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ABSTRACT.

Ph.D. Vann Courtenay Ryce Henry. Agronomy.

STUDIES ON BOTANICAL AND AGRONOMIC CHARACTERISTICS
IN CUSH-CUSH (DIOSCOREA TRIFIDA L. f.)

The gross morphology of the Cush-cush plant (Dioscorea trifida
L. £.) was studied. A plant description with emphasis on agronomically
important characteristies is presented.

A technique for counting the chromosomes in root tip squashes
was developed. Chromosome numbers observed were 2n = 72 in 4 male clones,
2n = 72 in 3 female clones, and 2n = &1 in 1 hermaphrodite clome. A
chromosome count of 2n = 5, was observed in an open-pollinated séedling.

Several tests indlcated slow and irregular germination in
cush-cush but percentage germination of fresh seed is high. Phase change
is characteristic of seedling development and change from juvenile to
adult phase involves transitional phenotypes.

In low flowering populations male plants cutmumbered female.

A ratio of 1l:1 was obtained with over 60,% flowsring. Some hermsphrodite
plants were ovserved.

No relationship botween sex and tuber yield was determined.

Differential ylelding ability was observed between clones.
Closer within-row spacings gave highest yield;
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INTRODUCTION

Cush-cush (Dioscorea trifida L.f.) 1s a monoéotyledonous
twining vine plant well adapted to growing conditions in the co.ribbean
area. It is a member of the Yam family and produces edible, starehy

tubers which are very popula.r in West Indian diets. There is evidence

that cush-cush was a very important yam species in Tropical Amorica |
evound 1900 (Juvells, 1910) and 1t is still regarded as the best edible
yam ariginating in the New World (Burkill, 19.60‘)'. Since Sagot (1871)
first described cush-cush as the prineipal yam epecies grown in French
Guians, mm,' favoursble comments have been made. on its eating qualities.
Fairehild (1899) » Agricultural kploror 1n the United States Department
of Agriculture, roga.rded it as superior to othe: yams and recommended

its aeriot;é consideration by the Florida itruck farmers and Louisians

planters as a vegstable to be grown for the highest pﬂced or fancy

markets. Prain and Burkill (1936-1939) described the tubers as excel-
lent when cocked, having a flavour not possessed by fhe larger yams.

It might be expected that a foodstuff with su&h-a distinet
consumer appéal would be produced in large quantities and make a signif-
icant contribution to local food preduction. In fact, at the present
time the producticn of cush-cush throughout the islands of the West.
Indies is severely limited and, in Trinidad, the demard for it sc far
exceeds supply that it has becoms a high-priced, luxury item in loeal
dishes.

~ The low production of this vegetable largely results from
fhe primitive and uneconomical cultural methods still used by cush-cush
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growers and the unimproved low-yielding eultivars they grow. Botanical
information on the cush-cush plant is scenty; its growth habits and
requirements for successful development and tuber production have not
been recorded; and the range of variation of characters which may pro-
vide scope for mprwemg:it by selection is not known. |
The overall objective of the proérainm'of research reported
herein is to nrovide botanical and agronomic information on which a crép
improvement programme may be based. The b&Mcd part of the projeet
involved studies in 3 major divisions of botany, viz., morphology, ey-

- tology and plant physiclogy. The morphological studies were direeted
toward providing as complete a description as possible of the external
characteristics of the plant noting the range of veristion in characters
of agronomic importance. Anatomical investigations were undertaken
whenever these seemed essential for a cleerer understanding of ew:bernal
features. The cytological studies involved the development of techniques
for determining chromosome numbers in the species. The plant physiolog-
ical studies were restricted to investigations on germination and ssedling
growth. |

_ The second part of the programme conmsisted of agronmomic in-
vestigation of the efficiency of w j_;-_;_f_:;_g_a as a tuber producer.
Seed size and spacing stulies were condusted. Different clomal types
of cush-cush wore tested for ylelding sbility and the species was also

- compared with other common yams (D. alata).

Finally, sex expression in Diosca:ea trifida was investigated
and the relation between sex and tuber yield was examined.

For convenience these several areas of atnﬂy shall be considered



seperately in ths isview of pertiment literature, the deseription of
materials and methods, and the presentation of oxperimentel results.

3.
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REVIEW OF LITERATURE
Nomenclature

The name Diosccrea trifida first appeared in *Supplementum
_plantarum systematis vegetabilium" by Linnaeus, £11., (1761). Since that
time many synonyms have been used. ds Noter (1913) referred to Digsecves
triloba Linné, which he stated was synonymous with B. affints Zumth, D.
truncata Miguel and P, trifida Meyer. He also clained to heve rscelvad
Specimsns of D. irilcba Linné, from China bearing the nams D. Dregsaps.

Knuth (in Bngler, 192}) recordsd 9 synozyms of D. trifide L.f. which
have also beer used 1o designate the species. These are as follows:
D. trilcha Lex.
D. brasiliensis Willd.
. palmate Juss.
. brasilians Poir.

- quineselcbata Vell.
. articilata Steud.

v v v o

. goyazensis Griseb.
. affinis Kunth,

o

. raisians Klotsach. .

The species described by de Noter (1913) was probably Dioseores
trifida L.f,, although the authoritiss cited, Mever and Linné, have not
been seen associated with the names D. trifida and D. itrilcba elsewhere
in the literature. D. dregeana, according to Burkill (1960), is an
African specles.
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Relatively few common names of Dioscorsa g_r_g_id_g. have been
rocorded in the 1iterature. It has been called Indian Yam, Cush-cush
and Yampee (or Yampi) in Trinidad (Hart, 1898) and Jamaiea (Harris, 1906).
Jumelle (1910) mentioned the mames Cousse-eouche (used in the French _
Antilles) and Aje (used in Cuba). In French Guisna, Indisn Yam is the
name most commonly used (Sagot, 1871), and the aspecies is known as Mapusy

~in Puerto Riso. It is probable that the yam which Kimman (1921) called

Mepuey Morado is D. trifida. In a personal communication, Taylor (1964)
clted Cara mimosa as the common -bame given to D. trifida by Pio Cerreia

‘in Diecionario Plantas Uties do Brasil.

- Distribution and Origin

In the ariginal deseriptien, Linnasus, f. named Surinam as the
habitat of bioscorea irifida. Several reports have since appeared in
the literaturé indicating fairly wide distribution of the species through-
out tropical America. It has been reported as far south as 16° South
latituds in Mato Grosso in Brasil (Kmith, 1924) and as far morth as 23°
North latitude in Cuba (Jumslle, 1910). It is found between 52° West
longitude in French Gulana (Grisebach, 1864; Sagot, 1871; and others)
and 79.50° West longltude in Balao, Beuador (Kmuth, 1924). D. trifida
is also known in most of the West Indian islands as well as in the South

American countries of Guyana (formerly British Guiana - Hart, 1898),
Peru, and the Rio Negro and Asazonss regions of Brazil{RKnu,Wua

Prain and Burkill (1936-1939) reported that the only region
outside tropical America in which Diosceres trifida hes found prominence
is in Ceylon where it was established since around 1917. Attempts to
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grow it in Calcutta and elsewhere in India have failed. Prain and Burkill
- suggested that perhaps the smallness of its tubers has in the past hinder-
ed its transportation to the 0ld World. | |

A few authors have offered muggestions as to the place of origin.
of Dioscorea trifida. de Candolle (1882) considered the neme Indian Yam
in Surinan to be indfcative of origin in that country. Jusells (1910)
referred to the species as eriginating in Tropical America, and Britton
and Wilson (1924) called it a native of South Amerisa. Burkill (1960)
also indicated its New‘ World origin. "

Taxonomy

Diogcoren trifids is a nember of the botenical fanily
Dioscoreaceas. The plants in this: faniﬂ; have been desecribed in Gray's.
Kamal of Botany (Bighth Bdition, 1950) as usually having "twining stems
from large tuberoué- roots or knotted to smooth rhigzomes and ribhed and
mtted veined petioled leaves, small diocecious 3- or 4-androus end regular
flowers, with 6-cloft calyx-1ike perianth adherent in the pistillate plant
to the 3-locular ovary, styles 3, distinct.® v v

Dioscoreaceae belongs with 8 other familles (including Lilisceas,
Anaryllidacess and Irideceas) to the botanical order Lilialss (Burkill,
1960)., It is a fanmily of mainly tropieal and warm temperats plants
(Hutchison, 1934). Its evolution and phylogenetic relatlonships with
other membe;'s of the order have been traced by Burkill (1960) who also
noted the unsatisfactory stats of taxonomy within the Dioscoreaceae it-
self. While a mmber of texoncmic arrangements heve been proposed (notably
by Grisebach, 1864; Uline in Engler and Prantl., 1897; Knuth in Bngler,
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192), there has been no geng'r‘al agreement on a single classification
of the family. Burkill (196C), after a comprehensive revisw of the
relevant literature, proposed, as o first step in slarifying the position,
the subdivision of the family imto the para-Dioscoreese and the Dioscoreese.
The following is an abridged version of Burkill's proposal: -
Plants ﬁ.th l;eméph\:oditq‘ﬂmfa .‘ ‘. tl‘i.o'pé.ra‘.-l.aio;coree‘aa
Plante dicecious '. C e ... . the Dicscoreese
Frnitacapanlo . '.‘.'.' . .-. .« o e Dioécoré;
Frnita.eamra . e o « o + « Rajania
Frult a DOXTy . « ¢ ¢ ¢ ¢ ¢ ¢« « o o o o Tamus

Kmith (1924) ropogrted 654 sp‘oe:loa in the Dioscoreacess. Of
thess, 611. belong to the gems D:loaeorea. New apéeiee have been 1denti-
fied and addod to this liat since Knu‘th'a publication. .

Dicscorea trif:lda ‘belongs to the snbgenus Budioccorsa and
section uacrogynodim (Kmtbh s 1924). ‘The fo]lawing a:bridgod and uodiﬂ.ad
extrasts from Knuth's (1924) Key to the Dicscorea indicate the taxonomic
relationships existing between the eection laerogynodim and other sec-
tions comprising many of the apac:lqs of Dioscorea mentioned from time to
time in this dissertatien.

Diosecorea L.

_ TheSubgensra _ o .
A. Soads v:lth long'ingbela' c s e s s s s o o .,Subg. I. Helmia

B. Seeds encirclod by a slightly wavy
mombranous Wing « « « ¢ « o ¢ o o o o o o Subg. II. Budioscorea

C. Seeds winged gbove. Tubers ent:l.rely below ’
@ound . 4« ¢ o o 0 o e s o s s e o o o Subg. ITL. Stexophora
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D. Seeds winged upwards. Tubers partly above ' ‘
ground large, ngno-snberized eu:ternally .o Subg. IV. Testudinaria
Subg. IT. Endiossores Pax.
A. Capsule ocbovate, elliptical or almeost orbicular.
Ieaves entire, somstimes lobed.
a. Fertile atu.méns 6
o, capeulo large.
I. llale flowers in. cymoso clmtera.
Budinenrbary stylo large. - mox:lco,

ce“r&l and SO!tbh mrica e.® o‘ o o &eto 180 Mrgﬂﬂiﬂm

Iasl. B. trifids
D. bern

II. Mele flowers in denmse clusters or
" heads, rarvely solitary, sessile.
Rudimentary style usually absent.
1. Stamens of the same lemgth.
~ ¢ Capsule longer than brcad.
 Mexido, South America . .. . Sest. 19. Apodéstémon
R | Incl. D. mexicana
" 'D. spleuliflora
++08p8ﬂ10 e o o o @ -.o, o o o o"w o * o ov‘o . o « o
2. Stamens 3 long, 3 short. - Mexlco
Sect. 21. Heterostemon
Incl. D. ccapcsita
~ D. fieribunda
V. HMale flmré ‘ s’olit.ary, rarely in
clusters. Stems ! prickles. Leaves

entire. - Asia amd Trop. Pacific Islmds
Sest. 24. Geabiiim
Incl. D. esculenta

* .6 L N . o 9 e o & ¢ & & 4 @ & ¢ + o * & @ © * o o e o e o



9.

b. Fertile stamens 3, with alternating staminodes.
&', Glabrous, - America
I. Male flowers solitary . ...“_..-.- .
II. Male flowers pedicellate, in clusters.
- 1. Stamens long -.’ e e e
~2. Stamens short, staninoides
- thread-like. Stigmes shart. -

- Central Anoriea, Brezil . . . . . Sect. 32. Brachyst
Incl. P. ainuata.

