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Title: Studies cn variation in Menihot utilisaima end releted species

Grant was made to assist in collection of meterisls snd to establish
further exparimentsl work in two ereas, Jamalocs and Costa Hica, With some
changes, this plan was followed.

Upon errivel in Jemaice, I was notified she Department of Agriculture
had ruled agsinat importetion of eny verieties from eny other ares, Since
the originol plen was set up for the study of the vearieties from sll ereas
of the tropicel world under uniform conditions, there had to be a complete
revision of ths experimemtal work to be done in Jemsica. A sufficient
number of verieties occur in Jumaice, bowever, to meke possible snother as-
pect of the sums study.

Two general types of "cassava" are known, the so-called "bitter" varieties
with @ lethal smount of HON in the roots, ond the "sweet" either without
HON, or & low enough concentration of the poisonous prineiple to make the
gweet varieties edible without sny previous treatment., COne of the problems
in my study is to determine whether there is some genetic difference between
the bitter end sweet varieties, or whether the concentration ef is gov-
erned by environment. That this does not seem to be the cese is shown by
the fact that both bitter end sweet verieties sre usually found inter-mingled.
However, to fully determine the extent of control of this factor, two ex-
perimentsl plote were esteblished in widely different habitets: one in &
low coestsl zone in the parish of Ht, Catherine, on the Bodles Experimentel
Ferm of the Department of Agriculture, the other at an slevetion of sbout
£000 feet in the perish of Mancheater on the Grove Place Experiment Station
of the Department of Agriculture. The first plot is in sn aree of heavy
maringblay, pH sbout 7.8, low rsinfall, high average temperatures, farmed
by irrigation methods; the second hes lighter lateritic soils, pH sbout 6,

moderat to heavy reinfall, and moderate, average temperatures.
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Upon emtablishment of these plsne, efforts were mude to collect as
meny of the local veriants of Munihot utilissims es possible. The wide
variety of hebitats on the islund proved to produce & surprisingly large
nusber of veristions, both of the bitter snd of the sweet types. Trips
were mode with agricultursl extension sgents or by hired csr to all of the
southern parishes oxclusive of lestmorelsnd, end to St, Ann snd S5t, Mary
parishes on the nothern side. On these trips, the sgents were instructed
to sample cassava plantings at frequent intervels in order to secure as
puch of the varistion es possible. /it the same time, samples (dried
herbarium specimens) were made of esch variant found. ZXach sgent ‘U;t asked
to have six cuttings of each verient sant to the two experimental plots,
in order to provide duplicat studies of environmentsl variations,.

Although it ie certain thot some of the variants which ceeur in Jamajca
have esceped my uttention, & large encugh proportion of those existing have
been brought together to make the studies of environmantal vardation sign-
ificant, At the same time, the systematic studies of the verieties will be
more significant.

Altogether, 48 nemed varieties were collected throughout Jamaioca,
#ithout dcubt, many of these names ere synonyms, but until comperisons of
cheracteristics have been made on the herbarium materisl epd on the apec-
imens in the "museum” plots, no scourate figures of the numbers existing
con be presented, In addition, the plants at maturity are sbout eight to
twelve feet tall, making it impossible to meke entirely sdequate herbarium
specimens, (me of the most steble cheracteristics of the verieties iz the
breanching pettern. This cherscteristic is not reflected in the dried spscimen,
although & lerge nutber of photographs were teken to aceceompsny the dried
material,

The second phese of the swmer's sctivities proved more successful

in terms of the originel plams. “4ith the ccoperetion of the steff of the
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Inter-Americen Institute of sAgricultursl Sciences at Turrialba, Costa Rica,
museus plots for verieties of Manihet m and alled species from
all over the tropical world were established. That is, the plots where
these varieties nre to be reised were estsblished. At the moment, requests
have been sent to most of the importent centers for propsgating msterials,
end some of the requests have been filled. Fortunately, Costs Rica had

no ban upon importation of varieties which might be carriers of diseeses,
In addition, through the cooperation of Dr, Frederick Vellmsn, Regional
Plant Fathologist of the Foreign Agriculture Depsrtment of the United
States Department of Agriculture stationed at Turrielbe, I have been assured
of a close check sgeinst introducticn of diseases which might csuse serious
dnmage to an important crop in Costa Rica,

At the Institute &t Turrislba, Dr, Jorge Leon, collsborator in this
study, had previously established plots of most of the wvarieties grown in
Costa Rica, Through his ccoperation, it was possibls to make o large musber
of population studies to determine differences amongst local varieties.

This provided a basis for future studies when the large introduction plent-
inge become sufficiently mature for further study.

Seversl trips were made in Costa Rioces to areas of largest comcentration
of production of tapioce or yucs, The amount of variation found in Costa
filos was considerably less then that of Jameica. The method of plenting
wes usually different from Jameicsn methode in that the Costa Hican plantings
were uniformly of one typef per fisld whereas the Jamsicsn plentings were
frequently mi)Xtures of several varietiss, The adventege or disadvantage of
either has not been examined. Another significent differsence between the
Jameiosn end Costa Ricon plants wes the fact that sbout 3/4 of the plantpngs
in Jamaice consisted of bitter verieties, ard only 1/4 of the sweet type
whereas in Costa Rica the sweet veristies have boen selected slmost to the

exclusion of the bitter ones. There wes nok opportunity to check s report
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that bitter varieties wers raised by the native Indian population in the
remote aress of southern Costs Rica,

In Costa Rice, the largest plantings of Honihot wtiliesime occur on
the Atlentie side, mostly at elevations lower then 2000 feet, but many
areas of higher elevation had @ few plantinges. The Fucifie slope of Coste
lion and Niearagus were uniformly less varieble ss to nucbers of varieties,
end only six to eight different ones were sdded to the plots at Turrialba
after a week's expedition to areas of production in liicsrague snd western
Costa Riea,

This summer's sotivities were obviously of an introductory nature.

It is impossible to make sny systematic studies with so ensll a pepulation
sample &8 thet which was maede. In ell, not more than 200 epecimans were
taken, but these include many duplicsted in order to study veriability within
& so-called variety. It is hoped that through cooperation with Brazilisn
and other South Americsnm botanists and sgriculturists, o broader spectrum

of the veriation will be obtained. It was indeed encouraging to achieve
such fine eooperation from egriculturists for a problem whose basic aspects
are gomhat removed from un immediete practicsl return, Both Jamsican

end Costa Rican officials were most helpful in establishing this work.
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RESEARCH PROPOSAL SUBMITTED TO
THE NATIONAL SCIENCE FOUNDATIQN

Institution: The New York Botanical Garden,
New York 58, New York,
Principal Investigator: David J. Rogers
Title of Proposed Research: Systematic investi-

gations of Manihot esculenta and related species,

Desired Starting Date: July, 1960
Time Period for which Support is Requested: 3

years,

6.. Budget Requested: $30,110,00,
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ABSTRACT

The problems of the origin, classification, ethnology,

and geography of Manihot esculenta (cassava, yuca, mandioca,

manioc, tapioca) and allied species are discussed, Reviews
of the principal investigator's work, of the economic im-
portance, and of the pertinent literature are appended,
Details of procedures, facilities, personnel and budget are

given.

