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Abstract:

A study of the hydrocarbon content of flowers of 35 tuberbearing Solanum species has yielded results
applicable to the taxonomy of this group. These alkanes, which occur as a portion of the waxy coating
on the surface of the plant parts, were purified and the relative amounts of the various components

determined using gas-liquid chromatography* All species examined were found to contain both
branched (C25-C32} and normal (C25-C31) components.

In general, the results of this work tended to confirm relationships among species postulated on the
basis of morphological, cytologi-cal, and immunological studies. The types of patterns obtained did not
seem to reflect ecological adaptations of the species involved. For example, the South American
species S. acaule showed considerable interspecific variability, but in no. sample tested did it resemble
S. demissum, its Mexican high-altitude counterpart.

On the other hand, similar patterns were often obtained for species considered morphologically similar
but how isolated geographically or by differences in ploidy. level. Evidence was thus obtained
applicable to determining relationships of South American to Mexican species, and of diploids to
polyploids.

It appears that this type of approach will prove to be of value in the study of this complex group of
species, in that it provides another tool for elucidating relationships irrespective of complexities
associated with differences in ploidy level.
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ABSTRAGT

A study of the hydrocarbon content of flowers of 35 tuber—
bearing Solanum species has yielded results applicable to the taxonomy
of this group., These alkanes, which occur as a portion of the waxy-
coating on the surface of the plant parts, were purified and the rela-
tive amounts of the various components determihed using gas—liquid
chromatography, All species examined were found %o contain both branched
(025—032} and normal (025—031) compohents.

In general, the results of this work tended to confirm relation-
ships among species postulated on the basis of morpholegical, cytologi-
cal, and imminological studies. .The .types of patterns obtained did nob
seem to reflect ecological adaptatlons of the species involved, For
example, the South American species S, acaulé showed considerable inter-—
specific variability, but in no samplé tested did it resemble S. demissum,
its Mexican high-altitude counterpart.

On the other hand, similar patterns were often obtained for
species considered morphologically similar but how isolated geograph-
ically or by differences in ploidy. level, Evidence was thus ebtained
applicable te determining relatienships of South Amerlcan to Mexican
species, and of diploids to pelyploids.

It appears that this type of approach will prove ‘to be of valus
in the study of this complex group of species, in that it provides

~another tool for elucidating relationships irrespective of complexities

associated with differences in pleidy level.

vii
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GHAPTER I
INTRODUCTION
A, Taxohomy
The family Solanaceae is a large and varigd one, consisting of
about 90 genera and 2000 specles (qurgl},_1?é2), The genus Solanﬁm
Lo, embracing more than two ﬁhirds of the species in the family,
includes the species S. tubé;gggm,_the common potato, Selanum is
distinguished from oﬁher'Solanaceae genera by its 2-locular ovary,
distinctly curved embryﬁ,‘five fertile stamens of equal or nearly
equal length, fruit a berry, and gith?r free anthers splitting through
an opening in the apex, or anthers conhected in a tube (Wettstein,
1897)s |
Since Dunalls work_(1852) no one person has attempted to con-
sider the genus Soiénum as a whole (Correll, 1962}, Very little work
was dene on thq.geﬂus, inéluding the recognition of newly found speciesy.
frem Dunal's time until Bitter's invaluable conbtributions (1911~1914),
Bitter developed broadly the concept of sections propesed by Dunal
(Correll, 1962), He raised Dunal’s subsection Tuberarium to section
statusy divided section Tuberarium into'two subsections, Basarthrum
ahd Hyperbasarthrumy apd deécribed more than 50 new speciles and vari-
eties in section Tuberarium alonhe.
Section Tuberarium, distinguished by its short stamens and

articulated pedicel, is further subdivided into Basarthrum, if the
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articulation is at the base, or Hyperbasarthrum if the articulation is
somewhat above the base. ALl the tuberous species fall into the sub-
section Hyperbasarthrum. With the exception of four species, three of
which are of other genera, examined for comparative purposes, tﬁis work
deals only with tuberous species included in subsection Hyperbasarthrum.

Beginning with Bitter, all §ystematists wofking with this sub-
section have found it necessary to divide 1t into a number of series,
due to the large nmumber of entities involved (Bittgr, 1912: Rydberg,
19243 Juzepczuk and Bukasov, 1929; Juzepczuk, 1937; Bukasov, 1937,
1939; Hawkes, 1944, 1954, 1958; Cardenas and Hawkes, 19463 Correll,
1952, 1962), Since Bitter's time, the recognition of many new species
has resulted in the expansionhéhd reorganization of his original series
assignments. Hawkes (1958) recognized 17 series containing 1l4 species,
108 wild and 6 cultivated. This was a welcome reduction from the 225
species he had formerly recognized. qurell (1962) divides the sub-
section into 26 series with 157 species.

Differences between Haﬁkes{.and_Qorréllﬁs treatments are not
as pronounced as the above figufes might indicéteo Hawkes tends to
group more divergent entitiesfinto fewgr species and. series than does
Correll, but their opinions as to the affinities of the various groups
are not toc divergent. For eiémple, ﬂawkes (1958) assigned S. clarum
to series Bulbocastana on the basis of its simple leaves; originally,
Correll. did the same, In l96é; however, Correll elected to place it

in a separate series, Clara,
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Correll (1962) points out that it may be essentially hopeless to
construct a serial arrangement along natural lines, His series are
distinguished by geographical distribution as well as by morphological
characteristics., In order to identify a plant as to series and spécies
by his key, a knowledge of its geegraphical origin is esseﬁtialo This
arrangement tends to mask similarities of entities which are now geo-
graphically isolated. Series assignments, as given by Hawkes (1958)
and Correll (1962) are given in Table 1,

Of Correll's 26 series, two contain‘species which are not tuber-
bearing. Of the remaining 24, 14 will be considered here. ' The follow-

ing discussion has been summarized in Table 2.

Series Bulbocastana, Cardiephylla, Clara, Pinnatisecta, and

Trifida contain épe@ies which are Mexican self—incompatible diploids

with white stellata corollas, Qccasional tribloid clones have aiéo
been identified. Pandey (1960) has suggested these diploids share a
two-locus system of incompatability, in contrast to the one-locus system
of the South American dibloidé? Hawkes_(1958) assigns S, trifidum,

the only species in series Trifida, tp series Pinnatisecta; and, as
mentioned, S. clarum to series Bulbocastana.

Series Cardiophylla contains two species, oﬁe of which, S.
ehrenbergii, might well be assighed to series Pinnatisecta. 3. sam-
bucinum, placed'in series Pinnatisecta by Correll, is included in
series Cardiophylla by Hawkes.

Series Polyadenia also contains a single Mexican diploid species,




Table 1, Serial assignments as given by Correll (1962) and Hawkes (1958).
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commersonil

Correll Species studied Hawkes
:7‘ Juglandifolia nene : I, Juglandifelia
.80 Etuberosa none II, Etuberosa
9, Ingaefolia none (Piurané)
10, Piurana none ‘ X. Piurana
'll, Conicibaccata Se oziéarpum IX. Conicibaccata
12. Minutifoliola ﬁone - — =
13, Yungasensa none (Commersoniana).
14. Vaviloviana none . (Tuberosa)
15. Tarijensa S. berthaultii { Tuberosa)
| Se tarijense (Commersoniana)
16. Polyadenia Se pqiié&eﬁiﬁm \ XIV? Polyadenia
17, Morelliformia none ‘ III, Morelliformia
18, Clara S. clarum (Bulbocastana)
.19, Cirpaeifolia So capsicibaccatum VIII. Circaeifolia
20. Trifida S, trifidum (Pinnatisecta)
21, Bulboecastana none‘;h iV. Bulbbcastana
220 Cardiophylla Se ehrgﬁbergii Vo Cardiophylla
23. Pinnatisecta’ Se jamésii ' VI, Pinnatisecta
Se. pinnatisectum Pinnatisecta
S. sambucinum (Cardiophylla)
2o Commersoniana S. chacoense VII. Commersoniana
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Table 1 (Continued).

Correll

~ Specles studied

Hawkes

25°-Megistacroloba.

26, Cuneoalata
27+ Acaulia

28. Demissa

29. Longipedicellata

30, Borealia

31, Transaequatorialia

nene

none

Se

[t ;2 |G
® 'Y °

[t
)

S.

@

L . » [t [’ [ [k |«
- -] [ [ b [ -]

|ta
)

acaule

brachycarpum

demissum °

guerreroense
hougasii
yerrucosum

stoloniferpm

polytrichon

fendleri

none

brevicaunle

canasense -.

candolleanum
ku%tziamum
Lignicaule

siﬁblicifolium

soukupii
sparsipilum
velascanum -

vernei

XVI. Megistacroloba
XV. Cuneoalata
XTI, Acaulia

XII. Demissa

XITI. Longipedicellata

XVII, Tuberosa Wild species
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Table 1 (Contimued),

Correil

Species studied

Hawkes

32. Taberosa

Se tuberosum

Cultivated groups

S. x curtilobum

Cultivated species




Table 2, Summary of discussion of series,

Series

L Leaf Shape Comments
Mexican self-incompatible diploids with white '
stellate corollas
Bulbocastana, Clara simple

Pinnatisecta, Cardiophylla, Trifida

Mexican self-fertile diploid with sub-stellate

‘corolla

Polyadenia

Mexican tetraploids with rotate-stellate
corollas T
Longipedicellata

Mexican hexaploids, one.diploid included
Demissa

Distribution from Mexice to Boliviaj
corolla rotate-pentagonal; diploids,
tetraploids, at least one hexaploid

Conicibaccata

South American incompatible dipleids,
corollas mostly white, stellate '
Commersoniana

South American self-incompatible diploids,
corollas sub-stellate
Tarijensa

odd-pinnate

odd-pinnate

odd-pinnate

odd—pinnate

odd~pinnate

odd-pinnate

odd-pinnate

Plant with objectiohable'odor

Heterogenedus group, might well
be divided; usually found at
high altitudes

Very similar to Pinnatisecta

"Plants with objectionable odor

W TT




Table 2 (Continued).

Series ’ Leaf Shape

Comments

South American high—altitude tetraploid of
rosette habit, corolla rotate
Aeaulia _ o odd-pinnate

South American diploids, great range of
variability; corolla rotate to stellate
Transaequatorialia simple or”
' odd-pinnate

South American polyploid series; one species
now under cultivation is widely distributed’
in temperate regions; corollas unsually rotate
Tuberosa odd-pinnate

One highly polymorphic

3

species

T W TTIT
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Ss polyadenium., These plants are distinguished by their covering of
glandular hair and objectionable.odora They have sub-stellate corollas
gnd are self-fertile. They are difficult to hybridize with other
species. ‘

Six Mexdican tetraploids, inqludigg the highiy polymorphié Sa

stoloniferum, are ineluded in the series Longipedicellatas; These

species are distinguished from.ﬁhe_othgr Mexican species by their
rotate-stellate corollas and petiolulate leaflets, The supposed rela-

tionship of S. stoloniferum to the hexaploids in series -Demissa will

. be considered in a later section.

Series Demissa is a heterogenous Mexican group coﬁtaining four
hexaploids, a self-compatible dipleid, and a species whose chromosome
count has not been determined. The species in this group are in gen-—
eral found at high altitudes. In contrast, the 20 spgbies in series
Conicibaccata, which resemble some of the members of series Demissa,
occur usually at lower elevations in wet forests from Mexico to Bolivia.
Diploids, tetraploids, and at least one hexaploid species are included
here,

| The two species in the South Amerioan series Tarijensa are
characterized by their glandular quescense? They are self-incompatible
dipleids with sub-stellate corollas. Hawkes assighs S. tarijense to
series Commsrsonianas; S. berthaultii to sefies Tuberosa.

Series Commérsoﬁiana contains three self;ihcompatible diploid

species, two of which, S. chacoense and S. commersonii, are extremely
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wide-spread in central South America., They resemble the members of
the Mexican series Pinnatiseqta so clesely that the two series are
maintained separately on a geographic basis alons.

The single species, S. acaule, in series Acaulia, is a frost-
resistant, small plant of rosette habit in its native enviropment high
in the Andes. = It is a highly fertile tetraploid species with a con-
siderable range of variability,

The South American series Transaequatorialia contains more than
forty species found at high or low altitudes? among nhatural vegetation
and as weeds, There is a great deal of variability both within and be-
tweén them. All species sobfar.eﬁamiﬁed are self-incompatible diploids
which often hybridize readily in areas wheye their ranges overlap.
Series Tuberosa contains.threezwila species and all the cultivated
entities, grouped by Dodds (1962). into one species, S. tuberosum, and
two hybfids, a triploid, S. x_juzgp@gugi;;_and_a pentaploid, S. x curti~
lobum. Hawkes grouped these two series into one, Tuberosa, which was
further divided into wlild and cdltivgted species. He considered several

of the cultivated téxa as separate species.

Bs ﬁistriﬁﬁtioh'and Variability
The disbribution and variability of ﬁuber~bearing Solanums were
Llittle known before 1920 (Ha,wk“es.,.l95'8}e . In 1925 the-fifst major
potato—colleéting expedition was sent out by the Russian governmment.

Instigated by Vavilov and under the direction of Bukasov, this expedi-
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tion made detailed collectiqns'of living material in Mexico, Guatemala
and Colembia (Correll, 1962), In the years following, the Russians

sent eut further expeditions to South and Central America; realizing

the practical value of ‘these collections, the geovernments of Sweﬁen,
Great Britain, Germany and the United States soon sent out their ex—
peditions (Hawkes, 1958}, The collections made by the U. S. expeditions,
in part headed by Correll, laid the_foundation for the potato collection
now maintained at the Inter—-Regional Potato Introduction Sﬁation, Stur-
geon Bay, Wisconsin, |

Correll (1962) has pointed out the morphological variability

of several species'(ioe,5 S. demissum, S. s?olopiferum, Se Yerrucosum,
S. acaule) under different ecological conditions. Studies on a com-
‘mercial vériety (Triﬁmph) of Se tubgrbgu@.havg shown ‘that varying
photo-periods alone may cause.differences in the size of the plant,
number and size of stblons$ leaf-to-stem ratios, tuber—te—topgrowth
raties, tuber shape .and yields, és well as time from planting te
tuber-initiation and maturity (Wérner,‘l940)? It is not surprising
that so many new species were described in the years following as
much of the material in the form of tubers, which was collected by
these expeditions, was carried home té high latitudes and érown ugder
-ecological conditions guite different from the native environment.
The trend ‘today is to reduce many of these entities to synenomy with
previously described species.

The range of wild potato species knoewn today extends from
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southwestern U, S. és far north as Nebraska, south through the moun-
tains of Mexico, Central America, and northern and western South
America into Chile; species in series Commersoniana and Yuhgasensa also
are found in lowland areas of northern Argentina, Uruguay, Paraguay
and southern Brazil, Some species are found in desert areas; others
oécur in ‘the ‘high rainfall forests of. Central and éouth Americas; still
others, especially S. acaule, are found ab altitudes‘of over 4000 m,

at the highest limit of plant growth. They are thus able o withstand
a far wider range of ecological conditions than the potatees of com—

merce.