I1I. !aJ.o ﬂolers eosa:u.e, in ..vads, rmly
scorpb:ld. Mexico to lrgont:lna. .. . Sect. 33. Lychncstemen
\ | Tygonoide:

Incl. D. polyg s

\!.VPIHOBB. “m’-ca o 8 ¢ & 0 e B .Soct. 34. mr“
. IMIQD.L_L_#

e @ o ® & o 8 o * o 8 o S & & & & © ¥ 0 ® & ° 0 ° &6 O @ ¢ ¢ ° o o @ .

~ Capsuls breader than long. ‘ I.ea.ves enbira, uppermost lobed.
a. Leaves altermte. lla.‘l.e 1nﬂoresceme branched.
Stamens epipetalem. - Anerica.
€. Male flowers sessile, membrancus . . . . . :
Y. Male flowsrs peas.eeuate, not very fleahy
I. Stamens 6. o
1. Style very short . . . . .

2. Style long ..........sgcls:;llﬂéﬁ
: . coloxr

d. Leaves opﬁosité; rarely alternate. Spikes simple
to eompouna s usually in compact whorls :ln loaf
axils. Stamens eeutral, short, ~ Asia u‘r:lca,
America.
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/

a. Stamens 6, re.rely 3 aborted, ‘pﬂuse.
I. Stellate haira. Perianth segments

abm eql‘m.: - ﬂﬁ.‘ica s e o » & 8 & @ sﬁct. 510 lﬁt@l‘otricha
- Incl. p. EIFCifolla

II. Flain hairs (with one exception).
~ Perianth segmaubs umqual, - Asis,

mj-m’ America . . ® & o o & & % & & Seot. 52. Mgmum
‘ ‘ Incl. D. alata

B-Mi.e

§

rotundata
Tt is :l.nberesting to note that wh:i.le a prominsut chara.cter-
istic of Dioscorea triﬂd_a 1lles in its deeply lobed leaves, the majority -

of the apecies associated with it in the section Macrogynodium have
entire leaves. The obvious dissimilarity betvééﬁ _12, tri.f:lda. a.nd other
members of the section wes commented on by Prain and Burkill (1936-193 )
who, however, made no recommendations for 1te' imluslilon in any other

section.
Morphology
The Seed

The information in the 'literature 6:1 the seeds ofDioscem@
trifida is meagre and refers only to the fact that they gr_avco;npletely
surrounded by a membrancus wing (Enuth, 1924). Indeed, little has been
written about the seeds of any of the species of Dioscorea. Burkill
(1960) discussed the fumotior of wings in evelution of the Dioscoreaceas



and advanced the view ‘that seeds entirely encircled by wings, like the
seeds of D. trifida, glide on very light air and are therefore well
adapted for dispersal in regions of high forests. Such seeds would _
have preceded those with more limited wing development ink the svolution-
ary process. _

Regarding other components of the Dioscoreaceous seed, Smith
(1916) depioted the embryo of Dioscores 7illosa L. as roughlyr pear-shaped
with a cone~like apical region and an upaniod torn:lml region, the
cotyleden. The embryo is located in a large f:laanre in the eurronnﬂlng
endosperm and thus is provided with rocm for the rapid growth of the -
cotyledon at the time of gorn:lnation. Muporn cells coutain abundant
reserves of honioollalogo, protein and ofl. Burkﬂ.l (1960) miowad
reports on the seeds of many Dioseoroaeeu, 'ucludi-ng D, yiliosa, and
found all the embryos to be similar.

The Root Syaten

The roots of the Dicscoresceas have received litile attemtlon
in the 1iterature, and those of Dioscarea irifida, mome at all. Waitt
(1963) stated that tﬁe root cystem of yams is not extemsive., Burkill
(1960) recognized two different kinds of roots in the root system of
0ld World species of the Bloscoreaceas, viz., long, eczpler:‘lngv, dié.gaotro-
pic roots which spread im the surface soil, and relatively short-lived
rootlets which ramify among and below the long roots. Martin and Ortiz
(1963) described the adult roots of D. flaribunda and D. ggim,
two Few World apecies, as a&venbitim roots which develop from the
tuber and replsace the primery fibrous root system. These a&venti":lous
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roots Branch into fibrous roots and new adventitious roots ‘contimi&lly
arise from the cortex of the tuber. O0ld roots persist for long periocds
of time but their'grmﬁ graduelly decreases and they often dle. Martin
and Ortiz observed that primary and adventitious roots of Diesocrea |
species have woll-defined vascular cylinders each limited by a doubla-layered
endodernis, Each layer of the endodermis is marked with a Casparlen
strip, and conjunctive tissus encircles the individusl vaseular bundle.
According to these authors large idioblasté" with-,.rﬁi)h{dos"'m 'Ito"ba.A
found in the thick sterchy paremchymatous cortex. They also reported
suberization of the outermest layers of ‘aené*af larger roots,

~ An interesting abaoifvati'on‘by Burkill ('-1960) was that in some
01d Warld species the short roots may lignefy internally end; efter
the cortex has aloughed off, develop into ‘thorns which protect the: tuber.
‘Tn some cther speoies, the long roots may si.mila.rlf dmlop into pro~
tective tharns. |

The Stem

The stem of Dioscorea p_r_gi_gg is angular (&risebach, 1864;
Britton and Wilson, 1924; and others) and winged (Linnseus, f. 1781;
Grisebach, 18645 and others). Kmuth (1924) maintained that the wings
are confined to the lower parts of the stem and Britton and Wilson (1924)
claimed that the stem is 4-angled and 4-winged. Willlams and Williems
(1951) and Hewley (1956) observed that stems and wings are gresn although .
the wings mey be flocked with purpls. | |
g Like many mhbe:a of the Diescoreaceae, Dicscorea trifida
elimbs by twining. Burkill (1960) observed that stem-twiners commoniy
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heve rough stems, purpcsely to prevent slipping.‘ He expressad the view
‘that the roughmsss in the Dioscoreaceae takes the form of ridges which
make the stem angular in cross section. |
‘Thaeton of Dloscorea trifida twines to the left (Uline, 1897;
Knuth, 1924; Prain and Burkill, 1936-1937). That is to say, the twining
is "pinistrorswm externe visus®. (Burkill (1960) described the twining
as sinistrorse or "to the left® if it appeared to am obsérver locking
at the plant that the stem climbs toward the left hand side, or from
right to 1eft on its support: Allard: (1946,'1948) and Willians and
Willdiams (1951) used the term élockwise.)' The direction of twining
has been regarded by scme taxonomists (Uline ,"‘189'7; Kmath, 19243
Burkill, 1960) as an important diagnéstic character in the Dioscoreaseas, )
and sestions which have been separated on various morphological grounds
have revealed these additional correlations of twining behaviour (Allard,
1948). Burkill (1960) considered the taxonomic value of twining direction
to be unquestionable in respect of Old World species but contended that
in the light of present knowledge, it appeared to be a less reliable
character among New World species. _
Regarding the intersal structure of the stem of Biossorea,
Martin and Ortiz (1963) reported that the epidermis 1s two-layered, and
a multilayered co;'tex of collenchyma is laid down by activity of the
primary thickening meristem which also gives rise to the primary vascu-
lar tissve. The vascular bundles which are found in ground parenchyma,
form a central core of aévera.l to many leyers of bumdles arranged in a
loose ring. The vigour of the plant determines the numba;- of such rings
and upen these, in turn, depends the thicknsss of the stem. There is



no trve secondary growth. This genersl view of the anatomical pattern
in the stem of Ploscores does not conflict greatly with that provided

by Burkill (1960) for the family Dioscoreaceae as a whole. There is

in Burkillis discussion, perhaps, a suggestion of greater orderliness

in the arrangement of the vascular rings. Burkill provides additicnal
anatomical features. He observed that the thickness of the cortex varles
from species to species and a very pronounced endodermis defimes the-
cortex imarda .The zons of vascular tissue generally pt'arts«with a
girdle of sclerenchyma which frequently engulfs the common bundles but
lie against and a 1ittle external to the cauline buniles. 'Common and
cauiline bundles differ structurally. And, mo species has a constamt
mmber of bundles from the base of the stem to the apex. Burkill also
noted that in the Dicsecreaceas; ridges and wings _in'the_ ston invariably
overlie vascular bundles. A similar finding was reported by Brouwer: -
(1953). o .

Burkill (1960) pointed eut that although the stem of the
Dicscoreacese is provided with a great msny axillary buds, it branches
very sparingly., Ho advanced the view that the buds ave under apicai |
dominance and the more active the apex, the less the branching.

Burkill (1960) concludéd thaet the typical stem of the Dioscorea
species measures up to 1 cm. in diameter. Aerial parts of the stem may
be thickest at ground level and taper upwards. On the otber hand, the
tendency of some stems to become thicker progresaively upwerds to the
first sseimilating leaf i not uneommon. According to this awthor the
stem swrvives above ground for 6-12 months.



15.

The Leaf

» Burk:lll (1960) stated thet the feet that 8o nuch of the fol:lage
1e hetereblaet:le ie a fantlly eharacter 1n the Dioacoreaceae. He cited
the d!.a'b:!nct:ton whieh Goebel (1900) nade 'between heterophylly anﬁ hetero-
blasty; heterephylly being the pred\wtion ef 'bwo form of leavee, eech
form eervi.ng d;lvergently a purpose for vhich :lt is designed ’ whﬂe heterc-
blasty oceurs when energy fer yo'bh fa.:lle 1ee:ving the 1ea.f unf:lniehed
according to the moasure ef 1ts feilu'e Bu'kill noted thet lebing
characterizes the juvenile leavee of n:loeeorea eeneibarensis Pax (eyni
D.. macroura I{e.rns), a very 1erge Africen epee:lee. He maintaimd that
in view of this phaee change 1n the leeves of the ‘moecoreeeeae B epeei.el

) ehonm be taken 1n eeleeting ednlt :leavee thenever chareeterizetion
of a species is contenplated. - |
Burkill (1960) stated thet the typ:leal Mosemweeus leaf
has the following: . .
(e) a long petiole vith a pnlvims et each end ’

(b) a broad lemina with erenete primery nerves ef wh:lch .
- only three reach the apox of the leaf,

(e) a water pore or water pores on a projecting lesf tip -
a tip which develops before the rest of the leaf and
which subsequently stops growing and dles also befere -
the rest of the leaf, '

and (d) reticulate nervaticn between the primery nerves :ln '
’ the leaf. -

The cush-cush leaf as described in the literaturs. is highly
variable in size and shape. The petiole may or may not be winged
(Williams and Williams, 1951) and may or may not be sagular (Knuth, 1924).
It varies in length from 5 to 18 om. (Kmuth, 1924). The leaf blede is
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membranous (Kmuth, 1924), 3-5 lobed, and aeeply cordate at the base
(Grisebach, 1864; Jumelle, 1910; l_!mt!; » 1924). Jumelle (1910) consid-
ered the upper lsaves to be mainly 3-lobed whilst the lower omes are
minl& 5-1lobed. The nerves on the dersal side of tho .lam:lm may be
slightly pilose and puncbua:bed by polluc:ld 1inea (Griaebach, 1864; Kmth ’
]_.924, Britton apd_ Wilson, 1924). Up to 13 nerves he.ve been o‘nservod

in the leaf (Knuth, 1924) and the 3 central ones are located in the middle
lchbe (Griaobach, 1864; lmuth, 1924). The centra... or middls lcke kes
'been described aa obla.meolate (Knuizh, 1924) ’ @r mte-lancoolate to
elliptic or oval (Britton and Iilson, 192!.) and may be 9 te 25 on. leag
(Kmuth, 1924; Britton and lilaon, 1924) The htaral lobes are some- |
what shorter and some of them uy be suppresaed or absent (Kmth, 1924)
The overall width ct the leaf varies from 8 to 25 en. (Br:ltton and l:llaon,
1924; Kmth, 1924). |

The Inflorescence

Burkill (‘1960’) nbporﬁ'ed’ that in most of the Dicscorea species
themloflaersmbmincyma. | , o

The Mmeceneas of Dicecorea trifida have heen varionsly
desoribed by Grisebach (1864), Knuth (1924) and Britton and Wilsen (1924).
Grisebech and Knuth described the female inflorescence as a spike whilst
ABr:Ltton and Wilscen calléd it a long, alonﬂer Taceme, 'I’he nale :lnﬂoms-
cence was defined by mgebaeh as a slenﬂer, simple raceme, anﬂ by Knuth
a8 a racems occwrring in clustxars of 3 to 5. Br:ltton and l:llson deserib-
ed it as a long, slender, sometimes whcw:led, panicled api.ke Kmth
reparted that the male flowers may be solitary or somewhat clustered



: 170

on the axis of the inflorescence and that the leaves en th-e reproductive
branches are short and mearly sessile. Prain apd Burkill (1936-1939)
contended that whenever two male flowers appeared to coour at the sams
site on the axis of the inflorescence, the second flower arose on the
short pedicel of the first,

- ‘There 1is general agreement among taxoncmists 'that-'tho.'mav
of male and female inflorescences of Dloscorea trifids are hairy. Britton
and Wileon (1924) pointed out that male and female inflérescences are
subtended by lanceclate, acuminate bracts about 2 mm long.