OB JECTIVES

1. To determine the systematic relationship of Manihot
esculenta to other species of Manihot (Euphorbiaceae).
2. To provide a classification of the sub-specific taxa

of Manihot esculenta,

3. To study the problems of the origin of the cultivated
species,
4., To study the geography and ethnobotanical aspects of

the lowland tropical root crop,
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DESCRIPTION AND BACKGROUND OF PROPOSED RESEARCH
Introduction

Several outstanding students have propossd hypotheses for

the first areas ofcultivation of Manihot esculenta Crantz, one

of the world's most important lowland tropical root crops. De-
Candolle (1886), who accepted the American origin of this spe-
cies, has been supported by a number of subsequent authors, Fur-
ther, from travelers' accounts of Manihot cultivation in Brazil
and from the large number of cultivars of M. esculenta found
there; DeCandolle considers eastern Brazil to be the area of
origin, He is suppozted by Vavilov (1951) whose hypotheses are
widely known, Sauer (1952), considering varied ethnological and

botanical evidence, prefers the Venezuelan savannas,

The Relationship of Manihot esculenta to Other Species
of the Genus Maniliot

Before the origin of this lowland tropical root crop can
be reasonably dJdetermined, it is necessary to know the basic re=-
lationships of this to other species of the genus, Further
hypotheses on the origin of onaz highly specialized species will
not be profitable until we understand the taxonomy of the species
group to which it belongs and the position of this group within
the genus, Although considerable numbers of herbarium specimens
of species related to M, esculenta have been collected and de-
posited in the herbaria of the world, no recent attempt has been

made to interpret the relationship of the various specimens.,
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Standard morphologic, ecologic, and geographic data demon-
strate the close relation of about a dozen species to Manihot
esculenta:

1. Manihot carthaginensis in all countries bordering on

the Caribbean Sea (also found in Trinidad and Tobago and in the
Dutch West Indies).

2. M. gualanensis and M, aesculifolia in Mexico and
Central America.

3. M. palmata (= M. digitiformis and/or M, dulcis ??) in
western South America (Peru, Bolivia, and western Braz11).

4, M. tweediaua and,’or (may be synonymous) M. flabelli-
folia in Paraguay, Uruguay, northern Argentina, and the south-
ernmost states of Brazil.

5. Several little Lknown species in eastern Brazil,

6. M. saxicola in northeastern South America in the more
humid areas of British Guiana, Surinam, and Venezuela,

7. Only a few species in the Amazon basin, though the

cultivated species is abundant,

M, esculenta and its immediate relations are all lowland
tropical shrubs. Their habitats range from semi-arid provinces
to rainforest associations. They are confined (as natives) to
the Western Hemisphere, from Mexico to Argentina and the West
Indies., Several spacies have been introduced into the old
world tropics and subtropics, They are altitudinally limited
by temperature, and none isfound in areas with frost., The

greatest differentiation between M, esculenta and its related

R

species is in the production of fertile seeds and fruit. The
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cultivars, selected particularly for root production, seem to
have been selected against seed production., The cultivars are
normally propagated by stem cuttings, and only in breeding or
hybridization work have agriculturists propagated plants from
seed. The related species, by contrast, produce greater numbers
of seeds per plant. All species have a terminal inflorescence,
but the degree of development of the inflorescence varies,

M. palmata, M, aesculifolia, and M, gualanensis have very stout,

many-branched inflorescences, whereas M. esculenta produces a
much weaker, fewer-branched one, The leaves of M, palmata are
more deeply lobed than those of M, esculenta, forming almost
palmately compound leaves. The lobes of the leaves of M. aesculi-
folia and M, gualanensis are more pronouncedly pandurate or

hastate, Manihot saxicola has smaller foliage (average length

of median lobe about 5 - 8 cm.), and the leaves are mors evenly
three-lobed, both vegetative and inflorescence leaves, M, saxi-
cola has been experimentally crossed with M. esculenta in Surinar
and in Indonesia, and the Fj and later generations produced a
small number of seeds (Bolhuis, 1949). Apparently, few bar-
riers exist to interspecific hybridization, although considerable
selection of M. esculenta clones as parents is necessary., Si-
milar crosses have been nade with M. Glaziovii, a distantly re-
lated species, with some success,

The origin of the related species is as difficult a problem

as determination of the origin of cultivated Manihot esculenta.

Frequently, information on habitats on the herbarium labels of

the species is indicative of a weedy nature, Descriptive
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phrases as "abandoned field,'" "wild manioc," '"roadside," and
""ruderal' may be indicated, In those cases where local names
have been recorded on the specimens, another indication of the
putative relationship of these species closely related to cul-

tivated Manihot esculenta may be found. 'Mandioca brava,"

"wuca cimarrona,' 'maniva silvestre," and others indicate the
opinion of people who live closely with the culfivated manioc,.
The names are applied to several of the species mentioned above;
and, although the common names may be the same from country to
country, they may be applied to different Manihot species.

Whether the closely related species are progenitors of the
cultivated specics, or derivatives from it, is a debatable
although important question, Harlan (1959) recently hypothe-
sized that, in general, the wild relatives of various cultivated
plants are more likely derivatives from the cultivated species
than progenitors thereof. He referred particularly to those
wild relatives with a known "weedy" aspect. In the genus Mani-
hot, the related species seem to fit this hypothesis nicely., It
is possible that the complexity of the cultivated species is due
to the hybridizing of the cultivated and wild species in various
parts of the range of the cultivars. Also, the reiated species,
having the general aspscts of weeds, growing in disturbed areas,
and never entirely isolated from the cultivated species, may
have been derived from the cuitivated species by natural selec-
tion out of hybrid swarms,

