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ABSTRAOT. 

Vann Oourtenay Ryee HeDl"y'. 

ST1lDlFS ON oorANIOAL AND AGRONOMIO OHARAOTERlSTICS 

IN CtBH-QUSH (DIŒCOREA. TRIFIDA L. t.) 

Agronomy' • 

The gross morphology ot the Oush-cush plant (Dioscorea trifida 

L. t.) ms studied. A plaut description with emphasis on agronomically 

important characteristics is presented. 

A technique for countiDg the chromosomes in root tip squashes 

was devel.oped. Chromosome numbers observed "ere 2n = 72 in 4 male cloMs, 

2n = 72 in 3 temale clones, and. 2n = 81 in 1 hermaphrodite clom. A 

chromosome coUDt ot 2n = 54 es observed in an open-polllnated seedling. 

Several tests indicated slow and irregular germination in 

cush-cush but percentage germinati~n of fresh seed is high. Phase change 

18 characteristic of seedling development and change troni juvenile to 

&dult phase iDvolves transitional phenotypes. 

In 10. tlowering populatioDS male plants outnumbered temale. 

A ratio of 1:1 was obtaiœd with aver 6~ flowsring. Some hermaphrodite 

plants were observed. 

No relationship between sex and tuber 1'ield 1t'as determined. 

Differentia! yielding abilit1'.as observed between clones. 

Closer witbin-row spacings gave highest 1'ie1d. 
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1. 

nmUJ1)UCTION 

Cush-cush (Dioscorea tritida L.t.) 18 a monocot,.ledonous 

twiDiDg v1œ plant waU adaptei to graring coDditioms iD the Caribbean 

area. lI;:le a member ot the Yu tam117 and produees edible, starch7 

'tubera wh1ch are ver;, popular iD West IDdiaDdieta. 'l'here 18 evidellCe 

that cush-cuh ft8 a V817 important J'8IIl spec:les in Tropical Am3r1ca 

aroUDd 1900 (Jumelle, 1(10) aDd 1t 18 atU1 regarded as the beat edible 
, -

,am ar1g1DatlDg ln the Rn World (BUl'kUl, 1960). SiDee Sagot '(1871) 

t1rst described cuah-cush as the principal J'UI species grmm in Freœh 

Gu1aDa, lBD1 ta'Yourabl. co_nts have be.n made, on its eatiDg qual.lties. 
, ' , 

Fa1rohild (1899), A.gr~\1lturaJ.. Explorer iD 'the uDited States J)ep&rtment 

or Agriculture, regarded it as superior to other J'8IIS and reco_Dded 

its seriouis consideration'b7 the F10rida truck tarmers &Dd Lou!a1aDa 

plant ers as & vegetable to he grown tor the higheet pr1ced or t8ZJt!l1' 

markets. PraiD &lId Burk1ll (1936-1939) deseribed the tubers as excel­

lent when cooked, having a tlavour not posS88sed 'b7 the larger J'8DI8. 

li; m1gb.t be expeeted that a toodstutf' with saCh a diet:lDct 

consumer appea1 would he produced iD large quantit1eiS &!Id make a sigDit­

icant contribution to local food production. In tact, at the present 

t1me the production otcush-eush throughout the islande or the West, 

ladies 1s severe17 11mited and, iD 'l'riDidad, the del!l8lid tor it so tar 

exceeds aupply that it bas beeOlllB a high-priced,' 1u:mr.r item iD local 

dishes. 

The 10w production of thi8 vegetab1e 1arge1)" resulte tram 

the primitive and aœconomical cultural methods still used 'b7 euh-euh 
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growers 8!ld the urdmproved low-JieldiDg cUltivars the,- grt:1fl. Botanical 

iDtor_tion on the euh-euh plaDt :la soaDt,.; its growth habits a.Dd 

l'8q~ments tar successtul development and tuber production have not 

been recorded; and the raDg8 ot variation or oharacte1'8 whlch a,. pro­

"ide scope tor 1mprovement 'b7 selection is DOt knon.. 

The overall objective ot the progr8DD118· ot research reported 

hen1n is to prO'ride botsnic!!l. a.Dd agronomie iDf'ora.tion OD which a orop 

1IIprovement programme mq be bued. The botanical part ot the projeot 

involved studies in 3 _jor divisioDS ot botaD;y, viz., morpholo§, flT­

tolo81 &Dd plant phJ'8iology. The morphological studies waN dh"ected 

toward prov1diDg as complete a description as possible ot the exterDal. 

characterist10s or the plant noting the rauge ot variation in cbaraoters 

ot agronomie iJlportaœe. .l:aatomical illY8stigations nn UDdertaken 

wheDn'ft' thase se_d essential tar a clearer uœerataDdiDg or extel'Dal. 

teatUns. 'l'be c,.tological. studies iDvolved the developmeDt; et techniques 

tor deterlldDiug cbromOSClœ rmmbers in the species. !he Pl:&Dt pbpiolog-

10al studies are restrlotecl to iDvestigatioDS on gel'll1DatioD a.Dd aeedl1Dg 

groath. 

The secODd part ot the prograllime COD8isted of 8g1"onomic in­

vestigation or the ettioiellC7 ot Dioscorea trUida 88 a tUber produaer. 

Seed size and spacing studies are ccmducted. DUferent cloRl. t7p8s 

or cush-ouh wre tested tor 71eld1Dg abrut,.·aJJd the speclss was WO 

compared with other CommOD J'&IDS (R. ~). 

F1nal.q, sex expression in Dioscorea tr1t1da was iDvestigat8e! 

and the relation betnen sex and tuber 71eld was exam1nee!. 

For conveD1eœe these severa! areas or stua,. shall be consideree! 



separately :ln the i""Vv1ev or pertiDeDt I1terature, the description of 

mater:l.als and methOds, 8Dd the. preseDtation of exper1mantal 1"8sults. 
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Romeœlature 

'lI!e DUe Dioscorea trif'19 tiret ap~ared in ftSupplemeDtUlll 

- plaDtaraIa 8J8temtis 'Y8getabUiumft br LinMeus, fil. (1781).. S1Dce tbat 

t1ae maD7 ~ baYe been .ed. de Roter (1913) ret0rNd. te J:J~2!~U 

~noba Lin ... whioh he atated 1fIU! 81JlODpOU with D. aff~ ~uahJ 1. 

tr1maata tigael aDd 1. tr1t1da Jle7er. Be a:t.o cla_4 te ha:n~ :l'3ee:l:n4 

apec __ of 1. trUoba Lin, trOll. ChiDa œar1Dg the ... !!. Dreeua. 

Kmlth (iD _1er, 1924) ree0rd9d 9 II7DO:vma ot D. tritida L.t. *ich 

bave we been us .. to des1gllate the ap8ciee _ !he. are as tOUOWIU 

D. trUGba Lu. ---
D. bruUiel!81a .md. _ ClIo:: _ 

g_ pel!ata J'\18I1. 

D. b1'a8UiaDa Po:lr. 

12. 9!!1J!e1oba1!! VeU. 

D. artioàlata Stna.. - . 

12. gœ_Daia .Grieeb • 
. . 

D. attillia ltunth. -
D. rui.:tua lt1otuoh. -

'the spec1ea deacribed bJ' de .~er (1913) ft8 probab17 Dioscoree. 

trifida L.t., althougb the authoritua c:lted ~ ~r &l'li! LiDDé, have IlOt 

been 8een assooiated with the DBII8S D. trif'ida aDd D. trUoba elaewher8 - -
:ln the literature. 1. c1regeana, acoCJ!'4ing to BurldU (1960), 1& &Il 

AlricaD speolea. 



11814t1'9'e17 tn CO_ODIl8III98 or pioscoreatr:!.f'1da baYe been 

rocorded iD the l1terature. It has been called IDdian Yu, Cush-cuah 

5. 

and Yampee (or Yupi) iD Tr1D1dad (Bart, 1891) and Jamaica (Harris, 1906). 

Jumelle (1910) maDtioœd the 1J81!I88 Cous.e-coœhe (usecl iD the Preœh 

ADt:Ules) aDd Aje (ased iD Cuba). la ft'eDCh GuiaDa, IDdiaD Y811 la the 

D8.1I8 Most commoDl7 ued (Sagot, 187.1.), &Dd t.he ~pec1es lB kno1m as Mapusy 

in Puerto Rico. rt lB probable that the J8111Ihich ][DIaD (1921) called 

Map.::r .orado la 1_ tritida. III a peraoDal. cCDUDioatioD, 'l'qlor (1964) 

cite! Cara mimosa as the commoaD81le 8i'9'en to D. tritida b;r Pio Cer.reia 
. . .'. - . 

:ln Diocioœrio PlaDtas lJt:f.es do BrasU. 

Diatr1bution aDd Or1ciD 

ID the e:lg:f.nal desoription, Linnaeus, f. DB.1I8d SUr1œa as the 

habitat of Dioscorea tr1t1da·. Se'l'eral NF/ons ha'9'e siDee appeared iD 

the literature :f.nd:f.catiDg ta:f.rl1' v:f.de d:f.stribut:f.on or the speoHa through­

out tropical ~r:lca. lt hasbaeD. :reportarl as tar aoœh as 16° South 

latitude :lD Mato Gl"ossom :ara_U (Imlth, 1924) and as tar north as 230 

North ~tituda iD Cuba (J~lle, t910). It i8 tound bat_an 520 West 

loug1tude 1n ft'eDCh Gu1aDa (Gr:f.sebaoh, 1864; Sagot, 1871; and others) 

a.Dd 79.500 Weat 1cmg1tœe :f.nBalao, Bcuador (1tmI\;h, 1924). 1_ tr1flda 

1s alao lmo1m iD lIost ot the West IDd:f.an :f.slaDds u _11 as iD the South 

America coUDtr:f.ea ot GUJ&D& (tormer17 British. Gu:1ÀDa - Hart, 1898), 

Feru, and the Rio Negro and UaZmI8S 1"'8g1oDS ot BrazU(~\\1Jt). . 

Praia aDd BurkU1 (1936-1939) l'8ported~hat the o~ l'8giGB 

outs1de tropical America in whlcbD1oscorea trif':lda bas tOUDd prom:f.œnce 

lB :ln Caylon whera it was establiahed aiDee around 1917. J..ttellpta to 



6. " 

grow it :ln Calcutta 8Dd elsewhere in lneUa hawf'aUed. P.ra:f.n and B\:œkU1 

suggested that perhaps' the . emallœ~s of its tubera bas :ln thepast h1nder­

ed its transportation to the Old.orld. 

A fe. authors 'have ofteredsuggestioDS esto the ,place ot orig:f.n· 

ot Dioscvea ·tr1tida. de Candolle (1882) considered the Dalle IDd1an Yu 

:ln SuriDam· to be 1ndlcativeot or1gin in tl-.at cO\UltI7. 'JUJI81le (1910) 

referredto' the epecies es. erig1œtiDg :ln Tropical America, and Britton 

and 'IUaon(1924). ~all~d it,a œtiveof'South,America. BurkU1(l<J(,G) 

also iDdicated 1te Be. 'Iorld origin. 

Dioscorea tr1t1da :la. a JIlember of'. the botaD1oal f'amn,­

DI08coreaoeae. The' planta :ln th:ls' tun,- baYe been deeeribed in Gray' 8 . 

.,mal or 'BotaIIT (Bighth Bdition, 1950)88 usuall,. haviDg IIt.hl1"'1 ste_ 

trOll large tuberous· roota or knottedto smooth rhizOllles aIId. ribbed. aDd 

œtted veibed petioled le&'9'88, small dioecious 3-, or 4-aDdroœ . ua regular 

f'lonrB, with 6-c1att c~-l11œ per:1aDth adherent in the pistillate plaDt 

to the 3 .. 1ocular ~,st,.les 3, dist1œt.· 

Dioscoreaceae 'beloDg8 with 8 other t8Jl1lies (Û101udiDgLU:laoeae, 

.&.mar,.U1daoeae e.Dd Ir1da.ceae) to the botan:loal orcier LU1alss. (BurkUl, 

1960) • It 1s a tamily' of maiDl,. tropical and warm tellp9rate plants 

(Hutcbison, 1(34) ~ rte evolu.tion aDd ph71ogeœt1c relat10aships .rith 

otber Il8mbers ot the order have been traced by"BurkiU (1960) who &laC!) 

notad the UDSatisfactOl7 stata ot taxonom;y with1n the Dioscoreaoeae 1t­

selt. 'I1111e a DWDber ot taxonomic arrangements have been proposad (natabl,. 

by' Grisebach, 1864; UliDe in Bng1er and PraDt1., 1897; Knuth in ~ler, 
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1924) ~ there has been no· genew'agNemeDt on a siDgle ,classification 

of' the f'~. Burk1ll (.1960), attel" a comprehensive revin of' the 

relevantl1terat\lre,Foposed, &8 a' tiret etep in ~lar1f7:1Dg the position, 

the subdiv1sicm. of the flllll!l.7 1Dto the para.o.Dloscoreeae' aDd the Dioacoreeae. 

The tollcnr1ug ls an abl"1c!geci' :vel"sion of, BurkUlls 'p:roposal: ' 

PlaDta rith hel"ll&p~te ,fimrers • .,. the para-Dlo~c01"eeae 

PlaDte dloeclou •• • • • • • • • • • the DiOSC0r8e&8 

1Pru:1t a capsule • • • • • • • • • • • • Dioscorea 

Fruit a eeDBra •••••••••••• Rajan1a 

Fruit a bG1"1'7 • • • • • • • • • • • • • 'l'8IIlUS 

, 

Kœth (1924) repŒrteci 654 ap8o:18s iD the Dioac0!'8&C8ae. or . ',. ....., . . , 

these, 614 beloDg to the geDUS. Dioscorea. Bew ap80He have been ic1enti-
• • • . • . f • _ .' • 

tied am addecl to. th1a 11st s1Doe Kath' a publication. 
" ",' ; " .' . 

Dioacerea trifida balo. ,to the SubgeDUB .. lOBClOfta ua 
.' ~ , . .. . 

section I_crogynodium (lDD:th, 1(24). '!'he f'oll6ir1Dg, abridged aDd lIOdif'ied 

=tr-~d trOll Knuthts (1924) K87 to the Dioscorea Wioate ~ taxonomie 

1'8latioœhlpa ex1Btlng bat.en the section 1lac1"Ogyncdium aDd other lSec­

tloms cOIIprls1Dg .maD)" of' the .pactes of Dioscorea meldiioDSd trOll tilart to 

tl_ in th1e dissertation. 

Dioscorea L. 

'!'he Subgeœra 

A. Seeds rith long ring below •••••• . . • • ,SUbg. I. Hebla 

B. Seeda enciroled bT a slightq W&"I'T 
, membranous riDg • • ~ • • • • • • • • • ' • Subg. 'II. BudioDcorea 

c. Saeds w1Dged &bave. Tubera ent1req belmr ' 
grOUDd' • • • • • • • • • • • • • • • • • Subg. nI. stecoph01"a 
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D. Seeds 1I1Dged upwards. 'l'ubars 'partl,. abOVet 

grouad, large, ~gDo-suberized exterDAll,. • • S~g. IV. TestudiDar1a 

Subg. II. BDdioseOl'8aPax." 

•• Capsule œcrt'ate, eWptiéal or alaost Ol'bicular. 

:Leaves eutin, sClllét1ae8 lobed. 

a. FertUe st_Da 6. 

t/. Capsule large. 

1. lIale flne:ra in. CJIIlOBe clusters •. 

Rud_ntu:9' at,.le large. - !lexieo, 

Central and South America • • • • • Seot., 18. IIaorogrnocliUlll 
~l. D. tr:ltlda 

l'I~ 1Ia1etlGIreH 1Ddea:se clœtera en. 
hoads, l'8.l'e1,. 801it&z7, 8ess11e. 

Radilieatary st:r1e œ\1&l.q absent.· 

1., stauie_ ot the sameleDgth. 

+ CapsQle longer ~lwl· brcad. 

1. bênëm111aDA 

llimièo, 8mh .bterica •• ,. • Seôt. 19. Ap04â8tellon 
Incl. D. JIl8i:lca118. ,'" n. splcûllhora 

++ ,Capsule • • • • • • • • • •. •• • • • • • • • • • 

2. St_as 3 long, 3 short. - lIaxico 
Sect~ 21.' Beterostellon 

IDcl. n. scmpos1ta 
D. tloribUDda -

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

V. Male tlowera' solitar;r, rarel,. in 

clust8rs • stems ~ prickles. Le_es 
\.:' 

entire. ~ A8ia aDd Trop. Pacifie Islands , , 
, Sect. 24. aaabU:!._ 

Incl. Do esoulema 

• • • • • • • • • • • • • • • 0 • • • • • • • • • • • • • • • 



b. FertUestamens 3, with .alterDating staminodes. 

tI. Glabrous. - Ameriea 

I. Vale flners solit81"J' .. ,. 
II. Male tl.owel"S' ped:lceUate ,. in elusters. 

1. stameœ. 10Dg. • • • • 

'·2. stameu short, st&1d DoideS 

thread~l1b. st:lgmas short. -

9. 

Ceatral.lmeriea, BraaU· ...•.•.••• Seet. 32. Bracbpt!p& 
Iœlo n. lIinuata. 

III. PIale' tlowers sessUe, in hvads, rare~ 

sf)01"pbid. lIa:1eo to Argentba .. . 
li. ~ll08e. - Ur:loa' .. . , .. . ~.. . .. . _ ..• ' . 

•. Sect. 33 •.. Lzolmaste.OD 
lDel. a. p!l:nronôDâs 

• Sect. 34. IfIIoroearpae& 
IDe1. D. p1'easaU 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

B. Capsulèbroader than 10Dg. Laaves eat1re, uppa1"lllost 10'bed. 
. . 

a. Le&'t'es alter_te. JIale .1Df'lorescence braDahed. 

Stameœ epipetalous. - _riea. 

,{. lIale tlowers . ses sUe, I18mbranollS • • • • • 

'tI. JIale tlOliiii"S ped1eellate, DOt 'Yel7 tlesh7. 

l. stameDS 6. 

1. . style 'Ye1"'/' short • • • • • 

2. Style lODg • • • • • • • • • • 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

d. Leaves opposite, rarely alternate. Sp1kes simple 

to compoUDd, usual.l7 iD compact wh01'18 in lsat 

axUe 0 Stamens central, short. '" AsiR., A.lric., 

America. 



10. 

,1. StameDS 6, rare~ 3 abarted ,pUos •• 

I. stellate haire. Per:laDth segmeœs 

about equal. - .lt.r1ca • • • • • • • • Sect. 51. ..laterotrioha 
lœl. D. hL-tUoiiâ -

II. Plain hairs (with 0_ exception). 

Per1aDth segaeats UDequl.. - Asia, 

Atr1aa, America ••••••••••• Sect. 52. BDaIdoiopb;;r1l1Dl 
Inal. D. alata n. c"'_I1818 

D. bataw' 
!~ abri.:&ioa 

l!·'aŒtD1oa 
D. Mora 
ji. rotlUldata 

; " 

It 18 iDtereatiDg to note :that wh1le a prai_1It cbar&eter­

istiG or Diosoore. tr1tHa l1es in its deep171o'bed le&'9'8s, 'themajorit7 

or the SpeOHS &8sooiated with 1t in the section Ifacrogynod1a h&'Ye , 

entire leaves. Thé obv1ous d1ss1adlar1t7 bat_en D. tr1f'ic1a&114 othe!" 
,. - . -" -.- ",' 

melibers ot the sectiO!.\ waa oommanted on b7 Pra1D and Burklll (1936-193 ) 

who, however, made no :reoOlllllltDdat10u tor its 1De1usion in ..., other 

soction. 

IIorpho1ogr 

The Seed 

The information 1n the l1terature on the 8eeda or, Dioscorea 

tr1f'ic1& 1s meagre and :ret0rs olll7 to the tact tbat the,' 81'8, comp1etely 

aurroUDded b7 a membranous w1Dg (Xnuth, 1924).; IDdeed, l1ttle bas been 

witten abO\tt the ... ds ot aD7 of thespecies ot'DioscOrea. BurkU1 

(1960) discussed the tuncti~ of w1Dgs in 8volution ~ the Di~coreaoeae 
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and advaDCec1 the v1ewthat' seeds ent1rel,-enc:lrc1ec1 b)" wiDgs, lib the 

aeeels of n. tr1f'1c1a,' g11de on verr light d.r aDd are 'therefOl"8 _11 

aclapted tor dispersal !D ag10œ ot h1gh torests. Such anda woul.4· 

have precede" th08e w:lth more 11m1tec1 w1Dg dne1op_Dt; :ln the evolati1on-

8J!7 procesa. 

ftegaraing other oOllpOJl8Dta ot the DioaC01"M080u8 .eed, Sa1th 

(1916) c!ep1ote4 the e-170 of.D1osocrNa vU1os& L. 88 r~ p8ar-shàpe4 

w.tth a oODe-11ke apioal reg1.on. aDd aD ezpaDIe4 ten1Dal l'8lion, the 

ootyledon. '!'he • ..,,0 18 100etec1 111 & large f1eaure :ln the surrouud1rJg 

eDdospe1'lll aDI thus 1a prcn-1ded w:lth 1"Oca tor the np:l4 grnth of the 

OGt,.let1oD at the t:lJIII et gend.DatiOD. Bad_pera oell.e cmaiD· ab1UldaDt; 

rese"es of heaioe11ulose, prote:lll &Id oU. Burld.ll· (l960):review4, 

l"'8portaon the aee4s or lI&D1' D1oscoreaceu,:l.DDlud1Dg ]2_ "f':111CH1a, and. 

fomt.c! al1 the embr,rœ to 'be si,."",. 