The Flower and Pellimt:lan

Burkill (1960) doacribed the ganeral rloral oharaeter:letice ‘
in the Dicsecreacese in the fou.aung floral formilae: |
x3e313 . 35 or x3e313 663
Enuth (1924) used the term perianth im place of corolla and
calyx in his deseription of the flowers of Diescorea trifida. He stated
that the perianmth segments are oblong-lanceclste, actminate or acute
and sbout 3 mm. long. The male flowers have 6 fertile stamens with long
filaments curved inwards inserted at the base of the perianth segments.
The anthers are cblong, curved, intrerse and there is a thick,
conical 3-lobed rudimentary style. In the female flower there- are 6
rudimentary stamens, a densely hairy overy, a prominent stylar column
with a 2-lobed apex and terete deeply curved .lstigmas‘. The floral de- -
@ : seriptions reported by Brition and Wilsen (1924), although less
\ ' coxprehsnsive, are in gemeral agressozt with Emuth's (1924) statement

(above) .



Burkill (1960) noted that the hermaphrodite flowers of the
pirs Dioscoreese are larger than the unisexnal flowers of the Dioscoresee.
Ho commented that there is nothing unusugl in the reduction in the size
of the flower when one sex is missing. He cited the fomale flewers in
the gynodiocecious Labiatse which are smaller than the hermaphrodite
flowers and reasonsd that an interlecking of greater size with bisexual-
ity characterizes the flowering plants. In this coanection, it is
interesting to note Martin's (1966) report that a hermaphrodite hybrdd
from the cross Dioacorea floribunds xD. ﬂo_g.g_a'hnd asmaller flowers
than a female hybrid and that the stamens were somewhat shorter than
those of the corresponding male hjbria.

Burkm (1960) m:lnta:lnad that. tho imeeta whi.oh pollinate
the ﬂmrc of the 014 letrld nioscmaceu must be flying :I.nsocts since
they must fly to get from male to. female plantz. He mentioned the flower
of Dioscorea ovinsla Baker which ‘is set amozig hairs in such a manner as
to make the approach by flying oas:lor tha.n by crawling. ,

- Burkill (1960) rocordea tho usual diamater or the flmrs of
the Dioscoreacese as 2 to 5 om. bud: noted tha.t reports of mch larger
dimensions had been made. ,

~ Jumelle (1910) deseribed the fruit of Dicscores irifids as
a 3-lcbed capsule with & persistent style on 1ts upper end. Prain and
Burkill (1936-1939) ealled it a reflexed, elongated capsule. Knuth
(1924) reported minute pubescence on the capsule which he cbserved to
be cblong in shape with a rounded base and sub-scute apex. The reported
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dimensions of the capsule are 27 to 30 mm. long (Jumelle, 1910; Knuth,
1924) and 17 wm. wide (Kmuth, 1924).

The Tuber

Burkill (1960) advsnced the view that scme species of Diosgerea
produce tubers and otharé produce rhizomes. The rhizome or tuber grews
out from some part of the hypocotyl of the gemimting seedling and
thereafter develops by phgiotrop:le lobing ’

Dioscorea irifids produces tubora (unmaus, 1871; Junello,
1910; Prain and Burkill, 1936-1939; anﬂ cthers). Prain and Burkill
(1936-1939) stated thet the tubers, which are produced in clusters, are
relatively small, the marimum length being sbout 12 inches. They found
the average tuber to be about 9 m,e, leng and 3-4 inches in diameter.
Jurelle (1910) noted that scme tubers are oylindrical in shape while
others are round. !mhlis (1925) repoi'ted tuboi-a_ which ave hand-shaped,
pear-shaped, and testiculate. Flesh solour in cush-cush tubers may be
white or purple (Williams, 1925). - o

Williems end Williams (1951) observed that cush-cush forms a
rosette of more or less fleshy structures above the main tubers and
smaller tubers may be formed at the ends of these structures.

olo

No report on the chromoscmes of oscores trifida has been
obaemd in the literature. However, :l.t is evident that many other
dioecious species of the Dioscoweaceao have been regarded by eyta_lagiats



as favourable material for studying chromesomes, especially sex chromosomes.

Prochromoscmes

Swanson (1957) described prochromoscmes as specisliszed por-
tions of the chromatin which, unlike other portions, stain desply during
interphase. They are sometimes called chromocenters and the word hetero-
chromatin was first coined to designate this precocious chromatin. Riley
(1948) noted that the prochromoscaes may be fewer, or more numerous, than
the chromcsomes but frequently exist in the same number.

Suessenguth (1921), in his work en meclear divisions in certain
Monocotyledons, gave special attention to the eonrﬁtion'et the chromosomes
in the vegetative cells of Dilescorea simuata Vell., a subtropical Somth
American species. He reported prochromoscmes with distinmctly marked
contours in the resting mucleus. Generally, 20 to 25 prochremosomes were
observed in the cs1l melei of roct tips, but if the prochromoscoes were
large only half this mmber cculd be seen. Neurnan (1925) also working
with D. simuata, found that the mumber of prookromosomes in the resting
nucleus varied from 3 to mere than 30. In 1937, Smith discussed the
cytology of 13 species of _moscma and maintainsd that the muclei of
these species are of Manton's (1935) vesicular type with a single large
nucleolus and prochromosomes arranged about.the periphery of the resting
" mcleus. Smith did not attempt to count the prochromescmes but noted
that they were more mumerous in the species with the higher numbered
metaphase compleménts. Martin and Ortiz (1963) observed that a prepon-
derance of root tip cells with well-developed prochromosomes of the
vegicular} type made counting of chromosomes in root tip squashes in



13 apecies of Dicscorea confusing and tedious.-

Chromoscome Numbers

The evidence in the literature suggests that at least 3-basic
chromosome numbers ‘are to bs found in the genus Dioscorea, and that these
basic mmbers may be associated with different gecgraphicel regions.
For comvenience, the chromosome numbers and wo&blb ‘origin of species
reportad in the ‘li'bar“a;.'tue'_ are summarized in Table I. The author of -
each report and ‘the year of isﬁ'oli:cqtion are 3150 .'stated in the Table.

The #irst reports on chromosoms mmbera in picaccrea species
wers conflicting. Susssenguth (1921) reported: that D. gimista has.
on'= 24 chronicsones. Mourman (1925), on the other hand, steted ‘the -
pumber to be 2n = 35-Aehromos'e'mea- in the same species. ' The inves:iga-
‘tlcns of Nakajime (1933, 1936) and Smith (1937) produced counts of -
2n = 20, 40, 60, 61, €4, 80, Bl, 140 and 144 chromoscmes in 17 species
most of which originated 4in-the OLd World. Tt wes evidert that chremo-
scme mxbers which are multiples of 10 predominate, snd Smith (1937)
‘advanced the view that 10 is the basic chromosome mumber in the genus
Dioseerea. He pointed out that only 4 out of the 17 species examined
by himself and'earlier':lnveaﬁgatm ‘have -dipleid chromozoms numbers -
which do not fall into a regular serles of 10. Two of these aberrant -
gpecies were reported as ‘having-heterogénws elements in-their somatic
‘complements which may be associated with sex determination, and the
other: two had large mumbers of small chromosomes and the accuracy of -
the counts reported may be in doubt. Further support for the view that

10 48 a basic chromosome number in Diloseorea species was derived from



TABLE 1.

Chromosome numbers and probable geogrgphic origin of Piscccrza species
previously reported in the literature.

Diescores species ‘ Probable ' Chrodiosome Authority
_ Geographiec Origin Number .

(2n)

7

Misge, 1952
Mertin and Ortis, 1963

Martin and Ortiz, 1963

. Sharma and De, 1956
Mege, 1951 -
Simmonds, 1954
Sharma and De, 1956
. . Raghavan, 1958
Ramachandran, 1962
. Martin and Ortis, 1963
' Snarma and De, 1956
Raghavan, 1958
Ramachandran, 1962
Martin and ortis, 1963
Sharea and De, 1956

1. D. abyssinicd Hoch.  West Africa

2. D. aculeata Webster. Africa

3. D. alate L. Seuth-east Asia

3 E%-8»38838%88?838888 5'$3

. Raghavan, 1958
Ramachandran, 1962
. | ea Smith, 1357
4. D. balkanica Kosanin. Albanie Miege, 1952
5. D. batatas Deeme. South-east Asia Nekajima, 1933
s o Smith, 1937
6. D. belophylla Voight. Indls Raghsvan, 1959

and Burk. Guatemala

®

¥artin and Ortiz, 1966
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TABIE 1 (conttd).

. Diosecerea specles: Prcbable = Chromosome Authority
Geographic Origin Number
(2n)
8. D. bulbifera L. Africa or Asia - 36 - ege, 1952
_ o 40 Miege, 1951
40 Raghavan, 1959
40 Martin end Ortiz, 1963
54 Mege, 1952
60 Kiege, 1954
80 Smith, 1937
80 Raghavan, 1959
80 Ramschandran, 1962
8o Martin and Ort.iz, 1963

.ca 98-100 Raghavan, 1959

- » v 100 Rantehandran.. 1962
9. D. caucasica Lipsky. Asia Minor 20 Neurnmar (n=10) » 1925
- 20 Smith, 1937
) o 20 Riege, 1952
10. D. cayenensis Lamk.  Tropical Africa ca 36  Miege, 1952
’ ca 54 Mege, 1952
ce 60-53  Miege, 1954
ca 140 Snith ’ 1937
1. D. ceratandra Uline. Brazil 36 4 mrtin and Orbiz, 1963
12. D. éhp\;ardii Gaussen. Pyrences 2L Heslut , !_.953
13. D. composita Hemsl.  Mexico 36  Martin and Ortiz, 1963
- _ 54 Mertin and Ortis, 1966
1. D. econvolvulaces ' : ' - -
Sehlect. & Chanm. Mexico 36 Martin and Ortiz, 1963
15. D. deltoidea Wall. India - 40 Raghavan, 1939
16. D. discolor Hort.. South America 40 Smith, 1937
17. D. dometorum Pex. Tropical Africa 36 Miege, 1952
40 liege, 1951
45 Miege, 1952

54 Rlege, 1952



. TABLE 1 (cont'd).

Dioscorea gpecioa

Chromosone

Authority

18.

19.

20.
21,

D. escuintlensis
Natuda.

D. esculenta Burkill.

D. fargesii France.

D. floribunda Mart.
and Gal.

D. friedrichsthalii
R Kmmth,

D. friedrichsthaliil
K .

D. galeottiana Kunth.

D. gracillima Miq.

I~

D. hirtiflora Pax.
D. hispida Dennst.

D. hondurensis R
Knuth.

" Probsble
Geographic Origin Number
(2n)
Guatemals 36
South-east Asia 40
90
90
100
South-east Asia 64
Cuatemala 36
54
&L=
72 x
UL =
Costa Rica 36
Guatemala 36
Bexico 48
52
ca 104
Japan | | 20
Tropical Africa ' 120
West Africa 40
India

British Honduras 36

* tbtained by colchicine treatment

and hybridization.

Martin and Ortiz, 1966
lhgo, 1951 _’ ,
Ramachandran, 1962
Suttn, 197

Martin and Ortiz, 1563
Hartin and Ortis, 1966
Martin and Ortiz, 1966
Martin apd Ortis, 1966

Mertin and Ortis, 1963
Martin and Ortiz, 1966
Cex, Corzo, Matuda
and Daran, 1958

Cax, Corzo, Matuda
and Duran, 1958
M22511in leal, 1959
Fakajima, 1933, 1937
Miege, 1952

Mlege, 1952

Raghavan, 1959

Martir and Ortisz, 1966
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TABLE 1 (cont'd).