If these hypotheses have any validity, the research project
I propose may. not bring me closer to the solution of the origin

of the cultivated species, but at least will establish a better
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basis for further study which will be more precise and accept-
able, The genus Manihot offers an excellsnt opportunity for
study of origins of cultivated species in lowland tropical areas,
All other intensive studies of the origins of cultivated crops
have been made on those plants acceptable to European tastes
and those adaptable to growth in temperate climates., These
studies should have some usefulness to the anthropologist whose
studies of culture change and transmission, and movement of
people must inevitably be interwoven with the studis of plants
which support the various cultures., It should also provide some
useful data to the agricultural student interested in upgrading

and improvement of the cultivars of ll. esculenta,

The Taxcnomic Problems of the Cultivated Species

Manihot esculenta has many minor variants, Because of the

numerous cultivars the distinction into subspecific taxa is very
difficult, An assemblage of the specimens of the various races
demonstrates an almost sclid continuum, Geographic and ecologic
data play a fundamental role in subspecific taxa differentiation
of wild species, There is still no evidence that geography or
ecology play a major role in defining the categories below the
species level in M, esculenta. Perhaps some geographic and
ecologic differcontiation may be found upon further investigation
in South America, but ou2 must be cautious in employing such
data for the following reasons:

1. Cultivars are maintain=d Ly man, who establishes

Martificial'" ecological conditions for the growth
of a selected plant.
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2, Cultivars of value may have been transported far
from their point of origin,

3. New cultivars developed by hybridization may be
successful as cultivated glants, but would be
completely unsuccessful if natural selection only
were operative,

There are characteristics which may permit an adequate
classification, however, Within the species M, esculenta
herbarium specimens that I have collected from Costa Rica,
Nicaragua, and Jamaica demonstrate constant combinations of
vegetative characters that may serve as adequate ma jor sub=-

divisions of the species. These characters are:

1. Epidermis of nalure roots roughened, flaking,
dark brown; stems brown, reddish, or yellowish

2, Epidermis of mature roots smooth, not flaking,

light tan or pinkish tan; stems gray or silver=-
gray.

These combinations of vepgetative characters are sufficiently
constant to make a provisional subdivision of the species into
two "convariants' (see Regnum Vegetabile 10: 13 art, 14, 1958),
Below the convariant (a taxon roughly equivalent to subspecies)
level the differentiation becomes more complex, Other vegetative
characters, of branching pattern, foliage variations, and pig-
mentation, may be satisfactory to establish subsidiary categories,
Whether these sets of characters remain constant over the whole
range of the species has yet to be determined, Unfortunately,
the average herbarium specimen has no such information available,
Until these characters can be tested in the field, it will be

impossible to produce a sound classification,

Digitized by the Hunt Institute for Botanical Documentation




=T

A biochemical trait within the cultivated complex has often
confused the classification of the cultivated manioc, High con-
centrations of cyanogenetic glucosides are found in many of the
cultivars. In some plants, the quantity is low, but none so far
tested is completely free, In many cultivars the [CN-] * is con-
fined to the phelloderm of the root, and none is found in the
cortex, the portion producing the edible food material. These
are generally called "sweet" manihot. In others, the phelloderm
and the cortex have about equal quantities of [CN-], in some cases
as much as 2,000 ppm. Tie2ce are designated "bitter,V

Because of the variubility in [CN”] content, several authors
(Pohl, 1827; Muell, A=g., 1866; Pax, 1910) have attempted to find
differences and erect spscies to separate those races of casasava
which have the [CN”] confined to the phelloderm, and those where
the content of cyanogenetic glucosides is great enough to make a
bitter taste., At any one locality, differentiation of the culti-
vars may be accompiished., That is, if "sweet” (low or no concen-
tration of [CN"] in the cortex) and "bitter'cultivars are growing
together in one field, there are sufficient numbers of morpho-
logical differences between the cultivars to permit the grower
to be able to distingnish accurately beiween those which are dan-
gerous if eaten raw or boiled, and those which he may serve safely

as a table vegatable in the same manner as Irish potatoes. However,

* This symbol is used to rep:2sent the cyznide, indicating its
combination with a glucosida,
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I have been able to observe sufficient numbers of cultivars to
know that the morphological distinctions which serve to separate
the sweet and bitter variants in one locality are not satis-
factory to distinguish them over the total range of the culti-
vars. The idea that there is no basis for differentiation of
the cultivars into two separate species is not new (Grisebach,
1864; Sagot, 187); Standley, 1923). Pax (1910) maintained the
artificial differentiation and so obscured further studies in
this connsction.

There is a persisteat prublom which is not solved by the
decision to meintain all *he cultivars in one species, however.
Several sources (im Stewsud, 1948, Vol 3) indicate that a geo-
graphic distincticn, at Isast in the extasnt of distribution,
exists between bitter and sweet manihot. If these reports are
correct, the sweet iranicc is more widely distributed than the
bitter, even where thiere has been a considerable interchange of
peopls before and aflter contact with Europeans. In continental
South America a vague dividing line seems to run north and south
east of the Arndes, To the west mest manioc is reported as sweet,
and this hoids true for Central Amedca, The geographic distinc-
tions between sweet and bitter cultivars in Colombia almost co-
incides with the Magdalenz River: to the east, both bitter and
sweet manihot are raised; to the west, only sweet. It is true
that food prepsration from the roots in Central America is seldom
as complicated as it is in areas whers bitter manioc provides

the greater amount of feod. I have no reports of the instrument
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or basket, the tipit{, * occurring in Central America, In those
areas where only sweet manioc is found, this root crop does not
seem to be the major carbohydrate food and is frequently rele-
gated to secondary importance., In Brazil people of high and
low estate alike use mandioca for their major source of carbo-
hydrate and prefer it to any other starchy food, There are
certain Brazilian tribes, of course, who depend more on maize
and cultivate it mors than mandioca,

An hypothesis of some merit is that the first varieties
used by South American Indians wers the "sweet! varieties found
along the eastern slopes of the Andes. 1In the same areas, how-
ever, a few cultivars with low [CN"] content may have bem grown.
By trial and error, crudz techniques for extracting the prussic
acid could have been developed., As the tribes progressed east-
ward into eastern and southern Drazil, Venszuela, and the Gui-
anas, where variations with higher cyanogenetic glucoside con-
centrations were found, better, more efficient tools for ex-
tracting the bitter juice evolved. The most sophisticated in-
strument, the tipit{; was very likely developed in northeastern
South America, where there is a preponderance of bitter cultivars

over the sweet,

* The tipiti is found primarily among peoples of Venezuela, the
Guianas, and recent Tupian emigrants to the peripheries of the
Amazon area. The tipiti is a sleeve-like basket made from
certain Aroid lianas (at least in parts of Venezuela). The
fibers are twilled on the bias, a detail which allows great
compressibility and stretch.
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Geographic and Ethnological Problems of
Manihot esculenta

From documented historical evidence and from archeological
finds it is quite clear that this root crop was first cultivated
in the tropical Americas. Also, the most frequently encountered
common names, 'manioc,'" "mandiocca,' ''yuca," '"cassava," are all
derived from native Indian terms, giving more basis to the
theory of American origin. However, there are still too few
data to permit designation of any one geographic area of origin
within the western hemisphere. There are certain parts of the
western hemisphere which do not seem likely as points of origin,

For example, it is doubtful that Manihot esculenta could have

originated in any area where frosts occur. Therefore, the high-
est regions of the western cordilleras in South or Central Amer-
ica are excluded., Also, the West Indies seem to be poor possi-
bilities for the origin of M. esculenta for the following reasons

1. Except for one other cultivated species of the genus,
M. Glazovii, no other species of Manihot occurs in the West In-
dies (with the exception of Trinidad and Tobago, both of which
have continental affinities with South America).