Co Cytology

The existence of a polyploid series with a basic number of x = 12
was first shoﬁn for the wild péﬁatq speécies by Smith (1927) and by
Vilmorin and Simonet (1927)., Rybin (1930) established that the culti-
vated potatoes also formed a polyploid series; prior to this counts
of 2n = 48 were made for them by Fukuda, (1927) and Smith (1927).
Species with 2n = 24, 48, and 72.are.found in nature; the polyploids,
with the exception of S, tuberosum, show quite regular melosis and:
appear to be allopolypleids. Wild triploids and pentaploids have also
been identified; they show highlj irrggular meiosis and appear to
maintain themselves vegetativéiy (Longley and Clark, 1930; Oppenheimer,
1933; Rybin, 1930, 1933; Choudhuri, 1943, 1944; Lamm, 1943, 1945; ‘

Koopmans, 19513 Okuno, 19513 Prakken and Swaminathan, 1952; Swaminathan
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and Howard, 1953; Swaminathan and Hougas, 1954; Swaminathan, 1954a;
Marks, 1955a; Magoon, Hougas and Cooper, 1958).

Meiotic irregularities im the demestic potato have been noted
by a large number of workers (Fukuda, 1927; ﬁybin, 19333 Muntzing,
1933; Ellison, 19363 Lamm, 1937, 1945; Arnason, 1941, 1943; Swaminathan,
1954a, b), Multivalent frequencies ipdicate it is an autbotetbraploid
(Hawkgs, 1958), Perhaps the best evidence supporfing this view has
come from the work of a group under the leadefship of R, W. Hougas at
fhe University of Wisconsin working with haploid plants derived from
commercial varieties of S. tuberosum. Twenty-three of the 29 haploid
plants described by them.flowergq; 22 of these proved to be female
fertile and 2 were also male fertile~gHougas and Peloquing 1957,
1958, 1960; Peloquin and Hougas, 1960; Hougas, Pelogquin, and Ross,
1958a, b).

Study of the cytelogical data of numerous workers has led
Hawkes (1958) to the conclusion ﬁhat genpme“differegtiation in the
tuberous Solanums has hot progresséd ?ery far, Fl hybrids of the
diploids have shown fairly’reguiéf neiotic pairing, even when the
plants were weak and infertile due ‘to wide species crossings (Rybin,
19333 Choudhuri, 1944 Lammg_l§45; Swaminathan, 19513 Magoon, Hougas
and Ceoper, 1958} Very littlé structural differentiation has been
discernable by these methods. Cytological evidence on some of the
polyploids, iee,, S. demissum (Swaminathan and Hougés, 19543 Marks,

1955b); S. polytrichon (Marks, 1955a); S. acaule (Howard and Swamina—
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than, 1954a); and from S, stoloniferum (Wangenheim, 1954), indicates

some genome differentiation has occurred in these species.
From this work, Hawkes has proposed the following tentative

genome symbols for this group of species:

Genome Taxonomic Group

Ay Series Tuberosa, Commersoniana,
S. vVerrucosum

A2A3 Series Acaulia
A,B ' Series Longipedicellata
AlAAB(l~4) Hexaploid Demissa species

He points out that the differences between the various A
genomes are not complete; further, the B genome doss not differ funda-
mentally from the A group.

" However, Dodds (1965) has suggé§t§q that a.similar phenomenen

to that described by Riley (1960) ih'ﬁheat_(Tritipgm aestivum L.) may

have occurred in the Solanum polyploids., Riley has demonstrated that

diploidisation in wheat by means of genome differentiation may have

occurred after the formation of the polyploids. He further suggests
that the same mode of chromogome differentiation leading to regular
meiesis may have occurred in other polypioids°

If indeed the partial genome differgntiation noted in the
Solanum polyploids occurred after they arose, studies on genome simi-

larities or differences would be expected to shed Llittle light on the
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degree of affinity of the pelyploids o their putative diploid ances-

tors, or to each other.

Do Crossabilit&

Crossability data of the various tuberous Solamum species coh-
sidered here is summarized in Table 3. As indicated on the table,
several diploid species are seif-ihcompatible (Stout and Clark, 1924;
Clérk, 1927; Pushkarnath, 1942a, b, 1945, 1953; Pal and Pushkarhath,
19423 Carson and Howard, 1942; Ghoudhuri, 1944; Pandey, 1960, 19623
Grun and Radlow, 19613 Dionne, 1961)., On the other hand, three éiploids
have been reported as self-compatible., These are S. polysadenium (Clark,

1927; Choudhufig 19443 Pal and Pushkarnath, 1951), S. verrucosum (Lamm,

19453 Swaminathan and Hougas, 1954; Hawkes, 1956b), and S. morelliforme
(Hawkes, 1958), | :

Pandey (1962) has repofted on a diallel cross involving eléven
self-incompatible and three selfucompatible.dip}oid Solamum species,
In several cases, crosses betweeﬁ a self-incompatible female and self-
compatible male were incompatible, While the reciprocals were compati~
blea Howevér, in one cross, female S, vernei x male S. verrucosum, a
self-compatible species was supcessfﬁ} as a male parent on a self-
incompatible species.

Crosses within and betwéén.other ploidy levels are also ofteﬁ
possible, Such crosses are théqghﬁ to have given rise to the naturally-

occurring teiploids 'and pentapleids, and, followed by chromosome doubling,
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Table 3. Crossability chart

o

7

)

Fjamesii
tilobum

e

missum
Terrucosumn
trifidum
clarum
sambucinum
'polyadenium
oxXycarpumn
guerraroense
berthaultii
' commersonii
’canasense
kurbzianum

polytrichon
maglia

dem.

+[fendleri

| |[ehrenbergii
¥ jbrachycarpum
M| tarijensa

% | tuberosum

® tacaule

M | soukupil
+ |sucrense

+ qe

Vels

VM lstoloniferum
111 |pinnatisectum

+ |
M ¥ lhougasii
+ ¥ |chacoense
+
+
+
+ X | simplicifolium
+ % Ivernei
+ ¢ [ phureja
54 | cur
+ |+ { sparsipilum

tri,

cla,

fend.

+
+

polyte

stol,

ialllg
+
+
+ [ [+

Jam,

1

I

I
o]
+
+
+

Salle

ehr.

pin.

polya.

OWO

houg.

_guer,

brach,

bert.

tar,

cha.

COIne

cal.

Kort,

mage

simp,

SOU e

1
i

I

!

+

+ |+ [+]o

)

+

+

+

!

vernei | |+ —|-1- + T+[+1o

+
+

' SUC,

phu .

lcurt.

"

spar.,

‘tub

+ [+ [+ o
-

. . e e | + + | X| i t|+i—
Xixl 11 X X :

Bl
O KN P I i )

aca.
v i

EN
i
A
|

sy

KEY ¢

Ref.:

+ dx ‘ X ¥
+ —— cross successful, F1 réasonably fertile

X —— CIross successful but difficult or reduced fertility in the Ty
0 - self—lncompatlble

- —= cross Impossible

Hawkes, 1958; Magoon and Cooper, 1959; Gell, Hawkes and erght
19603 Pandey, 1962,
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to the hexaploids (Marks, 1955b).
These results indicate that genetic isolation of many of these

species is not complete., Considerable introgression would be expected

o occur in areas where the ranges of the species overlap, and has

indeed been.observed,

E, ITmmnological Methods Applie@_to_Sqlanum Taxonhomy

The application of immunolqgicél_methods to the taxonomy of
Solanum species was reported by Gell, Hawkes and. Wright (1960). Their
results indicate relationships which on the Whole correlate quite well
with those proposed on the basis ef morphological and cytogenetiecal
studies. They point out'that a;screpencigs betweep_their results and
those- obtained by either or bothxof”thg other Qisciplines.ére of value
in calling attention to points'wﬁiéh_need reexamination.

Tuber extracts from various species of Solanum were teéted side
by side against.§o tuberosum antiserum (developed in rabbits). The
South American speciés tested were indistinguishable from S, ‘tuberosum
itself. The Mexican species, however, fell into three categories, viz.,
those giving one, two and four precipitin lines, grouped by the authors

as follows:

4 Llines : 2 lines 1l line
S bulbocastanum S. cardiophyllum Se. morelliforme
Se Verrucosum Se sambucinum

S. semidemissum Se. ehrenbergii
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Ss demissum So Jamesii

o guerreroense S. plhnatisectum

—

{tn

fta

» Spectabile

[t

197]

» stoleniferum

Ita

- polvadenium

{t
°

tuberosum

To cross-check these results, antiserum was produced against
So ehrenbergii, To simplify the analysis, the resulting'antiserum
was absorbed out with S. tuberosum extract.

Of the group giving four lines against S. tuberesum antiserum,

only three, S. tuberosum, S. verrucosum and S, semidemissum, could be

grouped together on the basis of their reaction with the absorbed
Se ehrenbergii antiserum, The others showed a range of patterns and

possessed considerable differences within species,

Se Jamesii and S. pinnatisectum, which grouped with S. cardio-

phyllum, S. sambucinum, and S. ehrenbergii when tested against S.

tuberosum antiserum, showed similarity to S. bulbocastanum, S. sbolon-
iferum, and Se polytrichon when tested against the absorbed S. ehren-
berglii antiserum. The authors:suggesﬁed thaﬁ Se Jamesii and S. pin-
hatlisectum may 3onstitu£e a lihking g;oup between the other two groups.

Se moerelliforme they considered to be only distantly related te all

the other species ‘tested,

]
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The results are discussed in some detail here because they
indicate the value of methods for elucidating . .relationships between
species irrespective of compiexities associated with polyploidy, one-—

way incompatibllity, or ecologically-triggered variability.
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CHAPTER IT
INVESTIGATION
A, Statement of Problem
Some of the difficulties involved in determining affinities of
varieus tuberous Solanums have been-brought’out in the preceding dis—
cussion. The large number of entities involved, incomplete speclation

eomplicated by one-way incompatibility, variability within a species

or even within a single clone- under varying ecological conditions, and

incomplete genome differentia@iqn.all contribute to the probiems‘faced
by the systematist studying  this group.

it Was.suggested by Metcalf (unpublished} that the application
of chemotaxonomic techniques, used iq conjunqtion with cytogenetic

information, would prove te be of material assistance in the study of

relationships ameng this highly complex and variable group of species,

The history of chemotaxonomy has recently been discussed by
Gibbs (1963} and by Alston and Turner (1963} and'will not be repeated
here,

. As pointed out by J. Heslop-Harrison (1963), two methods are
available for systematically evaluating chemical data obtained from
living organisms. Onhe alternaﬁive would be to fit them in with mor—
phological and cytogenetic data'with the purpese of réfining fhe natural
system of classification; the other would involve establishing an
artifieial classification based on chemical criteria alone. The same

genetic system which controls the morphological develepment of an
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organism alse controls the chemical constituents of that organism;
indeed, it is through the biochemical synthesis of these compounds

that the moerphology is determined, Chemical data should then be usable
as another, not essentially different{ type of evidence to be incorpor—
ated into a natural system of class:'ificatione This approach was adopted
for the present study.

There may come a day'whan comparisons of basic enzyme systems,
or even of the DNA econfigurations controlling these enzyme systems,
will be the best tool available for determining affinities of different
taxa, At present, the analytical techniques necessary for making this
sort of comparison are not ayailablee Tor this type of study, we are
compelled te use so-called "sgconda;y" plant productss those which are
not involwved in primary met%bo}ic pathways, but rather are stable by-
products in their biblogicaliehvironmem#,_ They should be neither
ubiquitous to all living organiﬁms nor characteristic of one imdividual
alone (Erdtman, 1956).

Hudgins and Schuederi{lééA) note that chemotaxonomic studies
have often been hampered by,thg laberious and often difficult ehemical
separations necessary befqré correlations betwéen chemical data and
other taxonomic criteria can be determined, If a large number of samples
is to be examined, ‘the methoéé of extraction and determination should be
quite simple; the chemical data obtained should not be affected by the
stage of development of the plants, withim certain limits, or minor or

uhavoidable modifications of the environment under which they are grown.
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The compounds.in question should be reasonabyy stable during storage
and extraction,

In order to be of taxonomic value en a species level, these
eompounds should show similar patterns for different clones of the
same species if that species appears to be rather wéllrdefinéd by
other criteria;'convérsely,vﬁhey should showidissimilarities for speeies
considered to be unrelated by other criteria, Further, grouping of
several related species‘woul@.be of value, provided this grouping could
be supperted by morpholegical: similarities.

iﬁé preblem, then, was te find a group of compounds meeting
these requirements.

Two of the preliminafy tests made of eompounds not satisfaetory
for this purpese might be mentioned. Polyphenols were‘extracted from
the tubers and separated usiﬁg paper chromatography according te the
method of Swain (1953), The relative amounts of these compounds
showed considerable variation with;ﬁ the same clone when ex?racted from
tubers held in storage for differént lengths of time,

The possible chemotaxnnomic value of hydrocarbeons has been sug-
gested by Eglinten and coworkérs (Eglintén, Gpnzalez, Hamiltoen and
Raphael, 19625 Eglinton, Hamilton and Martin-Smith, 1962; Eglinton and
Hamilton, 1963). These hydrécérboné occur as part of the waxy coating

on the surface of plant parts. One function of these coatings . appears

“to be control of the water balancé of the plants in addition, they may

play a part in protection frem insects, bacteria, and funhgi. The
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advantages of these coatingé for taxonomic purposes include their
universal occurrence, species variation in compesition, extracellular
occurence, and ease of sampling.

The foregqing approach was initially tested by comparing gas
chromatograms of hydrocarbons extracted from the tubers of various
specles. In contrast to the polyphenols, the analyaé$ showed the
same relative proportions of constituents whether extracted from newly-
dug and immature tubers or from tubers that had been in sterage for a
year, Unfortunately for these purposes, the same similarity of pattern
was observed in all chromatograms, even those obtainea from samples of
tubers of plants considered quite unrelated by other taxonomic criteria.

One possible successfﬁl approach to this problem becams appareﬁt
with the discovery that diffgrenees did exist in the chromategrams of
hydrocarbqns extracted from the f;awers €father than the tubers) of
varieus specigs, This paperideal; Wi?h the application of chromato-
graphic apalysis of the hydrgggrbonﬂécntent 6f their flowers te the

taxonomy of tuberous species, of the, genus Solanum.

B, Experimental Procedure

l. Plant Materials.

-TUbers of 42 Solarmum spééies;were obtained from the Inter-
Regional Potato Introductien Station at Sturgeon Bay, Wiséonsin, and.
planted in a greenhouse in the summer of 1962, Notes made on the

resulting plants may be found in Appendix 3, These inelude observa-
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tions of the growth habit, leaf type, pubescence, size and shape of
leaf including interstitial leaflets, and flower characteristics.
Flowers were eollected, no'special care being exercised.as to fhe
stage of development when picked, other than that they were beyond the
closed bud stage, from about 80% of the plants. The flowers were
dried at 110° C. overnight prior to, storage.