Dioscorea species | Probable = Chromosome Authority

Geographie @rigin  Number
(2n)
30. D. japonios Thunb. Japan 40 Nakajizma, 1942

31. Bb. macrours Harms.. L : .
syns D. sansibsrensis : -
Pax. West Africa 40 Saith, 1937

32. D. Mangenctlana Miage. West Africa.  ca 80 Miege, 1952
33. D. mexicana Guillemin. Mexico - 36 Nartin and Ortis, 1966
34. D. pimtiflors Bigl. Tropical Africa  >120 Rioge, 1951 '
35. D. oppositifolis L. East Indies, India 40 Raghavan, 1959
40 Ramachandran,’ 1962
o ce 140 Smith, 1937
3. D. paniculsta Michx. U.8.A. 36 Martin and Ortis, 1966
37. D. psntaphylla L. '!‘rop:leal Asia 40 Raghavan, 1959
N A 40 anachanéran, 1962
80 Raghavan, 1959 -
- 80 Ramachandran, 1
L . eali,  Smith, 1937
38. D. polygonoides Humb Central America 36 Martin and Ortiz, 1963
g e | o 5,  Martin and Ortis, 1963
39. D. prashensilis Benth. West Africa 40 Hiege, 1952
40. D. preussii Pax. Trgpical Afr:lcg 40 Mioge, 1952
41. D. pubera Bl. Indta 40  Reghavan, 1958
'42. D. pyrenaica Buban:l _ 24 Resiet, 51‘3
43. D. gmtermta (Walt) North America 36 Martin and ortis, 1966
Gmel. , 54 Jensen (n=27), 1937
4. D. uolecba Thunb. Japan 20 Smith, 1937

45. D. reticulata C. Gey. ca 61 Smith, 1937



TABLE 1 (oont'd).

Dicscerea species . Probable . Chromosome Authority

Geographic Origin Number
(2n)
4. D. rotundata Poir.  Africa 40 Martin and Ortis, 1963
47. D.sativaL. - .  South-east Asia 40  Sharma and De, 1956
48. D. sativa L.f. Bponta- R '
nea Makiro. South-east Asia 60 lakaj:!.na ’ 1936
49. D. sinuata Vell,  South America  ca 24 Suessenguth, 1921
o e S ca 35 Meurman, 1925 -
50. D. smilacifolia de Wild. Tropical Africa >120 Riege, 1952
51. D. spievlifiora Hemsl. Mexico -  20-28  Cex, Corzo, Matuda
- | . ard Duran, 1958 -
| 3% Martin and Ortis, 1963
52, D. spinosa Rexb. = India 90 Remachandran, 1962
53. D. Tekoro Makino. Japan - 20 Rakajm, 1933, 1937
54. D. tomentoss Kosnig. S. India 40 Rmcha.ndran, 1962
o 60 Raghavan, 1959
'55. D. villesa L. North Americe  os 60  Saith, 1937
56. D. walliohii Hoeck.  Indla 4  Ramachsniran, 1962

s
|




the reports of Sharma and De (1956), Raghavan -(1959), and Ramachandran
(1962). These eytologists working with several Asiatic species recorded
diploid chrmsom numbers which are all nultiplea of 10,

Reslot (1953) first suggested the occcurrence of speeies of
Dloscorea with a basic chromosome nawber other than 10. He reported
2n s 24 chromnsonos in D. gzr_g_m:lea and . chomdii, two apecies wh:leh
are found in the Pyrenees, and mintnimd that 12 bivalents are formd
reg'nlarly at hatoratypic mtaphase. Heslot considored that these resualts
indieato that the Dimeoremaa :!.ndigenous to the Pyrenees have a basic
ehreuoaom mmber of 12, whereas the evidome ‘was :Imnasing].y in favour
of a buic mumber of 10 for m.oncma spoe:loa. He drew atteut:lon to the
fant thet Iﬁgov:lua, at tho time of tho eriginal doseriptim of D. o
gm ica, m:lna.ted that th:ls plant was different in aeveral wm from
other members of tha gemus Dioscores and propoaed its :lnelua:lon :ln a new
gonua 'h:lch ahould bo called Borderea. Heslot contended that “the uiat-_
once of a d:lffu-aut basic chromosome mmber constituted an innertn!t. »
ergmnt. in support of l:logcvﬂlo's preposal feor the oatablinhmnt of
the new genus Berderea which now ehould include the 2 species D. pyremaica
ani B. honardii redesignated Bordsra pyrenmsics and B. chousrdii respest-
ively. Heslot's view was supparted by Misge (1954) who also reported
2n = 24 chremosomes in D. pyremaice and D. chouardii.

Widge (1954) produced avidence indicating that 10 is not the
only basic chromosome mumber ir Asiatic and African species of Diosecrea.
The chrénosone complements of 11 African specles siﬁied by this worker
© vary from Zn = 36 in D, dumetorum to 2n>120 in D. hastata, D. mimitiflors
and D. emilacifolia. In D. dumetorum, Midge observed 2n = 36, ca 45,
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and 54 chromesomes. Forms with 2n = 45 cbroposms are aterile. He
soncluded that a pelyploid saries exists in D. dumotorum ranging from
2n = 36 to 2n = 54 and suggested that the form with 2n = 45 is a hybrid
in which chromoscme sets of a tetrapleid (9 x 4)“‘_elmd -a hexaploid (9 x 6)
are brought together. All of the other African species examined by
Midgs, with the exception of D. cayenensis, were fe‘_'anﬂ'to have chromo-
soms mumbers which are multiples of 10. Regarding D. cayenensis; Smith
(1937) had previcusly reported a chromosome complemsnt of 2n = 140 in
this species. Midge (1954), on the other hand, in a study involving-
12 clones, observed semo plants with 2n = 36 chmoaonee and others with
2n = 54 chromosomes. Midge cencluded that the species is hybrid in
origin and 1s clearly in meed of subdivision since; in addition to the
eytological differences, it comﬁi-ins many morpholegically disaimilar
forns. ' _

Dicscorea bulbifera i= belisved by scme authors to be actually
two specles, one African in origin and the other Asiatie. Other workers
consider it to be a single species of Asiatic origin. Midge (1954) re-
ported chromocsome yalnoa of 2n = 36, 40, 54 and 60 in this species and
contended that these eounts :i.mpiy the existence of two major groups or
series in D. bulbifera; ohe seriss having 2n = 36 and 54 chromosomes
and a basic chromoscms number of 9, and another series with 2n = 40 and
60 chronosemes and a basic chremosome mmber of 10. Widge maintained
thet these cytological differences explain norpﬁolagical variatio‘m' and
similarities in the species. |

¥artin and Ortiz (1963) recorded 2n = 36 and 54 in 7 New World
species and 2n = 40, 60 and 80 in 6 Old World species of Dloscorea.



They noted that the chromosoms numbers of the Old Werld species are
miltiples of 10 while those of the New World species ars multiples of
9 and maintained that these results together with previous observations
suggest that the progenitors of the New Werld species had a basic chromo-
some mmber of 9. Possible exceptions ars the North American species
complex, D. villesa, with 2n = 60 (Smith, 1937) and the South American
species, D. discolor, which has 2n = 40 (Suith, 1937). In this connection
however, Martin and Ortis pointed out that D. quaterpata, a part of the
D. villosa complex, had been found to have 2n = 54 chromosomss (Jemsen,
1937). o

Martin and Ortiz (1963) noted that while the Asiatic species
~ have ehromosome mmbers which are multiples of 10, those of the African
species are multiples of 9 and 10, Moreover, two probably African
species, Dioscorea bulbifera and D. cayenensis, both have tetraploid
and hexaploid forms as well as chromosoms mumbers whieh are multiples
of either 9 o 10; They maintained that these findings sng'go'at*t’hat
Africa was the centre of origin of the gemns Dicscores, and that there
is a tendency for forms with the basic chromosome number of 9 to spread
west, and forms with the basic chromosems number of 10 to spread east
and north. |

Martin end Ortis (1966) presented further evidence in support
of the view that 9 is the basie chromosome number of the gemus Diescorea
throughout the Wemtern Hémis’phsre. They determined the chremeseme numbers
in 10 named Now World specles, 5 of these for the first time, and found
thom all to Bs multiples of 9. They also reported for the first time the
ocourrence of octoploids smong New World species represented by unidenti-
fied species from Costa Rica and Peru.
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Speciation

Shama and De (1956) d:lsonssod the role of polyploidy in speci-
ation uong ropreaontatives of the genus mosoma 1n Bongol ’ Ini:la.
They stated that counts of 2n = 30, 40, 50 and ‘70 ohromoaomo wh:loh they

had obtained for diffe"ent irdividuals of D. alata domonstrated that

individuals of a single spooi.os may bshave as membera of a polyploid
gseries. They notod, homor ’ that thore wors no marked phonotypic differ-
ences among these indiv:ldunls and comluded tha.t in D:loaooroa , polyplo!.dy
alone does not result .'m the mifontation of detectable morphologica.l
characters. Polyploidy must have eonbinad v:lth other factors mapons:lblo
for phenotypic changes in order to offeot spoo:lation in the gems.
Sharma and De reasoned that those ehanges may have :L'.xvolved geno mtation
only or, perhaps, grooa strwtural oha.ngos :I.n the ohromoaoua.

ueiotio i.rregnlaritioa have been obsomel in niosooroa g__ga_-
nata, a species with a chromoaomo oomplemout of 2n = 54 (Jensen, 193'7)
¥artin and Ortiz (1963) also reported meiotic abnormalit:los in two lines
(with 2n = 54 ohronosomoa) of D. ﬂwibunda At metosis up t0 9 quadri
valents were seen in this mator:la], as well as univalents, br:ldgea, |
fragments and delayed separation of bivalents. They suggssted that
these anomalous lines with 2n = 54 chromosomes probably otr.lginato from
backorosases of an ollototraplo:ld to ome of its d:lploid progonitors |
followed by chromosome doubling as me.nifested by the quadrive.leut pe.:l.r-
1ng observed. Howaver, noting aubsequently the ‘occurrence of s:lnglo
plants with 54 ehromosomes among normal siblings, Martin and Ort:lz (1966)
questioned this hypothesis pointing out that production of the aborrant
plants could be through the occasional fertilization of an unreduced
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gamste although sush an occeurrence would not lead te quadrivalent pairing.

chrenogema and Setz

The first report of amt chromoscmes in Dioscorea was made by
Meurman (1925). Working with D. sinusta, Mourman cbserved an unpaired
chromosome in metaphase and enaphase of the heterctypic divisien in
pollen mother cells. He ccaeluded that this wnpaired chremosome was
a sex chromosome and suggested that this could be a cass of the Protemor
or X0 type of sex chromosomes. - Mewrman found no evidence of sex chromo-
somss in his studies of meiosis in D. caucasica. Nakajims (1937), ina
study of melosis in pollen mother cells in D. tokore, D. gracillima and
D. Jjapoaica, cbsorved an unequal pair of ohromoaomes in side views of
heterotypic metaphases in each of the species and assumed them to be
sex chromosomes of the XY tjﬁé._‘ Jensen (1937) found no evidence of sex
chromosomes in D. guaternata and contrasted meiotie sbnormalities ob-
served in the species with various accepted sex-determining apparatus
to show that the latter are not justified as such. sﬂtn (1937) report-
ed heterochromosomss in the mitotie division figures of D. masroura,
D. discolor, D. fargesii, D. reticulata and D. alata. He identified
them as sex chromosomes pending imesﬁigation of the meiotic divisions
of these spacies. He also found that D. reticulats (2n = 61) and D.
alata (2n = 81) have chromoscme mmbers of 2n - 1 and classed them with
D. giinata which Meurman (1925) suggested belongs to the Protenor (X0)
type of sex chromosomes. Allen (1940} and Westergaard (1958) both cenm-
mented on the suggestion that an X0 typé of sex mechanism exists in
some species of Dioasgerea. Allen stated that this type of allosecme
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complement is at most rare in angicsperms while Westergaard contended
that Smith's (1937) demonstration of its occurrence eould not be regarded
a3 conclusive although the evidence is suggestive.