'.rhe ·llootsetea 

The HOts f4 the D1osooree.oeae bave rece1"f'ed 11ttle attention 

in the l1terature, arId tbeae ot Dioscorea 'tr1t1da, BODa at aU. lIa1tt 

(1%3) stated that the :root 8J8teli ot JUS 1B n~ meœ1ve. Burk11l 

(1960) 1'8cogDisec1 two dittereDt k1Dda of rootB ln the root B)'8tea of 

Cld World SpeO:leB of the DiOSCON8C8&9, 'V1s., 1cmg, a:p1criDg, d:lageotro­

pio l'Oots wh1ch spread iD the surf'aoe soU, aDd ralativaJ.,' Short-1:l'Ve4 

rootlets wh1cb ram1:t":y aIIoDg aDd bel_ the long roots. 1Iart:ln 8IIà Ort1z 

(1963) ctescribed the adult roots 01' :g. flor1bUDda and D. splo\Üif'lora, 

two ln' Warld apec1eB, as ad't'eDtit1oua roots wh1ch 4."e10p f:rom the 

tuber and replace the primI.l7 tibrous root 818tem. These adventit10\1S 
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roots b:raDch iDto f'ibrous roats am' œ. adventitioas roots ContiDIJR] '" 
i 

arise trOll the cortex of' the tuber. Old roots' persist f'arlcmg perl. 

of' t:lma but their' grntb grad1i8lq 'deoreases. u4 tbeyof'ten' c11e. .1Ia1't:ln 

aDd OE'tiz obse1'9ed tbat prilla17 and adveDtltioU roots ot Diosocrea 

sp80ies bave _U-def'iœa vasoular C7111ders e&Ch l1m1ted b7 a doubl.e~lqered 

eDdoderm:la •. Bach lqerof'the eDdodel"Jl1s :le llarked'with a Caspe1aD: 

strip, aDI!' coDjuctlve tissœeœ1rclesthe lDdividual'vucular''bUDdle. 

AcoordiDg to theseaath01"s large ldioblasts'wtth,râPfd4es"aretObe 

f'oUDd :ln th. thlck atarchy parench1matousceriB. . '!'he7 8lao' re~ 

suberization of' tbe MItermOst 1a;rera or ceUs'of'l.arger !'oots. 
. AD iD.te:rest1Dg ~s."ation. 'b7 Burkill (1960) wu tbatiD 80a 

01d· .arld SpeCHS the short note mq lipef7 11Itena1.l.7 aDa~ after' 

the cortex has slGqhecl ott ,dft'elop . iDto ;thO:rDS which, proteet ',the tuber. 

InSOlM other spHtes, the laDg 'roots 11&7 sim,,] arl,. dnelop 1Jrto pro­

tectlve thorœ. 

The Stem 

The stem of' Dioscore. tr1f'ida :te augalU' (Gr1sebaah, 1864; 
, , 

Britton &Id .Uson, 1924; and ethers) aDll riDge4 (LiDMe_, t. 1781. 

GriseMch, 1864; aDd others). Knutb (1924) maintaiœd tbat the 'wiDgs 

are contiœd to thelowr parts ·of'the stail ad Britten aIJd .nson(1924) 

cla1med that the stem 18 4-&Dgl.ed aD! 4-1dDged. WUliams aDd' WUliams 

(1951)' aDd Bawl.e7 (1956) observed that stems and wiDgs are sreenalthough 

the w!Dgs may he tlGcked wlth purple. 

Lite lI&IlI1' mambers of theDloscoreaoe&e , Dioscorea t:rit1da 

cl1m'bs b7 tw:lniDg. Burk1U (1960) o'bserved that stem-triœrs CGllllllor.û.7 
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have rough stems, p1I1'pc!)sel1' te prevent slipp1ng. He expNsaed the vie. 

that the roughDl!t5S iD the Dio8ooreaceae tabs ·the tom ot' r~ges whiob 

make the stem 8IIg\1l.a1" in cross sectiOZl. 

1'he· S'ta of Dioscorea tr1tida twiDes to the 18ft (Uliœ, 1897; 

Knuth,l924; Pnin aDd BurkU1, 1'36~1937). Tha~is tG aq, the tw1rai.Dg 

ie Itsildatrorstllll, exterœ .. 1&u •• ' (BUrk1ll (1960) deaori'bed the' tw1D1Dg 

as s1ll18'1;r01'l!le or -to the lettlO:lt 1t app8aNd te, lm obaernr l00k1Dg 

at the pl.ant tbat the stem cli1lbs toward the 18ft haDd Il!de,· or· tro. 

rightto 18ft Oll its support. 'A1lard' (1946, 1948) aad Williams &Id 

W11.Ua"", (1951) ·œea the term c1ockwise.) 'l'be direotioll of t1r1DiDg 

bu been regardecl by SODle tuollCHldSta '(Uliœ, 189'1; Kmzth, 1924; 

Burk1l1, 19(0).88 811. iIlportaDt 41agllOStiCch8raO~r iD the Diosooreaoeae, 

and aect:loDS 1Ihich·haft been separated OIl .. ariOtlS a01"phological greUDl!. 

have :revealed these·' additioDal correlations ot· twirrlDg hehaviour (.l11arc1, 

1948) • BurkUl, (1960) cons:ldwed the tUODODl:lc ",&lue of twiJd.ug direction 

t~ be UDquestionable in ft.peot ot OH World spec1es but eonteDded tbat 

:ln the l:lght ot present lœo1rledge, it appeared to he a lese re11able 

character 8IIl0Dg Hew WerM speci6a. 

RegardiDg the interœ1 structure ot the stem ot ,Diosoorea, 

lfartin ana Ortiz (1963) reported that the epider1lds :la two-~red, and 

a mult~rea cortex ot collenchyma is laid dom b1' activlt1' of the 

primlœ,y th:lokening mer:lstem 'Crhich also gives rise to the prima.ry vascu­

lar tissue. The vaBculer bundles whieh are towXl in groUlJd parenchyma, 

torm a central core of severaI. to ma.rJ,Y lqers or b1m:1les arranged in a 

loose ring. '!'he vigO'ar ot the plant determiJ:les the number ot snch rings 

and upcn these, :ln turn, depellds the thiokœss of the 8.tem. There:ls 



110 trœ s8cOlJdarygrmh. 'lb1sgeœral v1ew of' the 8.lJ8.tomical pattern 

:ln the stem ot DiosCore,· doesl2Ot oODf'lict . great1y with that provided 

b.v BurkiU (1960) far the tam1l.7 Diœcoreaceae as a wb01&. !hen is 

in Burkill's· discussion, perhaps,' a' suggestion ot pater cmlerliDess 

:ln the &rr8llgemaDt ot the 't'aBcUlal' rings. Burk1l1 prewidesaddit:tcmal: 

anatCllica1 teatures. "Be observe4 tbat the thickœssot the 'ëOl"tex' varies 

!rem SpaCHS to 'sp8'eies aM a; ~ I*onounced eDloderm1&det1.Das the' 

oortex 1Jnrard8 .. ,'the" so .. , of, 'V'8Sculartissœgeneral.lt starts witba 

g.1rdle' ot sc1erencb)'1118 ~h frectuent1y 'ellgUl.fsthe CèDDon bUlldles' but 

11411 agaiDstaDd a l!:t.tle exterlial to' the caulilè h1:lD!lles. 'COIIiIlon ana 
caUl1D.e 'bm:Jdles ditter etructarall7.· bd:, ,110 apec1es ·haB aooDitaut. 

mmiber ot b.dlee trOill the' base ot tIaa ste. te the.' a,... BUi:'kUl' wo 

IlOtecl that in 'the Dioscoreaceae,l"Uges and mDge in' the atèlll·1.IlYariab17 

overl1e' vascular blmd1es. A sillilar tiildiltg WaS reportea by Bromrer· . 

(1953). 

BurkiU (1960)' po1Dt.ed eut tbat a1thaugh tbestna Of' the 

D:1osco:reaceae ia' prov1ied, ri th a great 1IfJ.IIj' 8'd.l.l.&r.J' b\14a, it' braœhes 

ve'rT spariDgly. ReadvaDDe4 the v1ew that the buds ue 1Dler apical 

dom1Jl~e and the more active the apetA, the 18ss the 'braiJOh1ng. 

Burkill (1960) conc1uded that the typical stem of the Dioscorea 

sp8cies _&sures upto 1 Cill. 1D d1ameter. Aarial parts ot the stem DI8.Y' 

he thickest at grOUlld 1eve1 aD! taper up1rards. On the other haDd, the 

tellClency of SCIlle ste_ to ùecœe thicker pregresid:ve17'upwerds to the 

tiret 8S8i1dlat1Dg leat le nat UDCommon. ÂccordiDg to thiS' author the 

stem survives above'grouDd tor 6-12 mouths. 
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TheLeat 

-
Burld.ll (1960) stat84 t~t the tact that ao. IIlUCb ot the tol1age 

i8 he~roblastic U. ~ t&lld.l7 obaracter in the Dioscoreaceae. He citecl 
" •• " •• ,4 •• ", 

~ diat:lact:lon whlob Goebel (1900) ~ bat_en bet9ropb7117 aDt1 betero-

blast,.; heteroph7117 beirig the production ot two tOl'lllB ot le&'V8a, each 
. . ..'. , 

torii _rviDg divergent17 aparpoae tor wh10h It i8 designea, whUe hetero-
. '. -

blut7 OCC\11"8 when eœrgJ' for grcnrth taUa lea't'iDg the leat 1mf:lni8hec1 
. '",' . . '. 

accordiDg to the _uure ot. it8 tdJ.ve. Burk1ll noted that lebiDg 
• • • 1 • 

characterius the jtmlD11e leafta ot.~i080ore~ 881J8ibareuia Pa:It (8JDI 

D •. MOroura BU'IIS;, a '"17 large jj'rJAan apeeies. He ma1ntawa 'that - ......... . 
iD vin or th!a phase c~ ~ the.leafts otthe Di08e~ae, apec:lal 

care ahtmld be taken iD _lect1Dg actult k8Ve~ wheDever c~risatlon 

ot a apeo:l.es is oODtellplatecl. 

BvltUl (1960) atated that the t1Pioal Dioscoreaeeè)QS leat c 

bas the tOll.owiDg:. 

(e.) a lODg pet10lewith a p1il.riœs at each em, 
(b) a broaa ~m1D& with arc_te prima.r:r D8l'V8S ot _loh 

. ~ ·three reaoh theapue!" the leat, 

(0) a _ter pore or _ter pores on a projectlDg lest tlp -
a tlp whiob clevelops betore the Nat ot the leat .am 
wbicb aubseq.Dtl,. atmp8 growiDg anc1 clies alao 'Detere 
the rest of the lad, 

aDd (cl) ret!culate _"ation bet.en the pr1mar.Y ae1"fts iD 
the lest. 

The ouh-cœh ·lea:f' as describecl·1D· thellterature· 18 . h1ghl,. 

variable :ln size am shape. !he petiole II&T or .,. Dot he wiDged 

(.111.1.81118 aDâ"illieI'M, 1951) &IId mq or·.,.. DOt be e.agul.ar (Knuth, 1(24). 

It varies iD leDgth trom 5 to 18 CIl. (Kath, 1924). 'the leat blade 18 
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membraDou (Emzth, 1924), 3-5 lobed, ua deepl,- corda te at. the base 

(Grisebach, l864; JUlllB118, 1910; bDth, 1924). Jumene (1910) CODl11cl­

erec! the upper leaves tG be mdnlJ' 3-1obec1 whllst the lower oœs &1'e 

-iDl7 5-1obai. '!'he D91'YeS OD the. dorsal side ot the 1amiM ma,. 'he 

slightl,- pUoae am puœtuated bJ' peUucid l1œs (Griaebach, 1864; Kath, 

~c)24; Britten a~ Wilson, 1924). 1Jp to 13 Denes ha'Ye 'beeD obsm"Ye4 

:ln the leaf' (Inuth, 1924) aD4 the 3 central ODe8 are located in the Id.ddle 

lobe (Grisebaoh, 1864; ltmlth, 1924). !he central cr ~dl: l:be == 
been deseribeà 88 oblaDCeolate (Kœtb, 1924), or Oftte-laœeolate to 

. , , 

eU1ptic or oval (Britton aDIl Wilson, i(24) aDd. .,. he 9 to 25 CIl. l~ 

(Iath, 1924; BrittoD aBd W1l8oD, 1924). 'fhe lAieral 10be9, are 80118- ' 

what shorter aDQ 80M of the. ~ be 8uppftsse4 or aba.Dt (E_th, 14)24). 
, ' . 

The overaU w1cith of the leat 't'aries t.rca 8 to 25 CIl. (Brittcm aDd Wilson, 

1924; IDI1th, 1(24). 

Burk111 (1960) 1'èportéa that :lB' sost o"t 'tbeDiosc01"ea' apecHa 
. " . . - . ' '. 

the male fl_ers are borœ in eymes. 

!he :lDf'loMsCeDeeS ofnioecorea tr::tt1cla have 'beGD' 't'arioaà1,. 
',' .-~ " 

descr1beà 'b7 Gr1aebach (186,4), IlUIth (1924) &Id Britton aDIl W11sou (1924). 

Grlaebach and ICmlth, cleseribed ,the feule :lDt10l'esceœe &Sa' sp:lke 1IhUat 

Britten aDd Wilson caUed it a long, sleDder racemG. the aale :l~01"eS­

ceDee 1IB8 defiœd 'b7 &'r:lsebach a8 a sleDder, slllple raceme, aDd b7 Knuth 

88 a raceme oocurrlDg iD C1UV4S of 3 tG 5. Britton aDd WUsondes,crib­

ad it as a long, slelJder, SOll8t:t..S whorled, paDic1GC! ap1ke. , Knuth 

reported that the male tlowers ma,. be sol1tary or SOIIIDhat c1usterect 



GD the axis' of the iDfioresCGœe and that -the 1ea'9'e8 OD. the reprc4œti ... 

braDcheaare short aad œarly sesaUe. Prain and BurkUl. (1936~1939) 

cODteDdsa that whene'9'er wo lIale tl_ra appeuec1 to œcvat-the aU8 

site on the ms ot the iDtlorescence" tho secoM tlower àro8e' oa the 

short ped1ce1 of the t1rst. 

-Thare il! geœrel agree_ut amoragtaxorlOlldSts 'tbat' the '&DS' 

ot male aDd temale :laf'lorasC8DMS of ,D1esoorea tr11'14a arè'lia1ry~ Britton 

ua Wilson (1924): po1Dtec1 out that maleaDd t-emalè, iDf'loreaceacefJ are 
.. ' 

subtelldec1 'bJ" laDCeolate, aemn1Ni:te brute about -2_ '10Jig. -

BurkUl (1960) aeserlbecl the general tloral oh~ter1stios 

in the J)lG8C01'eaceae iD the tollow1Dg tla.oal tormal.ae: 

'3 0'3 &3 + ) G3 or 1[3 C) A3 + 0 G3 

Kmdih (1924) uecl the term per1aDth iaplaoe of OOl'olla aJJd 

c~ iD hisdesor:lption ot the tlower. ot Di08coreatr1t1da., le etataa 

that the periaBth eegmaDts are obloDg-laDDeelate, 8C1!!Id"ate or acate 

ad about 3-. 1oDg. The lI&le tlawer. haYe 6 re,rtUe et ... _ -w:1thloDg 

fil.aantB- OUf vea imrards 1Dserted at tu base ot the pei"1aDth segments. 

'!'he uthsrs are obloDg J o1ill"fea J 1zItrœoae &rd there 1. a th:lck, 

ocm1oal. .3-1o'bed 1'UIi:llllentarT atJ1e. In the temale tl_r there -are -6 -

rud1meDt&1'7 nameras, a cleDSe17 ha.:l!7 fIY&ry, a promiDerxt st7lar ClôlUIID 

with a 2-1obed apex &Di terete cleepl,. CUl"9'ecl _ st:lgmas. '!'he tlOftl de­

Scr:lptioDB l'eport.a 'b7 Britton au! WUson (1924), althoqhlea8_ 

o_p1'8h~!IS:1ve, are la ge_ral agre~;rt rith !tmd;h 1a (1924) atate_lIt 

(abave). 
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Durld..U (l960)neted tbat the ~broditeno_r. orthe 

para Dioscoreeae are iarpr than -the UDiaemal f1owers-or the Dioscoi'eeae. 

Ba commeiltee! -that. there is nothimg mmsual -illtbe reduotion in the Ilise 

of the t1awr 1rhen oDe sex 1s1Ù881Dg. Re cited the 'remale flMrera :ln 
, , 

the- 8J11odioecioUs' Labiatae' which are ama1ler than the hermaphrodite 

tlewr& 8Ild reasoœd tbO'-an 'illter1ockiDg 'or greater aise dth 'bisenal­

it:ycharacterl .. & t!!e 'tlO'l8r1ng planta. Intbi,s oœmectiGJi, 1:t 18 

:lIltereetiDg to DOte iIrart!D.'a (1~) report that a' he~phro41te h7br14 

trOll the Grosa Dioscoreatlori1nudà x D. cGI!I!!!lta, bad'aaller tlowra 

the a telll&l.e !qbr1d, and tbat th. at_DB wera acmewhat ahorter than 

th08e or "the c0rr8spoDdiDg male' hJbrid. 

BurkUl (1960) _ ma1Dta1De4that the luecta 1Ihioh poll:lJlate 

the tlonra or the 014 World ,DIOllCo:reac.~ ,_t ,H r1JiDg !DIteota alœe 

the,' 111IIIt n,. to gat trOIll aale to temale plante. Ba lIleutloue! the tlG'l8r 

or Dioao01'8a cniDe] a Baker whlohia set amo1)8 ha1rs ln auch a manDer .. 

tt> malte the approach 1),- f'1)'1ag e&81er than bT cra.1iag. 
• - '. • .' , • • - • 1 

BazokiU (1960) recorded th. UJlual e!1ameter or the tlowers ot 
. . ".'. .. . . 

the Dioscoreaceae aIS 2 to 5~. b\tt notee! that reporta of lIIIlCh larger 

dilllenalOlll had been made. 

. '. ' 

Jumelle (1910) describeâ the truit ot Dioscore. trttida aB 

a 3-1obec! capsule 1t'1th Il persistant stJ'le on Ite upper' elid~P.ra1n &rd 

BarkUl (1'36-1939) ea11ed It a retlexecl, e1ollg&tee! capsule~ lDUth 

(1924) reported minute pubeeoeœe 'on the oapsule which 'he observee! to 

'be obloug:ln sh&pewlth a roUDded base aDd' eUb-acute apex. !herepOrtec1 
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dimeDal0U ot the capsUle are'Z'l to 30 1IIIl. lcmg (J'ulelle, 1910; lnuth, 

1924) 8Dd 17 m. w1de (Knuth, 192,4). 

The Tuber 

Burk1l1 (1960) advanced the view that 80118 species ot Dioao .. a 

produce tubera aDd others produce rhi.OIIIes. The rhiBoœ or t1lber gran 

out frOID 801&8 part ot the ~ocot,.l of the pndDatiDg aeedl1Dg ad 

thereatter 4ne1epa .b,y plagiotropic lo'biBg. 

Dioaemoea tr1f'lda prod.,.. tubera (L:lnnaeœ, 18'7l; ~U., 

1910; PltaiD &IIIIl Bul'kill, 1936-1939; aD4 others). P'n.iD aD4 B'ark1ll 

(1936-1939) atated that the tabers, wh!ch are pr04wcea ID oluaters, are 

relatiftJ.:v a..u, the JI&'riDrwIl lellgt;h be1Dg abCftlt 12 1Dches. The:v tOlUl4 

tha &'Y8r&ge tuber to be about 9 il'.llChea leng a.ad 3-4 1Dches iD diameter • 

.1'uIleUe (1910) DOtee! that SCB8· tUbers are q1iDirioal iD shape whUe 

others are rOUll4. WUlialls (1925) reported tUbera wh10h 81"8 haDd-shaped, 

p88l"-ahape4, ud 'testic\1l.ate. P1esh oelour iD clIBh-cuSh tUbera mq be 

wh~.te or purp1e (1'UliaJla, 1925). 

WUliMœ aDd W1111ams (1951) obaerved that cush-cuah tons a 

rosette of more or le88 flesh,. structures a'boya the u.iIl tabars 8.IId 

smal1er tubers ma7 be tom.ed at the eDds ot these atn.ctU1"e. ~ 

gz"tologr 

No report 011 the chrOlDOaClD8a ot Woscorea trit1da bas 'beeD 

observed 111 the literature. Honver, it 1. eY1deDt that DI&IIJ' o.ther 

dioecious sp8cies of the Dioscoreaceae have been l'egarded by cytolûg1ets 
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as faYouzoable material far stuà71Dg chromosOmes, espec:1tïlq Bex chromosomes. 

