the fine cooperation these people give.

Two areas well within the normal growth of cassava, Jamaica and Costa Riea,
were selected in 1953 because they could give a wide range of envirommental
variation and at the same time be close to the U.3. The Department of Agriculture
of Jamaica, and the Inter-American Institute of Agricultursl Sciences at Turrialba,
Costa Rica, sre the orgenizations with which I have been working. In these
two localities, I hed hoped to have cuttings (the normal method of reproduction)
sent in from all regions of the tropics where cassava is grown. A last moment
ruling against importation of any clomes into Jamaica caused a change in plans
during the summer of 1953. A sufficiently laerge number of clones were already
present in Jamaica to meke a valid study of the effects of different environmesatal
conditions (something similsr to the Clausen, Keck and Hiesey experiments with
Achillea), This change of plan has turned out to be & valuable one, perhaps
preventing some embarrassing situations later om. Through agriculture extension
agents, the island was fairly well seerched, and duplicate cassava plantings
were made in two of the experiment stations maintained by the Depertment.
Altogether, 107 different named clones were brought together with six plants
of each clone in each station. Although some of the local names are

dupliecations, the amount of real veriation is quite large, and the effect of
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environment is quite striking as T begin to compare the plants of each locality.

In Costa Riea, through the efforts of Dr, Jorge leson, most of the clones
oocurring in that country hed already been assembled in mussum plots at Turrialba,
By cooperation with various inter-Americen egricultural missions, and through
departments of sgriculture of several South Americem end Far Eastern countries,
we were sble to establish Turrielba ms & center for bringing together clones
from all over the world,

By June of this year, the two plantings of local clones in Jamaica were
ready for sampling. The methods of sempling are essentially those which Anderson
deseribes for his "inclusive herberium" specimen, in which & single herbarium
gheet contains data for a population rather thean a single plant. Since there
was no opportunity to make svaluations of characteristics of taxonomic importance
previously, it wes necessary to keep a record of as many characteristics as
oould be determined, Some characters were more obvious, but others have not
yet eppeered es important,

The variations smongst plants of a single clone were recorded, and if
possible, coded by mumber. (Registrers at most schools have IEM mschines available,
and not working at all times,) As each clone wes studied, one average plant
was selected and photographed against a calibrated board, once at a standard
distance of 5 meters for the hebit photograph, and once at 2 meters for a detail
of the leaf, root and gtem sections. An herberium specimsn of the leaf, the
apex of the vegetative shoot, sections of stem end root, end when possible,

a flowering or fruiting branch was made, For each specimen, coloration, state
of maturity of root, ete,, were recorded. Any ripe seeds were collected to
complete the record, At time of sampling, if roots were mature, & sample was
sent to the agricultural chemist of the Jamaicen department for analyeis of
HON end carbohydrate content.

With the help of two field hands, and one of the officers of the agronomy
divieion, it was possibls to complete the various parts of the sampling
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program for each cloms in ebout 20 minutes, This does not, of course, inolude
time for drying specimens.

An important part of the technique is the proper arrangement of data on
the herbarium sheet. The "inclusive herbarium" specimen loses much of its value
if more than one sheet is required for deta and specimen., So far, I have not
been able to reduce my specimens to a single sheet, but that it can be done is
well shown in amother plant almost as unwieldy as cassava, namely corm.

The results of sampling in Jamaica have not yet been analyzed, but scme
interesting differences showed up when comparing the growth of one clone at
the two stetions. On ome station in dry, hot, irrigated, alluvial soils, the
plants demonstrated marked vegetative activity above ground with relatively slow
development of the roots, and 90% of all clones remained in the vegetative state.
At the other station on cooler, moister, mon-irrigated, red lateritic soils,
above ground development was less, while root, flower and fruit develoiment
wae markedly greater. At the latter station, nearly all plants were attacked
by an insect in the buds, csusing die-back end heavy production of lateral
branches, How thie effects the branching patterm of the plants, I have no data,
but this makes one characteristic I hed hoped to use much more difficult to
analyze. I had hoped to be sble to present results of comparative HON content
at the two localities, but the ag, chemist has no; yet completed his analyses,
due to some differences in yield according to two different hydrolyzing techniques.