Most of the tubers harvested, from these plants were grown in
the field in the summer of 1963.(some were used in chemical tests, as
mentioned previously). Due to an exceptionally late first freeze
(October 24), severzl of the resulting p}apts prodﬁced tubers despite
our long-day conditions. Notes were made en these plants, but ﬁo
flowers collected., .

Tubers harvested in 1963 Weré again planted in the field ;n
196/, Flowers were obtainedlerm a few of these plants; mest, however,
were badly damaged by hail on July 30 before they flowered.

A second shipment wasxreceived ffom.Sturgeon Bay in 1964,
including both tubers and seeds, These were grown in a greenhouse in
the épring; Flowers were collected;and treated as before, A list of
the specimens examined is given ;ﬁ Table 6.

A complete 1list of the plants received, with planting record,

is given in Appendix 2.

2o GChemical Proeedure.

The procedure for exbracting the hydrocarbon eogstituents was
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developed with the following considerations in mind:

(1) to determine relative, rather than absolute amounts of
these compounds,

(2) to minimize ﬂhe eontamination, and
€3) te reduce the time needed for each determination, so that
a large number of samples could be rxun in a reasenable
length of time.

The procedure devel@ﬁed;'in’ae?ai?,_;s'as follows: 100 ml, of
chlorefeorm was added to each?df{edﬁklower sample (0.1 te 1.0 g.) in
a 500-ml, Erienmeyer flask and the mixture was agitéted with a mag—
nétic stirrer for one hour. Selidslwere removed by filtration ard
the solvent complebely removedﬂb§'v%suum rotary evaporation at aboutb
50° G, The residue was dissplved in 1-2 ml, of hexane and transferred
to a 10 mm, x 11 cm. column for separation of the hydrecarbons from
the more polar components of. the mixture. The column was prepared
from a slurry of 4.5 gme of Unicil (activabed silicic acid).in hexane,
and washed with 50 ml, of hé%ane before the sample was added. The
hydrocarbeon fraction was elutgd_with 100 ml, of hexane., The resulting
solution was concentrated to:2 mle by vaguum rebary evaporation at
about 50° €, The remaining SOIQtion was transferred to a weighed
vial, an&;év%@oratiqg'was Gompiéted'by passing a stream of nitrogen .
over the wial while it WésﬁéqgégnQed in a‘warm'wéter bath. The sample
weight was then debermined. 'ngpie weights ranged from.Od}% to 0,01%
of the dry welghts of the fléwérse ' -

Checks of thé"éroeedure‘were mnade periodipélly by ﬁhin—layer
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chromatography. These checks showed the presence in the samples of
saturated hydrocarbons enly.

The samples were next dissolved in sufficient hexane +to give a
concentration of 100 ug., per l. Two ul, of each sample was gas-
chromatographed using an ¥ and M ‘Model 400 gas chromatogram fitted
with a 4 foot column containing 3.8% SE30 on Gas Chrom §,80-100 meshe
The column temperature was 230°"Qo;_f19WL?ate_o§.the carrier (Helium)
was 60 em./min. The detector was hydrogen flame.

Note: Gare muist be exercisfd to avoid contamination from ex-
traneous hydrocarbons. ALl gelﬁenﬁé wére' redistilled and checked
periodically for hydrocarbons in the 025’ %B'dégfrange. The column
material was thoroughly washed to rémeve adso¥rbed contaminants. The
solvents were not allowed to. come into confact with plastic (ether
than Teflon), grease, paraffin er papers ' Fhe eaps of tﬁe‘sample
vials were metal-lined; no step~cock grease was used on the rotary
evaporator joints; filtering was done through glass or poreelain
filters without filter papers

The chromatograms produced show two serles Af peaks, Compari-
son with a paraffin standard run under the same conditions indicabes

one of these series representé straightfchain'saturated hydrocarbons,

the odd-npumbered predominatihéom-Thé'se¢qna series represents branched-

chain hydrocarbons. These may be isq'(2~methy1) or anteiso (3-methyl)
homolegs, or a mixture of beth, as reported for tobaceo by Mold et al

(1963).
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.To simplify the follewing discussion, I shall refer to a par-
ticular normal (unbranched) saturated hydrocarbon as n—G#, or n—odd
or h~even of a particular set; to a particular branched component as

br—Gno

Co, Results

Four representative eﬁfematograms are shown in'Figure lo‘ Figure
la éepicts the hydrecarben cghééﬂt of ﬁhe flowers:of §; pelyadenium,
P.I, 275,237, grown from seed under glass in 1964, TFigure b is of
the same species, bubt a different clone (P.I, 275,238), In contrast,
the differences observed in the patiern of peaks obtained from S,
fendleri, P.TIe 2759158, apd S. hougasii, P.I, 239,423, Figures le and
1d, may be noted.

Due to the very small amounts of n-even components, the peaks
seem to be arranged in 4 setgzof 3 pgaké each, The center peak in
each set is an n-odd species; the peak immediately praceding it is a
branched hydrocarbon of the same € ﬁumber; that following is a branched
compenent of the next higherhC number. The n-even component, if it is
apparent at all, appears as,a "shoulder" on the branched components of
the same C number., These se%s, which I shall refer to be the numberll
of the p~compenent, run from:025 o G310

The -incomplete reselution ef the normal and branched compounds
of the same C number should be noted. This incomplete resolubion

makes determination of the area under each curve subject to some errom.
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S. polyadenium _ )
PI. 275238 seed

S. pioilryadénium
BT CQTReRAT I agadil i

Sets:
SutandieriEealBalaeidalinl st -G s i
PL 275158 P el s ; SP.‘It.wzugg:lz'a
Sets: CyCy  Cag C31 Sets: Cgs Cgy

Fige lc

Figure 1, Four representative chromatograms
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Chromatograms of the hydrocarbon content of the flowers from
94 samples of 35 tuber-bearing Solanum species were obtained. TFor

comparative purposes, one sample each of Solanum guiteense, P.I. 263,169,

pepper, tomato and tobacco of the family Solanaceae_were‘also obtaiﬁedo
A list of the specimens examined, ﬁiﬁh graph numbers, is given in Table
6, immediately ﬁfeceedimg the graphs.

The area uhder each curvggiwhieh is proportienate %o the~amount
of material, was determined from integrator pen tracings aﬁd calculated
as a percéntage of the total of the four sets?, Bar graphs depicting
these pereentages are given in Graphs L to 98, The data from which
these graphs were prepared are given in Appendix 4.

To eheck the reproducibiliéy_of t@is methed, §g_kmftzianum,

Pole 175,434 and 175,435, which fioweredjvery well, was used, ' Infor—
mation depicting five separate exﬁgactions of this specigs 1s shown
in Graphs 62 to 66, The source of ;iewers for each saméle, as noted
6n the graphs, are: 62 and 63--plants from tubers in 1962, flowers
collected at different times; 64r;élénts}grown from tubers in 1964;
65-—plants grewn from seed in 1964§'66-plants grown frqm.tubers P.I.
175,435 (C—l)g which ars colchiciééQinduéed tetraploids.

‘Although the graphs are no%:iaent}cal, certain similarities are
apparent., The most abundant comp;ﬁéhﬁ in each case is br-Cgp, com-
prising 22% or more of the total. The n-C3y peak is eqﬁgl'te or
greater than br-Cgy and bIL02§, both of whjsﬁ are in gfegﬁer amount

than n-Coge On the other hand, the h-Cypy pesk, though smaller than the
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six previously mentioned, is equal te or larger than the branched peak
on eithe? side of it, The Cog énd 625 components, branched and normal,
are present in very Smayl amounts; no one being greater than 3% of the
total except im the P.I. 175,434 sample.

.Similarity or dissimilarity ef other‘chromatogramS'was determined
by a number of qualitative comparisons as in the preceeding example,

Before proceéding to the discussion of the separate Solanum
specles examined, a summary of the procédure might be made as follows:

(1) We are considering relgtive, rather than absolute amounts
of each hydrocarben component in the G5 to Gz range, within which
dv;r 99% of the hydrocarbons ig these species was found to occur,.

(2) - These relative amounts appear to be essentially independent
of minor environmental £luctuétions upder which the plants are grown,
the sﬁage‘of'development of tﬁehflqwer, or the length of time im ster—

age.

“Study of the graphs has:résuited in the following concluéions:

(1) Species belonging to the series Acaulia, Graphs 52-54,
Transasquatorialia, Graphs 55-77, and Tuberosa, Graphs 78-94, do not
in general show censistent patterns. Separate extractions of the same
clone, as mentioned previously in reéard 6 §§Hkurtzianum; give pat-
terns which are reasonably alike. However, there is often as much

variation between different clones of the same spécies as between
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different species.

This diversity of pattern may be the result of several factorse.
The most important may well be the considerable ipterfertility among
the various species, both within and .between the series (see Crossa~
bility Chart, Table 3}.

Series Acaulia, -distingunished by its rosette—type eof habit,
varies considerably in regard tq other features, such as presence or
absence of interstitial leaflets, amount of pubescence and color of
flower. Because of the interfertility of_tpe‘variqus strains, both
Correll and Hawkes consider all of these small South American herbs to
be a single species, S. acaule. The hydrocarbon patterns are similar
in the Cpg and Cps sets, with br-Chg the most abundant component.
Variation is shown in the Coy and Gglfsets, The observed diversity
of this species! hydrocarbon content is probably just another reflec-
tion of its general genetic diversity. The patterns shown do not re-
semble S, demissum, its Mexican high-altitude counterpart.

The cultivated entiﬁieé may have yet another reason for their
inconsistency of patternh. Generations of vegetative reproduchtion
would tend to preserve any vé:iaﬁion originally present when man
first began to grow thgm fromitﬁbérs;>or any mutation which may have
arisen in the meantimes; occasional outerossing with various wild specles
would tend to increase this variability.

It might well be possible, if enough samples of the various

species were available, to find statistical correlations within
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'specieso Perhaps a gradual change from one type of pattern to another

might also be discernable in plants from areas where considerable in-
trogression is thought %o have eccurred. A great many samples would
be needed, élong with a knowledge of which part of the range of the
species each sample came from, for this to be feasible,

The two clones of $. kurtzianum examined show similarity of
pattern to a group, to be discussed later, which inclﬁdes Se chacoeﬁse.
S. kurtzianum differs morphologically from this latter species in its
rotate corolla, shape and attachment of leaflets, etc.; it is inter-
fertile with it, however, Considering the diversity of the other
members of this séries, one ﬁgsiﬁates to assign one species to any
particular group on the basis.of two clonese

The commercial cultivafs show considerable diversity of pattern,
but do have certain similarities. Only one, Russet Burbank, has a
peak exceeding 20% of the total (pf031)¢ The others have a high pro-
portionate amount of branched;components, particularly of the shorter
chain 1engths; and virtual abgéﬁce_éf n—-even constituentse ‘With ‘the
excéption of Russét Burbank, é?ébﬁr—dg5‘peak in each case exceeded 10%

of the total.

(2) The results obtainéé for the South American species,

. 8. capsicibiccatum, series Circaeifolia, are somewhat anomalous

(Graphs 49-51)., These small plants, with stellate corolla, leaves
usually odd-pinnate, and ellipsoid berries, are found in Bolivia., The

chromatograms obtained from them showed considerable variability, but
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did suggest a pattern., - These plants morphologically resemble S. trifidum,
found in Mexico, Their chromategrams, though somewhat résembling those
obtained from S, trifidum, appear to correlate muech better with the S.
demissum type.

(3} The results from the other species examined do for the
most part show reproducible:éa‘(;tgrnso Further, these patterns fall
into three major groups, ngqPS-WhiCh eorrelate reasonably well with
series assignments based on oéher criteria. The following key (Table 4)
has been cohstructed as a guide to‘these groupings. The graphs for
these species are found iniﬁhe order in which they appear in this key,
Graphs 1-48. The series assignments are taken from Correll (1962),

The general morpholoéical,oharacteristios of these groups are
given in Table 5 followiné the'Kéy (Table 4}. Series which are now
maintained ‘separately on the basis of geographical isolation alone
are indicated by brackets,

A map depicting the distribution of these groups is shewn on
the following page. It appears that these hydrocarbon distributions
do not appear to be a function of the ecological conditions of the

areas where these plants are now found, but are widely distributed.

Group I

Included in Group I are .S. demissum, S. verrucosum, and S.

stoloniferum, v, malinchense.

‘The S. demissum samples, although they show considerable
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Figure 2.
GROUPS OF
SOLANUM SPECIES INVESTIGATED

GROUP | AND S. CAPS/CIBACCATUM

GROUP I
GROUP Il1IA
GROUP 111B

SERIES TRANSAEQUATORIALIA,
TUBEROSA, ACAULIA
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Table 4. Key based on hydrocarbon content.

Lle

Lo

n—-odd peak > to branched components

of the same s€t o o « « o ¢ o« o « o o «

2o All n-odd peaks distinectly larger
than adjoeining Dr’s o o o« » o o «

2o n~Comy only distinctly larger;
others about equal t0 . br'se o o + &

At least one n—odd smaller than
adJjoining branched T
3. Major peak n-Cgy

(br—Cgg usually larger than n-Cogl.

3. Major br—Cpg or br~C31e o s o o o o

4o br-C3y usually largest;
usually no peak in Comy or
Cos sets over 5%.. o o o o o o o

58 n"'029:<br—0303 © & o o © o o.

50 n~Cpg>br-C3p

6o n-Co5 and n-'-02'7
laI‘geS'b‘in Seto e o o o

6@ br-027, 628, 029 and
030>n 1n same S$8t. o «

4o br-Cpg or Cgy largest; usually
at least one peak in sets 025
or Cory over 5%e o o o o o6 o

°

Group I (Graphs 1-6)

1ls Se
2. Se
Ve

Group

9 Se
loo §_¢
1l S.
12, S,
13. Se

14a Se
150 §o
16, S.

17. Se

Group

demissum 6x
stoloniferum
malinchense 4x

verrucosum 2%

IT (Graphs 7-20)
trifidum 2x
clarum 2x
fendleri 4x

polytrichon 4x
stoloniferum) 4x

ITT

IITA (Gr. 21-37)

jamesii 2%
sambucinum 2%
berthanltil 2x

——— e e

tarijensa 2x
ehrenbergii 2x

pinnatisectum 2x
chacoense 2x
commersonii 2x

polyadenium 2x

ITIB (Gre. 38-48)
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7. br-Cpg usually larger . . 18,

7o br‘CBl usually larger . ..

19.