Evldence of the presence of a sex mechanism based on x'}!balnnee
in Diosearea with étrong male determining genes in the !Qthouoao_ne and
fomale determinants in the X-chromosome was presented by Ramhandran
(1962). This worker drew attention to the similarities between fhe uxv__
mechanism in Dioaeorea and that in ueldndriun a]:bm as discussed by
lostergaard (1938 - 1948) and Warmlna (1939;- 1946). In the somatio coyp'.lo-
ments of the mals plants of tetraploid D. tomentosa and D.v pe ntaphylla,
oetoplod.d b. bulbifera and :ln tha nine-plo:ld B. g_Lin_gs_g, Ranachandran
observed ome chromocscme which 1s wuch larger than the othera of tha re-
spective complements. These large chromosomss are are absent in fez_ne.lo_
plents ani Ramachaniren concluded that they are similar to the Y chromo-
somes in Melandrium. He n&ted 'thgt-ut the different levels of polyploidy
there is only om Y-chronosome and suggested that this reducstion is
brought about by the preferential pairing of X's and Y's. Ramachandran
jdentified the sex chromosomes ﬁorphologica).ly_ in the somatic complements
by virtue of their larger size. The X-chromosomes are larger than f_he
‘autosomss but smaller than the Y—chromoaones. | He cbaerved that some of
the X-chromosomes are indistinguishable from the autosomes and thought
it possible that some of them are undaréoing t;anaformtio:; into aut;q-
somes as suggested by Westergaard (1940). Ramachandran noted that in

the microspore mother cells of D. tomemtosa the Y pairs with a smaller
" X and the bivalent is charasterized by ita_. relatively large size, assym-
etrical shape and ten_denoy to lie towards the periphery of the metaphase
plate.
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Martin (1966), in a study of sex ratios and sex determination
in Dioscorea, found that a strong Y chromosome, actively engaged in
gex determination, 1s suggested.

Chromogsome Size and Shape

. The chrmoamés of Diocscorea species en-e.very small (Msurman,
1925; Sharma and De, 1956; lliege, 1954; and others). Sharma and De
(1956) recorded dimensions of 0.45p to 1.55p and Ramachaniran (1962),
0.5p to 2.0p., Some authors reportcd constrictions in some cr the chromo-
somes. In some cases these are qu:lte dist:lnet , in others they are not
(Smith, 1937; Shama and ne, 1956; Ranchandran, 1962). Sharma and De
(1956) obaerved satellites in D. alata. Owing to the mimtte slze of
the chromosomes, the satellites are not always visible a.nd‘accnrate
counts are difficult. N . |

In general, the chromi:soime of all the 'spec:le's and varieties

of Dioscores show more or less simuaf morphological characters (Sharma
and De, 1956; Ramgchéﬁdran, 1962) .

No report on sex expression in Dicscoree trifida was found in
the literature and the information relating to the Dioscoreaceae as &
whole is meagre. An anonymous writer in the Gold Coast Farmer (1935)
reported on sex ratios im 6 varieties of an unnamed yam species. In 3
of the varieties, 98-100% of the plants were female; two varieties had
e preponderance of males (78-98%); and one variety segregated in a male
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to female ratio of 1:1. Burkill (1937) contended that there 1s a numori-
cal digproportion between male and female plants in Tamus commmis. '

He cited Brenner (1914) as stating that males are two %o three times

as mumerous as ifemales. In a study earried out on wild stands of T.
communis in the south of England, Burkill counted 134 female plants,

295 male planis, and 125 plants which had failed to flower after 3-4
years' growth, Burkill contluded that the ratio of male to »fenale plants
in thia. population would be about 2:1. Martin (1966) investigated sex
ratios in 5 New World species of Dioscorea. He found that in four of
th§ species, males outnumber females significantly in apen-pollinatoa‘
progenies. Martin examined the progenies of conirolled crosses of oﬁ
of these specles, D. floribunda, and nocted that they seérégate in either
a 1:1 or 3:1 ratio. The sex ratios of progenies from common females
vary aceording to the male parent while those of progenies of a given

male are constant. Martin suggested that these results indicate the
heterogeneity of males.

Goernination and _&oi_;lixg Growth

Studies on germination in a few species of the Dioscarescase
have been reported in the literature. (Dicscorea trifida is not among
these species). Smith (1916) experienced great difﬂculti in inducing
the meeds of D. villosa to germinate at Madison, Wiseonsin. She over-
camo this difficulty by keeping the seeds in soil out of doors during
the winter and bringing them into the greenhouse the follcy:l.ng spring
when apparently they germinated satisfactarily. Allard (1946) reported
that he sowed some seeds of D. villosa (or, D. glausa) in Virginia on
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to female ratio of 1:1. Burkill (1937) contended that there is a numori-
cal digproportiom betwean male and female plants in Tamus communis. ,

He cited Bremner (1914) as stating ihat maies are two to three times

as numercus as females. In a study earried out on wild stands of 7.
conwunis in the south of England, Burkill counted 13/ female plants,

295 male plants, and 125 plants which had falled to flower after 3-4
years' growth. Burkill concluded that the ratio of male to female plauts
in thﬁ population would be about 2:1, Martin (1966) mggtlggted sex
ratios in 5 New World species of Dioscorea. He found that in four of
the species, males outnumber females eignificantly in cpen-psllinated
progenies. Martin examined the progenies of comtrolled crosges of ome
of these gpecles, D. floribunda, and noted that "I'.hey eoérégate in either
a 1:1 or 3:1 ratio. The sex ratios of progenies from common females
vary according to the mals parent while those of progenies of a given

male arv copstant. Martin suggested that these results indieate the
heterogeneity of males.

Germination and Seedling Growth

Studies on geraination in a few species of the Dioscoreaceas
have been reported in the literature. (Dioscorea trifida is not among
these species)., Smith (1916) a:pér:lenced great difficultj in inducing
the seeds of D. villosa to germinate at lﬁd_:laon, Wiscensin, She over-
camo this difficulty by keeping the seeds in soil out of doors dwring
the winter and bringing them into the greenhouse the felloy:l.ng spring
when apparently they germinated satisfactorily. Allard (1946) reported
that he sowed some seeds of D. villesa (or, D. glausa) in Virginia on
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10th November, 1937 and they germinated on 16th Pebruary, 1938. Allard
did not deseribe the conditions under which germination was carried out.
Burkill (1937), in a discussion on germination in Tamus coamunis, main-
tained that the seed is not roadyt&gerniute when freed from the fruit
but requires a period of after-ripening. He sowed 200 newly-collscted
seeds in the autumn of 1931 in a garden-frame at Leathorhead, England.
The resulting seedlings aﬁpémd above ground in the following order:

In Juns, 1932 1 seedling

In early July, 1932 3 seedlings

" In April and May, 1933 97
In April and May, 1934 72

In April and May, 1935
In May, 1936 5

Total smimm 167 seedlings
Burkill described another ozperineub in which seeds of Tamus communis
were germineted indocrs under partially ecomtrolled ccenditions during the

winter. Once more the qugity of the seeds required over 6 months for

germination while, in an apprgcia‘ble mmber, germination was delayed for '
an additional 12 months. These experiments led Burkill to comclude that
an after-ripening period of 6 months in poist conditions is essential
for the germinstion of the seeds of Tamus communis. He maintained that
his experiments demonstrated that seeds which fail to germinate at the
end of the first after-ripening period will not de so until another 12
months have passed, even though kept uniformly moist. In other words,
Tamus seeds show a tendency to sink into a second dormancy if conditioms
are not favoursble for germination when the after-ripening is complete.
‘The process of germination as repcrted for species of the
Dioscoreaceas is interesting. According to Smith (1916), the enbryo

in the mature seed of Dioscorea villosa is very small in prepertion to



the size of the seed and in relation to the fissure in ‘the endosperm
whore it is located. On germination, the cotyledon increases rapidly
in size, £illing the eutire fissure. The eotyledon remains in the seed
but the primary roct emerges and soon begins to give off secondary roots.
The first funstional leaf elongates until its tip becomss free from the
esed coats. Suith maimtained that the leaf 18 mot bemt over while in
the seed but assumes this position on freeing itself from the seed and
retains it until well above ground. Burkill (1937) described a similar
ssquence of events in the g&nimtim of Tamus communis, He reported,
however, that the primary root of m,‘.ﬁnm that of D. villosa,
remains unbranched. Burkill exprossed the view that the primary root,
and later, the primery bud are pushed clear of the seed coats by the
growth of the cotyledon within the seed. The taorn halves of the cotyle-
donary sheath are also pushed out in the early stages of germinmation.
Burkill (1937) observed that the epicotyl appeared shertly
after the emergence of the ocotyledonary sheath and gives rise to the
tuber as & lateral swelling. He poimted out that the eplcotyl is such
a small part of the plant that growth on ome side must involve some
growth throughout and, possibly, a little in the hypocotyl. In a sub-
sequent publication, Burkill (1960) 1nd:leated thet, in fact, it is part
of the hypocotyl which takes on growth and becomes the tnber. As the
tuber grows, the eotyiedon dies and the emptied seed coats decé.y.
Martin end @rtis (1963) described the germination of the seeds
of Dioscorea floribunds and D. spiculiflora. In both species the radicle
and epicotyl emerge like those of D, i_r_:!._l_f!._ogg. and Tamus g_%n_un_;g_ __ieixving

the cotyledon embedded in the endosperm of the seed. The radicle branches
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“to form & short-lived fibrous root syatem. Nartin and Ortiz observed

that the first bud which at first is enclosed 1n"two'ap'a.lelike’ sheaths
develops into a shart single-noced, eingle-leafed stem which remains
the only shoot development for 2-4 weeks. 1In the meantime, th§ aide

of the hypocotyl opp'ofeite the primary shoot bulges to produce the tuber.
Adventitious roots grow quickly from the young tuber amd becoms the
main root system displacing the 'pi'inary one., Tuber growth continmues

by means of diageetropic or plagiotropic lobing and new shoots arise
from pesitions axillery to the first shoot. D. spiculiflera may prodwee
5 or mare such shocts before one, either old or new, elongates ‘rapidly
as a climbing stem. D. floribunda, on the other hamd, preduces only
one sscondary shoct which develops into a typieal climbing stem.

Agronomy

Fairchild (1899) p_:rovided tl_:g fq]lqv.ing'desoript_ion of the
field technique usoﬁ in the cultivation of cush-cush in Jamaica, West
Indies around tho turn of the gentury: ,

"The plants are propagated by means of the sc-called "heada" con-
sisting of groups or clusters of short roots just below the ecrown.
‘.fheae hea;‘h are planted in hills, s:l_z to eight feet apart in each
hill. Ae‘ soon as the vines are out of the ground, a atoﬁb gtake
or pole seven or eight feet long, is driven into 'If.he hill, near
one of the heads and the various vines are trained up té it. It
planted in rich soil they grow without attention other than the
eultivation necesesary to keep down weeds. Several vines spring
from each single head, from which they at first draw their
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nourishment, sucking it as dry as a sponge. By the time the vines
" are established or their own roots, they commence to form, under-
reath the heads, the fleshy roots which become the next erop.
In the cowrese of five or six months after plamting, these roots
are large exough to harvest and are gathored without destroying
the vines, sometimes three or more crops being taken fron one
planting.  After harvesting the deeply buried fleshy tubers, the
‘upper roots are allowed to grow and make heads, and these are
again used to start a mew plantation, being cut into large pleces,
each containing several buds. If not wanted for immediate plant-
ing, they are buried in a pit and covered with straw and lsaves
until the buds start, when they are set out in t;he‘ hills, as just
described. Several of the odible roots are produced from each
head but the proportionsate ‘:vlnerea.ee is small compared with sweet
potatoes. The yield is not more than three or four roots per head
planted. It is the custon in Jamaics to phnt large heads since
it 1a considered tﬁat these, or at least large cutt:lngs' of the
roots, give better ylolds thﬁn small ones.®
In its essential characteristiics the syster described by
Fairchild (above) is still employed by cush-cush growers in the Caribbean
area. Cush-cush is & yam and its cultivation is similar to thai of other
yams. Waitt (1963) in a review article on the Dicscores apoc:!.es, dis-
ussed agronomic practices in yam production. While it is not proposed
to consider here the gemaral agronomy of yam prodnct:!.e!a as a Ihole, some
agronomie aspects must be mentioned as background for rield studies re-
@ ported later in this dlssertation. Waitt drew attenbion to the fact



that yams are propageted vegetatively by tuber or tuber plece. He point-
ed out that a considerable range of "seed" weights is'> used varying

from a fow ounces to 6 1b. pér piece. Waltt noted reports in the liter-
ature that a relatlionship exists between weight of seed piece and the
rate and percentage of gormination. " Midge (1957) hed stated that heavy
seed pioeoa' sprouted more quickly and vigerously than light ones, and
the vines appeared to grow faster. Moreover; the gross yleld is increas-
ed by planting heavier pleces although the relationship between seed
woight and yleld is not directly propeortional. _

Waitt (1963) noted that yans may be grown in “hills® or mounds,
or in contimmous rows in ridges or banks,- Sp&cing distances vary accord-
ing to seil type and climatic conditions and with the species of yam
grown, Distances of L x 4 £t., 6 x 2 ft., 5 x 2 ft. and"l.‘x 2 ft., have
besn reported, the wider dimension generally indicating the distance
between rows. Waitt mentioned the use of guinia corn and maize as sup-
ports for the growing yanm vines and also moted that chicken wire had been
used successfully for the same purpose in the cultivatien of Dioscorea
floribunda. Since the publication of Waitt's paper, Green and Scderholm
- (1988) rspdrtod the use of stesl pipes, hog wire and bambco poles for
supporting the vims of D. composita in Flerida. They found, however,
that much hand labour was required to remove these materials from the
field befors the yam tubers could be located and harvested.