It 1s mueh too early to hazerd a guess as to the number of, or level of the
taxa involved in the complex kmown as Manihot utilissima, However, with the
use of the deseribed techmiques, and with the fine attitudes and cooperation
given this work es a stimulus, there should be some definite results in the
not too distant future.
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PRELIMINARY CONSIDERATICONS ON THE INTRASPECIFIC
VARTATION OF MANTHOT UTILISSIMA Pohl

This is a progress report on activities of a socmewhat hybrid nsture; it
is not a report of a finished task. It is fitting that this first report be
given on this campus, for it was here in Gainesville, only & few blocks from
this spot that I first beceams aware of the existence of the plants which bear
the neme Manihot utilissima.

The systematics of cultivated plants has had illustrous beginnings with
the outstanding work of such men as Liberty Hyde Bailey, Alfred Rehder, and
others. These works, however, have been on the level of the higher taxa generally,
and very little attention haes been given to the classification of species end
lower texe, This type of problem--of intra- and interspecific classificetion--
hed to await the development of more definitive technigues, Techniques for
quentitative evaluetion of minor differences are generally available now as a
result of such work as Anderson's "Introgressive Hybridization" and Woodson's
"Some Dynemics of Leef Variation in Asclepies tuberosa"™. My work with the intra-
and interspecific wvariation in the genus Manihot is largely en applicaticn of
these techniques.

To keep away from the kmotty problem of correct nemes, I sball hereafter
refer to the group of plents under discussion as "cassava"., In the British
speaking West Indies, this name refers both to plant eand to its products. In
Spanish speeking areas of the New World, "yuea"™ is proper, and in Brazil, either
"manioe® or "mandioca" is used. We can't call the group "taploca plants" for
"tapioea™ refers only to one of meny different products of these plants.

Cassava never has received a thorough systematic investigation: two studies
have been mede, both consisting of limited scope, and neither with the ides in
mind of the problems of evolution, distributiom, or other factors which modern
taxonomists normelly inelude in their studies. Quite & large number of agronomic

studies of such factors as yield, fertilizer application, plenting techniques,
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since the clomes used were not well described nor kept in museum plots to be
made generally availsble for future studies. The same negetive statement can
be made for any aspect of the study of cassava--none, or few of significance
have been msde--in genmetics, cytology, ethnobotany or archeoclogy.

The cultivated cassave plants (emd I have to spsak only of cultivated plants
since I have mot had en opportunity to study possible wild relatives) are shrubs,
from sbout 5 to about 12 feet tall., Most of these at maturity have only a tuft
of leaves near the apex of the plsnt, but some clones are known which majintain
their foliage from base to apex of the mature plants. The enlarged tuberous
roots, varying in shape, size and number, produce the main source of carbohydrate
food for meny millions of tropical people. Maturity date of plants varies in
varying environmental conditions, end the clomes in the same locality are variable
as to date when the roots have reached their meximum size and carbohydrate content,
but en average figure for maturity of plents is from 8 to 14 months.

The plents are commonly and loosely divided into two categories, based upon
the concentration of & cyanogenic glucoside in the roots: one group being known
as "gweet" if the content of the glucoside is nil, or very low, and the other
"bitter"”, if the content of the glucoside (HCN, or prussic acid) is sufficiently
high to produce harmful effects if eaten before some extraction method removes
the prussic acid. This division is very temuous, the content of HON supposedly
influenced by varying environmental factors. Actually there are no two clones
containing exactly the same amount of HCN. The French, in Africes, have classi-
fied the plants on the basis of HCN content as (1) "inoffensive", (2) "a little
poisonous"”, (3) "poisonous", and (4) "very poisonous". They fail to say just
what represents the point of separation for thess categories.

8o far, no characteristics of a morphological nature have been established
which support the differentiastion into two races, subspecies, species or other
taxa, Some morphologicsl characteristics may accompany this differentiation
into sweet and bitter races but these are minor, and have not yet been proved.