2. Use of the root is (or was) identical, including the
pressure basket (tipitis, with South American mainland use.

3. From the widespread distribution of manioc in South
America, one may infer a greater antiquity there than that of
the first introduction of cultivars into the West Indies,

If the cultivar(s) originated in eastern Brazil, one must
account for the fact that the people who would have been reguired

to bring manioc into cultivation were mostly in western South
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America and that cultures progressed eastward, The oldest ar-
cheological evidence of Manihot culture is found in Peru (Sauer,
Je, 1951) and in northern South America, in Venezuela and Col-
ombia (Willey, 1960). The pottery from the Peruvian coastal
areas is beautifully formed and unquestionably reflects a cluste:
of roots of manioc. These pots were made by an agricultural
people believed to be some 4,000 years old, In Colombia Reichel-
Dolmatoff (1956) has found pottery fragments of griddles used in
yuca cooking which he tentatively dates at 1000 B.C,

It is dangerous, of course, to assume from present-day dis-
tribution of either Indian tribes or of their plants that certain
plants are more primitive or advanced than others, However, be=-
cause of the intimate relationship betwesu manioc and many of
the tribes of South and Central American Indians, one must ex-
amine the plants in relation to the people.

One may assume that if certain tribss employed advanced
processing techniques they might also employ better cultivars
and discard any older variations which were not as productive of
food material, On the other hand, those tribes which have con-
tinued to use less elaborate devices might be considered more
primitive. There are several grades of less complex procedures
of extraction than the tipit{, ranging from simple hand-squeezing
of the grated roots to open baskets, to sack-like devices, The
tribes employing the simpler devices are scattered about the
periphery of the Amazon and in eastern Brazil.

Whether these tribes wers pushed out of central Amazonia by

more advanced, aggressive tribes from northwestern South America
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or represent remnants of earlier tribes of the same locality is
a moot question, Also, whether these peripheral (or marginal)
tribes have maintained primitive cultivars of manioc or have se-

lected more productive, derived cultivars is another unresolved

problem,

At any rate, it seems more profitable to examine the culti-
vars maintained by the marginal tribes than to study those of the
central Amazon basin, Whether investigations of these tribes and
their cultivars are more significant to answer problems of origins

of the cultivars or not can best be determined by investigation.

Economic Importance of Manihot esculenta

This root crop is one of the most important food sources
for millions of tropical peoples all over the world., In Brazil,
mandioca is the fundamental carbohydrzate crop. All others are
very secondary. In Africa manioc, which has been known only
since its introduction by the Portuguese about 300 years ago, has

become one of the most important food producers in many areas

south of the Sahara.* In the Indo-Malaysian areas thousands of
tons of tapioca are produced for shipment to Europe amd the United
States, The extracted starch is a very significant product for
industrial nations, used for paper sizing, glue, and other in-
dustrial products. Most of this starch is produced in Indonesia

and the Malay Peninsula., 1n India, the crop has become an in-

* William 0. Jones has documented in great detail the signi-
ficance of manioc to Africans in "Manioc in Africa." Stan-
ford University Food Research Imstitute, 1959,

Digitized by the Hunt Institute for Botanical Documentation




13-

creasingly important carbohydrate source in the tropical and
sub-tropical areas (Abraham, 1956), The roots are commonly sold
in the Puerto Rican markets in this country.

In most areas where Manihot esculenta is the chief carbo-

hydrate food it has been thoroughly condemned by nutrition ex-
perts, The protein content of the root is almost nil, and be-
cause of this, it is thought to be one of the more serious
causes of the nutritional deficiency disease "kwashiorkor.! Yet
it has one of the highest caloric contents of any starchy food
and provides sizeable quantities of vitamins,

In the Belgian Congo, and to a lesser extent in other areas
of West Africa, the young foliage is used as a fresh vegetable,
Tests have shown that the crude protein of young leaves is con-
siderably higher than those of most plants (Rogers, 1959) and in
protein content is certainly comparable to alfalfa and to certain
forage grasses, Leaf protein utilization may pose problems be-
cause the leaves also contain considerable quantities of [CN-],
and even when dried and ground, may not be palatable to cattle,
although they will eat it (Echandi, 1952). Good tests of amino
acid composition have not been made., If the protein does not
have good percentages of nutritionally significant amino acids,
its value is considesrably reduced. Ilowever, if tests do show
appropriate concentrations of the amino acids, a new contribu-

tion to better diets for tropical people may become available,
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REVIEW OF PRINCIPAL INVEBTIGATCR'S STUDIES OF
Manihot esculenta

A, General

Prior to field studies and collecting trips, I examined the

collected specimens of Manihot esculenta in Washington, Cambridge

New York, and St. Louis. It was obvious that insufficient dried
material was available to reflect the great variability of the
cultivars mentioned in the agricultural literature, Typical
herbarium specimens cortained only inflorescances and leaves
associated with the inflorescence, As is common in many plant
groups, there is considerable dimorphism between the vegetative
leaves and the leaves associated with the inflorescence, The
characters of the reproductive parts, although quite variable,
are less significant for subspecific differentiation than are
certain vegetative characters, Vegetative characteristics of
the plants are seldom noted on herbarium materials. No roots
were found as parts of herbarium specimens.

Before an adequate classification could be accomplished,
therefore, it was. necessary to become familiar with the plants
in the field, to learn methods of collecting specimens which
would beuseful for the classification, to determine which parts
of the plants would provide diagnostic characters, and which
types of information would be necessary to accompany the speci-
mens,.