ProebromCSClllœs 

S1IB.DsOll (1957) descr1bed p%'GChraDOllOlles as apec1al1sed pœ-­

tl0DS of the ohromat1l1 whloh, UD
'
ike other portions, ata1n deepl.y dtll'lDg 

1Dterphase'. Thq are 8C11118t:t-SCal1ed CbrCllllOC8Dters aDd the word hetero­

chrCllatiD 1IU t:lrat. coiDed to deaipate th18 precocloua' chro-.tiD. 1l1l.e7 

(1948) DOted that the procbrOl108a18a_,. 'be tewer, or .ore mœeroœ, tban 

the ohrOllca .... but tzrequeJltq _18t in the s8118'lII2II'ber~ 

SœsaeDpth (1921), iD bill work 0Il DIlclear c1i'V1sioma :ln 08rta:lll 

IIoDOOet,.let1.oDB, pn speeial attention to the eollditicm' fit the cbrCIICS"S 

iD the ..... tatl'Ye eella of Dioscorea a:lll1ata Vell~, à nbtropiOal louth 

Amer1caD apec:les. 1118 reported 'prochrOlllOSOES 1dth 'd1st1actq 1iub4 

contours iD. the restiDg 1IllC1eua. Geœral.q, '20t02, procbrœosOliea _re 

obaerY8d iD. the 'oeIl DI10lai or roat tips, but it tise procbrOllosm.a _1'8 
large 0Dl7 '~-Üt thia IIDIIher oould 'be aea. lieU1'IW1 (1925) àl80 1f01"Jd.Dg 

with D. aimlata, tOUDd that 'the muaber ot proobrOlllOSOa.S 1D the 1'8stiDg - . 

nucleus 'ftri.ec1 fit., 3 to more thaD 30. ID. 1937 ,Smith diacueaed tH 

c:ytol081 of 13 apeele. ot Dioscorea aDd Ill&iD.ta.iDid tbat the IID.clei of 

theae spacles are of Bmton's (1935) 'Y8s1eular type with a s1Dgle large 

nuc1eolws and prOChrolDOSCIIII8S arr&Dged about the peripbe17 ot the restiDg 

l' _leus. Slllith cI1cl DOt attempt to coaDt the prochraaoao_s but Dote4 

that the,. .re more II1II8rous 111 the spaoies with the higher mœbered 

metaphase oOllphants. Martin aDd Ortlz (1963) obaened that a prepoD­

deraœe of root tlp cella with wU-dew1opet1 prochrOl1080188 of the 

'Ye~1oular t1P8 lI8de coUDtiDg of CbrOmos0Dl98 iD root tlp aqœshes in 



13 epeeleaot MoscoreaeODt'aslDg: aDdtedlous. ' 

. Chr omos 0lIl8 Xtmbers 

'1'he '"ideDCe iD the literature s1Jggeste that at leaet' 3- basic 

ehromoeomê numbera 'are to ba, t0UD41n the genus' Dloscorea, aIIIl that .theee 

basic rmmbera .,.be 88sooiated withditterent getigraphlcàl' regioDS'. 

"or cOIIgeDiebCe,' the ohroIIOaome nUllbersua probable 'orig1n-ot 8pecl~ .. e 

np0rte4 'iD the llteratan are ·s1Dllllarised ln' Table ·I. '!he autbor et . 

each 1'eport aIIlthe ;'81' ot tniDl.1Oation&re aleoetated ln the 'l'able. 
, , 

. . . 

nreocmtl1ctiDg.··· Suesse~th(~921) ftp0rte4,:that 2_:, 81D1iàta'baa' 

'2Il ': 24 cbrOliOaCllll8e.' _'*-' (1925), 011 the' other. haad','etated ''the- ' 

ImIIberto be2D. = 35 ehromosciles-iD the eam8 apee!ea. '., ne 1m'e5~1ga­
tl0DS . of 1fakàj:l-.' (193',' 1936) and Slllith(1937)prodUceclc01lllte- 'ot ' 

2D: 2G, 4''), 60,'61, 64, -80, 8l-,l4O'aDCl l44 obl'Oil0801188 la 17epec1ee' ' 

IIlO8t et whlch Ori.giDatedin'the Old' "or14. :rt 'W88 e't'1de1it ,that -ohromo­

SOIII8. IlDllbera -1Ih1ob are' multlples, ot 10 pred_1Date,' aD4 SII1th (193'1) 

adYaaoed- the :'dew tbat 10 18 the 1 .. ,10 cbrOllQ8i01e ml!lber iD the' g8nua 

Diosoerea. He po1Dted oatthat oDlr 4 out ot -the 17 épeo1e8'ex··4MA! 

b.r h1aselt aDd'earlier'lDrestlgators'hav.'diplo~obromos0m8 uumbere- . 

whlch do DOt tal11Dto a ngular series ot 10., TIro ot these aberrant 

species _1'8 repoNd' asha'9iag' heterogenouselemeDts 1Dthe11", somatl0 

oompte_ms' whlch DI&7 he' &8sociated w1thsexdeterm1Dàtion,' alJdthe 

other. t.o· ha4 large' DlUllbers ot small -ébromoaOlies' &IId the acCU1'ae,' of 

thê~COunt8 reportec1'DQ' be 'iD -dOUbt. Purther support 'for the 'vin tbat 

10 18 a ba8ic chromosome DWIlber in Diosecrea specleewu der1ved tralll 
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Chr_oaCllll8 D1IIIlbers. aDd probable geographic origin ot Mœ~=-3a sp8cies 

previO\1Sl,. l"8porte4 iD the literature. 

1. D. a1msiD1ca HCICh. 

2. D. ecule.ta Webster. 

3. D. alata L. --

4. n. Nlbniea Koean1D.. 

5. D. Batatae. Deeœ. 

6. 1. balopQlla Voight. 

7. D. bernoulliaœ PraiD 
and Burk. 

Probable ChrOJiO ... 
Geographie .Origin Ilœber 

(2n) 

"est Atr1ca 40 
40· 

Af'trica 40 . . 

Seuth.eut .lsia ·30 
40 
40 
40 
48. 
40 
40 " 
50 
60 
60 
60 
'iO 
80 
80 

ca 81 

A1bard.a 20 

S~h~ast ABia 140 
l44 

ID4:la 80 

Guatemala 

Authority 

II1ege, 1952 
Martin and Ortiz, 1963 

Martin ua. artiz, 1963 

. Shana aDd De, 1956 
lliege, 1951 ... 
S'..",., 1954 
Shana UId De, 1956 

. Ragha"'aIl~19S8 
Rauohandru, 1962 

. Martin aDd Ortis,' 1963 
.' Siiana. and De, 1956 
1tagha'9&1l, 1958 
Ruaohalldru, 1962 
Martin and ortis, 1963 
Shu'IIa and De, 1956 
Raghe:van,. 1958 
RaNchandran, 1%2 
Smith, 1731 

Id.ese, 1952 

llakaj.1a, 193' 
Sllith, 1937 

Ragha:'f'an, 1959 

Martin &ad ortlz, 1966 



Dioscorea epecies' 

8. D. bulbitera L. 

9. !!. caucasio. LipakJ". 

10. 2. ommD8ls Lamk. 

11. D. ce:rata.nc1n. U1:iDe. 

12. D. ehoua:rc111 GausseD. 

13. 2. oOllposlta Belll81-

14. D. oODVol:nlacea 
Sohleot. &: Ch ... 

15. D. de1toiclea l'al1. 

16. 12. diecolGl" Bort 0 . 

17. !_ 4ul8torma Pax. 

'l'A'Im 1 (cout'd). 

Probable Chrcmosome 
Geographicorigill B'Im1bel" 

(28) 

At1"1ca tir Allia 36 
40 
40 
40 
54 
60 
80 
80 
80 
80 

. ca 98-100 
100 

Aeia lliaor 20 
20 
20 

'l':rop1cal.. Urie. oa 36 
oa 54 

ca 6~3 
oa 140 

Bl"azil 36 

PJreneee 24 

Mexico 36 
54 

lIa::1co 36 

lDd1a 40 

South .berloa 40 

'rI"oplcal Ab'loa 36 
46 
45 
54 

.,:,,, 

23. 

1I1egli)', 1'52 
M1ege, 1951 
llagha'l'aa, 1959 
lIa1"tiD and. Or'tis, 1963 
Ii1ege. 'l952 
.Pi 1954 
Sllith, 1937 
RaghaYan, -1959 
rtuaclnaDdran, 1962 
llU'tiD aDIll ortiz, 1963 
Ragha'l'Ul, 1959 . 
RuacballdraD, .. 1962 

lleurmaa (=.10), 1925 
S1I:1th, 1931 
lliage, 1952 

Ilia., 1952 
IIlege, 1952 
Miege, .1954 
Smith, 1937 

llal'till alldOrtia, 1963 

HeslC1t, 195' 

lfal'tiD &DI! O1"tls, 1"3 
1Iart:1n U1d O1"tls, 1966 

1fart1D aDd Mis, 1963 

ttagh&'Vu, 1939 

SIIlth, 1937 

ldeg., 1952 
.:lep, 1951 
1I1ege, 1952 
II:lege, 1952 



Di08corea epeci.a 

18. D. eacaiDtileœ:ls 
- llat.da. 

, TABLE 1 (eoD1; l d). 

, ,Probable, ChrOiloeo_ 
Geogràphie Or.$,giD BaIlber 

(211) , 

19. D. eBcal.enta BvkUl. Soutb-e.t ll1ia 

36 

40 
9Q 

20. D. targesii FraDee. 

21. D. tlari'b1mda Mart. 
&Di Gal. 

22. D. trie4r:l:cbsthal.ii 

S01ltb-east lsia 

CU&temala 

90 
100 

64 

36 
54 
54 :!! 
72 -l44-

- R buth. Costa Rica. 

23. D. f'r1e&!lr1chatballi 
- R tciilîth. 

25. !!. graciU:1ma. tiq. 

26. D. hastata M:lege. 

'Z1. n. hirtitlora Pax. 

28. D. hi.pida DaDDSt. 

29. D. bo!!dureD8:ls ft 
- buth. 

Guate_la 36 

48 

52 

ca 104 

Japan 20 

Tropical Uriea >' 120 

West Atriea 

British HoDduru 

li Obtained by colchic:lœ, treat_nt 
aD! ~ldlzation. 

II$rtm'" ertlz, 1966 

1Ileg., 195:1., , 
Regluw .. , 1959 ' 
~haDiJitlU'l, 1962 
Ragha'Yu., ,1959 

Smith; 19Y1 . 

Ifalôtin aIIi ,,"iz, i963 
. -, 

llariiÏl UdOrt.~., 1963 
1fart1a Ud ert1s, 1966 
1lart1n aDd ert:ls, ,1966 
lrariiil ~ "Ortis, 1966 

CCIE, C01"SO, IfatUfla 
ua'Daran, 1958 
COI:, C01"~O, lfatuda 
ua Daran, 1'58 
M!d~U:la L.eal, 1959 

, ' . 
Bakaj:lm&, ' 1933, 1937 ' 

lliege, 1952 

II1ege, 1952 

Raghavan, 1959 

Mart:l:- &Dl Ort:lz, 1966 



30. 

31. 

32. 

33. 

34. 

35. 

30. 

.17. 

38. 

39c 

40. 

41. 

~. 

43. 

~. 

45. 

Dioscorea spec1e. 

n- japoDioa 'l'hUDb. 

!. u.eroura H&rII8 •. 
Spi n- .... ibar8I18D 

PII:I:. 

TA.BLE i (oênt'c1). 

Probable ChrOlllOSOll8 
Geographie, Origin lfUIIber 

(211) 

.l'apan 

West .&triea 40 

D. !&!!pnot:1all8' ~ge. west At.rioa. ca 80 

D. m:lcuà. Gulllemill. lIa::1oo .. . . 36 

!~ mimltUlora BDg1. 1'rop1ed.:'l ,Uriea >120 

~. oppos1t:ltol1a ,L. Bast IDd1ea, IDd1a 40 
40 

0& 140 

D. p!L!iio1a1.a.ta' ticbx. U.S.A. 36 

!l. p!ntaphy1la L! 'l'rop1e&l .lsia 40 
40 
80 
80 

ca l44 

l!. J!,!lZlonoic1es Hué Ceutzoal. .uar1ca 36 
& BODpl. 54 

D. pruheœnis Benth. West A.tr1ca 
, . 40 

n. preussii Pax. Trepied. Uriea 40 

n. para Bl. IDd1a 40 

n. p71"!D&1ea Bubani u.. 
n. quaterData (.&lt) Narth I.IIIer:lca 36 

Gllel. 54 

J!. guinaueleba 'l'htmb. Japan 20 

D- ret1culata c. Gay. ca 61 

, ,25. 

Rakaj1ma, 1942 

Srdth, 19Y.1 

Illege, 1952 

iiariiD' aDd' Ort18 J 1966 
' . , 

II:lep, 195.1 

RaghaVan '1959 ' "J , 
R ... ~·_&Il,. 1962 
sidth, 19.17 ' 

1Iart!D aDd O1't1s, 1966 

Ragha'\'aD, 1959 
RemacbUldr.&Il, 1962 
ltaghaYù,'19S9 . 
1·"ehaDC1raD, 1962 
Sld,th, 1937 

llartiD aDd Ortis, 1963 
If!u'th.8.Dd art1., 1963 

IIlep, 1952 

lIlege, 1952 

Ragha'ftll, 1958 

" •• i.,. 5'" . 
1fart1l1 and Ol'tiz'l 1966 
JeDSell (n:27), 193'1 

Sld.th, 193'1 

Smith, 193'1 



Dioscorea sp80ies 

TABLE 1 (oont 'd). 

Pr.obable. Chromosome 
Geographie Orig1.n BWabel' 

(2a) 

26. 

Authori't7 

-------------------------------------------------------
". D. rotUlldata Poir. 

47. D. sati ... a -L. 

Afr:lca 

South-east Asia 

48. !!. 8ati ..... L~t. 'spozrta- '. 
Dea .. t'lIlIO. Soutb-east As:la -

49. D. s1Duata Vell. South AIIarioa 

40 

40 

60 

ca 24 
ca 35 

PlartiD ud' Grt:ls, 1963 

Shama &D.d De, 1956 

lakaj:llla, 1936 

S-saellg\!th, 1921 
....... ,·.1925· 

50. D ... -Uaeitol1a cie Wild. Tropical Africa >120 
~ -_: 

="18, 1952 

51. De .pievl:ltlarà Hems1. lItx:lco 

52. D. spwBa Rœb. IDdk. 

53. D. Tok~O·IIakiDo. lapai! 

54. D. t_Dt;osa loeaig. S. lIld:la 

. 55. D. v:lllesa L. 

56. n. wal.l1ch11 Hook. 

1fœ1ih.Dezoloa 

lMia 

20-2' Ccar, Corso', llatada 
aIJd DlJ1"aB, 1958 

36 1rart1n an4:·OI't:lSt 1963 

90 

20 

40 
60 

ca 60 

40 

lakajiaa, 1933, 1937 

ftaaachaDdran' 1962 '. . , 
bghaftD, ·1959 

Saitb, 1937 



'Z'I. 

the repcrrts ot Sharma aD&! De (1956) ~ Raghavan -(1959), and RallachaDdran 

(1962) • These c;yto1og1sts .orld.Dg1lith aevenI. Asâtie species :recorded 

dip10id chrODlOs~ lIIultera which an all multiples ot 10. 

Beslat. (1953) f1rat s~ested the oacUl'reDCe or SpaCHS ot 

Dioscorea with a bule ahranOSaB. II'tUIIherother than 10. He reported 
- -

2n • 24 CbrODlosOlll88 :la D- ,,",Daiaa and D- chouardii, WO apec1ea _iob 

are toad iD the PJre~8, and. ma:lntailled that 12 bivalente ~ tormed 

replarlJ' at heterot7P1o _taphase.Heelot coœid.ere4 that these resliLts 

iDdioate that the -DioacoN~ae 1DlipDOU to the PJreDeea haye -a basic 

ChromOBO. ...ber ot 12, whereas_ the evideDOe·wu -iDoreasiDgl.J' ·iD_ faY" 

ot a baie DlWber or 10 tor Dioscorea Bpeo1eB. Re dm atteatiOD to the 
. . ','- '" . .. 

tact that II1ègeviUe J at the t:lae ot the 0l"1ciDal d.8or1pt~CD of ~. 

pmœ1ca, ia110atea that this plaid; wudUterellt :la aeveral ~. trom 

other _libers or tIle pilla -DiOlicore, aDil propos.a ita 1Dcluaioll 111 a Ilfnr 

1'8 __ ich eheald he ~aUed Borderea. HeB10t conteDde4 tllat the aiat­

ence ot • dUterellt basic CRCIIOB ... mua'ber eODlStltuted ail iapOl't;@m, 

arpmeDt iD npport. of IIlègeyU1e' 8 prop08al tOl" the eetablis_lIt· -ot 

the •• pDU Borderea 1Ibich IIOW sh_1l iDo1wte the 2 sp8cles-!!. p11"!D&1o. 

aDd D~ chouard11ndesigmated Bordara Pl!'!Da1oa aDdJ!. oh0uar41! -1"8speot­

iveq. Bellot's v:ln wu suppartec1 b1 JI1ège (1954) who wo reported 

2n = 24 ohrOSOSOlleS 111 D- p,rreDaica aIld!!_ chouud1i. 

~ge (1954) prodtla ... "ide~ ilidioatiDg that 10 is DOt the 

oDly basie ebrCllllosOlle llWIl'ber iu,Aaistic and Africall 8F cies ct Dl08Cœ'O&. 

The CbrollOSOlll8 comple_lIta Gt 11 Ati"1GU apacHs 6t.vdled b;y th:1a .orb:r 

vary frOID 2D = 36 iD 1. !'IJJI8tarum to 211 ~120 111 1_ haatata, D. lliDutif'lora 

and ~. smUacit,'ol:la. III!!~ dWll8tormg, rttège observed 2n = 36, ca 45, 



aDd 54 Cbrom~OIl8S. Ftn"IIIS 1I1'th 2n = 45 Ohroll0801lEJB are sterUe. He' 

coœluded that a polnùo1d S~~1e8 ,exiats in n. dumetorum rauglDg trOll 

28. 

2n • 36 te 2D = 54 and sugge~ted that the' form 1r1th 2n =,45 18 a h7brld 

iD wh1ch cbrom08G118 Sèts of. a tetraplold (9 x 4) and 'a hexaplold (9 x 6) 
".' 

are brO\1ght together. AU Gt the other Arrloa spec1e. eunrlœd by 

lI1èg&, w1th the exception of l!. ,c&l!D8D81s " _~ tcnm4 te ha'N chrollo­

so_ mmbers wh10h are multlplas ot 10. Rege.rd1~ D. oaeD8D81s;' Smith 

(1937) bad preY10usly reported a ohromosome oompte_nt ot 2D' = l40 iD 

thls speclas. Jl1ège (~954), OD the other haDcl, in a ,stUd,. Imrolv1Dg 

12 c101388 J obsarva4 SGDIJ plants with 2n = 36 OhroaGBOII8S aDd others with 

2n = 54 cbroaOSGlll88.lIÜtge ooœ111ded tbat the spec1ea 18 hJbrid :la 

or1g1n &Dèl 18 clearlT ln œad or subdiYIslon aiDaa; iD addltlcm to ,the 

c,.tologlcal 'dif'terenC8s, It com:prüa8 1IaD1' aorpho1og1calq dlss:l-1lar 

forma. 

Di08ccnoea bulbitera ls be11eved ,~, seme au.th01"11 te he actaaJ.q 

two species, one Afrlo81'l in orig1a &!Id, the other Aeiatic. ether worms 

couider It to 'be a single speoles ot Aslat1c 01"1g1ll. 1Iiè. (1954) 1'8-

ported CbromOSCllle ftl_8 ot 2D = 36, 40, " a1'Jd 60 iD th1s SpeC18. ud 

conteDded thatth9se coUD.ts implJ' the ex1stea.oe ot two aajor gr_pa 01' 

Baries ia 2. bul'bitera; ohe sed •• b."thg 2a • 36 aDC1 54 obr0Il108_8, 

and a basic chromosOIIii m&IIlber of 9, and aDOther saries 'dth 2D = 40 ar.td 

60 cbrOlll080118S and a basic OhrOlllOSOll8 number of 10. IIDge malntaiDad 

that thoS8 CJtological d1tf'arsncss oxplain morpholcgical vari&tloDS aDd 

s1milarit1es in the specles. 

1lart1n am Ortlz (1963) recordacl 2n = 36 and 54 ln ., Ra. "orlcl 

specles aDd 2D = 40, 60 aDd 80 :ln 6 Olel "orld spec1es or Dloeoorea. 



Ther notedthat the chromosome nUlllbers -ot the Old .crld species" are ' 

multiples of 10 1Ih:U.ethOS8 ot the Ife1r World sp8cieà are lIultip1eà ot 

29. 