In order to make & comprehensive study of the varistion in cassava, it has

been naeaa L oy some slightly different methods from those used by most
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taxonomists whan attaching & problem in systematics. Since the plants are quite
large, it is difficult to meke & very complete herbarium specimen by ordinery
techniques, Usually, a collector mekes no specimen unless it bear flower or
fruit. These plants when in flower or fruit have different leaf (and other
such characters) from those of the vegetative conditions. Sinee flowering

and fruiting are of sporadic occurrence in this group, it is necessary to rely
mainly on vegetative characteristiecs. Due to this fact, plus others, I have
1little valid meterisl with which to start this work. In order to quickly bring
together sufficient materials for study, it bas been necessary to have the
cooperation of many different organizations--most of them depertments of
agriculture, and it has been a very satisfying experience in most cases to find
the fine cooperation these people give.

Two areas well within the normal growth of cassava, Jamaica and Costa Rica,
were selected in 1953 because they could give a wide range of environmental
variation end at the same time be close to the U.S. The Department of Agriculture
of Jemaica, and the Inter-American Institute of Agricultural Sciences at Turrialba,
Costa Rica, are the organizetions with which I have been working. In these
two localities, I hed hoped to have cuttings (the normal method of reproduction)
sant in from all regions of the tropics where cassave is grown. A last moment
ruling against importation of any clones into Jemaica caused e change in plems
during the summer of 1953, A sufficiently large number of clones were already
present in Jamaica to meke a valid study of the effects of different environmental
conditions (something similar to the Cleusen, Keck and Hiesey experiments with
Achillea), This change of plan has turned out to be a velusble one, perhaps
preventing some embarrassing situations later om. Through agriculture extension
agents, the island was fairly well searched, and duplicate cassava plantings _
were made in two of the experimsnt stations maintained by the Department.
Altogether, 107 different namsd clones were brought together with six plants
of each clone in each station. Although some of the local names are

duplications, the amount of real veriation is quite large, and the effect of
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environment is quite striking as I begin to compare the plants of sach locality.

In Costa Riea, through the efforts of Dr. Jorge Leon, most of the clones
occurring in that country had already been assembled in museum plots at Turrialba,
By cooperation with various inter-American agricultural missions, and through
departments of agriculture of several South American and Far Eastern countries,
wa were able to establish Turrielbs as a cemter for bringing together clones
from ell over the world.

By June of this year, the two plantings of local clones in Jamaica were
ready for sampling, The methods of sampling are essentially thoses which Anderson
deseribes for his "inclusive herbarium" specimen, in which a single herbarium
sheet conteins data for a population rather than a single plent. Sincs there
was no opportunity to mske evaluations of characteristics of texonomic importance
previously, it was necessary to keep a record of as many characteristics as
could be determined., Some characters were more obvious, but others have not
yet eppeared as importeant.

The varistions smongst plants of a single clone were recorded, and if

possible, coded by mumber. (Registrars at most schools have IEM machines available,
and not working at all times,) As each clone was studied, one averasge plant
was selected and photogrephed against a calibrated board, once at a standard
distance of 5 meters for the habit photograph, and once at 2 meters for a detail
of the leaf, root and stem sections. An herbarium specimen of the leaf, the
apex of the vegetative shoot, sections of stem and root, and when possible,
a flowering or fruiting branch was made, For each specimen, coloration, state
of maturity of root, ete., wers recorded. Any ripe seeds wers collected to
complete the record. At time of sampling, if roots were mature, & sample was
sent to the agricultural chemist of the Jamaicen department for analysis of
HCN and ecarbohydrate content.

With the help of two field hands, and one of the officers of the agromomy

division, it was possible to complete the various parts of the sampling
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program for each clene in about 20 mimutes. This does not, of course, inelude
tims for drying specimens.

An importent part of the techmnigue is the propsr arrangement of data on
the herberium sheet. The "inclusive herbarium™ specimen loses much of its value
if more than oms shest is required for deta and specimen. So far, I have not
been able to reduce my specimsns to a single sheet, but that it can be doms is
well shown in another plant almost es unwieldy as cassava, namely corn.