There were two choices of areas to start field work:

(1) Brazil, where the largest number of cultivars are located,
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or (2) the periphery ofthe areas of cultivation, in regions
nearer to the United States., I chose the second alternative for
the following reasons: having little knowledge of the plants
themselves, it seemed undesirable to spend time in the area of
greatest diversity until techniques for studying the plants had
been firmly established; another reason was, of course, financial
Brazil is more than twice as distant from the United States than
the West Indies and Central America. In addition, it was neces-
sary to have the cooperation of institutions interested in these
studies to help maintain growing collections of the cultivars.
After much inquiry, two institutions gave their wholehsarted
support to my studies: the Department of Agriculture, Hope
Gardens, Kingston, Jamaica, and the Interamerican Institute of
Agricultural Sciences, Turrialba, Costa Rica, With the assist-
ance and guidance of these two institutions, an excellent begin-
ning of the study was initiated in 1954,

Eight weeks were spent in Jamaica, Costa Rica, and two
weeks in Nicaragua, A survey of the numbers of the cultivars in
these areas was undertaken, and methods of collecting, growing,
and recording information were studied, Procedures for the
cooperative work with the Department of Aériculture in Jamaica
and The Institute in Costa Rica were establiished, Upon completior
of this field work, only seventy different cultivars were col-
lected in all areas visited. The first specimens collk cted were ,
of course, incomplete, and did not contain all necessary informa-
tion, However, they were sufficiently complete to provide material

for examination and to point to the needed type of collection.
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Both experiment stations were visited in succeeding years,
at intervals of about 11-13 months, and specimens and field notes

prepared.
Jamaican Studies

A surprising number of cultivars was found in Jamaica, and
many different common ('fancy") names were applied to the culti-
vars in various parts of the island. To study the cultivars of
all localities was impossible, The varving soils and climatic
conditions made it difficult to judge the stability or variabilit:
of the cultivars, The Jamaican agricultural officials were re-
quested to coliect as many different cultivars as possible in
each parish, to record the local names, and to send cuttings to
two experiment stations, one at Bodles, near 01d Harbor, and the
other at Grove Place, near Mandeville, The two stations have
quite different soils and offered an opportunity to observe, unde:
controlled conditions, the reactions of plants to different en-
vironmental conditious,

One hundred and seven accessions were planted in the plots
at the two stations, with six plants of each accession, Plant-
ing was done in August, 1954, and the specimens examined one
year later. Although the activities of the Jamaicans were out-
standing, several unfortutate occurrencss made it impossible to
have an absolute comparison of the cultivars at the two stations.
There were several mistakes in labelling at the two stations; at

one station, the plants received excellent attention; at the
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other, because of insufficient personnel or funds, the plants
were neglected; an invasion of apical budworms caused excessive

lateral branching to develop at one station.

In 1955 the plants were examined, photographed, and speci-
mens taken according to the following schedule:

1. Each cultivar was examined in the row. After examina-
tion, one plant was selected as 'typical’ of the six examples,
dug, and photographed against a scaled board,.

2. As the photographs were made, data were recorded on
pigmentation, habit of the plant, and any other significant
feature,

3. Herbarium specimens were prepared after further com-
parisons of leaves, stems, and roots of the specimen plant and
the remaining five plants, The specimen was chosen to be the
most "typical® of all the plants of the cultivar of the plot,
Thus, in effect, a rough "population sample' of that particular
cultivar was prepared, Hany cultivars were completely vegetative
but specimens were prepared for all, flowering or not,

4, After I had left Jamaica, root and leaf samples were
collected and sent to the agricultural chemist of the Jamaican
Department of Agriculture for analysis of sucrose, starch, and
[CN-] content of the root and crude protein content of young
foliage, Unfortunatdy, two or three days passed before the
samples reached the laboratory; thus, the concentration of the
volatile cyanide was reduced. The analytical procedures were

good and carried out by competent technicians, The analyses
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provided an insight into the problems of [CN-] variation and to
the possible nutritional significance of the foliage, but because
of mislabelling and mixing of the specimens, the data could not
be used to bolster the morphological inf ormution of the herbarium
specimens. Much closer supervision must be made by the principal
investigator of each step in the procedure,

5. As the specimens were prepared, close comparisons were
made with other cultivars in the plot to prevent duplication at
replanting time. When no duplicates were found, stem cuttings
were made, labelled, and stored in preparation for replanting,

Upon completicn of the sampling of the plots at the two
stations, fifteen cuttings of each cultivar were replanted. The
purpose of the replanting was to give an accurate check of the
plants and the stability of the various characters over more than
one growing season, to provide the agronomists of the Department
of Aériculture an opportunity to study various cultural character-
istics of the cultivars and to select promising cultivars for
field testing.

In 1956, after one year's growth, the plants were again ob-
served, specimens taken, and additional notes on various character-
istics of the plants made. At the end of work in the summer of
1956, the plots were turned over to agronomists of the Department
of ABriculture who have continued studies of the plants for var-
ious agricultural problems, I had the plants roughly classified
on branching patterns, foliage, and root characters. At the end
of the work there remained some 48 cultivars out of the original
107 accessions, These represent, Ithink, most of the cultivars

in Jamaica.
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Costa Rican Studies

At the Interamerican Institute of Agricultural Sciences at
Turrialba, Costa Rica, Dr. Jorge Leon had already collected a
number of cultivars in 1954 and earlier and had these growing in
garden plots, I found several more cultivars in Costa Rica and
Nicaragua, and these were added to the collsctions,

The same collecting procedures were used in Costa Rica as
in Jamaica., The number of cultivars (35) was much smaller in
Costa Rica, perhaps because the crop is of lesser importance to
the people. Among the Jamaicans who had been brought to Costa
Rica by the United Fruit Company and who have settled in the
lowland Atlantic regions of Costa Rica, yuca, or cassava, is
nearly as important for fcod as it had been in their earlier
homes.

In 1955 cuttings of 25 cultivars were sent to Costa Rica from
Jamaica, and these were examined in 1956. Only about 50% sur-
vived, and the remainder are still among the collections growing
in the plots of the Institute, 1 intend to observe the effect

of different environmental conditions on these cultivars,

B, Techniques Developed

With the background of these studies in the field, the pro-
cedures necessary to provide an accurate classification came
sharply into focus, Having studied the prepared herbarium speci-
mens over a three-year period, making several tentative classifica-
tions, reviewing field notes, and improving the collecting and re-

cording techniques, I now have sufficient background for the future
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The process of correlating data of the numerous cultivars
is, of course, quite complex, Several attempts were made to
find precise techniques. Key=-sort cards wers employed with some
success, but the method was cumbersome, Various statistical de-
vices were tried, with the same results, Finally, a method em-
ploying electronic computers, essentially following standard
taxonomic techniques, proved to be feasible, has been tested,
and is now employed by several organizations abroad and in this
country.