20,
2Lle

[t

o

ftn

©

o

[{ta{ta

oxycarpum A4X
hougagii 6x

guerreroense b6x
brachycarpum 6x
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Table 5. Morphological comparison of species in key.
Species
Group Mexican South American Series¥ Corolla Froit
I S. demissum Dem. rotate globdse
Se stoloniferum Long. rotate~ globose
V. malinchense stellate
Se ¥Verrucosum Dem, rotate globese
‘ to ovoid
IT S. brifidum ' Tri,  stellate  ovoid-
: conical
Se clarum Cla. stellate globose
S. fendleri Long. rotate- globose
’ stellate
S polytrichon Long, rotate- ‘globose
. stellate o
S. stoloniferum Leng, rotate— globose
stellate
ITT ) .
Lo S. Jamesii Pinn, stellate- globose
Se sambucimum Pinn, stellate globose
S berthaultii  Tar,. sub- globose
stellate to oveid
S. tarijense Tar., sub- globose
stellate to ovoid
§, ehrenbergii Card.- stellate globose
Se pinnatisectum Pin. stellate globose
S. chacoense Com., |-stellate globose . .
to ovoid
S, commersonii- Cem, stellate globose

to ovoid
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‘ Speciss. _

Group Mexican South American Seriest Corolla Fruit

S, polyadenium "Poly. sub~ ovoid

stellate

Be S. oxycarpum Conics rotate + long-
stellate conical

Se hougasii Déﬁo rotate ovoid

Se guerreroense Dem,  rotate ovoid

Se brachycarpam Dem.,  rotate ovoid

#Correll (1962)
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‘diversity of hydrocarbon patberns, do have one property in common, 'In
each set of compounds, the odd-n is the constituent present in the
largest amount., This property is shared by only one other North

American sample tested, namely S. sboloniferum ve. malinchense, a tetra—

ploid,

S. verrucosum, a diploid, showing nearly equdl amounts of n~odd
and branched components, has also been placed in this group. This
noticable lack of a dominant peak easily distinguishes it frem the
other North American diploids examined.

So-demissum is characterized in its native habitat, high in the
mountains of Mexico, by iﬁs rosette or se@ifrose£te habit, rotaté
corolla, and globose berries. This last feature distinguishes 1t from
the other hexaploid spécies now included in series Demissa, which are
ovoid—~ to ellipsoid—-fruited. It is resistant to late blight and frost;
characteristics which make it of considerable value to potato breeders
interested in introducing these characteristics into the commbn potato.
S. verrucosum, usually found at semewhat lower elevations fhan Se
demissum, is morphologically very similaf hﬁ itg The diploid usually
has a more caulescent habi%;“ﬁhough §°_Qemiss@m, when grown at lower
elevations, often assumes a more upright habit. These two species
are combined with the other Mexican hexaploids into series Demissa by
Correll (1962), an arrangement first suggested by Bukasov and later
maintained by Hawkes, Gorrell expresses doubt that this is the best

arrangemenf for these species, suggesting that a more natural inter—
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pretation would be to separate Se Yerrucosum and S. demissum from the

other hexaploids and assign them to two new series.

8o stoloniferum is described by Correll (p. 374) as a "highly
variable complex species." The rotate corolla may be white,‘or vary
in color to dark purple. The globese berries may vary in éolor also,
Usually the plant is erect and éiender, but bushy forms also occur.

The genetic origin of the Mexican hexaploids has long been of
interest to a number of plant geneticists. These hexaploidé show
inberfertility with several South American species (see Crossability
Chért, Table 3), but very little with most of the North American'din
loids, with the exception of Se verrucosum. S. verrﬁcosum.shares
this interfertility'with the South American spscies, and'morphologically
is quite similar to them (é.8., S. andreanum, Hawkes, 1960, a species
which unfortunately I did net examine). It is believed to be a quite
recent introduction to Mexico from South America.

Marks (1955), on the basis of meiotic behavior of artificially
produced hybrids of the'vgfious hexaploid species, has proposed é
comﬁon diploid ancestor for all of‘thema He - suggests they arose quite
recently from a cross between ﬁhié diploid and wvarious uhrelated btet—
raploid species, féllowedﬁﬁy chromosome doubling, He further suggests
that the diploid parent may have been Se VErrucosuim.

The hydrocarbon pattern feund for S, vgrpﬁcosum.appears to
confirm its relationship'with the South Americ;n diploids of section

Transaequatorialia. Its essentially "neutral” pattern, im contrast to




mi

I

41

the other North American diploids, would indirectly support its suppoéed

role as diploid ancestor of the hexaploids,

Hawkes (1958} suggests that the tetraploid ancestors may have
been Mexican tetraploid species in the series Longipedicellataa“Sero—
logical-evidence (Gell, Hawkes and Wright, 1960) supports the idea

that two of the three hexapleids they examined, S. guerreroense and

Se spectablle, are in fact; related to the‘Léngipedicellaﬁe tetraploids;

. 8o demissum however showed. no. such relationship.

The sample of S. stolop%ferum?'P.Ie 195,167, whose chromato-

graphic patbtern resembles that of §o_demi5sum, is called S. stoloniferum

v, malinchehse in the Sturgeon Bay index. Under the synonyms for S.
B § - i

stoloniferum as listed by Gorrell (1962) is the name S. malinchense,

Hawkes (1944)s I am assum;ng'thaﬁ the plant received from Sturgeon
Ba& and identified as v, mélihphense is essentially.simiiér to the
taxon once designated as atseparafe spécies by Hawkes., It is possible
that this particular varie%y of this highly heberogeneous species was

not included in the S. stoleniferum samples tested immunologically by

Gell, Hawkes and Wright. I have thus decided, on the basis of ad-
mittedly slim evidence, to inc1ude this variety in the same group with
Se demissum and Se verrucoéum.ahd’to éuggest that the tetraploid an-
cestor of S, demissum may have been similar to it

Two additional characteristics support the proposed arrangement.
One imvolves the extreme mofphological variability of these species

when grown under different environmental conditions as discussed by
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Correll, He mentiens that plants grown_from.tqbers collected from a
single plant of S. demissum collected in Mexico and grown under three

different environments were dissimilar enough to be classed as three

- separate species if one did not know they were of the same clone

(po 27). This same variability was observed in S. verrucosum (p. 362).
A similar observation was made for one of Correllls Mexican collections

of S. stoloniferum, a plant which he points out wés a good match for

the plant labeled S. malinchense by Hawkes.
Secondly, certain R genes controlling a hyper-sensitive reaction

to Phytophthora infestans are common to S. stoloniferum and S. demissum

(McKee, 1962). This led Dodds (1965) to the conclusion that it is

highly probable that doubling of triploid hybrids of S. verrucosum,

Se stoloniferum, and the ir{ hear allies has;resulted in the evolution

of the Demissa hexaploids.

Group II

Group II is distinguished by ;ﬁs predominant n-Cgj peak, It
differs frem Group I in that ‘at léasﬂ ohe branched peak, usvually 029,
exceeds the normal of the same set. Included are Se tfifidumg the only
speeciles in series Trifidas S. glé;gm, the only species in series Clara;
and two sbeeies.found in series Loﬁgipedicellata, Se fehdlgri and S.
polytrichon, The patterns found in this‘groups with the exception of
one change in the relative ameunts in the Cpg set of one sample of

Se fendleri, are quite similar in the Gog and C31 sets. One sample
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of S. stoloniferum.v, longipedicellatum would key here; the other two
would appear in ﬁﬁe next group. This highly variable species, discussed
previously in Group I, may be a.linking complex between other better—
defined and more uniform species. |

So brifidum has a stella?e corolla, ovoid-conical fruits, and
a leaf which is often B—foliate, with winged, elongate petioléso It
is erect in habit, with many branches, and grows up to 4 dm. tall
(Cofrell, Po 250}, It is found in the mountains of west—central
Mexico, It was assigned by Hawkes (1956) te series Pinnatisecta.
Correll states that it i1s more nearly akin to series Conicibaccatac
The hydrecarbon pattern is not similar te that of either the species
of Pinnatisecta examined nér to S. ghrenbergii, of series Conicibaccata.

S. clarum, in series Glara, is a small plant with stellate
corolla and globular fruits, It has simple leaves, distingﬁishing it
from any other species eiahined@ k] is found at high elevabtions in
southern Mexico and Guateméla. If was formerly placed in series
Bulbocasﬁana on the basis sf”its simple leaves.

The series Longipediéellata is characterized by a corolla de-
scribed as rotaté—stellate and bylglobose berries, This distinctive
corolla, aleng with its pe%iolulate leaflets, distinguishes it from
other North American serie;° 'Itslrange extends from central United
States to central Mexico, The three species examined may be erect
or bushy and spreading in habit. .

The results seem to correlate well with %the morphological
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simllarities noted in series Longipedicellata, On the other hand, the
similarity of pabtern for the series Longipedicellata and the other-
wise rathér dissimilar S. trifidum and S. clarum was an uhexpected re-
sult, Perhaps these results do point to a phylogenetic relationship

despite the other differences noted.

Group IIT - .

The members of this éfbup, in contrast to Groups I and IT, show

" a preponderance of branched compenents over normals, In some instances

the br—CBl peak is much larger thén any other, exceeding 30% of the
total.

The group easily divides into two subgroups on the basis of
hydrocarbon patterns, ploidy level, or corolla shape. As noted in
the key, species in the same_sub-groub are often distinguishable from
one anothero

Group IITA, whose patterhs show no peak in the Cps or Coy sets
exceeding 5%, are dall dipleids with stellate or sub-stellate eorollas,
Group IIB, with more maferial in the Ops and C27 sets, are polyploids
with rotate corellas,

Four South American épecies with similar patterns have also been
included here, plus S, oxycarpum of series Conieibaccata, a series |
which ranges from southern Mexico te Bolivia.

Series Pinnatisecta is characterized by its stellate corollas,

globose fruits and narrow leaflets. Correll suggests that series
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Cardiophylla, with the possible exception of S. gardiophyllum (not

examined), might well be combined with Pinnatisecta (p. 261}, He also
points out the close affinity of the South American series Gommersqhiana

with Pinnatisecta, maintaining them as separate series because of the

wide geographical separation of the-two. Series Pinnatisecta ranges

frem central United States to central Mexico; series Commersoniana °
occurs in ecentral South Ameriqa (southern Brazil and Bolivia; northern
Argentina)o

S. chacoense, 'a Widesppead_gpgcigs of series Commersoniana, is

interfertile with severa}_pthef species (see Crossability Chart, Table

3), including S. verrucosum, S, berthaultii, and S. térijensaé These
last two species are assigﬁgd ﬁo éeries Tarijensa by Correll on the
basis of ‘their glandular, aromatic characteristic.

This glandular characteristic is shared by S. polyadenium, ‘the
sole member of series Polyé@enia, which al;o shares the sub-stellate
corolla. S. polyadenium hés a hydrocarbon pattern distinctive from
the other members of this éraub ih that the br-evens are larger than
thé normals of the same se;tin'Sets Coy and Cg9. This pattern is
directly opposite to that wﬁich cﬁaractgrizes S. demissum., As noted
on the Crossability Charts?ég Eoliadenigm can be crossed with S.

Jjamesii and Se pinnatisectﬁmo The cross is difficult, but the Fq is

fertile (Gell, Hawkes, and Wright, 1960).
These results, then, correléte quite well with morphological

and crossability data.
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Group IITB

Group IIIB is distinguished from ITIA by a larger proportion of
material in the Cps and Cpy setse. Either br-Cpg or br—Cg) still
remains the largest peak, but the proportionate amounts of material
indicated by these peaks are less than in ITITA, It can be seen that
it appears possible to further divide ﬁhis sub-group on the basis ef
the relative size of br—029 and bf—C31, In S. oxycarpun and S. hougasii,
(referred to as Se specﬁabile by ‘the Br;ﬁish authors) br~Cog appears

to be in greater amount; in S. suerrercense and Se brachycarpum the

larger peak is br“031°

These species are morphongicalyy qulte similar., The coroila
of series Demissa is described as rotate to rotate-stellate, appearing
to be 10-15 lobulate, Theicprolla'of series Conicibaccata is described
as rotate-stellate, appearing to Dbe lelobulate@ The fruits of these
species (in contrast to S, demissum itself) are ovoid to ellipsoid,
Correll (1960) and Hawkes'§l956) point out that these series are main-
tained separately on a geographic basis (ecoiogical); the species in
Coniciﬁaccata are found inwmoistqlwarm areas, while those of series
Demissa oécur in high, cooi mountains of Mexico and Guatemala.

The hexaploids incluaed héré are théught to have shared with
S, demissum the same comm@ﬁ'dibioid ancestor, 3. verrucosum, as men-
tioned previeusly. It is tempting to look for possible tetrapleid
ancestors of these hexaploids in this group. S. oxycarpum suggests

itself for this role in ‘the production of Se hougasii. As to the
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Longipedicellata tetraploids having served in this capacity as sug-

gested by Hawkes (1956), the highly variable S. steloniferum remains

a possibilitys; S. polytrichon and S. fendleri do not appear Llikely from
these data, This would agree with the immunological findings of Gell,
Hawkes and Wright (1960)5 (Of these four tetrapléids, samples of only

two were examined by these, authors, namely S. stoloniferum and S. poly-

trichone )

Qther Species

Chromatographic pattéfns'bf-§p quitoense, tomato (Lycoperisicon},
TEES Ao = :

pepper (Capsicum), and tobaécé &Nﬁcgtiaﬁa) are shown in Graphs 95-98,
It should be noted that theée-épe&ies, with the exception of tobacco,
have appreciable amounts of material in the 035 set, None showed
measurable amounts in the Gog sete In comparing these graphs to thése

of the tuber-~bearing Solanums, therefore, it should be kept in mind
that they are %“set over™ 2 carbon.uni'bs°

Each of these 1s clearly distinct from.anj other and from the

tuber-bearing Solanumé'examinede Of them, the temato is closest to
Group ITI, Most distihct from the type of pattern in the tuber-bearing
Solanums is the non—tﬁber bearing member of this genus, Solanum
gquitoense. The simplicity:of this pattern is striking, with.its Llarge
br—033 peak and virtual absence (less than 1%) of either.branched or

normal even com.pourids,o
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) D. Summary and ©Sonclusions

A chemotaxonomic method applicable to the genus Solanum, section
Tuberarium, subsection‘Hyperbasarthruﬁ, has here been proposed. Hydro—
carbons extracted from.tpe flowers of various Sqlanum specles were gas—
chromatogrammed, graphs ﬁadé of the relative amounts of the compounds
found, and the graphs compared. . Groupingsnwere made of species whose
graphs showed similarp pattﬁénsa:in_the hope ﬁhaf such groupings might
reflect phylogenetic relatiqnshi?s among ‘these species.