The results of sampling in Jemaica have not yet been analyzed, but some
interesting differences showed up when comparing the growth of one clome at
the two stations. Om ome station im dry, hot, irrigated, alluvial soils, the
plants demonstrated marked vegetative activity above ground with relatively slow
development of the roots, and 90% of &ll clones remained in the vegetative state.
At the other station on cooler, moister, non-irrigated, red lateritic soils,
above ground development was less, while root, flower and fruit development
was markedly greater. At the latter station, nearly all plants were attacksd
by en insect in the buds, causing die-back and heavy production of lateral
branches., How this affects the branching pattern of the plants, I have no data,
but this mekes one characteristic I had hoped to use much more difficult to
analyze. I had hoped to be &ble to present results of comparative HCN content

at the two localities, but the sg. chemist has not yet completed his analyses,

due to some differences in yield according to two different hydrolyzing techniques.

It is much too early to hazard a gusss as to the number of, or level of the
taxa involved in the complex known as Manihot utilissima. However, with the
use of the described techmigques, and with the fine attitudes eand cooperstion
given this work as a stimmlus, there should be some definite results in the

not too distant future,
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PRELIMINARY CONSIDERATIONS ON THE INTRASFECIFIC
VARIATION OF MANTHOT UTILISSIMA Pohl

This is & progress report on activities of a somewhat hybrid nature; it
is not a report of & finished, task, It is fitting that this first report be
given on this campus, for it was here in Gainesville, only a few blocks from
this spot that I first beceme aware of the existence of the plants which bear
the name Manihot utilissima.

The systematics of cultivated plants has had illustrous beginnings with
the outstanding work of such men as Liberty Hyde Bailey, Alfred Rehder, and
others., These works, however, hawe been on the level of the higher taxa generally,
and very little attention has been given to the classification of species snd
lower taxa, This type of problem--of intra- and interspecific classification--
hed to await the development of more definitive techniquss. Technigues for
quantitative evaluation of minor differences are gensrally eveilable now as a
result of such work ass Anderson's "Introgressive Hybridization" and Woodson's
"Some Dynamics of Leaf Veriation in Asclepias tuberosa". My work with the intra-
and interspecific variation in the genus Manibot is largely en application of
these techmniques.

To keep away from the knotty problem of correct names, I shall hereafter
refer to the group of plants under discussion as "cassave", In the British
speaking West Indies, thie name refers both to plant snd to its products. In
Spanish speaking areas of the New World, "yuca" is proper, snd in Brazil, either
"manioe™ or "mandioca™ is used. We can't call the group "tapiocea plants™ for
"tapioca" refers only to one of many different products of these plents.

Cassava never has received & thorough systematic investigation: two studies
have been made, both consisting of limited scope, and melther with the idee in
mind of the problems of evolution, distribution, or other factors which modern
taxonomists normally include in their studies. Quite s large number of agronomic
studies of such factors as yield, fertilizer epplicaetion, plenting techmniques,
ete., have been made. These mere unfortunstely of little genersl significance

since the clones used were mot well described nor kept in museum plots to be
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be made for eny aspect of ths study of cassava--none, Or few of significance
have been mede--in genmetics, cytology, ethnobotany or archeclogy.

The cultivated cassave plents (and I have to spesk only of cultivated plants
since I have not had en opportunity to study possible wild relatives) are shrubs,
(slide 1) from ebout 5 to sbout (slide 2) 12 feet tall. Most of these at maturity
heve only & tuft of lsaves near the apex of the plsnt, but some clones are known
(slide 3) which msintein their foliege from base to &apex of the mature plentas.

The enlerged tuberous roots, (slide 4) varying in shaps, size end number, produce
the main source of carbohydrate food for many millicns of tropical people.
Maturity date of plents veries in varying environmentsl conditions, end the clones
in the same locelity ere variable as to dete when the roots have reached their
maximum size end carbohydrete content, but en average figure for maturity of
plents is from 8 to 14 months.