Procedures for studies of chromosomes have been established,
The schedule and reagents are essentially those of Sharma and
Sharma (Stain Tech, 32: 167, 1957) for young leaves or buds,

The importance of the variability of the cyanogenetic glu-
coside content in the roois to taxonomic studies has been dis-
cussed (p., 7). It is iwperative to prevent the escape of the
volatile cyanide so that a true reflection of the content in each
sample can be achieved, The procedure adopted is as follows:
100-150 g. of fresh root will be homogenized using a meat chopper
and mixed with CaCOz. The CaCO3 will "fix" the cyanide at pH 11
or 12. After such "fixing' the samples can be stored or shipped
in polyethylene containers without losing any of their original
[CN"] content. Little danger of decomposition by fermentation
exists at the high pll, Final analysis will be made in the labor-

atories of The New York Botanical Garden,
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REVIEW OF PERTINENT LITERATURE

More and more scientists--anthropologists, nutrition ex-
perts, agriculturists, and sociologists--have become aware of the

importance of Manihot esculenta in underdeveloped countries where

it is most raised. Yet few large-scale studies have been carried
out in any important aspect, either agricultural or botanical,
Local classifications have been made of the cultivars in three
areas (Chandraratna, 1944, Ceylon; Ciferri, 1938, Dominican Re-
public; Zehntner, 1919, Brazil). Unfortunately, local classifica-
tions have taken only those cultivars of a particular region and
do not consider the total variability of the species. 1In Agrica,
breeding for resistance to a nosaic virus has bLeen done (Nichols,
1947; Storey and Nichols, 1938). 1In Iﬁdonesia, Dutch agricultur-
ists brought the plants tc their highest productivity (Koens,
1948) producing as much as 30 tons of fresh roots per acre. The
French (Francois, 1938) and Belgians (Pynaert, 1951) have de-
voted considerable attention to the agricultural studies of the
plants in the Belgian Congo, in Madagascar, and in other colonial
areas, Brazilian scientists have probably touched more areas of
research with the plants than have the scientists of any other one
nation. Preliminary investigations of the genetics (Graner, 1935,
1940, 1942, 1944), anatomy (Viégas, 1940), cultural procedures
(Mendes, 1940, 1941; Normanha, 1942, 1950), variety trials (Nor-
manha and many others), productivity (Correia and Fraga, 1945),
cyanogenetic glucoside content (Correia, 1947), etc. have been

made on a small scale,
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Several Brazilian agricultural stations have made collesctions
of cultivars in the vicinity of the stations. The two largest
living collections are at Belén and at Camnpinas, in governmental
experiment stations. These collections will be of extreme im-
portance to the taxonomic studies, providing sources of specimens,

ranges of variation, and other vital data,
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PROCEDURES *

1. Explorations

Two expeditions to collect cultivars of Manihot esculenta

and related species are planned., One expedition will be to Brazil
and thes other to Colombia, Ecuador, Peru, and Bolivia (localities
listed below). Attempts will be made to visit some of the col-
lecting sites of Pohl (1827) whose Brazilian collections and
studies are more important for systematic work than those of any
other student of Manihot. The actual itinerary in each area will
include intermediate stops in localities of most importance to the
studies, However, the exact collecting sites will depend on cir-
cumstances of travel facilities and advice in the countries listed,

The localities in this list are those of agricultural experi-
ment stations, Most of these stations have facilities for assist-
ance to visiting investigators. They, or the main experiment sta-
tion of which they are subsidiaries, have cooperative programs
with the U, S, Government and/or international (U.N. and FAO) agen-
cies, I plan to request the assistance of the officers in charge
of these stations., In the past many local government and inter=-
national agencies have provided assistance for travel, housing,
accommodations, guides, etcxl.

Eastern South America

Brazil: Beléﬁ, Parg; Campinas, Sao Paulo; Bello Hori-
zonte, Minas Geraes; intermediate stops in the states of

R .I -
Maranhao, Piaui, Pernambuco, Bahia, Goias.

* Details of procedures have been given on p. 19,
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Western South America

Cplombia: Barranquilla, Palmira, Villavicencig, Mira-
flores, Puerto Leguizamo,
Peru: Lima, Tingo Maria, Iquitos, Pucallpa, Huancayo.

Bolivia: La Paz, Riberalta, Reyes, Santa Cruz,

II. Collections To Be Made

1. Herbarium specimens--standardized procedure.

2. Materials for cytological and anatomical study,

3. Root samples for analysis of [CN"] content.

4, Cuitings of selected species and cultivars sent to Rocke-
feller Foundation Ixperimental Farms in Vera Cruz, (The director
in Mexico City, Dr. R, V. Richardson, has agreed to a co-operative

program,)

I11. Analysis of Field Data

In the herbarium, Typical herbarium procedures will be fol-

lowed for the analysis of herbarium specimens. In addition to mor-
phologic, ecologic, and geographic information, anatomical, cyto-
logical, and bio-chemical data will be correlated., (See discussion

of methods on p. 19.)

FACILITIES

The New York Botanical Garden will provide the major facilitie
of herbarium, library, laboratory space, and general laboratory

equipment, Special requirements for equipment are as follows:
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For herbarium and laboratory analyses:
a. Stereoscopic dissecting microscope (American Optical
or Bausch & Lomb),
b. Compound microscope (AO or B & L), adequate for

anatomical and cytological studies,

PERSONNEL

1. Principal Investigator: David J. Rogers (see p. 28 for

biographical sketch,) The principal investigator requests no
salary.,

2. Research Assistant, A graduate student in taxonomy of

vascular plants will be chosen, The special nature of the field
work in connection with this problem requires an intelligent and
partially trained assistant to the principal investigator to as-
sure that each step of the collection of data and the preparation
of samples are properly carried out., His duties will be as fol-
lows:

a., assist in field studies

b. analyze specimens for [CN"] and carbohydrate content

€. prepare specimens for anatomical study

d. assist in correlating data

€. prepare distribution maps

oF
£ organization comprehensive annotated bibliography of
Manihot,

Because of recent tuition increases, other school expenses,
and the high cost of living in the New York area, a stipend of

$3,600 per year is requested.
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BIOGRAPHICAL SKETCH OF PRINCIPAL INVESTIGATOR

Born: De Funiak Springs, Florida, October 18, 1918,

Marital Status: Married, 3 children,

Education: Secondary and undergraduate, public schools of
Florida and the University of Florida. Major: botany; minor,
soils and horticulture, OGraduate: Washington University, St.
Louis, Ph.D., 1951, Major: Taxonomy of phanerogams,

Membership in Scientific Societies: International Association

of Plant Taxonomists, The American Society of Plant Taxonomists,
The Society for Economic Botany (.reasurer), American Institute of
Biological Sciences, Botanical Society of America, American Asso-
ciation for the Advancement of Science, Conference of Biological
Editors, American Association of University Professors, Torrey
Botanical Club (Council),

Professional Career: Allegheny College, Meadville, Pa., 1951-

57, Associate Professor, teaching general botany, bacteriology,
pathogenic bacteriology, field botany, lab methods, and g=neral
education course in biology.