The -proposed biosynthetic pathways leading ‘to these long—chaiﬁ
alkanes have been summarized by Eglinton and Hemilton (1963}, In °
general , it is felt that these,compouﬁas are synthesized by decarboxyla—
tion of long-chain fatty acids. Qorresponding long-chain acids of ‘the
size of the average alkane; Czé; have rarely been found, however;
where found, the alkane fraction was not examined. Labelling experi~-
ments designed to sdbstantiéme thé proposed biosynthétic pathways have
no? yet been reported, ' |

From these results; ;eveféi general and highly tentative pro-
posals might be mades TheﬁéYnﬁheéis of these ecompounds appears to be
under the contrel of a rel;tiveiyﬁsﬁable geneﬁié system. The regults
indicate that genetic contfél_of-pormal components may.be different
frgm.that of branched comp;nents;:further, that the production of even-—
branched components may be conmtrolled by a different enzyme system

than that which catalyzes the synthesis of the branched odd components,

Spacies showihg one very large peak are in general those considered
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by Hawkes (1958) as the more primitive (i.e., S. pinnatisectum,

S. Jamesii}. The general éffect of polyploidy and evolufionary ad—
vancement‘(ieee, series Demissa) seems to be a "leveling" of relative
amounts of material, Species which are morphologically similar but
widely separated geographically_usually show'similarity‘of hydrocafbon
pattern (i.e., series Pinnatiséqta_and series Commersoniahia)e
Similarly, series ecological}y,separaﬁeq but morphologically similar
also show similarity of pattern, i.e., series Demissa and series Conici-
bacatta, |

It appears, therefore, that this approach toward the understand—
ing of phylogenetic relationships, net only in fhis genus but in other

taxa as well, may prove of value in the future.
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Table 6, List of specimens examined.
Graph
Series (Correll) Species Ploidy P,I. Number No,
Conicibaccata S. oxycarpum 2n=48 230,479 seed 38
Bitt., 1912 _ Schiede , 1841
Tarijensa (Tub.)* S, berthaultii 2n=2/4  218,215,2 24
Correll, 1962 Hawkes, 1944 -
(Com. )% S. barijense 2r=24 195,206 25
Hawkes, 1944 )
Polyadenia 8. polyadenium =24 275,237 seed 35
Buk., 1939 Greenm, , 1903
' _ 275,238 seed 36
275,238.5 37
Clara S, glarum Corr., =24, 2435355.1 9
Graham & Dionne, 1952
1961 275,202,2 10
(Bulbocastana s+
’ 275,205.4 11
Circaeifolia S. capsicibaccatum 2n=24  205,460.1 49
Hawkes, 1954 Card, ,. 1944
205,560,2 50
210,036.2 51
Trifida Se trifidum =24 255,538 seed 7
- Corr,, 1950 Corr., 1950 o
(Pinnatisecta)* ] 255,538.4 8
Cardiophylla S. elirenbergii 2n=24 251,725 27
Buk,, 1939 (Bitts) Rydb., 1924
. ' 255,519.1 28
Pinnatisecta S. jamesii =2, 195,190.1 21
Rydb,., 1924 Torr,., 1828 o
. ‘ ) 275,171 - 22
S. pinnatisectum =24 184,764.3 29
Dune., 1852
184,764 C-3 30
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Table 6 (Continued)

Graph
Series (Correll) Species Ploidy P.I, Number - No.
S. sambucinum 2n=24  275,243.3 23 .
Rydbe, 1924 .
Commersoniana So chacoense 2n=24 133,664 31
Bitt,, 1912
‘ =48 189,217 C-19 32
- 2n=24  189,220.9 33
8. commersonii 2n=2/ 243,503 seed 34
Dune, 18Ll4
Acaulia S. acaule 2n=48  195,160.4 52
Juze, 1937 Bitt., 1913
a 205,507.1 53
210,033.1 54,
Demissa Se brachycarpum 2n=72 230,459.1 45
Buk. ex Buk. & Corr,,.1952
Kameraz, 1938, L R43934bat 46
1959 '
275,183 seed 47
‘ 275,183.5 48
S, demissum =72 160,227.4 1,2
Lindl,, 1848 S '
. 161,153.5 3
175541101 4
S. guerreroense 2n="72 161,727.1 43
Corr,,. 1952 :
. 161,730.13 44
S. hougasii =72 L6L,174.5 39
Corr., 1958 .
(S. spectabile ) =172 161,174 seed 40
239,423 4L
'283,107.1 42
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Table 6 {(Continued)

. Graph
Series (Correll) Species Ploidy P.I. Number No,
S. verrucesum 2n=2/, 160,228,1 6
Schlechtd., 1839 : _
Longipedicellata S. steloniferum 2ri=48 195,167,10 5
Buk, ex Buk. & Schlechtd., 1833
Kameraz, 1938, 195,195,1 18
1959 o :
: 205,522 seed 19
1 205,522,3 20
E, polytrichon 2n=48  186,545,11 14
Rydb., 1924 '
184,772 15
184,773.1 16
184,773 seed 17
S. fendleri 2m=48  275,158,1 12
A, Gray, 1856
Transaequateorialia S. brefiéauié 233,961.4 55
Buk, ex Buk, &  Bitt., 1012
Kameraz, 1959, . L
(Tuberosa ) S. canaseénse 2n=24  265,864.1 56
Hawkes, 1944 ‘
265,864 seed 57
210,035.4 58
210,035.2 59
Vo nechawskii (Ochoa) 230,506,1 60
Corr,, 1961 '
{nechawskcii
'So candolleanum 2n=24 243,502 61
Berth., 1911
S. kurtsiafin - om=48 175,434 62
Bith, & Wittme, . . :
1914 175443501 63,64
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Graph

Series (Correll) Species Ploidy P.T. Nwri’t_)er No, .
175,435 seed 65
| 175,435 =1 66
S, lignicaule =24 - 230,504.2 67
Vargas, 1943
S. simplicifolium =24 208,866,1 68
Bith,, 1912 . :
SR 218,222,1 69

Tuberosa
Rydb. 1924
Cultivated:at

Se soukupii 2n=24,
Hawkes, 1944

Se sparsipilum =2,
(Bitt,) Juz, & Buk,,

1937

Ve llallagianianum
(Card,:.& Hawkes) .
Corr, ‘1962
( sucrense )%

S. velascanum
Bitte & Wittm., 1914
(_ famatinae J*,

Se verneil
Bitt, & Wittm., L9l4

S. tuberosii L, 1753 2n=48
Group stenotomum
( stenotomun )+ 2n=24,
Subgroup gonicsalyx 2n=24

(goniooé}lﬂ' s

Group phureja =24
( phure ja)e _
Group ‘tuberosum 20=48

Ss TLuberosum

230,511 .4 70,71

230,502.2 72

233,693 73
230,465,2 y7A
275,5143,1 75
275, Lol 76
230,562,2 77

195,204 C-13 78

230,512 79
195,188 - 20
195,214 g1
195,198 82 _
|
195,162,1 83 ﬁ
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Table 6 (Contiymued) -
Graph
Series (Correll) Species . Ploidy P.I. Number  No,
Commereial | . |
cultivarsiass
Russet Burbank 84
Norland 85
Dazoe 86
Fruhperle _ - 87
' Blis s Triumph a3
Blanca | 89
Bouhtye 90'
_ 6013%%_m“ . ’ : 9L
( S. x curtilobum 2n=60 195,181 92

Juz. & Buk., 1929

.

‘ 195,181 93 |
225,651 9%

#Indicates Hawkes' assignments - -
3##%Dodds? arrangement, in Correll, 1962
= Field-grown ) '

Plants grown from tuberg unléss "seed" specified

"C" after P.I, number indicates a colchicine-induced tetraploid

Otﬁér'Species Examined

Solanum guitoense 263,169 95

Nicotiana tabacum . 96

Liycopersicon sp. 97 j
9%

Capsicum spe . !
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Graph l, Se. demissum P,I., 160,227.4 (73-62)
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Se demissum P.I. 160,227.4 (164)
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Graph 3 Se. demissum P,I. 161,153.5 (44~62)
Demissa
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Graph 4. S demissum P.I. 175,411.1 (34-62)
Demissa
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Graph 5. S. stoloniferum v. malinchense P.I., 195,167.10 (12-62)
Longipedicellata
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Graph 6, S. verrucosum P.I. 160,228,1 ('64)
Demissa
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7e Se trifidum P.I, 255,538 (seed) (164)
Trifida
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Graph 8, S. trifidum P.I. 255,538.4 ('64)
Trifida
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Graph 9 Se clarum P,I, 243,355.1 (18-62)
Clara
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Graph 10, S. clarum P,I. 275,202,2 (4~62)
Clara
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Graph 1le S. clarum P.I, 275,205.4 (16-62)
Clara
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Graph 12, S. fendleri P.I. 275,158.,1 (43-62)
Longipedicellata
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Graph 13. S. fendleri P.I. 251,062 (27-62)
Longipedicellata
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Graph l4e Se polytrichon P,I. 186,545,11 (30-62)
Longipedicellata
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15, S. polytrichon P.I., 184,772 (32-62)
Longipedicellata
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16. S. polytrichon P.I, 184,773.1 ('64)
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Longipedicellata
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Graph 17. S. polytrichon P.I. 184,773 (seed) (164)
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18, S. stoloniferum P.I. 195,195,1 (1-62)
Longipedicellata
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Graph 19, S. stoloniferum P.I, 205,522 (seed) ('64)
Longipedicellata
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Graph 21, S. jamesii P.I. 195,190.,1 (89-62)
Pinnatisecta
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Graph 22, S, jamesii P.I, 275,171 (42-62)
Pinnatisecta

5 25 2w, 206527 27 2828 29 20 303 3 NaFno
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Graph 23, Se. sambucinum P.I. 275,243.3 (1'64)
Pinnatisecta

25 25 26 261 5257 27 28 28 29 29 30 30 31 31 32
br n br n br n br n br n br n . br n br
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79
Graph 24 Se. berthaultii P,I, 218,215,2 (17-62)
Tarijensa

25 25 26 26 27 27 28 28 29 29 30

br n br n br n_ br ns br n br
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Graph 25, S, tarijense P.I, 195,206 ('64)
Tarijensa

25 25 26 26 27 27108 28 29 29 30 30 gl 3L 32
br n br n br n br n br n br n, or n br

30+

25

204
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Graph

30 1

25

20
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10

8l

26. S. btarijense P.I. 230,46643 (164)
Tarijensa

25 25 26 26, 2% 2028 28 29
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Graph 27. Se ehrenbergii P.I. 251,725 (67-62)
Cardiophylla

25 25 1262619 2702800 28 29 29 30 30, .31 317 32
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Graph 28. S. ehrenbergii P.I. 255,519.1 (15-62)
Cardiophylla

25 25 11260 N26 o anl o 28 29 29 30 30 '3k SLWu32
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Graph 29,
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Se pinnatisectum P.I. 184,764.3 (14~62)

Pinnatisecta
25 26 Gl Pk
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27 28
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28 29
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29 30
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Graph 30, S. pinnatisectum P.I. 184,764 C-3 ('64)
Pinnatisecta

25 25 96 <. . S 28 29 20 130 30" 3L T3S
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Graph 3l.
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Se chacoense P.I. 133,664 (164)

Commersoniana

25 26267 27
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Graph 32, S. chacoense P,I, 189,217 C-19 (seed) (164)
Commersoniana

25 25" 26N INa6 27 270 285 1B gaT00 298530 30 31 3L .32
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Graph 33, S, chacoense P.I, 189,220,9 ('64)
Commersoniana

25 25 26 26 27 27 28 28 29
br n br n br n br n br

30+
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154
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Graph 34e Se. commersonii P.I. 243,503 (seed) ('64)
Commersoniana

25 25 26 26 27 27 28 28 29 29 30 30 31, . Bl 52
br n br n br n br n br n br n br n br
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Graph 35.
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90

Se polydenium P.I, 275,237 (seed) (164)

Polyadenia
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Graph 36.
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Se polydenium P,I. 275,238 (seed) ('64)

Polyadenia
25 .26y 26 27
n br B br

27028
n br

28 29
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20131
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Graph 37. Se. polydenium P.I, 275,238.5 (69-62)
Polyadenia

25 25 26 Deaor IamEia0 28 29 29 30 30 31 31 32
br n br n br n br n br n br n br n br
30
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Graph 38, S. oxycarpum P.I. 230,479 (seed) (164)
Conicibaccata

25 25 26,26 27 2728 28N 29 29 30 30 31 3L 32
br n br n br n br n br n br n br n br
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Graph 39. Se hougasii P.I, 161,174.5 (8-62)
Demissa

25 LIt e Sl el 279 28 28 29 29 30 30 31 3L 32
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Graph 40, S. hougasii P,I. 161,174 (seed) ('64)
Demissa

25 25 26 26 . 27 .27 28 28,29 29 30 30 3L | 31582
br n br n br n br n br n br n br n br

30 -+
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Graph 4ls S hougasii P.I. 239,423 (164)
Demissa

25 2526 26 27 2T 2W- 28 9 29 30 20 « 3L i FLEN32
br n br n br n br n br n br n br n br
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Graph 42+ Se hougasii P.I, 283,107.1 ('64)
Demissa

25 250 26 26 29 228 L 28NN 2 29 30 30 31 - BLaa9
br n br n br n br n br n br n br n br
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Graph 43 Se. guerreroense P.I, 161,727.1 (3-62)
Demissa

25 25 26 26 27 27 28 28 29 29 30 30 31 210032
br n br n br n br n br n br n br n br
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25 J
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Graph 44.
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Se guerreroense P.,I, 161,730,13 (21-62)
Demissa
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Graph 45, Se brachycarpum P.I. 230,459.1 (45-62)
Demissa

25 25 26 260208 27 h 28 28 29 29 30 30 3L, 31532
br n br n br n br n br n br n br n br
30 4
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Graph 46, S. brachycarpum P.I. 243,344e4 (90-62)
Demissa

25 25 26 2b. 27 27 28 28 .29 29 30 30 31 332
br n br n br n br n br n br n br n br
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Graph 47. S. brachycarpum P.I, 275,183 (seed) ('64)
Demissa

25 25 26006 427 98 28 29 29 130 30~ 31 GRS 32
br n br n br R br n br n br n br n br
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Graph 48,
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br
30 1

S. brachycarpum P.I., 275,183.5 (164)

Demissa
25 26 26 27
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Graph 49.
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10 -

Se capsicibaccatum P.I, 205,560,1 ('64)

104

Circaeifolia

2526 B 2
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27528
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Graph 50, Se. capsicibaccatum P,I, 205,56042 (65-62)

Circaeifolia

Dl L 250196 GOk 2028
br n br n . bxr n. br
30 ~

25 4
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Graph 5l
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Se capsicibaccatum P.I, 210,03662 (64~62)
Circaeifolia

25 26 26 27 29:28 .28 29 29 30
n br B br n br n br n br
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Graph 52 S. acaule P.I, 195,160.4 (48-62)
Acaulia

25 25 26 26 27 127 28 28 29 29 30 8031 | Bls2
br n  br n  br n br n br n br n br n br
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Graph 53. S. acaule P.I, 205,507.,1 (61-62)
Acaulia

25 25 26 26 '27 27 28 28 =29 209 30 30 31 31 32
br n br n br n br n br n br n br n br
30 -
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Graph 54, Se acaule P.I, 210,033.1 (40-62)
Acaulia

R5 25 20, 86 27 27 .28 2820 2030 30 ¥ L3 92
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Graph 55. S. brevicaule P.I. 233,96l.4 (57-62)
Transaequatorialia

25 25 26 260277 2260 828 129 29 .30 30 3L .4 3L 32
br n br n br n br n br n br n br n br
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Graph 56e. S. canasense P.I. 265,864.1 ('64)
Transaequatorialia