The plents sre commonly and loosely divided into two categories, based upon
the concentration of & cyenogenic glucoside in the roots: one group being known
as"sweet" if the content of the glucoside is nil, or very low, end the other
"bitter"”, if the content of the glucoside (HCN, or prussic acid) is sufficiently
high to produce harmful effects if eaten before some extraction method removes
the prussic ecid, This division is very tenuous, the content of HCN supposedly
influenced by varying envirommentel factors. Actually there are no two clones
conteining exasctly the same emount of HCN, The French, in Africe, have class-
ified the plants on the basis of HCN content as (1) "inoffemmive", (2) "a little
poisonous", (3) "poisonous", end (4)"very poisomous”. They feil to sey just
what represents the point of seperation for these cetegories.

So far, no characteristics of a morphological nature have been established
which suppor t the differentistion into two races, subspecies, species or other

taxe, Some morphologicel cherascteristics may accompany this differentiation

into sweet apnd bitter races but these ere minor, and have not yet been proved. ‘
In order to make a comprehensive study of the varietion in cesseva, it bas |

been necessary to employ some slightly different methods from those used by most |’
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taxonomists when atteching & problem in systematics. Since the plants sre quite
large, it is difficult to meke & very complete herbarium specimen by ordinary
tehhniques. Ususlly, a collector mekes no specimen unless it bear flower or
fruit. These plents when in flower or fruit have different leaf (and other
such charscters) (Slide 5) from those of the vegetative conditions. Since
flowering and fruiting sre of sporadic ocecurrence in this group, it is necessary
to rely meinly on vegetative cheracteristics. Due to this fect, plus others,
I have little velid material with which to start this work. In order to quicly
bring togetber sufficient materisls for study, it has been necessary to have
the cooperation of mesny different orgenizations--most of them depsrtments of
sgriculture, and it has been a very satisfying experience in most cases to find
the fine cooperation these people give.

Two sreas well within the normel growth of cassave, Jamaics and Costs Riea,
were selected im 1953 becsuse they could give & wide range of environmantal
variation end at the same time be close to the US, The Depertment of Agriculture
of Jemaice, and the InterAmericen Institute of Agricultural Sciemces at '!'urrialbn,‘
Costa Rice, are the orgsnizations with which I heve been working. In these
two localities, I had hoped to have cuttings (the nmormsl method of reproduction)
sent in from all regions of the tropics where cassave is grown. A lsst moment
ruling against importation of any clones into Jamaica caused a chenge in plens
during the summer of 1953. A sufri.eisntly large number of clones were slrsady
present in Jamaica to meke a velid study of the effects of different environmental
conditions (something similer to the Clsusen, Keck end Hiesey experiments with
Achilles), This change of plan hes turnéd out to be & vaelusble one, perhaps
preventing some emberassing situations later on, Through sgriculture extemsion
agents, the islend was fsirly well sesrched, end duplicete cassave plantings
were made in two of the experiment stations msinteined by the Department.
Altogether, 107 different nemed clones were brought together with six plants
of each clone in each station (slide 6--sxplain). Although some of the locsl nemes are

dupplications, the emount of reel veriation is quite large, and the effect of

Digitized by the Hunt Institute for Botanical Documentation




-4-
environment is gquite striking as I begin to compsre the plants of each loecslicty.

In Costa Rica, through the efforts of Dr., Jorge Leon, most of the clones
occurring in that country had glreedy been assembled in museum plots at Turrialba,
By cooperation with various inter-Americen sgricultural miesions, and through
departments of egriculture of several South American and Far Eastern countries,
we were able to establish Turrielbs as a center for bringing together clones
from all over the world.

. By June of this yeer, the two plentings of local clones in Jamaica were
ready for seampling. The methodes of sempling ere essentielly those which Andersom
deseribes for his "inclusive herbarium" specimen, in which & single herberium
sheet contains date for & population rather then e single plemt. Since there
wes no opportunity to meske evaluations of charecteristics of taxoncmic importence
previously, it was necessary to keep a record of as meny characteristics as
could be determined., Some characters were more obvious, but others have not
yet appeered as importent.