The tctal yleld of tubers nrésseemiderably from yam species
to yam spocies. It also depends on the enviromment and the level of
management practiced. Up to 16.5 tons per acre have been recorded in:
Trinidad from varieties of Dicscorea alata (Wood, 1933), and individual

\



tubers of this species have weighed 100 1b. or more (Young, 1923).

Waitt (1963) maintained that yans are costly to produce. He
cited the high "sesd® rate and excessive labour requirements as being
the mein reasons for this. He pointed out that in Nigeria where the
average yield is approximately 3 tons of tubers per acre, at lsast 1
ton is required to plant an acre, and the normal labowr input for this
production is 150-240 man-days. This, he claimed, is a clear illustra-
tion of unecononic yam produstion. No data of this kind is available
in respect of cush-cush produstion. However, Hart (1898) reported that
its yield is much lower ‘than those of other species of yams and that
1t would not be profita‘.bh to grow ii where a cheap supply ef food is
required. Fairchild (1899) also indicsted that cush-cush is a fairly
low yielder and that its demand for hand lsbour is considsrable. Another
undesirable characteristic was reported by Williams (1925) who consider-
ed its storage qualities inferior to thoss of other yams.

According to Cobley (1956), there are several varisties of
cush-cush and they produce differently coloured tubers. Williams and
®illiems (1951} also referred to many varieties in Trinidad differing
in shape and colour. Hart (1898) maintained that there are three or
more varisties in Trinidad and megtiongd the names Red, White, and
Domerara cush-cush, the last named having the largest tubers. There
iz a suggestion 1n Fairchild'e (1899) discussion that a single wariety
represented Dioscerea irifida in Jamaics at that time.



MATERTALS AND METHODS

The materials and methods used in this research may be considered
most conveniently in the sequence in which they were required as the pro-
gramne doveloped. The programme was carried out in 6 pliaaes, as follows:

-1, Collection of Material

. Collection of seeds and vegetative planting
material (tubers) of Dioscorea irifida.

2. Plant niacr:l.gtion - (Saervation and Measurements
Estsblishment and maintenance of field plots
of D. trifida for observation and measurement
of plant characters. 4

3. Germination and the Sesdling - Observation and
Germination Tests |

4.‘ ‘, Sindiea on Sex Expresasion

5. Agronomic Studies

6. cﬂi elogical Investigations

Phases 1-5 were conducted at Central Experiment Station,
Ministry of Agriculture, Trinidad, West Indies. Fhase 6 was carried out
in the Agronomy Department, Macdonald College.

Some indicetion of the prevailing climatiec conditions at the
experimental site in Trinidad may be cbtained from the metecrological
data in Appendix I. Deseriptions of the three soil types found in the
areas where field studies on cush-cush were conducted are gilven in -

Appendices II, III and 1V,



1. Collection of Material

The firat lot of cush-cush seed used in germination studies

at Central Experiment Station were cbtained im April, 1963 from Mr. John

Gooding of the Reglonal Research Centre, University of the West Indies.

These seeds were relatively fresh, having been harvested the previous

February, and came from a small plot of Dloscores trifida nmaintained in
. o the Cenire's yam coi].potion at St. Lﬁguetine, Trinidad. Seeds became
available from chservation and experiment plots at Central Experiment
Station cemencing in Jamary, 1964 and from this tine cnwards these
wore tho only soeds ﬁseﬁ in the programme. _

The ecollection of tubers and tuber pieces for planting com-
menced in April, 1963. There wore two objectives. Omo was to get as
varisble a population of cush-cush as possible in order to make an
assessment of tin range' of variation in the species; and, the other
was to obtain eiumgh of 3 or 4 cush-cush varieties to use as sowrce
material in agronomic trials.

A collection of variable material wes made in Trinidad with
the assistance of the Extension Service of the local Ministry of Agri-
eulture. Extension Servise field persomnel collscted tubers from
individual plents in food gardens, semi-sbandomed cacao plantatioms
and secondary forests throughout the country. Since by the month of
April most of the anmual cush-cush orop had already been harvested,
the tubers obtained were small in size and few (per individual plant)
in number. It is probable, however, that the absence of readily avail-
able tubers eaused the collectors to search more diligently and to find

scme of the '11tt10 known or used types of Dicscorea trifida which might



otherwise have remained mmnoticed.

RBach tuber collection, supposedly from a single cush-cush
plant, was packasged separately. On its arrival at Central Exporiment,
Station, it was given an accession mmber and 1its characterisiics in
respect of flesh colour and tuber shape were noted (Appendix V).
Forty-one accessions were collected in Trinidad. Two more were reeéiv-
ol from overseas, one from British Guiena (nmw Guyam) and the other
from Jamaica, through courtesios extendsd by tho lin:lstr:les of Agricul-
ture in those eountrioa. A aanple of tubers reeo:lveﬂ f‘ren the nopartmont
of Agriculture :ln Ant:lgna pcroved to be Dioscorea esculenta and not D.
trifida.

The accouiona were punbered eonsocutively f‘ron 1l to 44 with
the digits 6 and 3 apponded to each nuzber to ind:lcate 1963 ’ thn yaar
in which colhction was made. 'rhus, acceasions 1/63 to 41/63 were colleet-
ed in Trinidad, 42/63 came from G\vana, and 1.4/63 was roceived fron
Jamaioca. 43/63 which camo from Antigua was not eush-oush and was removed
from the collection. Subaequsrtbly, after the tubers had been planbed
and asrial growth was anfficient » the identification of all the acees-
sions was confirmed by reference to botanical deseriptions of Dioscorea
trifida by Grisebach (1861.) and Britton and Wilson (1924). Fuﬁther
confirmation was obta.imd by comparison with cush-cuah specinona :l.n
the Herbarium of the University of the West Indiea, St. &ngust:lm,
Trinidad.

'rubers to be used as source material for agronomic exper:lnents
were purchased in local food markets. This material cempriaed 3 va.riot:los
which are known by the names White cush-cush, Purple. cush-cus’h‘a.lnd Bopcan.



The venders in the markets maintained that white cush-cush is imported
anmally from Guyana, and it is interesting to note that the cush-gush

tubers (accession 42/63) were identical with many of the white cushecush
tubers purchased.

2. Plant Deseription - Gbservation and Measurements

katabli.shment of Gbaorvation Plots. The obserntion plots
were located on I.aa Lonas Sands soil type (Appond:b: II) The hnd was
ploughed in Hay, 1963 and formed :lnto ridges 1 f£t. high a.nd 3 ft. apart.
The fwrrows between the ridges wera f£illed w:!.th partially rotiad pen
manmire and then the ridges were split lengthwise to cover the pen manure
and so form new mamire-filled ridges. |

The tu‘bers of the 43 accesg:lons wore cut into 4 oz. "seed®
pieces and these were pla.nted about 2 deep in the tops of ‘the ridges
and 48 inches apart along the length of each ridge. A etént ‘banboo pole
about 7 ft. long was firﬁly §iantad mear to each "seed" piece. Planting
date was 11 May, 1963, (This wide row apacing is umsual for yams but
was intended to avoid iubertwining of the vines of adjacent planta wh:leh
would make the rccognition amd masurement of individual plant oh&ractera
aifficult.) The mumber of plants established in cbservation plgtq is
shown in Table 2.

Observations and Messurements. The stages in the morphological
development of the plants in the observation plots were noted and in
many instances photographic records were made. In addition, characters
of stem leaf and tuber were measured. Wherever possible a complete set
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Number of plants. of Dloscorea trifida established in cbservatien plots
1963-1964. =

 Wo,ef - . We.of . - Ho.ef
Accession plants - - Accession  plants. = Accession plants
‘No.. " ‘established - No. '~ established ' ;Nb.'*,ougiblibhad ;

/63
3263 .
33/63
3%/63
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3/63 18/63
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8/63
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of measurements wore taken for at 1least one plant in each accession.

If the variation between plants in a single accession was wmsually -

pronounced, *ssed® mixture was suspected and sberrant as well as normal

types were noted and measured.

The accessions from which measursments

~of stem, leaf and tuber characters were taken are 1isted in Table 3.

Details of the noumqoﬂbc are given below. All characters were moas-
ured on fnuy-grm, sdult plant organ’s. | '

- (a) Stem g a.ctors (ueaaured on 1. plants selected at ra.ndon :I.n
each aeoeuion)

1. - M Counts teken at first, third, Pifth

2.

3.

4.
.5;

~ and tenth internods above the surface of the ground. -

Stem thickness: as represented by the dlamter of the
£ifth internode above gromnd, The measuresent. refors
only to the thiclmess of the body of thn atam. The |
wings are mludod. ‘

Iagggh of :mbornodo " as represonted by the longth of
the fifth mt.arnode above grenna

Number oi.brmhqs per stem: at 2.5 ft. above ground.

Stem eolour. Appraisa.‘l. oarried '.ou’c":ln the basal por-

tion of the sten.

{(b) Leaf Characters (Messured on 15 nndenly gselected adult

leaves per plant. The mumber of plants involved im each
accession varied from 1 to 5).

1.
2.

3.

Length of peticle

length of la.mim lobes: from top of petiole to tip of
lobe. '

Kmber of lobes per leaf.
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‘TABLE 3.
Accessions frozh which measurements of stem, leaf' and
tuber cha.rabters iare iaken. |

Accessions - Stem © . leaf . Tyber
Characters Characters Characters

1/63
2/63
3/63
5/63
/63
9/63
10/63
12/63
13/63
15/63
16/63
18/63
20/63
23/63
27/63 -
29/63
33/63
35/63
36/63
37/63
38/63
39/63
10/63
£1/63
42/63
44,163
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' (e) Tuber Charasters (by wisual evaluation). |
1, Cluster habit. An assessment of whether the tubers are
densely paekad in the cluster or looscly attached.
2. Tuber shape: Whether round, ovoid, #1liform, cylindrlesl,
fan-shaped or miou.sly lebed.

li‘loml characters were also messured. These noummm wore
rutr:lotod to fever aseessions since al.l aceaasiom d:ld not ﬂ.mr. The
following clm'actera wore neumd:

1. Number -g.‘mé per i‘nﬂo&egemb‘. -
2. Number of flowers per uia :
3. Ioggt_h. or axoa. | , |
4 | EEE of (fron base of podiool to topmost ctron:ltgr
 of anthers - innaleflmra-,qutiw-_infemla |
Fiowors). o . o

5. Width of flower (span of periamth whorl).

Finally, the measurements ani estimates listed above wers
supplemented by photographs 1llustrating the charscteristics of stem, .
leaf, flower and tuber. |

Preliminary observation on flewer induction. In Trintdad,
the 21st to 29th June are the longest days in the year and the duraticn
of daylight on these deys is 12 hours and 43 mimtes. The shortest
days (11 hours and 32 minutes) are 17th to 25th December. Cush-cush
normally starts te flower in the 8hartoni§g days of Octcber and continuas
flowering until the end ¢f Jamary. By this time the dry season has
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started and the plant soon matures and dies. In the long days of June,
July and August the plant is normally in 1ts phase of greatest vegetative
growth. Tt is commonly believed in Trinidad that flowering in Dioscorea
irifida is photoperiodically controlled and only takes pla.ce during
short days. An investigation of this matter was initiated at Central
Exporiment Station in this programme when 10 seedling plants, about 6
months old, were subjected to short-day conditions. This was accomplish-
ed in the following manmer. The seedlings were grown in large pots
standing on & low (12" high) ’m.eable, platform set on low casters. ILow
trellises were built on the platform to provide aupport for the cush-cush
vines., The platform was wheeled every night (after the sun had set) into
a shed specially built to receive it. The shed was painted black on the
inside and there was a black cﬁrtain over the doorway completely prevent-
ing the entry of light. By removing the plamts from the shed each morning
at 8.00 hours, a lon_g night, not less than 13 hours, was ensured. High
temperatures built wp during the day were avoided by waiting until the
shed had cooled at night before moving the plants in.