25 25k 26 8 186 1 a7 o ag 28 29 29 30 30 3L 3l 32
br n br n br n br o b n br n br nothr
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Graph 57 Se canasense P.I. 265,864 (seed) (164)
Transaequatorialia

25 25 26 26 27 27 28 28 29 2 30 30 31 31 32
br n br n br n br n br n br n br n br

30+
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20
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Graph 58, Se canasense P.I. 210,035.4 (164)
Transaequatorialia

2B 25 W 6 27 27 2B W 29 .29 3 HUN M 32
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Graph 59, S. canasense P.I., 210,035.2 (37-62)
Transaequatorialia

25 25 26 2 27 27 28 28 29 29 30 30 3l V31Ee32
br n br n br n br n. br n br n br n br
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Graph 60s S. canasense v. neohawskii P.I, 230,506,1 (86-62)
Transaequatorialia

25 25 26 26 27 2728 28 29 2 30 S0 31 il 5
br n br n br n br n br n br n br n br
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Graph 61,
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Transaequatorialia
25 26 136 2., AT 128
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Se candolleanum P.I. 243,502 (55-62)
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Graph 62, S, kurtzianum P.I, 175,434.1 (26-62)
Transaequatorialia

25 25596 . 2629, 27.128 28 29 2 30 30 31 31 32
br n br n br n br n br n br n br n br
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Graph 63.
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118

Se kurtzianum P.I, 175,435,

Transaequatorialia

25 26 26 27 29 2R
n br n br n br

1 (53-62)
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64,
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Se kurtzianum P.I. 175,435.1 ('64)

119

Transaequatorialia
25 Q6 2% 2T 2728
n br n br n br

28 29
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n br

30 3L
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Graph 65, S. kurtziamum P.I. 175,435 (seed) ('64)
Transaequatorialia
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br n br n br n br n br n br n br n br
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Graph 66, S. kurtzianum P.I. 175,435 C-1 ('64)
Transaequatorialia
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Graph 67.
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Transaequatorialia
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S. lignicaule P.I, 230,504.2 ('64)

28 29

n br

29 30

n br

Ve 2

n  br

3L 32

n br




123

Graph 68, S, simplicifolium P.I, 208,866,1 (56-62)
Transaequatorialia

25 25 26 6 27 212\ 28° 29 29 30 30T 3L 3k 3%
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Graph 69,
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Se simplicifolium P,I. 218,222,1 (24~62)

Transaequatorialia
25,86 o 227 2% 28
n br n'ibr n  br
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Graph 70. Se. soukupii P.I, 230,5lle4
Transaequatorialia

25 25 26 260 27 . 27 28
br n br n br n br

(28-62)
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Graph 7L,

25
br

126

S. soukupii P.I. 230,51l1l.4 ('64)

Transaequatorialia
B5030 42062 27 28
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28 29
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29 30
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Graph 72

25
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Se sparsipilum P.I, 230,502.,2 (84~62)

Transaequatorialia
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Graph 73 S. sparsipilum P.I. 233,693 (25-62)
Transaequatorialia

25 25096 26 27 2738 28 29 29 130 30 318" Ghe 99
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Graph 74e

25
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ve llallaguanianum (S. sucrense) P.I. 230,465.2 (19-62)

Transaequatorialia
281 36, 536 .27 . .27 28
n br n 'br n br

28 29
n br

29 30
REN B
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Graph 75. Se. velascanum (S. famatinae) P.I. 275,143.1 (59-62)
Transaequatorialia

25 25 26 REI IO DO 28 29 29 130 30 531 S 23E 32
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30+
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Graph 76, S. velascanum (S. famatinae) P.I. 275,144.1 (76-62)
Transaequatorialia

25 25 26 261 12 TN 2780 28 29 29 30 30 3L gL 132
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Graph 77. S. vernei P.I. 230,562,2 (82-62)
Transaequatorialia
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Tuberosa

25 25 26 26 2. 2928
br n br n br n  br

30 1

28 29
ne by

29 30
n br

Graph 78 S. tuberosum (S. stenotomum) P.I. 230,512.3 (70-62)

30 31
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314" 32
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Graph 79. S. tuberosum (S. stenotomum) P.I. 195,204 (C-13) (11-62)
Tuberosa

25 25 26 26 #27 ioF 288 28 29 29 30 30. 31 - 31F 32
br n br n br n br n br n br n br n br
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Graph 80. S. tuberosum (S. goniocalyx) P.I. 195,188 (39-62)
Tuberosa

25 .28 26 ‘26 2. 27.28 .28 29 290053050301 " 31 7 Sl aY
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Graph 8l. S, tuberosum (S. goniocalyx) P.I. 195,214 (31-62)
Tuberosa (Cultivated)

25 25 .26 26 \27 22k 28 29 20 30 0L 3E- F 38
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Graph 82, S. tuberosum (S. phureja) P.I. 195,198 (54~62)
Tuberosa (Cultivated)

25 25 26 Q6 27 - 127 280 0ai g 20 30 304 31310 39
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Graph 83, S. tuberosum P,I. 195,162,1 (22-62)
Tuberosa

25 25 26 96 (D 27 28 28 29 29 130 30 31 31 32
br n br n br n br n br n br n br n br
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Graph 84. S. tuberosum "Russet Burbank" (102-62)
Tuberosa

25 25 526 26, 2 27 .28" .28 29 20 30 30 31 31 32
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Graph 85, S. tuberosum "Norland" (110-62)
Tuberosa

25 25 26 26 27 % 2% 98 28 29 29 30 20 531 HSENas
br n br n br n br n br n br n br n br
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86e S. tuberosum "Dazoc" (112-62)
Tuberosa
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3L 32
n br

10 -




142

Graph 87. S. tuberosum "Fruhperle" (114-62)
Tuberosa

R 2B 2.2 2Ts28 B W 0P 30 3k 3L W32
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Graph 88.
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143

Se tuberosum "Bliss Triumph" (118-62)
Tuberosa
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n br n br n br n br

n br

30 3L
n br

3132
n. br




Graph 89. S. tuberosum "Blanca" (120-62)
Tuberosa

25 25 26 26 27 27 28 28 29 29 30 30 3L 'S ¥39
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90. S. tuberosum "Bounty" (121-62)

Tuberosa
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Graph 91. S. tuberosum 60131 (122-62)
Tuberosa :
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Graph 92.
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Se x curtilobum P.I. 195,181 (64)

Tuberosa (cultivated)
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Graph 93. S. x curtilobum P,I. 195,181 (33-62)
Tuberosa (cultivated)

25 25 26 26 29 27 28 28 29 29 30 30 31 A3 32
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Graph 94. S. x curtilobum P.I., 225,651 (62-62)
Tuberosa (cultivated)
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Graph 95.
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Se quitoense P.I, 263,169
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Graph 96, Nicotiana (tobacco)
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Graph 97. Capsicum (pepper)
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Graph 98. Lycopersicon (tomato)
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. Appendix 2. Inventery of P,I,-numbered Solanum species, with Planting

Record, .received from In'ber—reglonal Potato Introduction
Sta'blon, Sturgeon Bay, Wisconsin (L:Lsted by series).

##See key below

230,484

#Seed ' ) o
s l-=Creenhouse 19623 2--Field 1963 5 3—Field 1964, l~-Greenhouse 1964

Series P.Tl,. I\Tumber Species 1l 2 3 4
10, Piurana 2105040,2 S. marinasense X X
210,046,1 S. pampasense X
11, Conicibaccata 218,217 Se colombianum bd
) 230 ,47%% . S. oxycarpum X
15, Tarijensa: 195,206 S. tarijense x
218,215.2 Se berthaultii X X x
230,466 S. btarijense x
230,466.3 Se tarijense . x
265,857.3 So berthaultii X X X
265,858,5 Se berthaultii X X x
16, Polyadenia 230,480,2 S. pelyadenium X X
. 51,745 Se pelyadenium x _
275,237 Se pelyadenium x
275,238% S polyadenium X
275,238.5 S. polyadenium X
17, Merelliformia 243,35 . S. morelliforme X
R75,223¢ Se morelliforme bd
.18, Glara 243,355,L Se clarum- X X
R75,202.2 Se clarum X
275,20504 Se clarum X x
19, Circaeifolia 205,560,1 S. capsicibaccatum x
205,560,2 Se gapsicibaccatum x x :
205,560 S. capsicibaccatum x
210,036,2 . S capsicibaccatum x x X
20, Trifida 255,5364.3 Se trifidum X
255,538% Se Grifidum x
255,538,4 Se trifidum x
21, Bulbocastana 161,156 S. bulbocastahum x
S. bulbocastanum X
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Appendix 2 (Continued)

‘ See key below
Series P,I, Number Species 1l 2 3 4
21, Bulbocastana 239,389 S. bulbocastanum X
(continued) 275,191 S, bulbocastanum X
22, Cardiophylla 186,549,.7 So ehrenbergii X X
251,725, S. ehrenbergii X X X
255,519,1 S. ehrenbergii - X X X
23, Pinnatisecta v 18,7643 Se pinnatisectum X x X
184,764 (C-2) S, pinnatisectum X x
186,553.3 ° S, pinnatisectum X X
195,189@1 _S__e g‘lameSii X
195,190,1 Se Joamesii X X
275,L7L Se Jjomesii X X X
275,243.3 Se. sambucinum X
2/, Commersoniana 133,664 . Se chacoense x
189,217 (C~19)% S, chacoense x
189,217,.1 S. chacoense b4
189,220.9 S. chacoense p'd
197,759.1 . S. chacoense X
243,503% S. commersonii x
25, Megistacroloba 275, L49% S, megistacrolobum x
27, Acaulia 1’75539503 Se acaule X X
195,160.4 Se acaule X X
205,507.1 S, acaule b4
205,520.1 So acaule X X
210,033.1 8. acaule X X x
230,494.1 S. acaule x
230,529.L Se acaule X X
230,530,1 Ss acaunle X X X
28, Demissa . 160,227.4 Se demissum X X X
- 160 228% - Se verrucosum X
160 228,1 Se verrucosum X X X
161, »15365 S. demissum x
#Seed

3¢ l-~CGreenhouse 1962; 2—-Field 1963 § 3--Field 1964; /~—-Greenhouse 1964
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Appendix 2 (Continued)

#3¢See key below

Series P.I. Number Species L 2 3 4
28, Demissa . 161,174 Seo hougasii x
(continued) 161,17445 S. hougasii X X
o 161,727.1 S. guerreroense X
e 161,730.13 Se. guerréroense x
S 161,740.4 - - S, hougasii x
e L75,411.1 Se demissum X X
195,170,1 Se. Verrucosum x  x
230,459.1L Se brachycarpum x
239,423 . Se. hougasil X X X
275,180.5 Se brachycarpum x
275,183 Se brachycarpum p:9
275,18365 Se¢ brachycarpum x
275,255.1 Se Verrucosum X X
283,107,1 S, hougasii x
29, Longipedicellata 160,224,10 Se stoloniferum x
184,768,1 S» polytrichon X X
184,772 - .8« polytrichon X X
184,773 S. polytrichon X
184,773.1 S. polytrichon x
186,545,11 S. polytbrichon X
186,555.4 S. stoloniferum x
195,164.03 S. stoloniferum X
195,167,10 Se. stoloniferum x ’
‘ 195,195.1" Se. stoloniferum. X X X
205,522 . S. stoloniferum x
205,522.3" " S.. stoloniferum X X X
251,062 - S, fendleri X X
RT75,157,2 Se fendleri X X X
R75,158,1 S. fendleri X X
3l. Transaequatorialia 175,434.1 Se kurtziamum X X x
o 175,435%. Se kurtzianum X
175,43501 Se kurtziamm x
175,435 (C~1} S, kurtzianum x x
208,866,1 Se gimplicifolinm =x =x x
210,035.2 Se canasense X X

*Seed
##l-—Creenhouse 19623 2~~Field 1963; 3—Field 1964; 4~-Greenhouse 1964
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Appendix 2 (Continued)

#See key below

Series P.I. Number Species l 2 3 4
3l. Transaequaterialia 210,035.4 S. canasense b'd
(continued) 210,042.1 Se canasense V.
' " peohawkésii X
210,05L,1 Se canasense v.
. hechawkesil  x x
212,799+2 Se Vvernel X X X
218,218,2 S. velascanum X x X
218,222,1 So Simplicifeolium x x X
230,465.2 Se sSparsipilum V.
' 1lallaguaniaum X X X
230,468,1 Se. vernei X x X
230,502,2 So sparsipilum X X
230 ,504.02 Se. lignicaule X X X
230,5064L. S. canasensé Ve '
' neohawkesil X
230,511.4 Se soukupii X X X
230456242. Se vernel X X X
233,690 S, oplocense x '
233,693 Se sparsipilum X X
233,961.4 S. brevicaule x
243,502 S, ¢candolleanum X X
265,862,1 Se sparsipilum X
265,864 8. canasense f x
265 ,864.L Se. canasense x % x
265,88L,1 Se Simplicifolium x X
265,882,1 Se sparsipilum v :
' ' llallaguanianum x X X
27551431 Se. velascanum X X X
275314461 Se velascanum X X
32, Tuberosa 208,563 Se maglia X X X
210 ,04504 So medians X X
210,813 Se maglia’ x
230,507.1 Se. medians X
265,872.4 S, medians x
133,667 S. tuberosum X X X
195,162,1 Se ‘tuberesum X X X
#Seed o

s l——Greenhouse 19623 2—-Field 1963; 3——Field 19643 4—Greenhouse 1964
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Appendix 2 (Continued)

s&tSee key below

Series P.I, I\Tux_nber ' _ Species L 2 3 4
32. Tuberosa 205,528,1 _S__,, tuberosum x
(continued)

Cultivated Groups: '
Group Stenotomum 195,204 (C-13) (S. stenotomum)

X X ‘
230,512.3 (S. stenotomum) X X X
233,980.3 (8. ajanhuiri) X X
234,,012,1 (Se stenotomum} X x x-
255,490,1 (8« ajanhuiri) X x X
Subgroup 195,21402 (So goniocalyx) X X X
Goniocalyx 195,188 (Se goniecalyx) X X X
Group Phureja 195,191 . (8. phureja) X x X
: 195,198 . (S. phurejia) e
205,561,1° ~ (8. phureja) X X X
Group Curtilobum 186,l8l°f2 Se x curtilobum X X X
195,181 S. x curtilobum X X X
225,654 S. x curtilobum X ox

%*Seed, ' : R -
stl~=CGreenhouse 1962; 2—-Field 1963; 3--Field 1964; 4—-Greenhouse 1964
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Appendix 3, Descrépmlons ef Solanum species grown in the greephouse .
in 1962, - o

S. acaunls

Rosette-forming herbs; rugose leaves odd-pinnate, up to 24 cm.
long; leaflebts as mahy as 15, 2.5-4.5 cm, longs ihterstitial leaflets
present; corolla rotate, Varyihg in color from néarly white to dark
purple; fruit bright to daxk green, elongated, sometimes flattened.
This species set abundant fruit in the greenheuse. It retained its
rosette growth habit when grown in.the field. .