Present Position: Curator of Economic Botany and Editor of

ECONOMIC BOTANY at The New York Botanical Garden, 1957-present,
Research: (see p. 14) Studies of lianihot. Publications of
this research have not been completed because the data at hand are
too fragmentary to permit an overall classification of this species
Publication of classifications of those cultivars already studied

would be of little significance,
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Mo, Bot, Gard, 36: 475-477. 1949,
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8. The IBM 704 taxonomy application--an experimental procedure
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Reports
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Book Reviews

12, Rauwolfia: Botany, pbarmacognosy, chemistry and pharma-
cology. Econ, Bot, 11(2): 183, 1957.

13. An introduction to the botany of tropical cxops. Econ. Bot.
11(3): 277. 1957,

14, E1 ajonjoli en Venezuela, Econ. Bot. 3}(3): 277 1957

15. The wealth of India, Econ. Bot. 12(2): 207. 1958,

16, Abstract biblicgraphy of fruit breeding and genetics to 1955,

Rubus and Ribes--a survey. R. S. Knight and Elizabeth

Keep. Tech. Ccim., No. 25, Commonwealth Bureau of Horti-
culture and Planutaticn Crops, East Malling, Maidstone,
Kent, England, January, 1959. ZEcon. Bot. 13(3): 204.
1059,

17. Nomenclature of plants., Harold St. john. The Ronald Press
Co., New York, Econ, Bot. 13(3): 204, 1959,

18, Edible wild plants of eastern North America. M, L. Fernald
and A, C. Kinsey,., Revised by R, C, Rollins, Harper
and Bros,, New York. 1958. Econ. Bot. 13(3): 265,
1959,

19. Some plants used by the bushmen in obtaining food and water.
R, Story. Union of South Africa, Dept. of Agr., Div.
of Bot., Bot. Surv. Mem. No, 30, 1958. Econ. Bot, 13(4)
371. 1959,

20. The staple food economiss of western tropical Africa, Bruce
F, Johnston, Stanford University Press, 1958. Econ.
Bot, 13(4): 372, 1959.

21. Systematics of today. Editor: Olov Hedberg. Symposium held
at Univ. of Uppsala. Bull, of The Torrey Bot. Club,

86(5): 349. 1959,
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Utilization Abstracts

22, Guar, Econ, Bot, 11(2): 159. 1957,

23. Pine gum research. Econ, Bot, 11(2): 173, 1957,

24, Sassafras. Econ, Bot, 11(2): 182, 1957.

25, Seed protection, Econ, Bot. 11(3): 234, 1957.

26, Essential oil of coriander., Econ, Bot, 11(3): 234, 1957,
27. Antioxidants, Econ. Bot. 11(3): 234, 1957,

28. Antioxidants from tomatoes. Econ. Bot. 11(3): 234, 1957,
29. Native grass seed. Econ, Bot. 11(3): 243. 1957,

30. Wax from henequin harasse. ZEcon. Bot, 11(3): 262, 1957,
31. Castor oil in pcrfurery., Econ., Bot. 13(4): 280, 1959,
32, VYlang ylang for perfume. Econ., Bot, A3(4): 370. 1959,
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BUDGET ESTIMATES
3-year
1st Year 2nd Year 3rd Year Total
Salaries:
a, Principal Investigator
(David J. Rogers) mmmmmmme e e ———————
Salary paid by N, Y.
Botanical Garden
b. Research Assistant *
(Graduate student
part-time) $ 3,600 $ 3,600 $ 3,600 $10,800
c. Social Security for Re-
search Assistant 108 108 108 324
d., Typist (part=-time) 200 200 200 600
e. Social Security for typist 6 6 6 18
f. Custodial activities (dish-
washing, mounting of speci-
men§, etc.) 50 80 | s 100
Permanent Equipment:
All furnished by The N.Y,
Botanical Garden except for:
a. One (1) binocular com-
pound microscopc 700 e aaa  m———— = 700
b, One (1) binocular dis-
secting microscope 400 o e i e e 400
Expendable Equipment and Supplies:
Field press, drying frame, metal
corrugates, drying stove 150 commee- o i 150
Glassware, slides, chemicals,
labels, etc. 170 =—memmeee 50 220
IBM cards 100 100 s 200
Photographic materials 200 200 S et 400
Polyethylene bottles J20  Renmewiw) enanomay 120
Portable photo board, scaled 50 memee- —= mmmemeee- 50
Paper, stamps, pencils, etc. 50 50 350 150
Homogenizer (old-fakhioned
meat chopper) 10 e . 10

* See note under Research Assistant in "Personnel,"
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1st Year

3-year

2nd Year 3rd Year Total

Travel:

Primary cost of trips via
commercial airlines (tour-
ist where available):

a.

1960: Travel to Brazil

(Figure given is cost for
principal investigator and
assistant

1961: Travel to western
South America (Colombia,
Ecuador, Peru, Bolivia) eecawsm-=
1962: Travel to herbaria
and libraries

Other travel expenses

Train, bus, tips, passport,
photographs, immunization,
excess baggage charges 250
c. Per diem during travel for
principal investigator and
assistant at 315 per day each:

1960--65 days 1,950

1961--65 days

Principal investigator
only:
1962--10 days

Publication Costs:

Purchase of reprints and
publications of illustra-

tions 200

~ 2,600 (travel for 2 people)

2,600

2 people)

- -

(travel for
$ 2,800 2,800

300 300

-

250 500

-

150 150

200 200 600

$10,914

Indirect Costs (20%)

Total Budget Requested

$ 9,514 $ 4,664 $25,002
5,018

30,110
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OTHER SPONSORS

No other sponsor has been sought for support of the en-
deavors in this grant request, There are, however, three other
organizations with whom I hope to collaborate on projects re-
lated to the primary research. These are:

1. UNICEF. Cooperative studies to make quantitative and
qualitative analyses of the amino acids in the leaves of se-
lected cultivars. I will collect the leaf material, prepare
voucher specimens, and send the material for analysis to a lab-
oratory sponsored by UNICEF. I do not intend to make the analyse
personally,