9 and maintaiœd th8.t thés. resalts together rith pm'ious observations 

sUggest that the progeD1tors of the lie. Wor1el speaies had a 'basia' chromo­

SQme Dw.ber ot9. Possible 'excepticms'~ the North ber'1ca spec1es 

cCllp1ex, D. YUlosa, with 2D ,: 60 (SII1th, 1937) and the 'S01lthAlierican 

species, n. cu.sco1or, ~ich bas 2D ~ 40 (Siaith, 1(37).' ID th1i connaot10n 

however, Martin ad ortispo1nted out tut !.gUaterDà.ta, a part Of the 

!!. villosa coapl.ex, had bIIentOUDd to htmt 2D = 54 chrOmOs_s' (Jeuen, 

193'1) • 

l18rtin aDIll ~iz (1963) DOted tbat mUe the As1atic spec1ea 

Mn cbromoaOli8 '1IIII1berS 1Ihich are II1I1tiples ot 10, thoa8' CJr' the :atrlcBn 

apecies are IlIl1tiplesot 9' and 10.' JIoremr, t.oproba'bl7 '&fricu. 

speoles, Dloscorea bulbitera aDd D. ,cm_œ1a, both ~. tetrap101c1 

8J1d bex&p1oid tOl'llS as nU' as chremosOlll8 llUlbera 1Ib1eh are JI1Û.tip18s 

of eltber 9 Gr 10. '1'hè7 Î8a1ntaiDBd that thesetiDèliDgII sugg8at that 

.lh1ca ru the centre or orig1i1 ot the gelllS' Dioscore .. , Md' tbat thei'e' 

is a teDdeœ,- tor torIlS' wiib the basic chrOJl08C118 IlUJIber ot' 9 'tosptieacl 

1I8st, aDd torDIS with the basic CbrOll08C1118 nœnber ot 10 to spreàd e&8t 

and DOrth. 

Mart;1n aDd Ortis (1966) presentedtarther 8't'1c!ence !li support 

or the v:lM' that 9 la the' basic CbrOlllOScae DWIlber ot the ge..a Dioscorea 

tbroughnt the .eeten Hemisphere. 'rhe,. determiaed the chroaoe_ mœbers 

111 10 Dl.lDed Be. World speaiea, 5 of the se tor the tirat t_, aDd foUDd 

th~1Il aU to 1;8 IIUltlplea of 9. 'lhe:r also reported tor tlle tirat tDe the 

occurrence of œtop101ds NIODg Ife. World apecles represeDted 'b7' urddentl­

fied speclea trom Costa Rica &Dd Pen. 
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SpeOiatiOD 

Sharma and De (1956) disoussed the role ot polyploid:yln sp9oi­

&tlon Dong repreal5D.tatives or the pnus Diascorea iD Beagal, Ir.dia. 

The,. stated that cemts or 2n = 30, 40, 50 and 70 ChrOlllINlOiieS wh!ch the7 

had obta1œd for d1tterent l!1dlviduals ot j2. alata demematrate4 that 

1nd1v1duals of a siDgle .pacies u.y behaVe as members or a pol7Plold 

series. The,. DOtad., . h01l8Ver, that thare ware DO markea phaDOtJP1c cl1tfer­

eaces gong these 1D41viduals aDd conoluded that ln Dioscorea, polJple:l4,. 

alcme c!ces IlOt result in. the II&Dife8tat1on of deteotable morphologio&! 

characters. PolJ'plo1d7 IIWIt have coü1D8d with other factors reap0D81b~ 

for phellOtJ'p1C chaDges in crd .. to effect apeciatloD la the gellWl. 

SharIIa aDd De l'8uoned that the" changea lIl8.7 have iDYol .. d 89118 lIIltation 

01i9' or, pËtrhaps, gros. struDturai ohaDges ln the ChromOllo.S. 

Meiot1c· 1rregalarl.t1ell ~e Deen o"'aervecl iD Diosoorea gu.ter­

~, a speoisa w1th a chremosome canplemeDt of 2n = 54 (Jeœera, 1(37). 
. . 

llartinud O1'tlz (1963) also reported _iotic abnormaJ.1ties :L'Il t.o liMS 

(w1th 2D • 54 CbrOllOSOlll8S) of D. tlorlbUDda. .l.t _i0818 up to 9 quadri-

val. lits .ers sean in th1a material as waU as univalents, bridges, 

fragmenta aDd delapd separation ot bivalents. The,. sugge=ted that 

these anomalous liMa with 2n la 54 chromosomes probab17 orig1Date trOll 

baokcrosaes ot aD allotetraploid to Olle of ita diploid progeDitOl'8 

tollmred 'bT ohromosome doubling es man:l.tested b)" the quadrl'Ye.leut pB!r-

1r1g observed. HOIIeVer, noting subsequentl,. theoocurrenoe ot single 

p1&Dts with 54 ChrOlllOSOll9S &JIlong œt'iiial 8ibliDgS, lIe.rlin aDi Ortis (1966) 

queatioœd this hJPotheais pointiDg out that production of the aberrant 

plants could be through the ocoasional tertU1zat1on ot an UDNduoed 
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gaaete al:though s,.,h aD occurrerace .ouId not led te quadri'Yalent pairiDg. 

ChrcmOS0ll98 aDd Sax 

The tiret report ot SB chromosomes ln Dioscorea 'ft8 Mde 'bJ' 

lleurman (1925). WorkiDg rith R. silmata, MBurman obsened aD 1Înpa1re4 

chromosOlll8 iD metaphase aJId ana.puse ot the heterot1Pic dl'9'1eilon iD 

poUen mother ce1l8. Be cencluddo that th1a unpa11'ed chrœoaOiM 'ft8 

a sax chromosome aDd sqgeated tbat 'th1s oOuid be a c&IIeof' the ProtellOr 
• 0 

or %0 t7pe of sax ChrClllOSOMS. . ltteurmaD. toUl'ld no e'l'idenee ot sex ctœOlÏo-

8018S 1Il his studies ot mei081a· iD D. Caucasiea. lakaj1ma (1937), iD a st. of' _lolll1s iD poUeIl . .other CèUit iD D.o tokoro, °D. Fee!"1 .. am 
!!. JapOidca, obaerwed ail uœqual pair of ohromosomes iD sida ",:len ot 

heterot7'Pia Jl8taphaaes ln each of' th. spacies aDd UIlUJl8c1 them to be 
·0 

seX chromosomes ot the n tJ'P8. JeDS.D (1937) f'oUDd DOe'Y:ldeDOeo ot sex 

ChrCllOSOIIl8s in B. guaternata and· coBtraatei _lotle abDorul.1t1es ob­

sened :ln the spec:les rith 'Yar1ous acceptedsex-determ:lD1n g epparatu 

tG show that the latter are Dot· justified as such. Sldth (1937) report­

ed heterocbrOlllosOIIBs ln the mitotlc division f'igures ot D. IISCroura, 

!!. cl1.sco1or, n. targesii,!! •. reticulata &Di n. alata. He 1derrt1t:led 

the. as su Chromos0JlB8 . peDdlDg ill'festlgat1on ot the Mlot1o di'Yislcms 
\ 

of these spec:l.es. ae wo f'0UDi tbat n. reticulata (211 = 61) &!Id D. 

alata (211 = 81) 1umt cbrClllll08arae œm.bers of' 2n ... 1 aDd olassed thell rith 

D. siDData wh10h Meurman (1925) euggested beloDgS to the ProteDor (XO) - . 

type of' sex chromosomes. Allen (1940; ~ Westergaard (1958) both cam­

I18nted on the suggestion that an 1:0 type of sex IIl8chardam exista in 

aome ap8c!ea ot Dioaccrea. Allen stated that this type of' allosome 



32. 

eomplemem. is at II08t ftl'e in aDgiosper. whUe WestergeArdcorrteDded . 

that Sm1th's (1937) deJloDSwation ot its occurrence could not be 1'8garded 

aS conclusive althougb. the nideDCe 1& suggestive. 

Bt'idence of' the presence of a sex I18chaDism 'baa~c1 011 XI . balaœe 

in DioscGNa with strODg ll8le c1eterrdl11Dg geDeS in the Y -ChrCIIOSOll8 &Dd 

temale deterII1DaDts 111 the %~brClll08ome _as presentad 'b7ll~haDdraD 

(1962) • '!"bis _arker dm attention to the e~larities betwen the sex. 

_chanislll iD D1oacorea &Id that 1n MelàDdr1ma albUli as aise._ 'h7. . . , .' . ' - . . 

Westergaard (1938~1948) and Warmke (1939~19~). ~ the 8011&t~ eoaple-

_nts Gr. the aale plaDt,1I of' tetrap10idn_ tOll8Dt08a &Dd.n. p!lt:taphYlla, 

octoplo1d !l. nlb:l.tera &DIt in ,the, lliDe-plo1cl!!~ sp1Dosa, RallachaDlru 

oba.ma oœ chromosome wh10b is auch large1' than the ,othe~s ~the 1'8-

spect1'fe oollple_lIts. !hese large chrOll108a.S are abseDt iD. temale 

plants am JtamachaD1re.n ccmelude4 .that the7 ,are ~1m1lU" to the Y CluoOlllo-

80mes :ln. MelaDdriua. ile DOted that· at thedittereDt lemtls· ot po1l'P10id7 . 

there 1a 0JÙ7 oœ Y-oh1'omosQ1118 aJId 8uggeStecJ. that this .red~tioll 1s 

brought about b7 the p1'8terentialpa:l.riDg ot X's am Y'B. RamachaDdran 

14errt1t1ea. i;he sea: ohraaoaomBs morphologicalq iD the sOlll&tic oomplemellts 

by v1rtu ot their larger size. The X-ChromOSOII8S are large1' than the 

'autosomes bat smaller than the Y-obromoSOIIleS. He obsel"V'ed ,tbat SCJ118 ot 

the X-chrOl1080111!t8 are :lnd1stiDgu1shable trOll the autosomeD &Dd thought 

1t possible that soma ot thell are milergoiDg transformation 1Dto auto­

SOllleS as suggested by' Westergaard (1940). :RamachaDdran noted thatin 

the m:l.croap0r8 JIOther cel18 of' !!. tomentosa the Y pairs with a smalle1' 

X and the bivalellt is cheaoterized b7 1ta 1'8lat1ve17 l.al'ge size ,asa,.­

etrical shape &Dd teDlleDC7 to lie tovrards the per1phel7 ot the metaphase 

plate. 



Mart1n (1966), iD a stUdy otsn: ratios and sex determiœtion 

in Dioscorea, toUDd that a strong y chromosome, actively eDgaged 1n 

sex detel'Dlinat1on, 1s suggested. 

CbrOlll080118 S1ze aDd Shape 

'l'ha chromosomes ot Dioscorea speoies are very small (Meurman, 

1925; Sharma and De, 1956; Mlege, 1954; and others). Sharma aDd De 

(1956) recol'ded d1meœiona or O.45p to 1.55)1 aDd 'Ruaohaiidran (1962), 

O.5J1 to 2. Op. Soma authora reported cODItr10tioDs 1n soma ot the chromo­

somes. ID COlm o88e,s these are quite d1stinct, in ethers they 81"8 not 

'(Smith, 1937; Sharma ud De, 1956; Ruch&Ddran, 1(62). Sharma. and De 

(1956) observed satellites in D. alata. Mag to the Jdœte size ot 
, --

the CbromoSOlll9S, the satellites 81"8 DOt 81.&18 v1sible and accu:rate 

oOUDts areditt1cUlt. 

In general, the chrollOsomes ot all the speoies and varietHs 

or Dioscorea show 1101'8 or less similar Jlorpho10gioal characters(Shal'IIa 

and De, 1956; RamacbaDdraD, 1962). 

Ro report on sex express10n in Diosc01'ea tr1tida 'Wu tound in 

the llterature and the 1nt"ormation relatins to the Dioscoreaceae as a 

1Iho1e is me~. An aD0D,JDl0us viter in the Gold Coast rarmer (1935) 

reportai on sex ratios in 6 var1et1es of an UMBmed ,.am sp8cies. ID 3 

ot the "ariet1es, 9S-lllO.' ot the plaDts wera t'emale; t'Wo "arieties had 

a prepoDd8l'UC8 ot' males (78-9$); aJld one "ariet,. segregated in & male 

........ 
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to telllBle ratl0 of 1: 1. BurkU1 (1937) oODtellllecl that thare 18 a numarl­

cal dlapropon101l betW881l lIIÜ.e aDd l'_le plaDts ln T8JIWJ oGJlJllUD1a. 

He clted Brermer (1914) .. atatiDg tbat males are t_o to three t_8 

as Il1III8rows G teaales. III a studJ' earr1ect out; OD w:lld Awe ot !. 

eollllUD.1a in the aouth et BDg1ald, Burldll comdied 134 temal.e plaDta, 

295 male plants, and 12; planta vh1ch hac1 ta1l.od to tlcnntr atter 3-4 

J8ara' gr_he BurkU1 CODI'luda4 that the ratlo of aale to tell8l.e plante 

in thla populatlon _o\11d be about 2:1. llartiD (1966) 1DYest1gated aez 

ratlos iD 5 l'ew World apec!lles or Dioscorea. Be fowd that iD four of 

the apecles, _les out~ber te"8lea 81gnit1eaDtq ln opell-pe1l:lDate4 

progeJlies. Martin exllll1œd the progeDiea of oOlltrollecl orosses of oœ 

ot these specles, n. f'lor1bUllda, &Dd DOtec1 that the,. segregate iD eitber 

a 1: 1 or 3: 1 ratl0. The aa: ratios or progeldes f10CRI oo_on fell8les 

"I8.l7 accord1Dg to the lI8l.e parent whUe those ot progen1es of a IlftD 

male 81'8 eODlltaJrt. Martin auggeated that theae reaul:ta bdieate the 

heterogeœlt,. ot ules. 

Germill&tloll. ad Se_ling Growth 

Stu41es 0I'l germaatlon iD • t .. apec1eB ot the DiascM"eaceae 

have beell repeted in the 11terature. (DiOSCore. tritida 18 DOt uODg 

tbese speeles). Sadth (1916) aperienced great d1f'f'lcUlt,. ln iDduciDg 

the aeeds ot 1!. "I11108a to geraiDate at IladiSOD, WiaoGDSin. Sbe over­

came thls dit'ticUlt,. 'b7 lœeplng the aeeda iD soU out ot dcors durlDg 

the w1uter and briDgiDg thell iDto the greellhouse the to11cw1Dg sprlDg 

when &pparentll.,. th.,. gerII1Dated satistac:torU,.. J,llard (1946) :reported 

that he ecnred 80me seeda or 1!. "Iillosa (or, 1!. glauc.) ill Virg:lD1.a OD 
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to felllBle ratio of 1: 1. Bu:rsUl (1937) contelldecl tbat there ls a nœœr1-

cal diaproport;1c~ 'between male aDd teule plaDts in fana c.'"""s. 

He citect Breuer (1914) aB atatiDg t~iit iil&lell are t.o to tbree t1aes 

as Il\1II81"CU as tell8les. III a atu.dy carrlecl out on rilct ataIIds of 'l'. 
. -

collllftUda iD the south of BDglald, Bm-kU1 coUld;ecl 134 female plaDts, 

295 œle plants, aDd 125 planta 1Jhich had taUecl to tlower atter 3-4 

,eus' gr_he Bu:rkUl. coDCludec1 that the ratio ot 11&1.. to feaale plants 

iD th1Jl population .0000d be about 2:1. Ilu't1n (1966) 1Jmtatigated s_ 

ratios iD 5 lre1r World speeies of Diosoorea. He touat that iD tour of 

the apecies, male8 outDWllber fell8l.ea sigD1t1caDtq in open-poU1Date4 

progeDies. 1lart1n exud.ned the progeDies of corrtrolled 01"08SeS ot 0118 

of these speoiea, D. f'lor1btmcla, aDd noted that the,. segregaw iD elther 

a 1:1 Ql" 3:1 ratio. The s_ ratios or progeD.ies troll co_on tem.l.s 

va:q accordlDg to the male parent .mUe those of pr.Dies ot a glftn 

male aN coœturt. lfartiD auggeated that theae reaults 1Dllcate the 

heterogeœitT ot raales. 

GerrdDatlon. ad SeM]1. GrGWth 

Stuc!iea on gerai_tien ln a fn speo1es of the Dioscoreaceae 

have been :reported in the 1iterature. ('Dioscore. trif'ida i8 Dot uOIag 

these species). Smith (1916) exper1eDCed great diff'ioUlt;' ID 1IIflœiDg 

the seeda of J2. 't'lllOllla to germiDate at Madison, WiscoœiD. She ener­

came this ditf1cul:t,. b7 keeping the aeeda iD soU out ot doors duriDg 

the wizrte1" and briDgiDg thell into the g.reeDhouse the tollc:nr.I.Dg spl1"lDg 

when apparent1,. the,- gerD1nated satiBtactori1,..· J.llard (19~) reported 

that he 8CJ1r8ct 80me aeeda of ~. villosa (01", J2. glauaa) in Virgirda OD 
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lOth Hovember, 1937 aDd they germ:lDatec1 on 10th IPebruar;y, 1938. ,nard 
did DOt describe the ooDdi tloDa ,1IDder 1Ihich germiDatloD 1IU carr1ed out. 

BarkUl (1937), in a disoussion on gel'll1Datlon iD Tous eCllll1lD1s, II&1D­

taiœd that the eeed le IlOt read,J' 'to ~ 1Ihen !'Ned frca the fruit 

'but l"8qutree a periocl of atter-rlpeDiD«. He aowd 200 1IR1,.-ooUeotec1 

seeda :ln the au.tamn or 1931 ina prdeD-:rn. at J.eatherhead, _'."". 
, , 

The NaultiDg, aeedli. appeared abGt'e grOUDd iD the foUodDg o%'der: 

In JuDe, 1932 
ID earl,. Jul7, 1932 
InAprU ana·..,., 1933 
ID A,rU &Dl 1Iq, 1934 
III Apr:U: aDd .. , 1935 
ID May, 1936 

Total gerlliBat.ea 

1 a."]!. 
3 aeeaU. 

97 • 
76 • 

5 • 
5 • 

BurldU deecrlbed another ezper1lleDt iD wh10h aeede of' TallaS eownni ii 

_re germiDated .1DdoOl."e \1IIder part1all.7 emltrol.led eoDditioDS dar:l.Dg the 

rimer. ODee ItOre the ajarlt,. of the eee4a requind cmtr 6 acmtbs ter 

germ1uatlon _U., 111 aD. Appreciable III1JIlber, ge1'll1œ.tlon 1188 de1.elJ8d tOI' 

aD additloDal. 12 moatha. These ezpar1lleDts 1ee} Burld1l to eoaclade tbat 

aD &tter-ripeDiDg pel'lod of' 6 lIonths iD .018t cODdltlom le easeDtla1 

tor the gerraiDation of the seeds ot TBiIWI eo-unia • He.a:brtaiDed tbat 

his expen-Dte demoDStrated that aeade wb1eh taU to geraiDate at the 

eDd of the tiret af'ter-l'ipeDiDg periGd 1I11l DOt do so untu amotber 12 

lIonths have p&Saed, wen thOügh kept unif~ aoist. ID other wards, 

TaIIUS seeds show a teDden=,. to' a1Dk iDto a aecoz dGrIll&DC7 if eoDllitloDf.t 

are DOt f'avoarab1e te gerll1natioD when the after-rlpeD1Dg 18 coap1ete. 

The proceas or gera1nat:l.oD u reported tor apacHa of the 

D1oscoreaceae 1s iDtel"8stiag. Aecordiag to Sllith (1916), the eabryo 

:ln the mature seed of Dioscorea 'Villosa 1s 'Y8l'7. smal1 iD propart:l.on to 



the sill8 of the sNd 8IIIi :ln relation to the t1as\11"einthe eDdosperm 

where it :la looated.OD geradDation, the cotyledon illCNdes l'ap1c11y 
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111 si .. , tini Dg the en tire tias .. e.. '!'he cotyledon rella1Ds 1n' the seed 

but the pr1aar;r l'oot ell8l'ges and soonbeg1D8 to gi'Ye oft seoo.udary roots. 

!'he t:lrat:t'V.Det1oDal leaf' elcmgates WltU lts. tlp beoomes treetroa the 

Mad ooata. Sllith aiDta1.œ4 that the bat ls not beDt oyer. whU. in 

the sead 'but aanaes thia poSit:1ôil OD xnéiDg 1 tselt troll the . seed and 

retaiDs lt untU _U above groWld. Burklll (193'7) des01"ibed a s1llilar 

sequence of Mente in the gera1nat101l ot.!!!!i!! cOllllmds. He reporte4, 

hO'lM'fel', that the pri1l&.!7 1'oot. ot !!!!!!,. WIl1ke tut ot .~. "111:108&" 

rell81ns unbftDChed. BurkiU apresseA the "11_ that the ~1IIa17 l'GOt, 

aDd latel', the pr:la:r7 bu&! are pushecl clear ot the se. o_ta b7 the 

grwth of the cot,.ledon 1d.thiD the seeca. The torn hal'YeS otthe oot,.18-

dODa17 sheath &1'8 WO puahed out iD the earl,. stages of ga1"ll1Dat1on. 

BurkU1 (1937) obserred that tbe .picot,.l appea:red shortly 

alter the emal'geDCe ot the oot,.ledonar;y sheath and g:lves rise to tba 

tuber as a lateral swel1iDg. He poilJted out tbat the .p1oot,.l 1s snch 

& sllall Part of the plant tbat growt,h on ODe side IllUSt 111V'olTe some 

grOll'th throughout and, pos81b17, a little 1n the hypoeot,.l. In a sub­

sequent publication, Burrdll (1960) 1nd:lcated that, 1n tact t 1t 1epart 

of the hypoeot,.l wh:lch tekes on growth and becomes the tuber. .&S the 
tUber grows, the oot,.ledoD dies and the emptied seecl coata deca,.. 