Se¢ berthaultiil

Upright.plant to 70 cm, tallg leaves odd-pinnate, to 24 cm. long,
slightly pubescent; leaflets as many as 13, to 7 cm. long; inberstitial
leaflets present; corolla sub-stellate, sometimes reflexed, purple,

Se brachvcarpum

Upright plant to 30 cmso, leaves odd—plnnate, slightly rugose,
to 23 cms. long; leaflets as many .as 1l; to 7 cme long; interstitial.
leaflets present; corolla rotate, light purple or white with purple
mottling; fruit pale green, end pointed.

Ss brevicaule

Rosette~forming herbsyﬁitﬁ'éﬁooth odd-pinnate leaves to 15 cme
long; leaflets 9, to 5 cm, in length; interstitial leaflets present-
corolla rotate-stellate, bluish purple.

S. bulbocastanum

Upright plant up to 50 cme. “tall, highly pubescent; leaves simple,
rugose, to 10 cm, long; no 1nterst1t1al leafletss corolla stellate,
creamy yellow. .

S. cahasense -

Plant to 40 cms,., v1n1ng hablt leaves odd-pinnate, ragose, with
edges curled, up to 13 cm..long;’ leaflets as many as 13, 3.5 cm. long;
numerous 1nterst1t1al leaflets; corolla purple to dark purple, rotate-
stellate. 5

Ve Rgohawskil

Plant vining, with flowers high above ‘the foliage; leaves odd-
pinnate, rugose with curled edges; leaflets 13-2L, 2-3 cm, long;
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interstitial leaflets numerouss corolla rotate; reflexed, deep
purple,

Se. candolleanum

Plant upright, with héavy stem, 35 cm. long; leaves to 25 cm,
long, odd-pinnate; leaflets to 11, 7 cm. long; 1nterst1t1al leaflets
present; corolla rotate-stellate, purple.

S° capsicibaccatum

Plant uprlght'w1th staklng, to” 50 cle ballj leaves odd—~pinnate,.
very slightly pubescent and almost smooth, 8.5 cm. long; leaflets 5,

- t0 4o5 cm, long; no interstitial Ieaflets; corolla white or light

purple, stellate, sharply reflexed.
Se clarum o

Upright plant to 30 cﬁi, talls leaves éimple s to 7 cm. long; ne
interstitial leaflets; corolla stellate, dark purple on tlps, fading

‘toward center.

S. x curtilobum

N

: Plants upright with‘sfaking, to 70 cm, highs leaves odd-pinnate,
to 24 cm, long; leaflets 9-13, to 7 cme long; interstitial leaflets
numerous, also on leaflet petiole; corella rotate, lilac—purple.

Se demissum

Plant upright, to 30 ém,fhigﬁ, pendulous; leaves odd-pinnate,
13-25 cm. long; leaflets 9-11, 4~8 cme long; corolla rotate, light

~purple on face, darker purple oh reverse side. Fruit bright green,

round,

Se. ehrenbergii

Plant upright, to 60 éﬁ, tall, leaves odd-pinnate, slightly rugese,
slightly pubescent, 11-13 cm. leng; leaflets 5-7 cm. long; interstitial
leaflets very few to nonej corolla white, stellate. -

Se fendleri

Plant upright with staking, to 45 cm, high; leaves odd-pinnate,
rugose, to 16 cm. long; léaflets 7-9, to 6 ¢m. long; corolla rotate-
stellate, medium to dark purple; frult bright gréen with dark stripes,

round..
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Se guerrsroense

Plant upright, to 55 cm. tall (twice as tall as in Correll's de—
seription); leaves odd-pinhate, with winged petioles, to 13 cm. .long;
leaflets 9, 7-8 cm. long; corolla rotate, white in center, with purple
streaks toward edges.

S. hougasii

Plant upright, te 60 cm. tall, leaves odd-pihnate, becoming pubes-
cent and rugose with age, to 23 eme long; leaflebs 7-9, to 7 em. long;
interstitial leaves present; corolla rotate to rotate-stellate, white
with purple mothtlings.

S. Jjamesii

Plants upright to 40 cm, tall; leaves odd-pinnate, smooth, hot
appearing pubescents; leaflets 9, to 7 cm. long; 1nterst1t1al leaflets
few or lacking; corolla stellate, white. .

Se. kurbzianum

Plants upright, to‘AOtcm@ tall; leaves odd-pinnate, almost smooth,
very slightly pubescent, 12-15 cm. long; leaflets 7-9, 4.5~5 cm. longs
interstitial leaflets few; corolla rotate-stellate, white with purple
mottlings on reverse.

Se maglia

Plants upright, to 60" ém. $all; leaves odd-pinnate, with winged
petioles, to 20 cm, long; leaflets 7—9 to 8,5-10.5 cme, longs corolla
whlte, rotate°

S. medians

Plants variable, mosti&'ﬁpfiéht'With'staking, to 60 em, tally
leaves odd-pinnate, to 17 cm, long; interstitial leaflets present;
corolla rotate-stellate, light to dark purple,

S. pampasense

Plant very sparse, low-growing; léaves odd-pinnate, to 16 cm,
long; leaflets 7, to 8 em, long; interstitial leaflets present, very
smalls corolla stellate, light purple,
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Se pinnatisectum

Plant upright with stakihg to 60 cm, tall; leaves odd-pinnate,
smooth, to 12 cm, long; leaflets 15, to 4.5 cm. long; interstitial
leafllets absent; corolla stellate, white.

Se polyadenium

Plant upright, to 80 cm, tall, with unpleasant odor; leaves
smooth, odd-pinnate, pubescent, to 25 cm. long; leaflets 9-13, 6.5-7.5
cm. longs; interstitial leaflets present; corolla white, sub-stellate,

Se polytrichon

Plant upright to 45 ém, tall; leaves slightly rugose, to 16 cme
long; leaflets 7, to 5 cm. long; 1nterst1t1al none to few; ‘corolla
rotate-stellate, white to light purple.

Se simplicifolium

Plant uprlght with very heavy stem, distinctly winhged; leaves
simple, to 20 cm. long, with no interstitial leaflets, or odd-pinnate,
25 cm, long, with 5 leaflets up to 14 cm, long with interstitial leaf—

. lets; corolla rotate to rotate—stellate, white.

Se soukupii -

Plant vining, rugose, non—pubescent leaves to 14 cm, long; leaf-
lets 13, 402 cm, long; interstitial leaflets numerous; corolla rotate-
stellate, medium purple.

Se gparsipilum

Plant uprlght to 55 cm° talls leaves odd-pinnate, to 25 cme
long; leaflets 7-9, to 7.5 cm. 1ong, interstitial leaflets few;
corolla rotate—stellate, medium purple.

V. llallaguanianum (§°quor§nse)

Plant upright, to 75 5&; tally stém winged; leaves to 25 cm. long;
leaflets 13, to 6 cmo._long; interstitial leaflets present; corolla
rotate-stellate, light purple, mottled with dark purple.

§; stenotomum
Plant vining, to 100 cms long; leaves rugpse; odd~pinnate, %o 23

cm, long; leaflets 11-13, 5-6.5 cme long; interstitial leaflets pre-
sent; corolla white, stellate,
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Se stoloniferum

Plant upright, to 75 cm. tdll; leaves almost smooth to rugose,
9-18 cm. longs leaflets 9-ll, 3-5 em, long; interstitial leaflets pre-
sent; corolla rotabe-stellate to stellate, sometimes reflexed, white to
purple; frait bright green, round.

S. ‘tuberosum -

Plant upright, to 6 cm, tall, stems winged; leaves moderately
rugose, to 2L dm, leng; leaflets Il, to 8 cm. leng; interstitial
leaflets present; corolla rotate-stellate, white.

(8. ajanhuiri)

Upright plant (with staking) up to 100 cm, highs leaves slightly
ruogose, odd—-pinnate, to 15.5 cm. long; leaflets to 1lly, to 5 cme
longs; petiole forming bright green winging on mottléed brown stemg
interstitial leaves present; corella rotate, purpls,.

(Se goniocalyx)

Plant of vihing habit, with heavy stem; leaves odd-pinnate, 14-15
cme long; leaflets 13, to 5.5 cms. lohg; inbterstitial leaflets
numerous; corolla rotate-stellate, medium purple.

(8, phureja)

Plants upright with staking to 40 cm.; léaves odd-pinnate, slightly
rugose, to' 18 cme long; leaflets 9-13, 3.5-5.5 cm, long; inter- .
sbitial leaflets present, in several sizes; corolla rotate to
rotate-stellate, varying in color from pinkish-lavender to deep
purples .

Se. velasecanum (S, famatihae)
Plant upright with staklng, te 60 em, tall; leaves odd-pinnate,

to 18 cm. long, slightly rugese; leaflets to 11, 6-7 cm, long;
interstitial leaflets.present; corolla rotate-stellate, light -

purple.

Se vernei

Plant upright when staked, %0 45 cme highs; leaves odd-pinnate,
slightly rugose, to 2L cm, long; leaflets.ll, to 6 ¢m. long: inbter—
stitial leaflets numerous; rotate—stellate, medium purple.
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Se verrucesum

- Plant upright, to 35 cm. high; leaves odd-pinnate, 12-13 cm, long;
leaflets 5-7, 3-5 cm, longs interstitial leaflets of two sizes; corolla
rotate~stellate, light te dark purple., This species was found to be
very susceptible to aphids.




Appendix 4.

flowers of Solapum species examined.

Percentages of branched and hormal hydrocarbons in the 025 to C32 range found in

26 57 28 ' 29 30

25 3L 32 Graph
br n__ br n__br n br ' n_ _ br n__ br n br n br No.
1l. Series Conicibaccatba S¢ oxycarpum (seed) PoI. 230,479 (164)

305 302 104— ':!-92 Zl—ol ?al{- —311 ) 202' 1903 lzl-ao. 6¢l lezl- 150'3 1_4-98 198 38
15. Series Tarijensa S, berthamltii P.T. 218,215.2 (17-62)° N

l94 0,8.~ 002 092 395 258 2_.8_ D 1806 806 802 - 33&0 1505 493 24
S. tarijensa P.I. 195,206 ('64) '~ ' ‘ ' - - S

0.5 Lo7 063 Lo 2.5 3.6 2.5 Lok 12,9 648 6,7 1.0 305 23,5 4.7 25
PoI. 230,466.3 (164) - '

0.7 0.6 0.2, Ochk 18 2.6 1.8 1.1 16.0 9.2 7o6 1.9 29,6 22,0 4.8 26
16. Series Polyadenia S. polydenium P,I, 275,237 (seed) ('64] :

4e 22 3ol 063 504 . .3.2 3.8 0,5 121 4e5 9.3 0.8 27,8 12.3 9.8 35
P.I. 275,238 (seed) ('64)~ - L

.Snl lclp 209 — 606 200 301 e 1307 302 1003 — 3007 1004- 1097 36
PoI. 275,238.5 (69-62} : .
115 3.0 5.9 =  8eh 365 4eb == 12,0 4ol 10,3 = 2L.3 7.6 7.8 37
18, Series Clara S. clarum P,I, 243,355,1 (18-62) o : _
led  1e7 007 —— 3.3 5.l 2,0 2,0 17.5 10,7 5.8 2,1 20,9 22,8 3.8 9
B, I, 275,202.2 (462} T

el 109 002 0.7 47 el 2,8 1.9 15,8 13e4 5.7 La9 15,7 22,2 3.6 10
P.I. 275,205.4 (16-62) . L : -

2.0 1.2 04 0.7 304 5.5 26 2,0 17.9 126 7.8 3.5 20,5 20.8 4.8 11

SLT




Appendix 4 (continued)

55 2% 27 28 29 30 3L 32 Graph

br n__br . n _br n___br n br n br n br n__br No,

19, Series Circaeifélia 8. capsicibaccatum P.I, 205;560,1 (164)
049 9.0 0ok 4ok 1.6 5.2 1.7 3.6 10.6 115 7.9 2.3 L1la7 24e2 5.0 49

P.T. 205,560.2 (65-62) ' ,
1.8 1.4 0.3 0.3 370 3.6 354 203 16,9 19.4 76 L8 9.1 26,0 3,0 50

P,I. 210,036.2 (64~62) : ' _

2.6 2.2 004  0s3 265  4e8 305 Re2 Lhe5 19.6 954 LT 8.7 243 3.2 5L
20, Series Trifida =~ Se trifidum P.I. 255,538 (seed) (164} ‘

0.2 0,3 0.1 0.k Le2 4ol 1o3 Leb lhe5 13.5 504 3.0 211 28,6 5.3 7

P.I. 255,538.4 (164) ~ ' e ‘ ,
0,8 1.0 0.2, 0.6 2.1 5.5 2.4 4e5 14.0 119 5.5 29 18,3 245 5.9 8

22, Series Cardiophylla . S. eghrenbergii B.I. 251,725 (6’7—-62} ) ’
2.5 2.6 0.4 0.3 3.0 Lob 2.0 2.2 18,5 15,2 8e4 2.6 18,9 Lhed  heR 27

P.I. 255,519.1 (15-62) o o -
1,9 2.2 0.1 1.0 2.8 29 1.6 2.2 20,9 158 6.8 2.8 22.4 19 4.7 28

23, Series Pinnatisécta  S. jamesii P.I. 195,19071 (89-62) - ‘ ' .
0.6 103 —_ 192 105 308 I lol . 193 1606 907 705 - 3508 1496 409 21

PGI' 275,]—71 (42"‘62) . -
0.7 .204' 0.1 105 407 593 1.9 2.9 2409 1393 603 2.0 21,9 9,7 2°3 29

S. pinnatisectum P.I. 184,764.3 (L4~62) ~ ~ =~ = |
0l Ood.. .0sl 062 1.0 19 1o5 0.6 18,7 603 8,9 2,1 38,1 1l.3 8.5 29

ELT
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Appendix 4 (continued}

9.3  4e5 2.1 Lel 6.9 5.6 2.9 . 1.3 167 8.0 5.3

725, A Y 30 31 32 Graph
br n br n br n br n br n br n br.- n br. No,
P.'In 184-3764- 0_3 (164) B * ’ i .
007 005 0»53 -002 107 109 105 - 1506 509 896 009 4309 6@7 1106 30
S. sambucinum P.I. 275,243,3 ' )
004 0.7 0.2 _O?-Z_lj___ ‘201 2?9 ] 29{; ) 0,7 18@4— 708 '705 le8' 3190 1598 8@0 23
24. Series Commersoniana S. chacoense P.Tl, 135;664 164). - - .
2.4 1.0 0,6 0,4 Re3 37 3.8 068 11,3 9.1 9.8 244 23.6 2L.4 Te4 3L
P.I. 189,217 C-19 (164} (séed) B | -
Le7  1a6 0.6 Lol. 3ed  4e7 3.0 1.2 12,2 762 T7o6 L6 27,5 19,2 Te& 32
P.I. 189;220.9 ('64) o ' - is
1e3 1ol 0050 0.5 23 3.7 3.2 0,8 13.8 8,3 12,8 1.3 26,0 16,1 8,1 33 &
S. commersonii P,T, 243,503 (seed) (v64) ' . - -
2.2 0,9 0.9 . 0,6 2,9 362 ..2.9 25 15,8 12,1 14,2 — 19,6 164 .- 5.9 34
27, Series Acanlia ~ S. scaule P.I. 195,160.4 (48-62) - ' |
7e2 367 27 06 8.3 . 6.3 . 5.8 1o2 17.4 12.2 7.2 1.8 8.8 15,4 1.3 52
P.I. 205,507.1 (61-62) - S . :
2.7 2,2 1.6 A0°8 7ol 6,0 9.3 — 27.5 15.9 10,4 -~ 8,5 7.1 Ll.L 53
' POI. 2103033-1(4-0—62) e ’ ’ ' ) A
607 506. 307 . — 883_- 790 ) 808 — 1704— 1306 909 _—— 705 1007 ‘00'8 54
28, Series Demissa '§,_brachycarpum.P.I. 230,459.1 (45-62) ‘
"1e3 20,0 1l4.l L.l 45