The variations smongst plents of & single clone were recorded, and if
possible, coded by number. (Registrars at most schools have IBM machines available,
end not working st all times.) As esch clone was studied, one average plant
was selected and photographed sgainst a celibrated board, once (slide 7) at a
stendard distence of 5 meters for the habit photograph, esnd once (slide 8) at
2 meters for a detail of the leef, root and stem ssections. An herbarium speci-
men of the leaf, the apex of the vegetative shoot, sections of stem and root,
and when possible, a flowering or :rmitil.ng branch was made, For each specimen,
coloration, state of maturity of root, etc., were recorded. Any ripe seeds
were collected to complete the record. #t time of sempling, if the roots were
mature, a semple was sent to the agriculturel chemist of the Jamaican department
for enalysis of HCN and cerbohydrate content.

(S1ide 9) With the help of two field hands, and ome of the officers of the

agronomy division, it was possible to complete the various psrts of the sempling
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program for each clome in about 20 minutes. This does not, of courss, include
tims for drying specimens.

An importent part of the technique is the proper arrengement of data on
the herberium sheet. The "inclusive herberium" spscimen loses much of its value
if more then one sheet is required for data end specimen. 80 far, I have not
been able to reduce my specimens to & single sheet, but that it cen be dome is
well shown in snother plent almost as unwieldy as cassava, namely corn.

The results of sempling in Jamaica have not yet been eanalyzed, but some
{nteresting differences showed up when comparing the growth of one clone at
the two stations. On one station in dry, hot, irrigated, elluvial soils, the
plants demonstrated marked vegetative activity above ground with relatively slow
development of the roots, end 90% of all clones remsined in the vegetative state
(S1ide 10 & 11). At the other stetion on cooler, moister, non-irrigated, red
lateritic soils, above ground development was less, while root, flower emd fruit
development was markedly greater (Slide 12, 13, 14). At the latter station,
neerly all plsnts were attacked by en insect in the buds, causing die-back and
heevy production of lateral bramnches. Now this affects the branching pattern of
the plants, I have no data, but this makes one characteristic I had hoped to use-
much more difficult to emalyze. I had hoped to be sbls to present results of
comperative HCN content at the two locslities, but the 2g, chemist has not yet
completed his snslyses, due to some differemnces in yield according to two
different hydrolyzing techniques.

It is much too eerly to hazard a guess &s to the number of, or level of

the taxs involved in the complex known as Menihot utilissims. However, with

the use of the deseribed techrijhem, end with the fine attitudes and cooperation
given this work as & stimulus, there should be some definite results in the

not too distent future.
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FRELIMINARY CORUIDERATIONG ON THE INTRASPFECINIC
VARIATION OF MANIHOT UTILISSIMA Pohl

This is & progress report on activities of & somewhat hybrid nature; it
is not & report of & finished, task. It is fitting that this first report be
given on thie eesmpus, for it wes here in Gainesville, only & few blocks from
this spot thet I first beceme awere of the existence of the plants which beer
the nems Manihot utiliseiem,

The systematics of cultivated pleants hss had illustrous beginnings with
the outstanding work of such men as Liberty Eyde Baliley, Alfred Rehder, and
others, These works, however, have been on the level of the higher taxe generslly,
end very little sttention has been given to the classification of species smd
lower texa., This type of jroblem-—of intres- and interspecific classification--
had to swait the development of more definitive techniques, Techniques for
quantitetive evalustion of minor differences sre genmerally sveilable now as a
result of such work es Anderson's "Introgressive Hybridizetion" snd Woodson's
"Gome Dynamios of Leaf Veristion in Asclepiss tubsrgss”, My work with the intra-
and interspecific varisticn in the genus Manjhot is largely sn epplicetion of
these techniques.

To keep away from the kmotty problem of correct names, I shell heresfter
refer to the group of plents under discussion es “eassave". In the British
speaking West Indies, this name refers both to plant ond to ite products. In
Spanish spesking erees of the New World, "yues" is proper, snd in Brezil, either
"manioe” or "mendiocca™ is used. We can't call the group "tepioee plante" for
"tapioces” refers only to ons of meny different products of these plents.