Martin and OM;1z (1963) descr1bed the germination ot the s.eda 

of Dioscorea tlor1'blmda and 1!. spicU:titlOl'a. In both spec1ea the rad1cle 

and .picot,.l emerge Ulm thos. ot !!. '9'11108a and !!:!!!!! cOlllllunie .lea"ting 

the cotyledon ellbedded in the endosperm or the seed. The rad1cle 'branches 
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tof'orm Co short-liftd tlbrous root" system. Martin and Ortls obserVed 

that the t1rstbudwhleh at "t:lrst ia "eœ1oaed intwo" scalellke "sheaths 

deve10pa iDto a short single--noded," s:l.ag1e~lecf'ed stell whieh remaiDs 

th. 0Dl7 shoot deve10pœeat tor" 2-4 aeks .In the meantilae, the aide 

of' the hJpocot71 oppoisite the "primal7 shoot bulges to prC!Jduce the tuber. 

Ad'Yentitious roots gr. quiokl7 b'0IIl the 70U1J8 tuber &Dd beeome the " 

main root 6"'= ài::pl.acillg the "pr1ma.r:y ODe. "'ruber grnth contillU8s 

by _&118 of' cliageotropic or ,lagiotropic lob:lug and MW shMts lll'iae. 

tr_ pœ1tioDII a:1llar:y" te the tiret shoot. n. apiealitlora lIq procl.e 

5 tir· lIore 8uch shoots betore ODe.' eitur oUe .. w J" e10Dptes rapidq 

as a c11llbiDg stelll. 1. tloribUDaa, cm. the other "haId, proâ.\'ices 01117 

0118 secolldar:y shoot· wbich de't'81opa iDtO" a 'tJpiO&l c1:lmbing ·stem. 

FairchUa (1899) prorided the f'ollowiDg description ot the 

field tecbldque usea in the cult:lvat:lon ot cush-ewsh in Jaœaioa, West 

IDd1es arOUD! tho turn of' the ceatU!'J': 

lib plants ue propagated 'bJ' lII88.D8 ot the so-oalled -heacis" con ... 

aistiDg ot groups or cluters ot short roota just below the crown. 

These beads e:re plantee! 111 hUlB, a:l.x to e:lgbt tet apart 111 each 

hU1. A.s 800n as the 'ViDes are out ot the gromld, a stout staJr.e 

or pole seven or eight f'Mt 10Dg, :la ch'iftn :lnto the bill, _ar 

ODe of' the heads and the various vines ue tra1œd up to it. If' 

pl.aDted in rich soil theJ' grow 'ri thout attelltion other the the 

oulti'Yation uecess&ry' to keep down wede. Several 'YiDes spriDg 

trom each 8ingle head, frolll which thq at tirst dora. the1r 
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DOur1sm.Dt, auckiDgit as dl7 88 a spoDge. ~the t1me ·the 'ViDes 

are eatabl1shed on their 0WIl roœs, theJ' cOIBellCe to tOl'lll, UDder­

œath the beada, the tlesh,. roœs which becoae the œxt orop. 

III the course ot live or s1% lIonths after plaDtiDg, these rom 
81'8 large _.1Igh to b.arvest aDd are gathered withou:t deatrOTing 

. the viDes, aœet:laes three or lIore orope 'beiDg takell trOll ODe 

plaDtiDg.· Uter harYesting the deepl,. burie4 nes. tubers, the 

'appel' roœs an allowed to' grow sad lIÙ8 heads, and these U'8 

&gain used to start a ... plantatiOll, beiDg out iIlto large piecee, 

each coJ1ta1n1llg se ... eral buda .If Ilot 1ruted tor t.ediate· plut­

iDg, the,. aN 'bur1ed iD a pit aDâ oew1'8d with sua. and 1eafts 

mil the 'bads atart, 1Ihe1l t.Ile7 are set out iD the hUla, as j_t 

desCl'1bed. SeYeral ot the edible roots are produaec1 trOD each 

head b'::t the propal!'t:1oate iIlcrease 1e allall oollpu'84 with awet 

potatoes. '!'he 71_1d :la IlOt more thaIl tUe_ or tour roota pel' heM 

plaatecl. It is the cutOll iD Juaica to plallt 1er. he_ siDee 

it ia oODSidered that th.se, or at leaat large cv.ttiDgs of the 

roots, g1"fe 'better y.lelds the sull 0IlI8 •• 

III ita .sseDtial chan.oter1stics the SJBtea deacribe4 'bJ' 

'a1rcbUcl (above) 18 still 8mp1.d b;y cush-cub grawers iD the Caribbean 

area. Cuah-cuah is a )'&Il and 1ta o\1ltivatioD is a1m11ar to that or other 

J'US. Waitt (1963) iD a min article OD the Dioacorea spaci_., 4is­

G'iiSsad agronomie practices in J'Ul prœuctian. 1Ih1le 1t i. IlOt proposee! 

te couider bere the geœra1 agrcmoll.1 ot J'8Il production as a 1Ihole, so_ 

agronome aspects must ba ID8ntioned as backgroud far tield stalies 1"'8-

portedlater in thia dissertation. l'aitt dm atteDtioD to the tact 



that JUIS ue propagated vegetativel,. b7 tuber or t\1l)er· p1ece. He· poiDt­

ad out that a coasidel'&ble range of 8sMd" weigbts IÏI') used vary.lng 

:trOll a te. OUDCes to 6lb. per piece. Wütt Dotad repons iD the liter­

ature that a relatiGDShip exista bet_eu. wight wt seea pieC8 aDfl the 

rate and perceDtage o~ .ndDatioDo ···111 ••. (19'7) had atated tbat he817 

seed p!eeea sproutai JIœ'e quickl,. and Yigorousq· thaD light ODeS, 8Dd 

tha .. 1œsappe&l"8c1 to gr. taster. lIoreovar,- the ptose J1eld is i.reas­

.a b7 plalItiDg 'he&'t'1er pieaes although the relatlouahlp between seed 

_ightard )'i.eld 1& IlOt directl,. proportioœ1. 

Wa1tt (1963) DOtad that 7aJI8 .,. 'be pton iJt. '"h11188 or .ouaas, 

01' iD. oeat.lDIo\1S rows iD..r:ldges· tir baDka. - SpaciDg distaaoe ... ury aecord-

1Dg to soU t)'p8 W' c11matic coD41tioDS and withthe 8pecle. ot ,.. 

gr.~ , D18taDCe. or <4 x 4 ft., 6 x 2 ft., , x 2 ft. &Dl 4 x 2 ft., bue 

been nportecl, the 1I1der diJleDSioD generall7 1ndicatiDg the c1istanoe 

betweeD roWB. Wûtt 8tlltioœd the UIIe ot guiDaa corD aDI!l mai .. as sup­

ports for the growillg JU viDa. and alao ute4 that chloken 1d.l'8 bd DHU. 

used sœC8.atu:lq' for the s_ purpose lD the c\1ltl .. atioD ot Di_cerea 

tlcribUDda. S1.JI.a 'the pubUcatioD. of Wa1tt t • paper, Green aD4 Sec1erholm 

(1~) :oaported the use ct steel pipes, hog wire and baboo palas tor 

supportiDg the viœs of R. composita iD F1er14a. '1'he7 tound, howevar, 

that II\1Dh haDd labour 1J88 requ1red to 1"811098 these 1I&terials trOll, the 

tield betOl'8 the ,.. tabars cou1.ci be located aDd' harYested. 

'!'he total yie14 or tubers YaJigoGl'lSiderabl1 trom J&1Il .pec:les 

to J8lI specias. It also depezs on the emrUODll8Dt aDd the lavai of 

maœgemeut praeticed. Up to 16.' tou par &C1'8 have beeD recorcled !Il 

TriDidad trom variet1es of Diascorea ~ (Wood, 1933), aDd ilMlividW&l 
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tubera of this 'spec1es haye w1gh8d 100 lb. or 1I0!'8 (Young, 1923). 

Wa1tt (1963) aintaiDed tbat',.. are costi,. to proc1uce •. Re 

o11ied tha high 'saé4' l'ata aDd axcessive labour 1"8qU1Jre_nts 88be1_ 

the main Nasa ~or tbia. He po1Dted out thet iD lIigeriawhere the 

&"f'erage y.le14 18 apprax11ute1,. 3 Will ot tubera par &eN, at least 1 

ton 18 requ.i:red te plant aD acre, aDd the DOnal lahour 1Dput tOr th18 

product1on 18' 150-240. -.n .. clap~ !hia, he cla1med, la à cléar. UlÙ8tra­

tion of UDecoJlQidc' joaII production. RD dataot th1s kill1' 18 aYa11abl.e 

ln respect of ètiali.ocush prodœtiou.. . Uewé't'er, Bart (1898) 1"8p0rta4 tbat 

1ta Ji.eld l8aùchlower 'thaD those ot' other spec18s or ,.us &Dd tbat 

it would' DOt ba prof'1table to gr_ 1t· whare a chea, aupp17 fit tOocl i8 

1"8quired. rairch114 (1899) wo 1Dd1oate4 that cuh .. ouab '1sa ~a1r1,. 

ln 71elder and that its cleMDd tor h&Dd ,labour 18 c0D81derable.Another 

UDd8S1rable cha'roacter1st:lc was 1"8ported b7 WUliàms (1925) who cOD814er­

ad ita storage qu&11t1:,es iDf'er1or tothose ot other 7U8 • 

.lcc0r41Dg to Coble,. (1956), there are Ileftral Yariet:l.es ot 

cuh-cush pd the,. prodUoe ditte1'8llt17 co1ourad tuberà ~ .nU.ams aDd 

1f:U~..=s (1951) wo reterrecl to lIIlIIS' w.r:l.et:l •• in Tr'n1"add:l.tt.riDg 

in shape aII1 colour. Hart (181)8) ainta:l.œ4 that there are three or 

more 'Yarietiea :ln 1'r1D1da.d and meD.tioned the D8lHS Red, White, &Dd 

Damerera cush-cush, the laat DalI8d baving the largeet t1lbera. 'fhere 

ia a suggestion iD Fairch::Ud te (1~) dise_sion that a eiDgle 'Yar1etJ' 

reprssentad Dioscerea 'tr1tida in Jamaioa at thtlt tille • 

• 



'!'he _terials and I18thods used in th1s researoh .,. be oous14ered 

.ost cODVeD1~nt17 1a the sequel108 in wh1ch the7 1I8l'e 1'8qa1red as the pro­

gr... cleyelopefi. '!'he prog1"8lIIII8 was carr1ed old; 1n 6 phases, 88 f'oUon: 

·1. Collection of' tlaterial 

Collection of' seecls' aDd y.getat1'98 pl&atiDg 
_te:rial. (tUbe:na) of' Diosoorea trif1cla. 

2. Plallt Description - d:lservat1DD and assure_lits 

Batabliam.nt &Bd ma1nteDaD08 of field plots 
of' D.trif'ida f'or obServation aDd ._ .. _1It 
or Plant châi'acte1"8. 

3. GerlÜD3tiOD and the Se6d1iDg - (l)&e"atlon and 

Germination Tests 

4. Madt.s OD Sn: ltxpreas10ll 

5. .l@onaa1c StwH.e8 

6. Cnologioal Im'8stiptioDS 

Phasea 1-5 Rre cODduct&d at CeDtral :sq,er1meD't station, 

M1n:1st1'7 et- Agriculture, '1'I'ilÜ.da4, West IDdies. Phase 6 wu carri.d out 

in the AgroD.Olll1' Depart_lit, IfacdODald College. 

SCIIIB indtoat19n of' tœ pnyaUiDg olillat:!.c coDII.:f.tions at the 

expert_lItal site in T.riDidad ~ be obtaiœd trOll the .teoro1ogical 

data la lppeD4:lx I. ])88orlptloo of' the tbras ao11 t1PSs f'oUDd :ln the 

areas 1Ihere tield atudiea OD cush-cuah _re ooœucted &re given in 

.lppeal1ces TI, nI aDd IV. 



1. Collection of llateri.§l 

The firat lot ot cush-cuh aeed UIIec1 in gerlliDat10D studies 

at Central Eçerimant Station 118" obtained iu. April, 1963 :t:roa 1Ir. JohB 

GCJOdiBg ot the RegioDal Rellearch Centre, UDiveraiV· of the West lm!es. 

'!'hese aeedB _1"8 zelative11' t.reah, kav1Dg been banesteel the prnioas 

Febru&1'7, &!Id cama tram. a amall plot or Diosoore. trit1c1a ma1l1taiDad iD 

the Centre'. 7U collection atst. Auguat1œ, 'l'rirdclacl. Seeda 'bec ... 

aftihble tro. obaenation aDd expen-nt plote at Ceatral lbperwllt 

Station CeIIII8ac:lDg in J&II1a17, 1964 and frOlllthis tt. ollftZ'dsthes. 

_re the oDl.7 aeads UII.d in the progr8lllll18. 

The collection ot tuhel'8 &Bd tuber piee.s for plaDtiDg C.-­
meœed in April, 1963. Thera wera two objeOti'Y8a. Qaa was 100 get 811 

variable a population or oœh-eœh sa possible in order 100 lI8b aD 

aBsesamant of the range of variation in the species; &Dd, 'the ether 

wu 100 obtain ellough of 3 01'4 cush-cuah variet1es 100 use as source 

material iD agroÎlolId.c trials • 

.l collection ot "u-iable material was -.de iD '!'1'iD1dad 1Iith 

the assistance or the BxteD8iOD Service ot the local M:l.D18tr,y ot Agri­

cUlture. BneDSion Seriice field peraoJlD81 cellected tubera troa 

indivUual plauta iD tood gardellS, sem1-abandoœd cacao plantatiOJlB 

aM s8Conclar;y torests througbout the country. SiDee 'by' the aonth ot 

April IIOst ot the aDlmal cœh-cuah orop had alread7 beeD harveatecl, 

the tubera obta1œd _re sll8ll in size and tew (pel' iDdividual plant) 

in DUmber. 110 18 probable, hcnever, that the ab88DOe ot 1'8ac1U:r avaU­

able tubera cauaed the collectors to sea:roh 1I0re d1l1geutly &Dd te t:lDl 

aOlll8 of the litt18 lœ01m or used t"'8 ot Dioseorea 1ir1t:lcla which lligàt 
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otherw1ae have reaa1ned mmotlced.. 

Bach tuber 001lect10n, suppGaecUy fl"C)JI a siDgle cush-cush 

plant, was packaged aepa:rate1,.. On ita arri'Val at Central. Bxper1lDent 

StatloD, it was given ail accession mlllber and ita character1stios iD 

respect ot f"lesh oolotll" aDd tuber shape _ft DOtei (AppeDdix V). 

Forty-oDe &caessioDS are colleeted in 'rriDidad. '!Wo liON are reoelv­

ecl trOll GV8J!'seas, 0l1li trOll British GŒleDa (n_ ~) aDd the other 

tra Juaioa, through ootn"tea1as exteDde4 'bT the IliDiatr1ea ot Agrioul­

ture in those ooUDtriel. A s8IIpla ot tUbera l'8cei"t'ed tr_ the Depa.rtmel'lt 

ot AgricUlture iD ADtigua praved to 'be DiOSC0r8a esc1lleDta &J'Id DOt l!. 

tritlda. 

'l'he &cce8sions 1I8J."e DWlbe1"8cl cODSeC1ltlve1,. trOll 1 to 44 wi th 

th-q digits 6 &Di 3 appeDdecl to each DWlber to illdlcate 1963,' the ,asr 

ln which collectlon wu -.de. !hu, aceelsioDB 1/63 to 41/63 are collect­

ad iD 'l'riDidad, 42/63 oame trOll G\J;18Da, a.Dd 1.4/63 ns recelved trOll 

J'amaio.. 43/63 wh1ch GaII8 trOll Antigua was DOt oWlh-cush am was reaoved 

trOll the coll.ectlO11. SubsequaDtq, artel' the tubera had Men plaDted 

and aerlal grotrth _s 8attieient, the ideDt:l.f'loatlon ot aU the acees­

aiou 1IU collf'ir8Ml bJ' reterenC8 to botSDical descriptioDS ot Dioscorea 

tr1tida b1' Griaebach (1864) aI1d Britton and lfUson (1924). rurther 

eontirmatioD'IIaS obtaiDad b7 compar1son vith cush-cush spee1llleDB in 

the Herbsrium ot the Un:l:nreit,. of the W88t IDdiea, St. Augusti ... , 
. . 

TriDidad. 

Tubera to be used as source .. terial far agronomie experi.Dts 

_1"8 purchased iD local food markets. This material oomprised 3 varieties 

which are )man b,. the DalleS White cUh-cuh, Purple cuh-cush am Boucan. 
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The veDders 111 the markets m&1utàiœd that white cush-cush 18 importa4 

aDm·' q trom Gup.na., aDd it is interesting to Dote· tha:t the cn:rsh-oush 

tubera (accession -'2/63) wera ideDtical with lIIaD)' ettbe White O1ish-oush 

tubars purehased. 

2. PlaDt Description - ~senat10n ând lleasu:remeats 

Bstab11shmeDt 01' Obeer"lation Plots. 'l'he obse1"l'ation plots 

lieN located on ~. LoIIu ~ soU 't7pe (Appeœ:bl: II).. '!'he 1aDd wu 

plougbed iD. 1Iq, 1963 and torr.d into r14gea 1 ft. high aDd 3 ft. spart. 

The larron bat •• n the ridges wezoe tl1led withpal"tial.q rotted pen 

lII8.ZlUl'8 and then the riiges 118ft 8p11t leDgthwise to cOYer the peD ~ 

aDd so tora •• lIIIUIllN-tUlecl r1dges. 

The tUbera or the 43 acceaeioDS ,..re cat :l.nto 4 oz •• s.dW 

p:l.eees and these 1I8re plantai about 211 desp :ln the teps ot. the. ridgea 

am 48 1nches apa.rt along the leragth of each ridge. A atoutbaraboo pole 

about '1 ft. lcmg wu t~ plaDted _arto 8aeh -seed- p:tece. Pl.aD:tiDg 

date wu U 1Iq, 1963. (!bis wide l'art spao1ng is uDultml tœ ,... b1lt 

wu 1IlteDdecl to av01d 1nte"w:lniDg of the 'Y1Ms ot adjaeeut plallta whieh 

would lIISlœ the 1"G~ognit1on :md :=a:areIl8Dt ot 1œ1'Y:l.dual p1aDt cb&raotel'll 

aUticni1t • ) '!'he IltIIaber of plauts eatablishe4 :ln o'bsa1"l'ation pl~ is 

shcnm iD Table 2. 

Observations a.Dd lleasurell8N. '.rhe stages 1n the aorpho10gical 

dnelopment ot the plants iD the observation plots were DOtedalld:l.n 

DI&D7 iIlStances photographie :records _re made. In addition, cbàraeters' 

ot stem 1eaf &Di tuber were _uurecl. Wherever poss:l.ble a complete set 



lI\uIbez'. et plaIlts. or .D1oacorea tl'1t1da 8stabl:l.ehe4 in oblervation plots 

1963-1964 • 

. Ifo. of . '10. of '. 10. of 
Acceslion·. piàuts'" . Aceesaion' . plantè. AocessiOll plante 

·10 •.. eatùl:l.ahed.. . '10. . . eatabl18heci .' .: Ko. . eatàbl1&lhe4 

. '."-" ., . . .. 

1/63 4 . ~'3. lG 31/63 0 
~'3 . 5 1~".c. ~l, . 32/'3 ·5 
3/63 2 18/'3 3 33/63 '1 
41'3· 0 .. 19/6' .. 4 :3,4/'3 0 
5/'3 3 20/'3 l 35/'3 4' 
. 61'3 5. . 2li'6' . 3 36/'3 . .. 2 
7/'3- C!) '22/.63 . 3 ~'3 . 7 
8/~' 0 .' '.2'1/'3 .... ·7. V'3-' • ·1 
9/'3 6 "~'3 2 39/63 4 

1°/63 5 .. 2'51'3·' S· . ~/'3- 7 
W6, 5 26/'3 2 41/'3 2 
12/63 . le .. 21/6,· :8 ·~/~3. .13 
13/'3 3 28/'3 5 43/'3 0 
14/63 .1 :8/63 .. ., .. W63 ." 15/6' 15 30/63 4 

, '. " 
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or _asureaeDta _re taken for at 18ut ODe plaDt ia each accession. 

If' the' "fU'iat1oa hemaa plaate in a, single aeoessioD wu wmsual.l.7 ' 

prcmCSUD08d, -lIeea- II:Ixttrre 'II8S suspecte. and aberrant as wU as DonBl 

t,pes wereDOted aD! _saured., The acoallsions fl'Oll whioh_asure_ats 

, ~ stea, 'leat aDIl' tUbeZ' chvacters WH takea are liste4 iD !able 3. 

DRd.la ot the .... U1"H8Dt. are sivan'bel_. j,U oha:racters 1Ie1"8 .as­

... Ga ~ .. an, adult plaat orgua. 