2. International Cooperative Administration (Point Four),
Food and Agriculture Division, Rio de Janeiro. I hope to be able
to have assistance locall from several experiment stations in
Brazil and hope to arrange for advice and assistance with travel,
laboratory space, and perhaps a few items of equipment for dry=-
ing specimens, etc,, through I,.C.A,

3. Rockefeller Foundation, Office of Special Studies,
Mexico, D.F, I hope to send cuttings of most cultivars of manioc
to one of the branch stations of the Rockefeller Foundation in
Vera Cruz, These cuttings will be grown under uniform conditions
and will be used both by staff members of the Rockefeller Founda-
tion and by me. I hope to have this collection avail ble for

further documentation and for supplies of cytological material,
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David J. Rogers, Principal Investigator

William C, Steere, Director
The New York Botanical Garden

Robert F, Kolkebeck, Assistant Director and
Businzss Manager, The New York Botanical
Garden

May 15, 1960
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NATIONAL SCIENCE FOUNDATION
WASHINGTON 25, D.C.
August 15, 1960

Dr. David J. Rogers

New York Botanical Garden
Bronx Park

New York 58, New York

Dear Doctor Rogers:

The Division of Biological and Medical Sciences is pleased to inform
you that your research proposal referenced below has been approved by the
National Science Foundation. A copy of the grant document is enclosed in
order that you may acquaint yourself with the conditions of the grant.

Our policy with regard to reports on research supported by the Foundation
is as undemanding as possible. We would like to have a short informsl annual
report (in duplicate) at the end of each calendar year, and, at the expiration
of the grant, a more comprehensive final report (in duplicate) of the progress
of the research. The final report should contain, in addition to a description
of the accomplishments achieved during the tenure of the grant, a chronological
bibliography of all articles published from the investigation. In addition,
we would like the final report to ineclude a listing of personnel who have
participated in the work: student, technical assistant, professional associate,
etc. If in the course of the research, any unusually significant results
are obtained, we would like to know about them as they ocecur.

We also request that four reprints of each publication resulting from
work done under the grant be provided us as soon as such reprints become
available. An appropriate acknowledgment should be mmde in each publication
on work aided by the Foundation; usually a simple footnote is adequate.

Should you have any questions about these or other matters » Please do
not hesitate to call upon us.

May I wish you success in your research efforts.

Sincerely yours,

/Cf ==

David D. Ke
Program Director for
Systematic Bilology

Ref: "Systematic Investigations of Manihot esculenta and Related Species™
$14,200 for approximately 3 years
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August 10, 1960

Dr. Alan T. Waterman, Director
National Science Foundation
Washington 25, D, C.

Dear Dr. Waterman:

‘:u nwnm.r t 9
!.l.tonng.r t the National Science tien

ut,mummrmm

of research entitled

mmmnnu tions of Manihot esculenta
muuugrs u';“l;homrd"mﬁ.“
approximately three years beginning on or abeut
August 15, {;‘0.

We are indeed pleased to spt this grant--
NSF-G14129-- and assure that ::.:!.u be admin-
istered in accordance with the Foundation's policies,

Sincerely yours,

William C, Steere
Director
wes/ga
Blind cc: Mr. Kolkebeck

Dr. Rogers
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FOR: Mr. Countey FROM: R. F. Eolkebeck
DATE: August 16, 1960
SUBJECT: NSF Grsnt {G14129

(m’. R “] .
Our lo?‘;BS

Attached is copy of NSF's letter of acceptance dated
August 9, 1960 for Orant 7Gl4129 which will be mccounted
for under our #338.

Ir. Rogers will operate on s budget of §11,833 plus a
WE.BBTrﬁithin the total grant ;t ilf.zo.o.

You will note that the Tirst payment will be $5,600;
45,600 on or about August 1, 1961; and 33,000 on u" about
August 1, 1962,

fhe gront period begins on or about August 15, 1960
for a veriod of three years.

€C: Drs l!ogu-s/
Dr. Steere
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NATIONAL SCIENCE FOUNDATION

WASHINGTON, D.C. 20550

June 28, 1973

Dr. David J. Rogers
Department of Biology
University of Colorado
Boulder, Colorado 80302

Dear Dr. Rogers:

In examining your file on NSF grant GB-2524k, we note that we
epparently have not received a final report from you.

Items to be included in the final report are listed in
Appendix V of the attached guide. In sddition, we would
like three reprints of such publications when they are
availsble.

We look forward to receiving the report at your earliest
convenience in order to bring our records on your research
grant up to date. -

Sincerely yours,

NN /<Y

Donovan 5. Correll
Program Director
Systematic Biclogy

Enclosure

Stjsm B}.a/eﬁ;y
NS ¥
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APPENDIX V

Final Technicol Letter Report
The following items should be included:
Name of Institution
Name of Principal Investigator
Grant No.
Starting Date
Completion Date

e SRR mam e o L

e T e ——

Grant Title

Brief Description of Research and Results

Publications (published and pl d) (give title,
Journal or other reference, date, authors)

Theses (if any)

Inventions or discoverics (whether or not pat-
cnted)

Scientific Collaborators connected with grant (in=
cluding students) (include title or swatus, &g,
Assoc. Prof., graduate student, ete.)

Comments (include ref e to continuation if
appropriate, etc.)

Signature of Principal Investigator and Date
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September 28, 1973

Dr. Duncan Porter
Systematic Biology
National Science Foundation
Washington, D.C.

Dear Duncan:

Several months ago, Donovan Correll reminded me that I had
not filed a final report on my Manihot grant. Herewith the
report is finally submitted. I trust that it is satisfac-
tory. Please let me know if it is not.

As indicated in the report, I trust that the Foundation will
be satisfied with a single copy of the Monograph, because
they cost me money, which I did not have included in the bud-
get of the grant. (The price of each copy is §$23.75.) As
also indicated in the report, I will shortly send a copy of
the long paper in Economic Botany, A Monograph of Manihot

esculenta.

Sincerely,

David J. Rogers
Professor of Biology
114 Hale Hall

Enclosure of 20 copies.

ow FE (tfn:gg{
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Taximetrics Lab.
October 9, 1973

Dr. Duncan Porter
Systematic Biology

National Science Foundation
Washington, D.C., 20550

Dear Duncan:

Enclosed are three copies of the reprint, "A Monograph of
Manihot esculenta with an Explanation of the Teximetric Methods
Used," which were partially supported by NSF Grant #G-14129,
(This Grant was funded early in the 1960's.)

Sincerely,

David J. Rogers
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