Cagsave never has received s thorough systemetic investigation: two studies
have been made, both consisting of limited scope, snd neither with the idea in
mind of the problems of evoluticn, distribution, or other fectors which modern
taxonomiste mormslly include in their studies, Quite o large number of agronomie
studies of such fectors ss yield, fertilizer oprlieation, plenting techniques,
eto., have been made. These are unfortunstely of little genercl signifiesnce

#ince the clones used were not we:l described nor kept in museum plots to be
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be mede for any aspect of the study of cessavi--none, or few of significance
have been made--in genmetics, cytology, ethnobotamy or archeclogy .

The cultivsted csasavs plents (emd I have to spesk only of cultiveated plants
sinee I have not hed an cprortunity to study possible wild relatives) are shrubs,
(slide 1) from about 5 to about (slide 2) 12 feet tall., Most of these st maturity
pave only & tuft of leaves near the syex of the plant, but some clones ére known
{slide 3) which msintsin their folisge from base to apex of the msture planta.
The enlarged tuberous roots, (slide 4) varying in shers, size end number, produce
the main source of carbohydrate food for many milliocne of tropical people.
Maturity date of plants varies in verying environmentsl conditions, emd the clones
in the eeme loczlity sre variable es to date when the roots have reached their
maximum size end earbohydrate content, but =n average figure for meturity of
plente is from 8 to 14 months.

The plents sre commonly end loosely divided into two categories, based upon
the concentration of & cyanogenic glucoside in the roots: one group being known
as"sweet” if the content of the glucoside is nil, or very low, end the other
"bitter”, if the content of the glucoside (HON, or prussic scid) is sufficiently
mumummm-u-murmuumm@-mw
the prussic scid. This division is very temuous, the content of HON supposedly
influenced by verying environmentel factors., Actually there are no two clones
conteining exsctly the same amount of HCH, The French, in Afriec, heve class-
ified the plents on the besis of HCN content se (1) "inoffemmive", (2) "a little
poisonous”, (3) "poisoncus", end (4)"very poisomous”. They feil to sey just
what represente the point of sepsrstion for these categories.

Zo fer, no characteristics of & morphologiesl nuture have beem established
which suppor t the differentiation into two races, subspecies, species or other
taxs, GSome morphologicsl characteristies msy eccompeny this differentiation
into sweet and bitter races but these sre minor, end have not yet been proved.

In order to meke a comprehensive study of the veristion in cssseva, it has

been necessary to employ some slightly different methods from those used by most
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taxonomists when attaching o problem in systematics, Since the plants are quite
large, it is difficult to meks & very complete harbarjum specimen by ordinary
tebhniques, Usually, & collector mekes no specimen unless it bear flower or
fruit. These plents when in flower or fruit have different leaf (and other
such charscters) (Slide 5) from those of the vegetative conditions, Singe
flowering and fruiting sre of sporsdic oceurrence in this group, it is necessary
to rely meinly on vegetetive churacteristics. Dus to this fasot, plus others,
I have little valid meterial with which to start this work. In order to quicly
bring together sufficient materiels for study, it has been necessary to have
the cooperation of meny different organizations--most of them depertments of
sgriculture, and it has been & very satisfying experience in most cases to find
the fine ccoperstion these people give,

Two arees well within the normel growth of cassave, Jameics and Coste Ries,
were selected in 1953 becsuse they could give & wide range of environmantal
veriation snd et the seme time bs close to the US. The Depertment of Agriculture
of Jemeica, und the Interimericen Institute of Agriculturel Sciences st Turrislba,
Costs Riee, are the organizstions with which I have been working. In these
two loecalities, I hed hoped to have cuttings (the normel method of reproduetion)
sent in from all regions of the tropies where cassavs is grown. A last moment
ruling agsinst importation of sny clones into Jamaion coused & chenge in plens
during the summer of 1953, A sufficiently large number of clones wers slready
present in Jemaics to meke e valid study of the effects of different environmental
conditions (something similer to the Cleusen, Keck end Hiesey experiments with
Achillee), This chenge of plen hes turned out to be & valuable ome, perhaps
preventing some embarassing situations later on. Through sgriculture extension
agents, the islsnd was fairly well searched, end duplicete cessave plantings
were made in two of the experiment stations meinteined by the Department.
Altogether, 107 different numed clones were brought togsther with six plents
of each clone in each station (slide 6--explsin), Although some of the loosl names are

dupplications, the smount of resl varietion is quite lurge, end the effect of
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environment is quite striking ss I begin to compare the plsnts of each loealiety.