<al ste.Characaters (MeuureÏl 021',4 'piasts sel ••• a'l; raDd.aiD'" 

eaohac •• ,sion) • 

1. "Ip!1erot !1!ca. COUDtstakenat t1rst,'thUd,t1fth 

and teœh,:lD'teraocle "'ücma,thaaurtace ot the" groarl. ," " 

2. Ste. thio ••• : ~'Npreseated b7 ~he d"-ter 'ot the 
fitth iDte1'D04e ,a'b1!We grO\1Dl. '!'he ....... œ ,reters 

01117 to th. thioJœess. ot the bocl7ot' t~ steil~ !he 

w1ngs are exol.4. 

3. ' Leyth ot 1BterllOll.s' as raprese.4 b;r theleDgth ot 

the ,fttth' :lJt.t4tnode 'abO'Ye 'grcrnmd. ' 

4. "'1' ai bruches "1' stem: at 2.5 ft. above Iz'ouat. 

'.Ste. eolO1ar. .lppra1aa1 oarr1.edoutiD thebasa1 por­

tion of the ste •• 

(b) Leal Cbaractere (lIauUl"ad on 15 raalom.l.7 salecteA adUlt ............ '" , 

18 ..... s par plaDt. The DWlber of plantel iUfolvaa 1& each 

accession uriea trOll l to 5). 

1. J,egth ot petiole 

2. teDCth of' l!mina lobes: !'rOll top ot petiole to t1p ot 

lobe. 

3. hlber of lobes per leat. 



Accessions trcm wbioh measurements of stem, 1eaf' &Dd 

tUber cbaracters .are taken. 

Accessions' 

1/63 
2/6'3 
j/6'3 
5/63 
6/63 
9/6, 

10/63 
12/63 
13/63 
15/63 
16/63 
1a/63 
20/63 
23/63 
27/63 
~/63 
33/63 
35/63 
36/63 
YI/63 
38/63 
39/63 
40/63 
J.J./63 
42/63 
44/63 

Stem 
Characters 

+ 
+ 
+ 
+ 
+ .. 
+ 
+ 
t 
+ 
+ 
+ 
+ •• 
+ 

.+ 

+ 

.+ 

-+ 
• .. 
+ 

Isat 
Characters 

t 

+ 

+ 
+ 

.+ 
+ 
t. -.+ 
+, 

. .,. .. 
•• 
+~ 
+ .,.. 
.a. . 
~+ 
+ .,. 
+ 
+ 
.... 

. '. 

Tuber 
Cbaraotera 

+ 
+ 
+, 
+. 
+ 

.. + .. ' 
+ . +,. 
+. 
+ 
+ 
+ .. 

·f 
·t 
+ 
+: 
ot' 
+": 
t: . .. .. 
.+ . 
+ 
t. .. 

.+ . 

47. 
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(c) Tuber Cbarao'ten (b)r "iSua1. ..,aluation). 

1. Cl_ter habit. An U888ament ot whether the t1lbers are 

deDHq- packed 111 the cl_ter or loosQl,. attaohect. 

2. 'faber ahape: Whether roUDd, 0't'014 , . tUitcma, OJ'l1Dà:r1oal, 

tan-ahape4 or ftl'loual,.lobed. 

Ploral abaZ'actea wre al.8o _aau:red. '!'hese ....... m _re 

nlltriotecl to tner __ 8810DS a1.œe a11 aco8a8iou. d14 DOt. n .. r. The 

toUGiriDg chanetera wre ...... dl 

1. !!I!bF·ot .. s par iàtl.01"8!Oeœe. 

2. 1I1Dù8rot tlGIrérs Per ax1s. . 

3. t.e!ltJa of &Zes. 

4. Le" .ttJ.nrer (frOllbue otpeüoel to tOpl108t a1irn1tjr 

ot ethers - iD. male tlowerB - , aDd atlgas - ia to.:la 

fio .... ). 

5. W:l4th of tlewr (spaD ot periaBth ftGrl). 

PiDal1,-, the .... ure .. nts aDd estbatea l:lated. a'bO't'e _n 

aupplelllSntecl DJ'.··phGtographa U1utratlDg the cbaraoteriatlos of atea, 

laat, tl.ower &Id tUber. . .. ,,~ 

Prel1l1f,.!'l obllflft'at1on GD tlowar :l.adw:tlon. In Tr1n:tdad, 

the 2lat to 29tb JUDe 81'8 the lODg8st d&18 in the ,-eU" &Id the duration 

ot clql:tght on the. 4qs 18 12 hours &Id 43 IIimltelJ. !'he shortest 

dap (11 hours. aDd 32 Jd.mItes) are 17th to 25th Decellber. CU8h-o~h. 

DOI'IIal.l7 atarte tG tl.ow:r iD the ahorte~ cl. ot october ua oont1nœa 

tlonriDg UDtU the eld ot JIlIIWlI'7. B,. th:ls tùe the dr7 .eaBOIl bas 
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started aDd the plant aoon matures and dies. In the 10Dg dqs ot J1me, 

July am August the pl.aDt ls narmall.y in i ts phase.,f' greatest wgetative 

growth. lt:ls cOIIIIIloDl.y bel1ned iD Trin1dad that f'lOll8riDg in Dioscorea 

trifida is photope1'1ocHcalq controlled and oDl.y tma place during 

ahort c1ays. An iDnatigation of this _tter 'ftS iDitiated at Central 

Bçer_nt Station in this progr8D1118 when 10 aeec11iDg plants, abotl't 6 

1Il.,Jd;ha oU, were subjected to short-da7 coDliiticms. 'fAis wu accollpUeh­

ed iD the f'ollcnriDg 1WIDIr. '!'he aeedliDgs are ~mm in large pota 

staDdiag on a lcnr (l2ft higb.)1IOY81lb1e J platfOl'll set on leM castera. Lo1r 

treUises _1'8 bu:Ut on the plattor. to proride support; for the cuah-cush 

viœs. The platf'OI'IIl wu __ led every Dight (a.tter the Sull had Bet) illto 

a ehed epec1al.q: bullt to recei'f'8 ft. '!'he shed. was paintec! black on the 

iDslde aDd there was a"'lack curta!n over the doo1"ft7 comp1ete~ preveDt­

iDg the entr;r ot 1tght. By rellert'iDg the plaDta troll the shed eacb 1I0l'DiDg 

at 8.00 hours, a loDg Dight, œt 1es8 than 13 hours, was aDStI1"8d. Hlgh 

temperatU1"8B built up duriDg ~be dq nre avoided by waitiDg UDtl1 the 

shed bad cooled at Digbt batore lIlert'iDg the pl.arlts iD. 

3. GerIIliDatlon ua the Seed11Dg - (l)servatioDS and GérmiœtioD 'l'ests 

Obsl8rvatioDS. Observations on the germiDatioD proc88S itselt 

wre made iD the course of' several gerllliDation tests. SeraiD&tiag ,sHels 

are dissected aDd eqmiœd at regul,ar iBtervals betoN ud atter emel'­

gaDee of' the prima:ry root to determ1œ the seqœnce of evants leadiag 

to DOl'II&l geraiDatloD. So_ ot the major charaoter1stics of' sead struc­

tU1"8 ftl'e Doted. 

Obeel"'latloDS on eeec1l:LDI growth and dne10p.nt are made 
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OD. more than 50 aeedl:I.Dgs frOID tt. ot emergence ot the priIaarJ' rcot 

unt:l.l the aerial shoots assumacl adult characteriBt:lcs and. began to twirJe. 

1t wu noted earl,. iD these stUd1es that the growth rate of young BBed-
'f: 

1111gB azposed to narmallight iDteu1t,. 18 'Ye't"1' slow aDd seeclliDg lIortal,1t,. 

1B h1gh. When these alow-growiDg plAnts are traaaterred to shaded con­

diti0D8, the rate or growth iDCl"8ues aDd mortal.1t,. :la redueed. fi was 

dec:l.ded theretore to· g.l'ft SCIlle shade to S08t ot the seeclliDgs gren at 
, 

Central Bzperwut Stat10no This..." ach:l.eved b7 cODStructiag woodell 

frames about 19 ft. high aDd coyering the tops ri'th saru DlttiDg • 

.lpprox:l.mate17 5o,c reduot101l 1D DGl'II&l light 1nteD81t,.was obt .. :l.DiJd iD 

th:l.s m&nmr. 

Gel'll:l.Datioll Tests. Gera:l.aatiOl1 tests wre st&rted in May, 1963 

&Ild cODt:l.rmed, ri th but tew iD:tel'1'\1pt:J.OJl8, UDtil .lpri1, 1967. These ez­

per1llerdis were :l.nitiated to detera:1De the natve aDd rate ot ge1"ll:1D&tiol1 

or cush-cuh seads. staDiard tests OD f'ilter papar :ln Petri dishes wre 

conducted troll .. to JUl,., 1963. li; SOOIl became 8'9'1d8nt that ge!'lldrla­

tiOll :ln Dioscorea tr:lt:l.da 1s length7 and :l.rregular, aDd 1t was decidad 

to . Ca:r%7 out the tollow:l.Dg testiDg pl'Ograaaa ai_cl at t:l.DiiDg methads 

of accelerat1ng the procaSSI 

<a> Date of' Seeding !xperiJaent. S:b: germ:l.Dat1oD tests _ra per­

f'ormed successivel,. iD !!arch, April, ...,., JuDe, J'ul,. aDd 

ootober, 1964. The seed S8IIples ued in aU the tests were 

draWll tr_ a batch ot open-poU1 Dated se8d harvel!lte~ trOll a 

s:lng1e temale parent, 16/63/8 in January, 1964, about 6 weeks 

batera the commencement ot the t:f.rst test. The aim or this 

work was to tind out whether a dorlD8l'lCl' period af'tected the 
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leDgth ot t_ reqa:lred torgermiDation. A11 testS1l81'e car­

ried out iD. soil arJd there were 200 S8edS p&r test. (RipeDeBB 

of Beed was assumed wh8n the capsules dehiBced and the sead 

1188 cJ.r;y, brown am brittle.) 

(b) Seed '!'reat_Dt !xper1aeDt I. In this ezper1ae1lt a rande 

8B111ple ot open-polllDa'ted seec1 1rB8 pretreated in 5 dittereDt 

'IrQB and set te ge1"ll1nate UDder wo regiMs ot l1ght. '!'he 

teUcnr.lng treatments were 1I8ed: 

(i) . BEpasUl"e tolowtemperatm-e (5Oc) tor 12 hours. 

(ii) !:q)osure to lo1r temperature (,Oç) tor 24 hows. 

(11i) BEpoaU1"e to b1gh temperature (52OC) tor 12 ho\1l's. 

(i'V) BEpOSUl'8 to higb teaperatU1"e (52°0) tar 24 hours. 

(y) Ro tl'eat_Dt (coDtrol). 

Ge1"II1UtiOD 'IIB8 oarried end; OD filter papeZ' in Petri dishes 

OD • beDCh in 'lihe labora'tolT. '!'hare were 25 seeds par Petri 

cliah aDd 8 dishes (l.e. 200 seeds) pel' pretreatmant. J'oar 

ot the dishes with seec1s troll each treat_nt _ft set to ger­

Dd.Date œder eoœ.f.t1oœ ct coDt1nuous cIark.ss ach1eftd by 

ceweriDg the dishes with a hea'VJ' black clotho '!'he remaiDier 

ot the aee4s were allowed to germ:1nato UIlder the normal COD­

ditioœ of c1ayl1ght am nigbt iD the labOratory. The 

objecti'Y8 orthe exper1meDt was to tiD! out whether the ger­

II1Daticn rate UJIl/or perceutage could be 1mproved by &Dy ot 

these treatll9Dts. The test 1188 startad on 14tb Marcb, 1964. 

(e) Sead '!'reat_ut !xper1.llellt II. This test also·imolved the 

pretreatll8nt et open-pollinatec1 seeel betore germination. 

The seed sample œed 1I8S haJ:ot"ested trOll a siDgle temale 



010De (,/63/9). 'l'he treatments 'llere as follows: 

(1). Relloval of w1ngs. 

(11) RelllO'Val or w1Dgs aDd 8XpoaUl'e to high temperature 
(5200) for 24 hours. 

(111) Removal of Beed coats. 
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(1v) Relloval of nad ooata aad exposare to h1gh temperature 
(5200)· for 24 hours. 

(v) ~. ta 5200' far 24 hours. 

(ri) Ifo t1'eat.nt (oontro1). 

" GerE1Dat10n was carr1ed o~ OD t11ter paper in Petrldlshes. 

There wera 200 aeeds par treatmellt. The purpose of the experi­

_ut. was to tiDd out wb.ether gerlliDat101l rate aDIll percentage 

wra iDf'lu.eœed 'b7' ·high temperatures aM the presence or ab­

senee of the testa and outer tissus. The test was startec1 

on 19th 1Ia7, 1966. 

(cl) Open-polliu.ted Seed 'l'est. This was 4esigœd to testaDd 

cOllpare the ge1'Bl1nation rate· aDd percentage of open-poU1nated 

seeds of 7 fellale oloDes ot D1oscorea trif'ida. The cloD8s 

_ra se1ecte4 trcm 7 accessions, v1s. ,2/63, 5/63, 9/63, 10/63, 

15/63, 23/63 aZId 2/,/63. (;&rmiDation was carned eut on filter 

paper 1n Petri dubes. There ore 100 seeds per ol.Gœ _ The 

experment 1J8S staried OD 23rd Apr:1l, 1965. 

4. stud:1.es OD Sax !!pression 

'l'he data presented OD Bex ratios in Dlosoarea tr:1f'ida were 

obtaiaed, tor the m08t part, from experimentB which involved the growing 

of 7 seed1ing populations under both field and reduced Ugbt oorditloD8 
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during 1964-1965,'8JJd" olow populati'oU" Ulder l'ield ooDdit:1ol1S :ln 

1965-1966. !he plantiDg mater1a1 (tubersor tUber pleces) use4 iD eatab­

l1eh1Dg the neicl of oub.-cash:lJs. '1965-1966 was prec1œeél bj'the"seedliDg 

planta grown :la 1964-1965. 

'!'he ... ecUing populatioœ, (1964-1965) were gl'own tr_ 

Op6:l-polliD&ted .,eeaa colleètedtra. '1 teale cloDll plaDta belODg1Dg 

to the follft'1ag 6aceeseloDlu'1/63,2/63 (2 'plante), 12/63, 15/63, 

16/63 &ad 35/63. Theàèlectlon' ot the'H' olo_s as eeed pureute 1RI8 

larplj- based on ,the',' tact th&t' the7 had' each proèlucec1 the Wge' qUlltl­

ti8s or ... 4 _dea' tO~stabl1ehàizab18 'plUt pejmlatloœ.:IIl ad41t1011, 

however, the 6 'aecelsiiOœmaplU1ecl1làch ot tiae'w.rlatloli iD the' 

cuh-oush' ..ter1ai uii48r atua.7. " 

'l'be aize Of· .&ch' seediihe pôpuiatlon eetabliehecl :le .hm :ln 

'l'able 4. Betabl.1ebJieDt:,Wu an iDYol'Yed procees. lear17 3000 ... da 

('i.e. cwer400aeeaè 'rrOÏteiLcbclcDe) 11'81". 'sna :ln:tlats1Jfthe green­

houae 15th 1Iq~1964~ on geralDatloa, the aeec1l1Bge·.re 'tftuplalite4 

1Déli'Y:lc1ual17 iD swl 'plastie pet8(aboUt 8, iD •. tall,&Dd 8b.' iIi 

diaœter) aac1'plaoe4,:tA5. ahade, UDt1er sara- _ttillg., (1hUe._ 

ahede appeared ira prMiOus obsenat1cms to be esseatial' for' seedllilg 

grCJll'th, the perf'CJl"1IIa1108 of' plants gl'on pest the seecUing stage UDilar 

open field coDditl_ 1188 ;et UDlmmm.) In' an effort to euare adeqU&te 

grcm1ng oODditiou tor at leaat SOlO ot the planta, hal.f' ot the seedliDp 

uader sarail ,.ttiDg _te ,trauterred to abaded field aODditl_ aB SOOD 

as th.,- bad enterei the adalt phase of grmh, 1.e~ aiult le&"1es are 

beiDg producec1 &rd stems had bagan to twine. The rama1 D1DEr seed1 iDP 

wre traœtenea 1;0 opeD ,field conditioDS &t the S&m8, t1me. 
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during 1964-1965, and 7 010Da1. POpulatioDs' Ulder fieU OODd1tioDS iD 

1965-1966. The plantiDg aater1al (tabersor tuber pleees) used :ln estab­

llah1Dg the t1elc1 ot oUllh~ùsh la '1965-1966 wu prodacec!l bt the" aeedl1Dg 

plante grOlrll iD. 1964-1965. 

The aeecU.1ng populatioœ (1964-1965) were gl"on tr_ 

open-pol1i uated aeede oollected rra. 7 te-.le cloDal plaBta belODgiDg 

100 the tollniDg 6 acCesàioDl"1/6j, 2/63 (2 'plaDte), 12/63, 15/63, 

16/63 &Dd 35/63. 'l'he"sèl.êctlon' or the"IIe' oleDeS .. aeect panats wu 

largeq buecl oDthfi tact th&t the;- had ei.ch' proc!ucec1 the laItge q'Gallti-

10ies of .... a .. CId' tO eatab11Bh liiUb1.8~1ânt pepulatioEli."IDûd:l.1oioD, 

hne'Y8r, the 6 'acceiuJio.' Ù8Ç1it1e4 Illich ot the 'variation iD the' 

O1IIJh-aush at .. W 1ÛlIlè1'" at.. ' 

The ai .. Oteach'seedl1_ popul.ation eatab11ahe4 is ahon1D 

Table 4. Bstab11ahMldi 'wu" an iDYo1 ... ed prOC.IIS. lIea:r1,. 3fJOO' aeeas 

('i.e. _er 400 aeeas 'rroÏleach c10De) wresOWIl in' tlats :lJi,"thegN8D.­

houe 15th 1Iq, 1964~ on gerll1aat:lœ, the aeed11DgI· ... re 'traœp1aDte4 

iD4:l.'t':lcluall.,. in slia11 plastio peta (aboÏlt, 8 ,iD. ,tàll ,aD! 8i1l.' hi 

.u.a-ter) aDèl' placec1" in So,c ahade,' mr1er aaran, DettiDg., (IbUe 80_ 

aUde &ppe8l'ed fioM! ~!~.. observatiODll 100 be 8ssential' tor '1I.8dl.1i1g 

grwth, the perto.ranoe of plants gl"on pest the aeec!11Dg' stage 1UI1er 

open &ld coDdltlOD11 was ,et unlatowa.) ID. an effort 100 e.are acleq1late 

groring cODdi1o:l.ou for at 1.ae1o aoae ot the pl.aDta, halt ot the seedliDp 

1IDder 8&l'&D œtting wre ,trusterred 100 ahac1ed field cOJ1d:l.tlou as soon 

as the,- bac! eDte~.d the adult phase of grcnrth, i.e. adult 1eaves are 

beiDg procbleec!l aD:1 stems had began to tw:l.De. !he ramai Di Dg a.ea11. 

wre traœterrea tG open field ooDtitioliS. &10 the a8D18 t:lme., 



JrœIber ot seadl.1Dg plaDt;s e.tabl1she4 in ah&ded aDd· 

wmhaded plate tœ sex expreSS10ll studies ·1964-196' • 

. '. ~ /." ~ 

1/63[5 
'q6'!!6 
2/63" 

l'î/63/6 
15/63/6 
16/63/8 
3'5/63/1 

'l'otals 

Sbadea· 
Plots 

1"" U'1 
·m 

11'1 
126 . 
132 
92 

803 

. Uuhaded 
Plots 

112 
131 

·136 
100 
66 

100 
83 

728 

.. 
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The sbaded field. 1I&S in tact a light staud ot ,.oœg pille (~ 

hoD4mD8i8 Looclt) al:read,. wU establisbe4 on Piarco !l'iDe SaDd (see 

AppeDdix nI). 'l'hese relative~ taU, alender wees were spaced about 

18 x 18 ft. apart and 1"8dv.ced normal l1ght inteasit,. 'b7 about 5OJ. Bach 

oWlh-euh aeedl.1Dg W8II plallted iD • acnmd. 18 iD. hip ana· about 24 iD. 

in diue'ter. The .ourd8 _1"8 , x 9 -ft. apart &Bd a stout bulboo pole 

about 7 ft. 10Dg wu dri'9'8n:t~ iDto the grOUbd _ar eaeh ao1ma to 

pl'CJ9'1de 8upport tor the tw1D:1IIg oub-01l8h 'riœa. 

'.rhe 1UIIIha4ed tield. cf o_h~1I8h wu &1ao alted OD P1arcol'iDe 

SaDd. 'l'be seedliDga _reapaced , ft •• part cm ridgea15iD. high &Id 

, ft. &part. '!'he p1aDt:l.Dg distances OD eaeh l'idp ere 80 8Z'1"aII&8d that 

.&ch pl.aIlt appeared· to lM looate4lddwq between t'Wo plants en adjaeent 

riclgee. The .,pt.1l"pde ot the w:l.4e spac:I.Dg :ln ahadec1 aDd· \1IIIJhaded plots 

1tU to avoH :l.ntertwiD1Dg of vius of ad3acent plants ao as to tae1l1-

tata the 1deDt:l.tioat:l.en of the eexes. StaldDg wu clOIe iD the 'normal 

W'Q', ODe atalœ per plaJ'lt. 