3. Germination and the Seedling - Observations and Germination Tests

Cbservations. Observations on the germination process itself
were made in the course of several germination tests. Germinating seeds
wore dissected and examined at regular intervals before and after emer-
gence of the primary root to determine the sequsnce of events leading
to normal germination. Some of the major characteristics of seed struc-
ture were noted.

Observations on seediing growth and development were made
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on more than 50 sesdlings from time of emergence of the primary reot

until the aerial shoots assumed adult characteristics and began to twine.
It was noted early in these studies that the growth rate of young ssed-
Pl:lnga exposed to normal light intemsity is very slow and seedling mortality

is high. When these slow~-growing plants are transferred to shaded con-
diticns, the rate of growth inoreases and mortality is reduced. Tt was
decided therefore to give some shade to most of the seedlings grown at
Central Rxperimsnt Station. This was achleved by construsting wooden
frames about 10 ft. high and covering the tops with saran netting.
Approxinately 50f reduction in nermal light intensity was obtained in

this manner.

Germination Tests. Gornina.tian tests were started :l.n May, 1963
and contimued, vith but few :I.ntermpt:lom, until April, 1967. These ex-
periments were initiated to determins the nature and rate of germination
of cush-cush seeds. Sta.uiard tests o:i filter paper in Petri dishes were
conducted from w to .iuiy, 1963. Tt soon became evident that ngm-
tion in Dioscorea trifids is lengthy and irregnlar, and it was decidsd

to carry out the following testing programms aimed at finding methods
of accelerating the process:

(a) Date of Seodi._qg Exporiment. Six germination tests wers per-
_formd successively in March, April, May, June, July and
Ostober, 196!. The seed samples used in all the tests were
drawn from a batch of open-polliﬁted seed harvested from a
single female parent, 15/63/8 in Jamuery, 1964, ehout 6 weeks
before the commencement of the first test. The aim of this
work waes to find out whether a dormancy pericd affected the



(b)

(e)
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length of time required for germination. All tests were car-
ried out in soil and there were 200 seeds psr test. (Ripeness
of seed was assumed when the capsules dehisced and the seed
was dry, brewn and brittle.)
Seed Treatment EBxperiment I. In this experiment a randem
sample of open-pollinated seed was pretreated in 5 different
ways andaettogeminabeunﬁartvo:egims of light. The
following treatments were used:
(1) - Bxposure to low temperature (5°) for 12 hours.
(i) Exposure to low temperature (5°C) for 24 hours.
(1i1) Exposure to high temperature (52°C) for 12 howrs.
(iv) Bxposure to high temperature (52°C) for 24 hours.
(v) No treatment (control).
Gem:lnatiqn was carried out on filter paper in Petri dishes
on a bench in the laboratory. There were 25 seeds pef Petri
dish and 8 dishes (i.e. 200 seeds) per pﬁetreatmnt. Four
of the dishes with seeds from each treatment were set to ger-
minate under conditions of continuous darkxiwssv achieved by
covering the dishes with a .heavy black cleth. The remainder
of the seeds were allowed to germinato under the normal con-
ditions of daylight and night in the lsboratory. The
cbjective of the experiment was to find out whether the ger-
nination rate and/or percentage could be improved by any of
these treatmemts. The test was started on 1lith March, 1964.
Seed Treatment Bxperiment II. This test also involved the
pretreatment ef open-pollinated seed before germination.
The seed sample used was harvested from a single female
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elone (2/63/9). The treziments were as follows:
(1) . Removal of wings.

(11) Removal of wings and exposuro to high temperature
(52°C) for 24 hours

(11i) Removal of seed costs.

(iv) Removal of seed coats and exposure to high temperature
(52°C) for 24 hours. ,

(v) Exposure to 52°C for 24 hours.

(vi) No treatment (eontrol).
‘Germination was carried out on filter paper in Petri dishes.
There were 200 seeds per treatment. The purpose of the experi-
ment was to find out whether gorn:l.nation rate and percentage
were influsnced by high temperatures and the presence or ab-
sence of the teata and outer tissues. The test was started
on 19th May, 1966. _

() Oven-pollinated Seed Test. This was designed to test and
compare the germination rate and percentage of open-pollinated
seeds of 7 femsle clones of Dioscorea trifida. The clenes
were selected from 7 accessiens, vis., 2/63, 5/63, 9/63, 10/63,
15/63, 23/63 and 26/63. Germination was earried ocut on filter
peper in Petri dishes. There were 100 seeds per clone. The
experiment was started on 23rd April, 1965.

L. Studies on Sex ggion

The data presentsd on sex ratios in Dioscorea trifida were

obtained, for the most part, from experiments which involved the growing

of 7 seedling populations under both field and reduced light conditions
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during 1964-1965, and 7 elomal populations under field conditions in
1965-1966. The plant:lng material (tubers or tuber pleces) used in estsb-
1ishing the field of outh-cush in' 1965-1966 was preduced by the- ‘seedling
plants grown in 1964-1965.
The aeodling popuhtiens (1964-1965) Wwere grown from |

opsa-pollinated seeds collected from 7 female clona.'l. plants belenging
to the following 6 accessions: 1/63, 2/63 (i‘planti’) » 12/63, 15/63,
16/63 and 35/63. The selection of these clenes as seed parents was
largsly based on the fact thst they hed each produced the large quanti-
ties of seed mseded to establish sizible plamt pepulations. In sddition,
however, the 6 accesions exemplified much of the variation ia the
cush-oush material ubder study. o |

~ The size of each seedling population established is shown in
Table 4. Establishuent was an involved pa-oceaq. Nearly 3000 seeds
(i.e. over 400 seeds ‘.ﬁoi:.eé.cﬁ‘clohq) were sown in flats in the green-
house 15th May, 1964. On germinstion, the aeo'dl‘ﬁge'v wore ‘tiansplanted
individually in suall plestic pots (aboirt 8 in. tall and & in. in
diameter) and placed ir 503 shade, under saran netting.. (While some
shede appeared from previcus cbservations to be essential for seedling -
growth, the porfem‘amev of plants grown pest tﬁe seedling stage under
open field conditions was yst unknown.) In an efforf. to ensure adequate
growlng conditions for at least some of the plants, half of the seedlings
undor sarah netting were transferred to shaded field copditions as soon
a8 they had entered the adult phase of growth, i.e. adult leaves were
being produced and stems had begun to twine. The remaining seedlings
were transferred to open fielqoon&itionav at the same ti.ma |
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during 1964-1965, and 7 elonal populations under field conditions in
1965-1966. The pla.nting material (tubers or t'uher pleces) used in estab-
1ishing the field of cush-cush in’ 1965-1966 was produced by the seedling
plants grown in 1964-1965.
The seedling ﬁopnlat:lem (1964-1965) were grown from .

open-pollinated seeds collected from 7 female clonal plants belonging
to the following 6 accessions: 1/63, 2/63 (2 plants), 12/63, 15/63,
16/63 and 35/63. The selection of these clones as ssed parents was
largely based on the fact that they had each produced the large quanti-
ties of seed meeded to establish sizable plant populatioms. - In addition,
however, the 6 accessions exemplified much of the variatien inm the
cush-cush materisl uider study. o

 The gise of each seedling population established is shown in
Table 4. Establishment was an involved process. Nearly 3000 seeds
(i.0. over 400 seeds from each clene) wers scwn in flate in the green-
house 15th May, 1964. On germination, the seedlings' wers transplanted
individually in smsll plastic pots (dbout & in. tall and 8 in. in
diameter) and plasced in 5’0} shade, under saran netting. (While some
shade appeared frem mmevicug cbsServations to be essential for seedling
growth, the performance of plants grown past the seedling stage under
open field conditions was yet unknown.) In an effort to emsure adeguate
growing conditions for at least some of the plants, half of the seedlings
wnder saran metiing were transferred to shaded field conditions as soon
as they had entered the adult phase of growth, i.e. adult leaves were
being produced and stems had begun to twine. The remaining sesdlings
wore transferred to open field comllitioaa at the same time . |



Number of seedling plants established in shaded and |
unshaded plots for sex expression studles 1964-1965.

" FPemale Parent Shaded Unshaded

L . Plots Plotsa
1/63/5 S L/ SR 112 .
2/63/6 117 131
2/63/9 S &k T Y
12/63/6 17 100
15/63/6 o 126 66
16/63/8 132 100

- 35/63/1 - . 92 . B3
Totals , 803 28
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The shaded field was in fact a light stand of young pine (Pirms
hondurensis Loock) already well established on Piarco Fine Sand (seo
Appendix III). These relatively tall, slender trees were sphco,d about
18 x 18 ft. apart and reduced normal light intensity by sbout 508. Each
cush-cush seedling was planted in a mound 18 in. high and about 24 in.
in diameter. The mounds were 9 x 9 ft. apart and a stout bamboo pole
about 7 £t. long was driven firnly into the ground near eath mownd to
provide support for the tﬁning cush-cush vines. ‘

The unshaded field of emh-cush was also sited on Piarco Fine
Sand. The seedlings were spaced 9 ft. apart on ridges 15 in. high and
3 ft. apart. The planting distances on eaéh ridge were so arranged that
oach p:!_.ant appeeared to bs located ‘nid"ay between two plants en adjacent
ridges. The purpecse of the wide spacing in shaded and unshaded plots
was to aveld intertwining of vines of adjscent planté 8o as to faeili-
tate the identificatien of the sexes. Staking was dome in the normal
wey, one stake per plant. |

The fertilizer programme in both plots consisted of an initial
application of 100 1b. of s'ulphate of ammonia (20-21 % N) per acre to
the seedlings as soon as growth was resumed‘ after transplanting; aad a
complete dressing of 600 1b. of fertilizer (of the composition listed
below) per acre applied 4 weeks after the first dressing:

Sulphate of Ammonia (20-21 % N) = 200 1b.
Superphosphate (16-20 % availsble P,0;) = 250 1b.
Muricte of Potesh (50-55 % K,0) = 150 1b.

Growth wes more vigorous in the shaded plot than in the un-
sheded plot. Daily inspectlions to observe flower emergence commenced
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early in October, 1964 and contimed until the end of Harch, 1965.

At harvest, the tubers from eack plent in both shaded and
unshaded plots were collscted separately. Tuber weights for each shaded
plant were rseo.rded.v Cn the other hand, the tubere from the unshaded
plot were so small and poorly farmed that weighing then seemed wmwarrent-
ed. However, all tubsrs from both plots were stared in paper bage, one
bag to each plant harvested, for use as plentinz material in the follow-
ing season. |

In May, 1965 two unshaded plots, each with c¢lonal representa-
tives of all the plants in the 7 populatioms grown in 1964-1965, were
established; one: plot (Plot A) by means of ‘tubers from the shaded
source, and the other (Plot B) with tubers from tbe unshaded source.
Because of the poor yield of tubers from the unshaded source, seed
pieces used for planting Plot B weighed 2 oz. or less. Those planted
in Plot A were at least 4 oz. in woight. Land preparation, planting
distances -and staking were the same as those used in the unshaded plot
in tho-érevioua-_year.t - The -ratosj-ef foertilizer were also similar but,
in both Plot A and Plot B, the nitrogenous faortiliser was applied at
the tize of sprout emergencs from the soil, while the complete fertiliser
was put on sbout 6 weeks later.:

Throughout the growing seascn the plants in Plot B were much
less vigorous than those in Flot A. Regular imspections to cbserve
flower emorgsncs commenced in Octeber, 1965 amd contimed until March,
1966.

it harvest, tuber weights per individual plamts were recorded.
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5. Agronemle Stuiles.