Appendix 4 (continued)

7.0 2.2 L.l 05 64 3.2 20

25 2% 21 28 29 30 3L 32 Graph

br - n br. n br n br n _br n br n br n br No,
Pl 243,3444 (90-62}) '

60  4e3 2.3 0.8 7u8 9.0 40 45 16.9 10.5. 5.5 Leb 14e2 11,7 1.0 46
P.I. 275,183 (seed) ('64) ° ' -

2.7 4e3 Le5 L8 5.0  9¢3  4e3 2.2 Lhe2 10,8 6.4 2.1 18,1 1lho5 2.8 47
PoIa 275,18305 ('64’) . : ’

3.8 5.0 2,5 1.8 5.8 1005  4e3 2.0 140 10s5 6.0 2.3 155 13.3 2.8 48
S. demissum P.I. 160,227.4 (73-62) ' :

1e9 3.3, Lol Lol 4e5  9eh 4ol 307 13,9 17.9 7.3 2.3 9.8 183 1l9 1 .
P.I. 160,227.4 (164} - S

109 4.0 0.8. 2,2 2,9 7.2 2.2 3.0 1l.2 16.0 5.9 2.3 13.2 243 2.9 2
P.I. 161,153.5 (44~62) ' B - ' | _

1.9 603 0.9 . 3.5 3.5 10,3 3.5 3.5 10,8 19.0 75 202 6a3 18,1 204 3
P.I. 175,411.1 (34~62) I 4 ' :

L7 6.1, 0.9 4e2  4e2 8.9 3u4 3ok 13,5 18,2 Teh 2.7 9.3 13.3 2.8 4
S guerreroense-P.Io 161,727.1 (3-62) ° - :

5.9 5.8 2.9 Ls5 6.7 8,3 3.3 1.6 13.5 8.1 6,0 1.6 17,9 13.8 2.9 43
P.I. 161,730,13 (21-62) - ‘ A

2.7 33 Le2 0.8 6.7 8oh 4O L6 16,9 9.7 6.6 1.8 19,0 15.8 1.5 44
" S. hougasii P.Is 161;174.5 (8-62) ' , '

1.0 20.7 9.9 4.0 0.8 8.6 5,6 0.6 39

SLT
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Appendix A%Eddntinued)

25 26 =27 28 29 30 3L 32 Grapm
.br n < b? _n br n - br n br n . br- n br n br No.

P.I, 161,174 (seed) (V64) | - | |
2.1 Oag . 007 003 303 391 301 lq2 1832 16.5 14°O 2°3 18,0 ;8“0 109 40

PoTo 239,423 (164) .
301 1.8 0.9 0e2 5.5 4o 245 0,6 25.7 17,2 7L 2.6 146 1he2 41

P.I. 283;107.1 ('64) - '
501 302 Leh. 24 6.9 5.7 3.3 2.0 2L.7 1L3 6.3 1.7 16.8 9.1 2.8 42

S. verrucosum P.I. 160,228.1 (164) ' ' o
3.7 3.0. 3.9 0.8 3.0 .62 3.1 1.0 10,3 10.3 9,6 0.8 19.3 13.5 6,7 6

29, Series Longipedicellata ~S. stolonifeium P.I. 195;167.10 {12-62)
Le8 2.8 0.7 0.9 27 6.5 2.2 2.9 123 156 9.0 1o5 1565 2Le3 42 5

P.I. 195,195.1 (1-62)
705 50l : 1.3 . 008 4o 8e5 23 La6 151 12,6 4e) Lo8 Lheb 17,3 2,2 18

P.I, 205,522 (séed)‘('64) '
lsl{- 205

o 0e5. 2.6 2.1 Teh L9 2,5 15.2 13,1 6.0 2.8 20,3 18,9 2,8 19

P.Ie.205;522.3 (164} ' " '
0.7 Lol 0s2. 008 6.1 4e9 1Lo8 L8 157 12,0 6oh 2,3 22,5 2062 3u5 20
S. polytrichon P.I. 186,545,111 (36—62)" T~ T -
8 - 1.8 0.5 05 2.2 567 2.0 L.6 13.7 12.9 9.0 1,6 17,0 25,1 560 '14

Pelo 184,772 (32-62) - ' - .
363 2.9  Le2  1e2 367 Te7 308 Le5 Lhe7 13,0 8ed  Leb6 149 179 4.0 15

LT




Appendix 4 (continued)

25 6 - 27 28 29 30 31 32 Greph

br n__. br n._ _br n br n_ br . n br n br n br No.

P.I. 184,773.1 ('64) , '
2.4 19 069 Lo2 29 5.l 3.2 L0 13,6 10,8 8.5 L6 18.2 23.2 5,6 16

P.I. 184,773 (seed) ('64) :
ReR le8 008 0.5 265 563 206 Le5 13:4 127 8.2 3.0 1606 L2362 5¢5 17

S. fendleri P.I. 275,158.1 (43-62) ' -
1.9 1.7 0.5 0o5 Lo5- 506 1.8 1.0 13,1 14e7 8.2 L1o5 1945 23.8 4ol 12

P.I, 251,062 (27-62) _ :

367 2-9. 153_ 034_ _3°§ 5.9 2.8 '102 12,7 10,9 6.5 La5 18,6 2244 5.6 13
31, Series Transaequatorialia S. brévicaule P.T, 2333796l.4 (57-62) o :

2,0 Lo3 L0 == 27 4e2 3.2 L.l 2L.3 163 9.2 2.9 184 13.9 2.5 55

S. canasense P.I. 265,864.1(164) . _ '
1.9 2.9 294 Lol 3.6, . 5.8 5.2 Le4 12,0 1544 8.8 2.3 12.1 21,0 4.2 56

P.I. 265,864 (seed) (164) -
hol 2.9, 3.0 1006 49 9e3 5.6 1.0 12,5 13,2 8.9 0.6 122 169 4.0 57

P.I. 210,035.4 (164} .
Lo  3eh 22, 2.0 4o5 6.6 5.1 1.9 16.3 109 80 1.0 20,2 1304 29 58

PoIo 210,03502(37—62) . ) -
1104 »205 606 entand .609 692 692 —_— 1304 992 705 - 1401 1290 430 59

V. heohawskii P.Is 230,506.1 (86~-62)
8.3 .2.8.. .47 — 8,6 5,9 1l.5 —— 20,3 8.2 9,2 —= 124 664 L7 60

LLT
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Appendix 4 (continued)

25 26 7 ... 27 28 29. .. .30... 31 32 Graph
br n br n br n br n br n br n br n br No.
S. candolleanum P.I. 243,502 (55-62} -

6.9 3.9 4a9 = Bl 5,8 7.2 - 11,1 6,8 10,0 - 16,8 15,5 5,0 61
_S., kurtzianum PoTe 175,434, (26-62) ‘

4»9 591 305 _— 4&6 - ’700 595 b 1292 504 lleB o 21@6 1208‘ 603 . 62
P.I. 175,435.1 (53-62) - - :

292 207 lazl- 098 3@5 639 509 - 1204 705 14@4 - 2300 12@8 695 63
PoT. 175,435.1 ('64)

159 2.3 009 103 207 492 3“7 —— 119\2‘ 701 1231 —_ 2705 1_792 403 64
P.I. 175,435 (seed) ('64) ' ,

1.9 193 1.0 -098 205 544 3.1 1.3 loeg Tl 12,5 265 2402 175 8.1 65
P.I, 175,4350-1 (164} ,

1,8 2.0 1.4 . 0.9 Re3 3.5 363 Llo5 964 6.5 13,7 L5 21,9 18,7 1l.4 66
S. Lignicaule P.I. 230,504.2 ('64)% - ,

49]_- i 10?_ 202. — 4—,09 - :-3a5 _506 b lll»el 705 loeli- - 22oo 1803 508 67
8¢ simplicifolium P,I, 208,866,1 (56-62) S '

6¢7 365 .206 _9@4 50  5:9 3.2 1,0 12,8 9.9 507 L1eR 1944 19,0 3,2 68
P,I, 218;222,1 (24~62) p
69’7 591 390 _— 605 695 Sel m—— 14-45 904 8@1 —— 1807 209 69

*Field—~grown

13,6
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Appendix 4:(continued)

R 28 29

31 32 Graph
br n br _n br n br n br n br n br n br . No,
S. souwlupii P.I. 230;51Ll.4 (28-62) S e _
8e2  3o5 365 0.7 6ol 6.1 5.9 Le2 16.6 14e3. 6.8. 12 1le3 13,1 1.6 770
P.I, 230,514 (164)% “ ' ‘
3.2 1.3 1le2 0.3 51 Leb  3:9  0ed 18e4 15,4 6,0 1.3 17.7 19,0 2,2 7L
S. sparsipilum P.TI. 230,502.2 (84~62) * ' ‘ :
3,0 15 0.6 0.6  he5  he5 3el L2 20.7 8.3 7.2 3.0 22.4 16,0 3.5 72
P.I. 233,693 (25-62) ' : T .
198 loo Ooll- '004 304 403 3@4 le? 2204' 1608 833 202 1709 1209 301 73
vo Llallaguanianum (Ss suciense) P.I. 230,465.2 (19-62) - - .
1.7 1.3 0,6 90?_-;4@3 boT . 307 Le& 173 1Lle7 962 206 2364 1360  Leb T4
S. velascanum (S. famatinae} P.I. 275,143.1 (59~62) -
3e3 2.3 _192 06e 50l 367 542 064 133 106 7.9 1L.0 204 18:7 6.4 75
P.I. 275,144e1 (7662} ’ ' ' T , 7
Lol 0.8 0.3 062 2:4 1.9 2.9 0.7 17.6 8.5 97 Lok 26,9 17.3 8.4 76
So ‘vernei P.I. 230,562.2 (82-62F - - :
567 26 264 == 6o2 6,8 5,8 == 16,9 11,0 8e4 = 16,0 15,7 25 77
Series Tuberosa = S. tuberosum (S.—-stenotomam) P.I. 230;512.3 (70-62) -
Te2 0ok 15,8 18,0 3,9 78

5.7  2¢l 208 002 Te5 5.0 563 .1.0. 14,8 10,3

#Field-grown
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Appendix 4 (continued)

25 26 a7 28 29

#¥Field—grown

%5

_ 30 - 31 32 Graph

br n___br n _br n br n____br n br n br n br No,
(11-62) P.I. 195,204 (C-13) _ ' ' )

503 Leb. 2.2 062 1lal  4o3 7.8 063 17.5 5.0 6.2 0od 224 13.0 2.6 79
S. tuberosum (S. gonioealyx) P.I. 195,188 (39-62) ' , _
8L 40  4e7 065 Toh 5:3 5,9 Leb 1lhe5 8.9 5.7 1o3 1lel 18,8 2,3 80
P.I. 195,214 (31-62) . o

beb 2.7 L6 06 8o8 6.3 4eb 2,0 17,2 10.2 6.3  2:4 1heb 154 2.6 8L
S. tuberésum (S. phureja) P.I. 195,198 (54-62) - - o

5,0 L8 Lobk = .58, 4e8 4e3 == 151 95 6.6 - 22,0 19.2 4o4 82
S. tuberosum P.I. 195,162,1 (22-62) ' - : v
608 2@4_ 301 “"""‘ 801 494 508 534 1566 861 705 m—— 1603 1409 264 83
Commercial Cultivarset .
Russet Burbank. (102-62) - ) ,

Tede  302. _ 302 . 6,0 lod  4e9 — 11,6 1le6 5.9 - 13,27 20,2 2.4 84
Norland (110-62) I ' ' ,

13:2  4e3 5.6 == 1063 6.5 6,6 —— 13,7 8.4 6,1 - 10,8 12,6 1.8 85
Dazoc (112-62) - '

1008 408" ) 506 o 80-0_ 506 569 — 1104 900 603 — 1204 1764 2,@9 86
Fruhperle (114-~62) ' -

lool' ZFOZI—‘ 506 - —— 901 690 706 —— 1603 890 — 14.09 8@5 ——— 87

08T
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" Appendix 4 (contimued)

29

30

4e9 - 16 ..2,0

#Field—grown

0.6

25 . 26 =27 33 _ 3L 32 Graph
br n_~_ br n br n br n br n___ br n br n br No,
Bliss Triumph (118-62) ' - .
1300 600 507 —— 1197 507 602 e 1400 705 4—01 - 1207 1204 . 1;0 88
Blanca (120~-62) '
llelp 308._'_,.. ,5,4 . ——— 809 5»1 700 — 14—06 703 709 - 1263 1303 302 89
Bounty (121-62) B S
13.1 3¢9 . 4.7  — 99 49 6.2 = 13,5 9.1 5.4 - 13.3 16,0 -— 90
60131 (1l22-62) - :
lr?ell— 409 o 708 — 1007 - 403 601 - 1208 505 508 i 1300 1106 S— 91
S. x curtilobum P.T, 195,181 (64}
o l.5 066 To5  4eT 5.2 Le3 22,4 12,0 7.3 1,1 15,9 13,1 1.9 92
P.I. 195,181 (33-62) - - - R
702 loo 205 - 896 408 606 - 2305 1008 609 0078 1308 llolk 2@1 93
P.I, 225,651 (62-62)- " C
Ooh 1040 5.6 | 77 1o8 24hed 104 To7 13,7 8,0 0.9 94
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Appendix 4 (continued)

27 26 22 3 3 - 32 T 33 Graph
br n __ br n br n br n br n br n br n No.

S. quitoénse P.I, 263,169 - - ' ,
3. 24 K1 <1 13,8 4l <1 <1 26,3 9.9 <1 <1 30,8 1le4 95

tobacco . o o ) ' »
1.6 5.1 3.2 1.5 10,1 181 13.4 2.0 101 23.9 7eb 3.6 — — 96

pepper " '
0,8 46 1.0 2.6 9.1 1.9 18 21 159 275 — —- 7.0 158 97

tomato : ) 4 -
1e8 1.8 19 Le7 12,9 8.0 48 2.3 16.6 249  Te3 3.8 3.5 8.9 98

28T
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