'!'he teJ.-t:l.l1zer progr_e :l.n both plots coœiatea of aD 1D:I.tial 

applicatiCD of 100 lb. of eulphate ot ammollia (20-21. 1) per acre to 
. 

the seedliDIB 88,: aeon as grc:rwth .as !'ea'tDlled af'ter tr8l'lBplantillg; ad. 

complete è1resaiag or 600 lb. of tertUiser (ot the composltion l:l.stel! 

balcnr) per acre .pplied 4 weeka &rte the tiret dre8siBg: 

Sulphate of ~on:l.a (20-21 % 1) = 200 lb. 

Superphosphate (16-20. 8t'&i1able P20S) = 250 lb. 

Mari~te ot Potash (50-55 % '20) = 150 lb. 

Growth ftS more vigorous iD the aha4ed plot;, than iD. the un­

ahaded plot. BaU,. :l.DSpectiollS to o'bS8l"V'e tlower elDBrgellae cCBI8nced 
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aarl,. iD october, 1964 aDd oolZt1me4 \UltU the ead ot Jlarch, 1965 • 

.At harYest, the tubera trOll each. plaDt iD. both shadecil aDI!l 

UDShaded Plots are c.llsctea· ..• ep81'àtel,.. !aber ·we1ghts for e&ch .bded 

plant 118ft recOl'ted. OB the ether band, "the tubera irCll the 1Dl8hade4· 
., 

plot w:N aoamaU' 8ml pOO1'l,.tarmeci that _ighillg them see_d 1IDIrU'l'&rJt-

84. 1IoWe'Yer., aU· tubera trClll' both plots 1181"8 storeclin paper"baga" ODe 

bagto. each plut han'aeted', for uaa UI pl&::t1=g ater1al iD. the . tollaw-

1Dg·aeuOll. 

IIl_j·l9'S;t.uuhadecl·plots, euh with cloDal. repreeeDta­

t:l: .. a et al1 the. plallta·:l:Ia . the· 7· po~tlou grOWll iD. 1964-19.65, wre 

estabUabed; OlLe: p1ot(Plet :1) .,." -8:U .of: ·tubera· troa the aha4e1 

.ovee, aII4 the other (Plot 1) with tllbera .tro. the_ha4eda0urc8. 

J3ecaue orthe poor J1e14 . of: t\1'bera iro. the uuba4e4 a0VC8, .. ed 

pleeea uee! for pl.a.ntiDg Plot B _lp.a 2 0....laa8. !kose plaDtea 

~PlotA wra at 18_t 4 !) ••. 1B 1I81ght. laDd preparat:l.cm,plaDtiDg 

c1:l.ataDoes "aDdatakiDg were the a .. as then a.a la the UDShaded plot 

:ln th. pr8'Ylous" 18ar.. "':ra'tes·ot fertiliHl' _l'a also a:l.milar· but, 

in both Plot 1 Uld Plot B, the DitregeDOWI tenUi ... wu &l'Puea· at 

the tim of .8prm ell8rgeD08trom the· 8011, ifhile· the complete f'ertUiser 

.... put 011 about 6 _eka later.· 

'.t'brouIhoœ thegroriDg aeuCD the" plantain Plot B wra IIlUCh 

less 't'1gorous tbaD thoee in Plot-~. ltegular iDapectioDII to obaene 

flnar emergGllCa" cOaleDCaél iD Octebar, 1965 ud· cOlltillD8duntU lfareh, 

1966. 

.A.t. harveat, tuber ... :l.ghta par iIldividual plants are recoriec1. 
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5.' .lgroMlDic Studi8S. 

In 'the 1~3-1964 gE'cnr:lag aeasoll agroDOldc 8:t~es wre restl'ioted 

tG œsenatioDS ot _ field pel'tOl'lllllJCe ua measUl'emeDt of 7ield on ~ iD­

dividual plant b~1s." ODe hUDdred ~ t~iI't)'-s1x plarlts wre eetablished 

iD a sllBll. '9'&I'18t)' plot OD a hea.,.· olq 108lll (Cmmp1a Clq LoaIIl-AppeDlUx 
. ",'. '. . ", ., 

IV). These plants oCllpriaed the foUoriDg 3 OODA81'C1al "1&I'iet18et 
.. .. .' . '. " '. , 

White c1I8h-eush - 53 pl.allts 

PtII'rle oush-cush -.41 plauts . . '. ". . .' 

B01ICfUl 

,,' l 

It was evlc1eœ tro. aD ex."" _tion of the ta1:lel'8 'betOl"8 plaDt-
• . ' • . ~ .' • • ,: • '. : ' '. ' < ' ' ',' '. . " ••. 

!Dg that eachot these _ co-oaUed va1"iet1es wre ln tact Idztuzoes of . . . ,.' ".' . . '. .. 

,S8'V8I'altJP8s. "or exemple, the flash 0010111' ot tabers'be10.gug to 
. . . . . ".' . '.' \ , ,'. . .... ,. .'. . ", " _~ " . . ~ , ." , -, 

the p1ll'p1e 'Yariet.,. ruge4 trOll deep pu:rple, tbrough p1Dlt to white. .111 
. '.' ' , '... .. '.' ,. '. , '. " ",' . 

the ftl'ieties c0Dta:l.De!1 tubel'8 ~~ "'~iOWlSh~s, ,al~~ugh the, t~rs 
" t " 

or N'te cuah-cuh wera precl_n.ntq oyoU url thœe of BOUCaD pred.om-. .' . . . , 

1Dantq- tu-shapea and. lobeci • .. ' 

'l'he lseedl pieces wreplatec1 iD ,_11-manurec1" ric1ges iD the 

v&I'1.t.,. plot. '!'he l'laps 1I8I'e 4 tt. apart &Dl the 'spac:lDg dia tance 
- . " .. ,' 

along the rldge wu 18 iD. Stak:lDg waa done w:lth baaboo poles' wh!oh . 

wzoe so pJ.acea that the ",iDes ot t.o ad3acent pl&llta oould 'be supportecl 

'b7 a single atake. Gl"oIrth waa vlgoroua. A.t harnst, the tubera pro­

duced by each plant are weighed and clasa1tied accordiDg tG habit &ad 

shape (lppeDd:1x VI). Th. tubers ot 8 plants, identitied b7 the acces­

SiOD ambeN C/67/63,C/69/63, C/88/63, C/~/63,. C/92/63, C/131/63u,d 

C/134/63, wen selecte4 011 the basia of high ,-:leld pel' plaDt, UDitorm 

tuber shape, aDd eue al harYesting, &8 plantiug mater1al for a yield 
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tr:lalto he coDducted the fo1.l.ow1Dg seuOD. The rema1n1ng tubers 1I'e!"8 

bulked acearc11Dg to var1eties and stared as plautiDg Ilater1a1 far use 

iD 1'urther agronom1c studies. 

'l'he follOll'i:ag tield trials are ccmd\1.cte4 trOll 1Iq, 1964 to 

llarch, 1C)66: 

1. Cush-eush c10Dal eval._ticm experiBleDt, 1964-1965 (re­

terred to hereiDatter as C10Dal Bxper:laent (1964-1%5). 
" " 

2~ . Cub-cush eloDal. nal_tiœ exper1.-Dt, 1965-1966 (re­

f'erre4 tG herelaatter as C10Dal BKper:lM1It (1965-1%6). 

, .. Cush-cuh plantiDg·d1stu.oe am aee4 wight ezpen.Dt;, 

"1965·1966 (retel'1"8à to IW:reiaatteras SpaciDg Bxper1meDt). 

4. Yam Var1et:y Trial, 1965-1966. 

1. C10nal !ger_nt (1264-1~). !hia trial .... deaigDed to pl'O'fiàe 

a pre1:l1a11B17 8ftl-.t1on of the J'i_ld poteDt.1a1 of a_ or the cuh-cuh 

aterial. ..,.aUable. The 010ne8 teate4 _re ae1ected trOlD tubers or the 

White ctl8h-cueh aDd. Boucan varlet!ea. SpecUicatioD8 of· the exper:t.e_ 

are &8 fo11on: 

(a) J..qou:t: ~!ded bl~k des:lgn. 

(b) ClolJeQ teste4: C/67/63, C/69/63, C/88/6" C/90/63, C/92/63, 

C/1~/6'3, C/131/63, c/134/63. 
(c) Hwlaber of rep1icatiODllI 3. 

(d) W.1ght of -aeac11t piecel 4 oz. 

Ce> Pltl'! .. size: l2 x , tIi. (4 ridges, each 3 ft. 1cmg &Id :3 ft. apart). 

Ct) SpaciDg betnen -seedlt pieeea in the ridp: 1 tIi. 

(g) ItBiber of planta per plot: 12. 
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(h) Soil typel Las Lomas SaDd. 

(i) Land ~parationl as perf'ormod in the preparati()n of observa­

tion plots, described on page 'f4 . 

(j) Sta1d.Dg: dOD8 1I1th bamboo polee so placed that the viDeS of 

two adjacent plauts could be tra:lœd oDto ODe pole. 

(t) l'8rtili~rs applied: 

(1) 100 lb. sulphate or ammoDia per acre, appl1ed as soon as 

:y.o~ sheota had eJl8rged. 

(11) 600 lb. par &Cl"8 ot the follow1ng mixture, appllecl 6 w_ after prnious clressiDg: 

Sulphate of aBoDia (20-~ ~ H) 

Superph~ph&te (16-20 ~ avaUable P205) 

Mariate ot Potash (50..55 ~ 1.20) 

. (1) Date ot plallt1Dg: 29 _,1964. 

(m) Date otharvest1Dg: 10 1Iarch, 1965. 

- 200 lb. 

- 250 lb. 

- 15(:) lb • 

2. CloDal B!Fper1Dient (1965-1<)66). Thls exper1Jl8nt· was carr1ecl oui as 

part of the contbn1ng process" ot eValUat1Dlr 71eld potent1alln cush-cush. 

It was e:lmUar to the cloœl exper!ment conducted in 1964-1965 arid dif'rer­

ed from lt oDl7 in respèct of plot size, DWlber or repllcatioDS and 

location. 'l'h1s exper1ment W88 coDducted on Marco Fine Sand. It was 

pl.aDted on 5th June, 1965 8Dd i:lanested OD 2l1d March, 1966. There '1181"8 

4 replicatiQD8 in the raDdom:1zed block design Uled, and plots 118asured 

12 :x: 6 ft. 1I1tb 24 p1allts per plot. 

3. Spacing Experiment. The objecti't'es in carry1Dg out th1a experiaent 

_1"8 to e~pa:re the effects of dif'terent row spaclngs on :vield ln cush-cush 
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aDd to determ1œ whèther these ettecta an depeDdeDt on the wight ot 

-aeeel' p18ce. other specifications et the eXperillant were as tollc,,"u 

(a) Lqouta split-plGt de8ign. 

(b) Jfain plot8a 

(i) t1"8at_1lt8. lsee"- wights - 2 os., 4 oz., 8 oz. 

(11) plot siau 12 z 96 tt. (4 riel .. a, e&ch 96 ft. lcmg 

aD4 .. 3 ft. apart). 

(iii) 1DI1Ëe:r ot :replicaticma: 4. 

(c) 8ub-plota. 

(i) Veat_nta. plantiDg distances - 9 !D., 12 in., 18 111., 

ami 24 in., ap&rt aloDg the :riclge. 

(ii) plot aise. 12 x 24 ft. (41'14ge8 Bach 24 ft. 10Dg aD4 

3 ft. epart). 

(iU.) lIIIII'be:r ot plaDts pel' plOtI 

at· 9 in. spaciDg • 128· 

at 12 in. spaciDg = 96 

at 18 in. spaciDg = 64 

at 24 in. spaciDg = 48. 

(d) Soil t1P8t J,as Loma8 SaDi. 

e e) LaDd preparatiOlll as de8c:ribed tor the preparation ot o'bsena .. 

tion plots on page 44.. 

et) stakiDg. ViDes 118ft st1ppo:rted 011 st:rinp t:led to on:rhea4 

wires . at:retohiDg the leDgtb of the 1'14ges aDd eleYate4 6 ft. 

ab~e the groUl'ld by _&118 ot stou:t ,oles t1ft1.,. pl.anted at 

e&ch eDel ot the ridges. ODe ewerhead wiN sel"t'ed to supp&rt 

the plaDts ~owiDg 111 :2 r:l.clges. The 't'iDes clillbed OD. t1l'1De:f 

tied at Olle eDei to the plaDt &!Id, &t the ether sad, to. t= 
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O'I'8rhead w:ire. . 

(g) Ferti1izer8 appt11ecll I!I~ rate&Ddll8thod ot app11oatiOD as 

reported ter C1onal. bper:laeDt (1964-1(65) CtD page t>q. 

(h) Date of pllUltiDga 3 JuDe, 1965. 

(:1.) Date or· barve8t:lDga 14 llarch, 1966. 

4. Yu Var1eV 'l'r1al.. ID thil!l exper:llleDt .the 71elc11Dg ahU:l.t,. ot 2 

wel1-lœo1m ftI':letiea et Di_coaa .~ta, 'riz., Liehon and OrleDtal, W8II 

compared w:lth that of the cUllh-cush ",artet,' Boucan. L1IIboa aD4 Or:lutal 
. . 

are two ot the .. t eoaoDl7 eu.lt:l.'Yated ,... iD the ... atIIIIH... &!Id are 

cODS:lclerecl to be 8110111 the h:l.ghe8t ,.'leldera. '!he 8pec:lt1oatiODlJ of the 

_par_lit 1I8l'e .. tollOllll: 

(a) Lqout.· rdom.et! block dea:lp.. 

(h) Yar:letie81 3 - L:labon, Qr1ental, BOueaD. 

(c) lIUmber of 1'8p110àtloDaI 4. 

(a) "':lgbt of -.eed- p:l.eee.. 4 os. 

(e) Plot .:1._: 16 li: 24 ft. (4 r:ldge., e&ch 24 ft. lcmg ua 4 ft. 

apet). 

(t) Spac:lag bet.en -se.- piec.8 iD th. l'id.. 1 ft • 
. 

(g) HIDlber ot plallt. pel' plotl 96. 

(h) SoU tJpea C\1B\1p:la c~ lou. 

(1) LaD4 pNparatioru .u pertonad iD the praparatl01l of observa­

t10Jl plots, da.crlbecl on page 44. 

(j) Stak1Dga 88 deacr:l.bed tor th. 8takiDg doz. :ln the .pac1rJg 

exper:lJleut (page 60) 

(k) J'ertl11Hr8 app11e41 8&11le· rate aDCl _thod ot .ppHeation as 

WJ8d !Il C10Dal BEper:lllellt (1964-1965), cle8eribecl. on page S~ ... 
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(1) Date of' plallt1Dg: 8 June, 1965. 

(II) Date of harftatir;g: 28 rebrua.ry, 1966. 

6. C7t0l.os1cal· I_esti.tiens 

Ifost of' the atu41ea on' ohromosome lII:UIben _re oarr1e4 nt OD 

root t1p .. terial· trOll ~s .,1giDatiDg trOll the acceaaiou 1/63, 2/63, 

12/63 aDd 39/63. 0pea-poU:l.aated se"" ot teaale plallts 1Dtheae accea­

aiou 1181'. gl'0IRl 111 1964-1965 aII4 the tubera of the 1Ial8, temaleard 

hermaphrodite aepreptea haYe ail108 'beenll&1nta1De4 .. ptati'ftq •. la 

JaDIIAZ'J' 1967 ,tabars ho. male ua tellale plants of 1/63,· 2/'3, 12/63, 

YJ/63 aD4 heraaphrOliiteplaata ot 1/63 'liere brought to Maccleaald Gollep 

where t.,. were sprouted iD a ap801al.l.7. lleated - ..... - bGl:. So_ 

opea-polliDatecl _.as 1I8re wo prldDated. ha:re at IfaCdoDaU Colle. 

aud the a.dlings aed as " S01Jl"Oea ot roof; tip aterial tor obrOlllOSC118 

atadiea. 

Collection ot rd, tipa. !he root tipstrOli both tuber apreats aDJ. 

... dU.DgS 1I8re uauall.7 oou.ctect 1D the ear17 atternoon aDd be8t r8sults 

1181'8 obta1œd if there had been SUllShiDe in the 1I0l'1WIg prnious to 

colleotion. 

Pretraat_nt ot root tips. Lcnr te1lp8l"ature (24 hO\1l'8.at 100), 001oh101. 

(0.0]$ tor 12 hours), aDd 8-hJdrCl:7-qu:1DoliDe (o.OOI •• tor 12 hours) _ra 

tried as aethods of contraoting, aDd therebT, 8eparat1lJgtb.e oh.romoaœss 

at _taphase. 8-h7drCD:7-quiDoU.œ prand to be satiaf'actOlT tor th18 

~pose. 



J'fntiOll. ~tiOD iD_ 6:3:1 (alcoholaacetic aoid:chlorof'orm) gave. Nat 

1'eaUlts &Dd _s tba .thod 1I88d iD the preparation of Iloat of the sqwuahea 

etudied. It is be1ievec1- that the ohloroton iD 6:3:1 aida iD reaoviDg 

a.-. of the oU globules (sterage produots) which noraally obloure the 

chrGlllOSOIII8S iD l'oct tlp preparatlcms of Dioscore. tr1tida. 

StaiDiM. AtWr nxatiœ. tise root tipa were treated iD 5. Hel for 

20 lI1Datea, waahed., aDd staiœd iDleuco-bUio f'ucuiD for 30 II1Jmt ••• 

!he7 "l'. then tl'éatd 1I1th --,. peotiJlaae ter 8-12 hours aDdtr..t.ma 

to a drop ofaceto-oU'lliDè -OD a 018&11 llid.e wb.ere -.0111; -2 B. ot ,the -

apex of the tip wu prepared for ÎlqliashiDl. 

sa_hg. Satiatut0!7 aquuhiDg Rtl accOllpl1ahed b7 tirat teaaiDg 

out the root tlp :tiSlftI8 iDto 'Yer7 sll811 pieces. 'l'his waa llOat reacU.17 

doua with the aid of a d1asectiDg IIlcroaoope and _ t.o fiDe duaect:lDg 

medles. Thre. ar four p:1eoes of tissUe were 18ft OD the tirat s114e 

and the other pieaea J iD groupa of 3 or 4, wre trauterrei to drops 

ot aceto-earlliœ (dl -~sh Ill_II. '- !he r00t tip -uter1al waa -a.1.low84 

to reJl8iJliD the &eeto-c&rlliDe for 5-10 Idmtes a:tfiel' 1Ih1oh the 'piecea 

ot tissue werefiDalq Mparated -frori eaoh otber url -tba COVEtI' sUp 

app1ie4. ~sh1Dg wu 40118 ~ pl.aeiag thesUcle OD a tira, 1 ... 1 part; 

or the laborator;y baach holdiDg the conr slip iD ,ta.ce. w1ththa a:ld 

of a tubber-tippecl paDOU 1D o. band aDd tappiDg qtJi'te tirlll7 1I1th the 

otHer haDl with ttis .oorlen ud of a diasecting D8841a. 

SeaUg the otWer slip. Alter squu!l1.Dg. tha sl:lde wu passed quickl.7 

4 or 5 t-,II t:1'IfIr the tJ.a. ot a spirit lup, th8 neea. aceto-caraiœ 

na blotted ott, &Dd. the ccwer allp sealed tempcn"&1'U,.. The tempOl"8:f,f 
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seal.111g ct the cOYer slip was' particular17 illportallt, aiDae deapite 

tixation in 6:311, the accUllR1l.ationof oU gleb1lles in treahl.J-JI84e 

squashea f:req_nt17 made ,lt mpcssible tOllee the ohromoso.ls., BCftl8Ver, 

lt wu observe4 thatthe oU drop1eta tend to 1IGV8 aDd Coalelloe apo8_ 
by t1de action groups' ot oells. '!'hua, froa thia point ot .,1ew, the 

preparations iIIprcmt with t1ae. SealiDg to delq c1eaicoat1oD thentOl"e . 

taoil1tatea the oytological work. 

. '. 

. ~. 



OBSERVATIONS AND KlSULm 

1. A deB~lptiOD ot the vegetative plantiDg I18.terial oollect.d for 

thiB res.u-ch progr'aJIIIle 18 giftD iD Appel'id1x V. '!'he aeeda WIed are 

desor1bell iD "MaterialB and Methode". 

2. Pl •. DeacriptiOll - Obaervatioœ and lleasuremeDta. 

65. 

!he Seed. The aNcl of Dioscore, trU:ld' i8 flat, thiB, 8Dd 

rouchl7 ~ iD ahape with , slightq ll0t0hed base opposite the 

llioroPTlar eDd or it.pez. Both fiat surfaces are oewered wi'th thiD 11811-

bru0U8 ti8a_ wh1cb projeota GD aU aide. bqoDll the periphal7 et the 

aeea 1;0 tora a tlat, encircUx:g, s1ightl,. _.". wing. '!'he w1ug projec-

·ticms U'8 greater OD the tn sHes ot the "ed thaD on ei'ther the base 

or the apex and the 1"88ultiDg organ :1. •. elcmptecl a.Dd appeare.OII8what 

1t:I.dœJ'-abapei (Figur. 1). 