In Costa Rica, through the efforts of Ur, Jorge Leon, most of the clonss
ocourring in thet country had olready been sssembled in museum plots at Turrialbs,
By cooperstion with verioue inter-Americen sgricultural missions, and through
depsrtments of sgriculture of seversl South Americsn snd Far Eastern countries,
we were able to establish Turrislbe as & center for bringing together clones
from all over the world,

By June of this yesr, the two plentings of local clones in Jamsica were
ready for ssmpling. The methods of sampling ere essentially those which Anderson
deseribes for his "inclusive herbarium" specimen, in which & single herbarium
sheet contains dats for & population rather then & single plent, Since there
was no opportunity to meske evsluations of characteristics of taxonomic importance
previcusly, it was necessary to keep = record of as meny cheracteristios es
could be determined, Some cheracters were more obvicus, but others have not
yet appeared ss importent.

The verietions mmongst plents of o single clone were recorded, and if
possible, coded by number., (Registrars at most schools have IBM machines aveilabla,
end not working st ell times,) As each clone wes studied, one averesge plant
wae selscted snd photogrephed ageinst a cslibreted board, once (slide 7) st &
standard distance of 5 meters for the habit photograph, end once (slide 8) at
2 meters for a detail of the lesf, root end stem seotions, An herbarium speci-
msn of the lesf, the apex of the vegetative shoot, sections of stem end root,
and when possible, & flowsering or fruiting breuch was made, For eech specimen,
coloretion, state of maturity of root, etc., were recorded. Any ripe sesds
were collected to complete the record. At time of sempling, if the roots were
mature, & sampls was sent to the sgricultural chemist of the Jamejcen department
for anaslyeis of HON and esrbohydrete content.

(514de 9) With the help of two field hends, end one of the officers of the

sgronomy division, it was possible to complete the various perts of the sampling
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program for each clone in sbout 20 minutes, This does not, of course, include
time for drying specimenu.

An importent pert of the technique is the proper arrengement of data on
the herberium shoet., The "inclusive herberium" specimen loses much of ita walue
4f more then one sheet is required for dets end specimen., So far, I have not
beesn sble to reduce my specimens to e single sheet, but that it esn be dona is
well shown in snother plant elmost es unwieldy es oassave, nemely eorm,

The results of sampling in Jemaice have not yet been analywzed, but some
interasting differsnces showed up when comparing the growth of one clone &t
the two stations. On one station in dry, hot, irrigated, alluviel soils, the
plents demonstrated marked vegetative motivity sbovs ground with relatively slow
develogment of the roots, end 0% of all clones remsined in the vegetative state
(S1ide 10 & 11), At the other station on cooler, moister, non-irrigated, red
1steritiec soils, sbove ground development wes less, while root, flower and fruit
development was markedly greater (5lide 12, 13, 14). At the latter stationm,
nesrly all plents were attacked by an inssct in the buds, esusing die-back and
heevy production of lstersl brenches, Now thie affects the brenching pettern of
the plents, I heve mo dats, but this makes one characteristic I had hoped to use-
much more difficult to enalyze. I had hoped to be able to present results of
comperative HCN content et the two localities, but the sg. chemist has not yet
completed his snslyses, due to some differences in yield according to two
different hydrolyzing techniques,

It is much too esrly to hagerd a guess es to the number of, or level of

the taxa involved in the complex known as Manihot utilissima. However, with

the use of the described techmjhes, und with the fine sttitudes and cooperstion
given this work as @ stimulus, there should be some definite results in the

not too distant future.
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