In the 1963-1964. grow:lng aeaéon agronomic étua:lea‘ were restricted
to ebservations of ﬁzld performnce and ueastn'ement of y:!.eld on an in-
d:lvidual plant bl.s:la.‘ Cne hunarea and thirty-six plants were estublished
in a small var:lety plot on a heavy c..ay loam (Cunupia claa- Loan-tppondix
IV). These plm: cmprisad the fonaving 3 comereul mietiea:

White euah-ensh .-‘ 53 plants
| Puyls cwh-ouwh - 4L plaste
, 5“"“ - 421’10!*8 L

It was ev:ldent fron an oxaiimtion of tho tnbers bofm plnnt.-
:l.ng that each or theso co—ca.llod var:loties were in fa.et nixtms cf
: eevera.l ‘types. rotz- mmplo s the flnah eolour of tubors belonging to
the purple variety ranged rron deep purple threugh pink to 'hito. A11
the va.rietios conta.ined tubers of var:l.ous ahapos, although the tubera
of ¥hite cuah-ensh were pradonimntly ovoid and thoee of Boucan predon-
i.murl'.ly fan-shaped a.nd ].obed. _ ‘ ‘

The 'aeed' piecee were planted in well-mnured r:ldgos :I.n t.he
variety plot. 'rhe r:ldgea were 4 ft. apart and tha spac:l.ng d:latanee
along tho r:ldgo was 18 :l.n. Staking was dono with bsnboo poles uhi.oh
were so placed that the vinos of two adiacant plants could be supportad
by a single stake. mh was v:!.gorous. At harvest, the tubers pro-
dueed by oa.ch plant were we:lghed and clasaified according to habit and
shape (Appendix VI). The tubers of 8 plants, 1dentif:led by the acces-
eion mubers ©/67/63, €/69/63, C/88/63, C/40/63, €/92/63, C/131/63 and |
€/134/63, were selected on the basis of high yield per plant, uniform
i't;.uber shape, and ease of harvesting, as planting material for a yield -
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trial to be conducted the following season. The remeining tubers were
bulked accerding to varieties and stored es planting material for use
in further agronomic studies. |
The following field trials were conducted from May, 1964 teo
Iarch, 1966:
1. Cush-cush clonal evaluation experiment, 1964-1965 (re-
forred to hereinafter as Clonsl Experiment (1964-1965).
2. cuh-cush elonal waluut:len experimnt 1965-1966 (re-
ferred to hore:lnarter as Clonal Experiment (1965-1966) .
3.‘  cush-eunh planting diatanoo and seed weight experiment,
| ; ’1965-1966 (referred to hereinafter a8 Spae:lng hper:lmonb)
4. Yam Variety 'rrm, 1965-1966

Clonal &rimnt ‘12& %2!  This trial m designed to pmwide
8 pmlinimry evaluation of the yiold potont:lal of some of the cush-cush
material auilablq. The clones tested were selected from tubers of the
Waite cushecush and Boucen varieties. Specifications of the experiment
were as follcm.:lz | | |

(2) I.wou‘t: ranﬂe-ﬁu bleck design.

(b) Clones tested: c/67/63, /69/63, c/88/63, 6/90/63, €/92/63,

C/109/63, ¢/131/63, C/134/63.

(¢) Number of mplicat:!..oms 3.

(d) Weight of "seed® piece: 4 oz.

(e) Plet size: 12x 3 ft. (4 ridges, each 3 ft. long and 3 f%. apart).

(£) Spacing between %seedn pieces in the ridgé: 1 £t.

(g) Kumber of pla.nbs per plot: 12.
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(h) Soil type: Las Lomas Sand.
(i) Land preparation: as performed in the preparation of observa-
tion plots, described on page 44 .
(j) Staking: done with bamboo poles so placed that the vines of
“two adjacent plants could be trained onto ome pole. ’
(k) Fertilizers applied:
(1) 100 1b. sulphate of ammonia per acre, applied as soon as
young shoots had emerged. _
(11) 600 1b. per acre of the following mixture, applied 6
- woeks after previous dressing: ‘ )
Sulphate of ammonia (20-21 % N) . = 200 1b.

Superphosphate (16-20 £ available ons) - 250 1b.
Muriate of Potash (50-55 % K20) - 150 1b.

(m) Date of harvesting: 10 March, 1965.

2. Clonal Experiment (1965-1966) . This experiment was carri‘ed out as
part of the contimuing process of evaluating yisld potential in cush-cush.
It was similar to the clonal experiment conducted in 1964-1965 and differ-
od from it only in respect of plot size, mumber of replications and
location. This emperiﬁeut m conducted on Piércq Fine Send. Tt was
planted on 5th June, 1965 and narvested on 2nd March, 1966. There were

4 replicaticns in the randomized block design used, and plots measured

12 x 6 £t. with 24 plants per plot.

3. Spacing Bxperiment. The objectives in car:'r'ying‘oub this experiment
were to compare the effects of different row spacings on yield in cush-cush



end to deternine whether these effects are dependent on the weight of
“seed” piece. Other specifications of the experiment were oz follows:

() Layout: split-plot design.

(b) Main plotss
(1) treatments: “seed" weights - 2 o3., 4 o3., 8 oz.l
(i1) plot s:lz-a:' 12 2 96 £t. (4 ridges, each 96 ft. long

and 3 ft. apart). )
(1i1) mmber of replications: 4.
(e¢) 8ub-plots: .
(1) treatments: planting distances - 9 in., 12 in., 18 in.,
and 24 in., apart along the ridge. -
(11) plot sise: 12 x 24 ft. (4 ridges each 24 ft. long and
3 ft. aM). |
(111) mumber of plants per plot:
at 9 in, spacing .: 128
~at 12 in. aspacing = 96
at 18 in. spacing = 64
et 24 in, spacing = 48

(d) Soil type: Las Lomas Sand.

(6) Land preparation: es deseribed for the preparation of cbserva-
tion plots on page Ak ‘

(£) Stakings Vines were supported on strings tisd te overhead
wires stretching the length of the ridges and elevated 6 ft.
above the grownd by means of stout poles firmly planted at
each end of the ridges. Ome averli;ad wire served to support
the plants growing in 2 ridges. The ﬂ.nes climbed on twine!
t16d ot one end to the plamt and, b the other end, to ths
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(g)

(n)
(1)

overhead wire.

Fertilizers applied: same rate and method of application as
reported for Clonsl Exporiment (1964-1965) cn page 59.

Date of planting: 3 June, 1965.

Date of harvesting: 14 March, 1966.

4. Yanm Variety Trial. In this experimenmt the ylelding ability of 2
well-known vo.r:lot:los of D‘.loseorea alnta, viz. ’ Li.abon and orionbal,

compared with that of the eush-cush variety Boucan. Lisbon and Oriemtal

are two of the noat conon]y eu.ltiutad yams in the West Inﬁ:lea md m

considered to be uong tho highest y.leldora. The spocifieatiou of the

experinent were as follan: |

(a)
(b)
()
(a)
(e)

@
(2)

()

(1)

(3)

(k)

Layouts ranﬂon:!.zad bloek deu:lgn

VarS.ot:leaz 3 I.:le’bon, m'iontal, Bouean.

Fuber of raplieations‘ 4

Weight of “seed" piqcee: 4 os.

Plot size: 16 x 24 . (4 ridges, éuch 2, ft. long and 4 ft.
apart). | " |

Spacing between "seed" pisces in the ridge: 1 ft.

shmber of plants per plot: 96.

Soil type: éumpia. clay loam.

Land preparation: as performed :I.n the preparation or observa-
tion plota, described on page l;b, _ ‘
Staki.nga as describved for the staking dore in the spnc:lag
experiment (page bo) |

For‘hili:orﬁ applied: same rgte and mthod.ofv appliedt:l.on a8
used in Clonsl Experiment (1964-1965), described on page 5%,



(1) Date of planting: 8 June, 1965.
(n) Date of harvestirg: 28 February, 1966.

6. Cytological Investigations

Most of the'ilstudieé on chromosome mumbers were carried out on
root tip material from plants ariginating from the accessions 1/63, 2/63,
12/63 and 39/63. opon—pémngtod seeds of female plants in these asces-
sions were grown in 1964~1965 and the tubers of the male, female and
hermaphrodite segregates have since boen-ninta.tmd vegetatively. In
Jamusry 1967, tubers from male and female plants of 1/63, 2/63, 12/63,
39/63 and hermaphrodite plants of 1/63 were brought to Macdenald Collsge
where they were sprouted in a sp'ec.idly hoated “seed® box. .Sone
open-pollinated sesds wore also germinated here at Mscdonald College

and the sesdlings used a3 sources of root tip material for chromosome
studies. | ‘

Collection of reot tips. The root tips from both tuber spréubs and
seedlings were usually eon.écted.:ln the early afternoon and best results
ware obtained if thare had been sunshine in the meorning previous to

collection.

Protroatment of root tips. Low temperatuie (24 hours at 19C), celchicine
(0.01% for 12 hours), and 8-hydraxy-quinoline (0.002 . for 12 hours) were
tried as methods of contracting, and thersby, sepa.uﬁng the chromosomes
at metaphase. 8-hydraxy-quinoline proved to be satisfactery for this

purposs.
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Fixation. Fixation in 6:3:1 (alcoholxacetie:‘ asid:ehloroform) gave best
reaults and was the method used :tn'tho» preparation of most of the squashes
studied. It is believed that the chloroform in 6:3:1 aids in removing
some of the oil globules (sterage produsts) which normally cbscure the
chromesomes in root tip preparations of Dioscores trifida.

Staining. After fixation the root tips were treated in 50 HC1 for

20 mimtes » Washed, and stained in leuco-basie fuchsin for 30 mimtes.
They were then treated with 5% pecti.nase for 8-12 howrs and transferred
to a drop of aceto~carmine on a eloan slide where about 2 mm. of the -
apex of the tip was prepared for.'i-thing.. | v

Squashing. Sat:!.afactory !thing was accomplished by first toaa:lng
out the root tip tism nto very small pioces. This was noat roadily
dom with the a:!.d of a diasecting n.teroscope a.nd two f:lne d:lsaecting
modlea. Three or four pleces of t:lsauo were loft. on tho ﬂ.rat slide
and the other pleces, in groups of 3 or 4, were trmforrod to drops

of aseto-carmine ¢n fresh slides. The root tip ‘nurm‘m'allowe'd
to Temain in the aceto-carmine for 5-10 mimies after which the pieses
of tissue were finally separated - from each other and the cover slip
applied. Squashing was dome by plminé iho 8lide on a firm, level part
of the laboratory bench holding tho cmr siip in place with the aid |
of a tubber-tipped pencil 4n one hand a.nd tapping quite firnly with tho
otler hanmd with the wooden ond of a diasoct:lng needle

Sealing the cover slip. After squeshing, the slide was passed quickly
4 or 5 times over the flame of a spirit lamp, the excess aceto-carmine

was bletted off, and the cover slip sealsd temporarily. The temporary



‘sealing of the cover slip was particularly important, sincs despite
fixation in 6:3:1, the acewmlation of oil glebules in freshly-made
squashes frequontly made it :!npéss:lble to see the chromosomes. However,
it was observed that the oil droplets tend te mave and coalescs exposing
by this action groups of cells. Thus, from this point of view, the
praparatiom hpravo w:!.th tine. Sealing to dolw dea:leoation therofm
faoilitates tho cyt.olog:leal mk.
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OBSERVATIONS AND RESULTS

1. A description of the vegetative plenting material collected for
this reseérch programme is givon in Appendix V. The seeds used are
described in "Materials and Methods®. o

2. Plant Description - Cbservations and Measurements.

The Seed. The seed of Dioscorea irifids is flat, thin, and
roughly triangular in shape with a slightly notohed base opposite the
mioropylar end or apex. Both flat surfaces are covered with thin mem-
' branous tissus which projects on all sides boyond the peripiery of the
seed to form a flat, encirelirg, slightly wavy wing. 'rhe wing projec-
"tions are greater on the two s:ldéa of the seed than on either the base
or the apex and the resulting argan iﬁ» e].o_néated and appears somowhat
kidney-shaped (Figure 1).

~ The results of seed-size investigations condusted in this
programme are smai