The 1'8su1t. of sHd-a!ze iD't'estigat1oD8 ooDilllOted iD thia 

prOgraD1118 &1'e 8UB18riHd iD Table 5. 

'!'he a:q w:lDg ti... is 81100th, light 8Id tragUe. It iIJ 11gbt 

brown iD oolour. Da8pite ita seem1Dgl,. delie.te _t1l1"8, it adherea 

qdt. firml7 to the aeed aDd IlWIt be acraped awe:r to expose the aeec1-

ooat 'beœath.· '!'he seedcoat 18 shiD.1, dark brOWD to alIIost 'black iD 

colour, and -ual.lr merke4 OD one aide 'bJ' a shallcnr but d1atinot groc:we 

exteDding iD a ~.d l1œ trOll the base ot t1le a8etl to the 'pex. !he 
\ 

see4coat is bard &Dl brittle 1Ihe1l ciry and becOII&a leatbttl7 aDd tough 

sell soalœd. Ii 18 intimatel,. ud tirlll,. attachei to th. tlat, white, 

opaque .Diosperm which it overlies. It ia V817 dlf'f'icult to a.parate 
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l'1gnre 1.- Qaàh~csUah seed8. -

Seedàv1th V1Dgs. ftIlOV8d, (cbove). 
W1Dge4. seeda (bel.av). -_ 

: $c:luares - '1 ca. x 1 CIIl. 
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Figure 1. Oush-aush seeds. 
Seeds ri th winge removed (above). 
lVinged seeds (below). 
Squares l ClIl. x l cm. 
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D1IIeII81_ ~ -80.'- •• 84 or DiOllOeN": trit1cJa. _1e~UN .. Dt8· taUD 011. 
~ - -

- " . 

.pell poUiated' se. 'b-oa , aoc •• id-. 
. '. " ' 

WiagH· ... ttiI 
JADt;\b- BNa4th3l' 

Se.as par G~ - _ -....lgbt. Or . 
. ftt.!a ·._ .• ltho1Et -WiDPperaeea _. . •. '1I'1.àp. --•. _1d.Dp (,.~Ilt.)~: 

1/63 19~13 '1.,,' , 91 JZ1 28.25 

2/63 19.92 8~32 72' 91 2Oe'j'" 

16/'3- , 21.08 8.12 787
, 101 21~52'. 

•• Bach .uurellleD't 'bas" on 200 deteniDat.lcms. 
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endGSpen frOID seedccat even in germiD8;ting sseds. '!'he eœ08p81'11 le 

pooket-l1ke and appa&rs to coœ1at of t_o thin walls of eDdosp9m t18aue 

sealed together along the adges except f'or Go small reg.l.oD in the viciDi't7 

of the apex. III thls wq 1t encloses a large, flat oulty in 1Ihioh lies 

a ver'! small elllbryo (Figure 2). Tha elibl'1'o of' Dloscorea tr1fida :ls 

pear-shaped wJ.th a short com.cal oolumn at its apical eld Erging back­

'Wà:n~a ~ a broader, progressiveq flatteœd, f'ollaceous cotyledon. 

It 18 f'oUDd in the aplcal 1"8g1on of' the elldoapera cavit,. &DI is so orient­

ec1 that ita ooDical eD! pointa tcnrd the openirJg ln the eDit,' wall. 

!he lloot System. The adult cuh-aush plant bas a tlbroua root 

878tea (Figure 3). stU1'd7 adventi tlous roots .aa\II'.t'iDg 2-5 _ •. iB thiek­

DaIlS arise from the sides of the central CQl"JJl at the basa ot the ste. -

usually axUlar;r to e_rgiDg tubera. '!'he roots radiate o\ltwards and 

'braDch progresslvely f'oning a mat ot f'ibr01l8!'Oots iD the surface soU 

aroun4 the ste.. 'a. roots g1'OW dizreetly dowmrards iD the 80.11. SOiIIB 

straight un'braœhe.a adventitioUB l'cota ..,. be ob~ervea overqiDg the 

_in tibrous root SJ'8tem. These are ,.oung NOts whieh lIIay' braDCh dis­

tan,. in t1me, replacing old aDd Don-tunctional !'Oota. The developiDg 

tubera wo be81" roots, but these are thinl.y scatte:red, spariDglJ' 

braBChed, &Dd short-liftd. The root system ot Dioscorea tritida ls 

DOt exteœlve. Shoot-root ratios eomputed OD the dry weights of' 5 

lL'IBll-grown plants, about 6 monthe olet, varied 1'rOJIl.58 to 3.40. 

The S'tell. Previous reports that the stem ot Dioscarea tritida 

is angul.ar, wiDged, and trines to the 18ft aN amply vel'if'ied by ob­

senatioDS at Central BxperimeDt Station (Figure 4). M01'8CY11el', the 
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Figure 2. Embryo in apex of endosperm cavity. 
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Figure 3.'· nbrOLüsroOt s~:~ ,~t pÎ8l\t.····· 
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Figure 3. Fibrous root system of adult plant. 
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C) 

Figure 4. Stem twining to the le:rt. 



ste. ltself' 18 hequantl,. tw1sted, 8C1"8W-11ke, iD a clœll:wi= directlon 

wh8ther 1t le tw1œd about a support or DOt C'1.gure 5). !he impUlae 

to climb upEl"da 1B atroDg aD4 uœçported S'tellS or bl'8.llohes w:I.U grOll 

O1ltwarda almosthorizoDtall.J' UDtll the,- touch soma ob3ect ar01JDd wh1oh. 

the,' ~ tw:lœ aDd asceDi. '.rha ste. NadU,. adapta ltaelt to the thlck­

lieDS ct lts support terJIiDg amall c1ose-tittlng epirala when on s18llller 

propa of w1re or striDg, aDIl biC spirala when the aupport 18 a thlek 

bamboo pole 01" braDCh of a tNe. 

!he dult at_ of -D1oscorft. tr1t1da- ara 1Irrsriab1711iD&H 

but the IlUIlber of 1d.Dp. per ate. 1& b7 DO ... ocmstant withln -the 

speol... TraIIn'erse 88Ot1_ or ate.. haYlag 2, 3, 4, , &D4 , 1d.Dp 

aN ahenm.iD P1gu:r.. 6 te 10. !hi8 character W'88 u··
'
ne4 iD aU of 

the c10œa :ln the _8"atlol1 plots aDdthe ùta 8hGWD. ia '1'able 6 na 

col.lectec1 troa pl.aJrl;s selec1ie4 at raDdOli t'rc. _ODgBt tbia; populatiœ. 

PlaDta nth 4 aDd 2 w1Dgs pre4011iDa.ta, &!Id 4 w:lJtp.- &1"8 .ra. COIIIIOD tlwa 

2. VariatlOJ1S iD w1Dg lIUIIlbeJt on a 8i.18 plant &l'8 DOt UllCo.IOIl. Soae­

t1ae8' the ste.- ia a plaDt; are 2- or 4-naged except te sllall _ &l'8U 

aear the base where aeveral w1Dgs are tcnmd. '!'hl. v:lrt.ual riDg ot w1Dgs 

111 batt:ress-l1b :ln appearame &Bd 11&7 be iDYol:nd iD the st:reDgth aDIl 

rigid1t,. of the ste. befOl"8 c1rcau.utatlon cOIIIIl8œe.. OCculoraall,., 

there iBan abrupt 'traœltlon frCII 4 wiDgS to 2 wiap iD the sta_ ot 

80_ cloDes. !he reuon far thie sadden chaDge la IlOt kDGWD but, siDee 

lt 18 œU!!lly t'rom a hlgher to a 1anr siDg !lW!ber, lt l!la7 aleo he ae­

DOCiated nth clec:reuiDg depeDdaDCe ct the ste. OD lts on. atreDgth as 

lt t1l1œs more s801ll'817 about lu support. 04d DWlbers of w1Dga are 

:lDt":requant. 
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() 

Figure 5. stem showing characteristic twist to the 1eft (clockw1se). 
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~~:6 •.. ·.Tz.IIDIIVe1'II.: 8eCtion;Ot/~8lIl1r1th~ViIIp;;· 
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Figure 7. TransVerse sectiOD()f stemwith3'WiDgs. 
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Figure 6. Transverse section of stem vith 2 w1Dgs. 
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Figure 7. Transverse section ot stem vith 3 wings. 



Figure 9. Transverse sectionot9tem vith 5 wings. 



Figure 8. Transverse secticm of stem vith 4 winge. 

Figure 9. Transverse section of stem vith 5 wings. 
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Figure 10. Transverse section of stem with 6 wings. 



'1'ABLB 6. 

·lIl1IIbar of 'ri. pel' ste. la 21 01011811 oomrtec1 at ate. 

:latel'DOlle. l12J1b8ra 1, 3, 5 aad 10' ahcmagr .... 8\1rtaoe. 

Clo .. a Iatenodea .. 
, \ ' ~' . 

• 0. 3' .' ....e;.5 

1/.63/.3 5 4, .4 .4 
1/63/2 4 4~ ··4 . 4 .. 

l/63/}. 2 2 .2. 2 
5/63/2 .4 4 '4' , 2 
'/63/2 2 2' :-' "'2 '2 

lti/63/l 6 , 4 
.. 

4 
12/'3/2 4 .\ '.4 . .4 
1'/63/3' 2 2 2 2 
lS/63n, 4 4 .4 4 
]Jj/63/1 4 .4 c: '" .4 4· , 
16163/2 4' .4 .4 , 
20163/1 4' 4 4 .4 
~6313 4 4 4 • ... 

fj6,/1 4 4 .4 4 
29/63' 3 2 2 2 
35/"/3 4 .4 -; 4 " 37/631 .. 4 4 

. " . '.',," ~., 4 ... ' ~. 

40/63/2 6 5 4 4 
Jtî/.63/.3 5 4 4 3 
1t2/63/2 '1 5 .4 '4 
44/63/1 2 2 2 2 

77. 
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The euh-cash stem, if' 4-wiDg9d, appears rectamgalar iD crc-ae 

section with a 1f'1ng at each corner. Similarly, a 5-winged stem appeara 

peDtagona11n C1'OSS section, and so ODe 

Some d1meuioDS of' S'tellS are sWllll8l"ized in Table 7. (The 

original data are recorded in Appel'.ld:ix VII). . stem th1ckœss ranges 

troll 2.00 IID. iD the sllSllest &dult stera AXarained to 8.00 _. iD the 

largest. InterDOde lengtb wo varies cons1derab1y am _asure_lIts 

ot 74.00 B. 8Dd 300 am. were recordad. It is worth not1Dg that "t'U'ia­

tioDS 1Iithin aocessioDS are greater with respect te 1Dternode 1eDgth 

thanto Stell thickness. Aleo, the:re i8 a teDdeDCJ' fol' 10Dger 1Dternodes 

to be usociated with th1eker stems. The l'egl'8SS1.0D of' iDtel'JlOde leDgth 

OD Stell th1ckaess 18 ai.gD1.ti.cant at the ~ poiDt (!able 8), aJJd the 

trelld i.e .... ielent in the l'9g1'eaa1.on gl'aph shOllR iD rigt1r8 1'. 

Transverse aectioDS of' the cWJh-cush ste. rneal that the 

vasoûLer budles are arranged in two ta1r1y di.st1Dct ri.Dga (rigU1"es 12 

to 15). 'rhick stell8bave large DU!Ilbers of "UDi1es pel' riug (bGth cau-

1i.II8 aDd cOllllon) titan thin S'tellS, and w:lngs invar1abq overl1e bu""" •• 

The endoderllis is pronounced and the cortex re1ativeq thi.n. 

Leavas are b01"II8 a1teruate1y on the adalt cush-cush Stell aDi 

tbera 18 a bud iD each leat uU. . Bra.nchiDg of' the stem. takea place 

whan o. or other of' theae a:z:ill8lT buds grow out, but; this happellB 

1nf'l"equeDtly, a.IId it S8ems, only when the apical groriDg reg10n of' the 

min stem encounters adftrse conditiol2S, or ùeD 1. te vigour 18 reduce4 

because of' approachiDg maturity and the reproductive phase. U&1IallJ' 

5-12 steu arise sucC8ss1ve1y trom the central cora 0010. groUDd. Bach 

of' tbeee tend to develop UDbranched throughout IlO8t ot its- l1te; &Dl 
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Figure 11'- Regression or length or iDternode on stem thickness. 



TABLE 7. 

DilleœlODS ~ euh-euh stems. lleasurell8nts taken on 4 plants per 

accessIon at the nrth Internode ot the stem. 

IDternode LeDgth 

AccessioDS llaDge Mean 
IIIID • II1II.. 

1/63 165.00 - 213.00 196.25 
~/63 100.00 - 160.00 129.25 
3/63 150.00 - 180.00 166.00 
S/63 93.00 - 145.œ 121('50 
6/63 l46.oo - 270.00 199".'1S", 

10/63 250.00 - 300.00 278.50 
12/63 200.00 - 298.00 247.00 
13/63 205.00 - 275.00 241.25 
15/63 65.00 - U5.00 85.25 
16/63 145.00 - 192.00 172.25 
18/63 150.00 - 272.00 224.75 
20/63 145.00 - 18S.00 169.50 
23/63 190.00 - 270.00 220.75 
'Zi163 139.00 - 175.00 160.75 
29/63 234.00 - 272.00 257.00 
35/63 74.00 - 160.00 106.00 
37/63 145.00 - 22'1.00 181.'15 
39/63 1oo.CO - 120.00 116.50 
40/63 100.00 - 235.00 201.00 
1t2/63 106.00 - 165.00 1.42.75 
1.4/63 126.00 - 149.00 142.00 

lDternode thIckDess 
(diuleter) 

RaDge Ifeu 
mm. 

_. 

5.00 - 6.00 5.25 
3.00 - 5.00 4.25 
2.00 - 3.00 2.75 
4.00 - 5.00 4.'15 
5.00 - 6.00 5.50 
.... 8000 8 .. 00 

5.00 5=00 
4.00 4.00 

3.00 - 4.00 3.50 
5.00 - 7.00 6.25 
4.00 - 6.00 4.75 
4.00 - 5.00 4.75 
5.00 - 6.00 5.50 
3.00 - 4.00 3.'75 

5.00 5.00 
4.00 - 7.00 4.75 
6.00 - 7.00 6.50 
5.00 - 6.00 5.50 
6.00 - 9.00 7.00 
3.00 - 6.00 4.25 
3.00 - 4.00 3.50 
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Regreas!. &IBl7eia ot 1Dt___logt;b OB ste. thictœ.8 • 

.A.DalPia O~ VariaJIge 

SB lB 

Total 56665.66 20 
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Figure 12. Transverse section of stem showing 8 vascul.ar bu.ndles 
arranged in 2 rows. 

82. 

Figure 13. Transverse seotion of stem shOW'ing 11 vasoular bundles 
arranged in 2 rOW'S. 
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Figure 12. Transverse section of' stem showing S vascu1ar bundles 
arranged in 2 rows. 

82. 

Figure 13. Transverse section of' stem showing 11 vascular bund1es 
arranged in 2 rows. 
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Figure 15.c Transverse seaiiion of stem shOwing 18 vasCQlar buncUes arranged iD. 2 rave.- -
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Figure 14. Transverse section of stem showing 12 vascular bundles arranged in 2 rows. 

Figure 15. Transverse section of stem showing 18 vaseular bundles arranged in 2 rows. 



axillazy br8l'1Ches, when th9l" are formed, ~cU1" in the later stapa of 

development. The results of studies carried out on branchiDg in 21 

accessions are presented in'l'ab1e 9. '!'he,. tend to substantiate the 

observation that branchiDg iDcreasea toward the eXtrelld.ties or the ste. 

88 maturit7 approaches (Figure 16). Despite its 1188g1"8 bruching habita, 

the f:ush-cush stell possesses reJl8Z'kab1e powers ot survi .. al and continues 

growth trOll dormant axUlar7 buds whenever active17 grcnriDg shoots &1"8 

damaged or destrQ18d. '!'hie 18 a strild.Dg characteristio of the plant 

and i8 ev!dent trOll the ear1iest stages ot seed1ing grOtrth. 

The aerial parts of the cush-cush plant are :re1ative17 

short-lived and, in 'l'riDidad, norma1l.7 die within 10110nthe &fter ell8r-
. . 

gaDee trn the groWld. In that countr,r, cush-cush sprouts with the 

ear17 raiDS in __ and the follage d:les back as the cli7 se880n inteD8i­

:t'ies in Februar,.. Au;y •• shoots appeariDg subsequent17 origiDate as 

sprouts :t'rOll tUhe~s underground. 

Green 1s the dcndœnt co1our iD the euh-cub stem but it 

is freqWtntq spotted or blerldad with some shade of purple. In 8. 

well-groWD plant, colour deve10plll9nt ia most prono\1llced in the basal 

ar older parts of the stem and, in these areas, the follmng. aolours 

ar aolour combinatioDS are easil)" 1'8cognizable: (1) unif'orml1' green, 

(2) green f'leoked with purp1e, (3) greenish purp1e, (4) purp1e. The 

purple colour ia usua1l7 most conspicuous iD the rings. The body of 

the stem in the growing regioDS ia normal1,. green whUe the rings 111&7 

be gL"een or various1y f1ecked w:l.th PU1"J~le. '!'he class1f'ieation of' 25 

accessioDB on the basis of stem colour in the basal regioDS is sbown 

in Table 10. Colour appraisa1 was carried. out on 4rand0lZll7 selected 



HUliber of bramhes pel' stelll in the clonal plants selectec1 trOIll 21 

8008S810118. Counts taken at 2.5 rt. and 5 ft. ab09'e the gz.-0UDd. 

.lcC4a881oDS 

1/63 
2/63. 
3/63 
5/63 
6/63 

10/63 
12/63 
13/63 
15/63 . 
16/63 
Ig/63 
20/63 
23/63 
27/63" 
29/63 
'35/63 
Yi/63 
40/63 
41'/63 
1t2/63 
44/63 

Braœhes 
at 2.5 ft. at 5~O ft. 

2 
2 
o 
1 
2 
1 
4 
o 
o 
1 
2 
2 
2 
2 
o 
2 
3 
5 
5 
1 
o 

3 
:3 
o 
2 , 
4 
6 
o 
o 
3 
4 
4 
3 
4 
6 
4 
5 
9 
8 
2 
o 
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TABLB 10. 

Ste. colour 1D 25 &CC88s10D8 or Dioscore. tr1t1da.. Colour 

appra1aal wu cODdwst.ec1 on the basal portloœ (apprca:. 2.5 ft.) 

of the stell8 or 4 planta iD each accessl0D. 

Accession 

1/63 
'163 t 
3/63 + 
5/63 
6/63 

10/63 
12163 
]j/63 
15/63 
16/63 
18/63 
20/63 
a/63 
?:II63 
?!J163 
35/63 • 71/63 
40/63 
U/63 
42/63 
W63 + 

'f'otal. 4 

Green tlecked 
with pu.:rp1e . 

+ 

+ 
o§-

+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

11 

Purp1e 

+ 

+ 
+ 
of: 

+ 

+ 

5 1 
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plauts par accession. 

The Laat. '!'he adult leaf' of Dioscorea trifida coœists ot a 

lODg wiDged petiole aDd a broad, glabrO\18, pal_te l-""lIm. 

There iB a pulvinus at each end of the petiGle; the ODe at 

the base 1s large and prOll1nent, ana the other at the top eDd 18 sllall 

aM iœoDSp1CUOtU1. 'rogether, the1 cause the leaf' to be higbJ.y IlOt1J.e. 

'The petiole "fU'ies 1n leDgtb trOll 6 Cil. to 18 Olll. <AppeDdiX VIn). It 

is uauall,. seai-terete :ln O1'OS8 seot1011 with the flatteD8d or veBtral 

nrf'ac:e trilnged with n. (Figue 18). 0.D the rowded clON81 8art~e 

a ceDtral r.ld.ge DOrIII&l.q exteDia aloDg the wbo1e lellgtb ot the petiole. 

This ric1ge 18 f'loequentl,. w!Dged. 'rhe bod7 ot the petiole 18 uual.lJ' 

the sua co1ov as the stem to whioh 1t 18 attaobad. '!'ha w:I.JJp, on tbe 

other haDd, are œarq a1wap green tlecked nth pu:rple, or purp18. 

The charaeter1at1c teature ot the ac1ul.t cush-ouh 1eaf blade 

is the tact that it 1e deeplJ' lobed. Variations in the 1eDgth aa4 breadth 

of lobes 8IId the angles 1Ihich they bear toward each other haYe reau1.ted 

iD a protws1on ot shapes. However, certain oOIIIDon featares are readu,­

discermble iD "arious 1eaf torDIS pera:lttiDg class1tic&tiOD 1I1to groups. 

The fo1lo1r1ag groupa can be distiDguishec1 iD the material at Central 

Brper1llleDt Stations 

A. Leaws 5-1obed. 

<a) Base of 1eat deep1,. cordate. 

1. Basal lobes OV'erlap. 

2. Basal lobes discrete. 

(i) Central lobe distinct17 longer 
than adjacent lateral lobes. 

(11) Central lobe IlOt distiœt17 longer 

Fig\11"8 19 

Figgre 20 

than adjacellt lateral lobes. Fig\1r@ 2l 
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Figure 18. Transverse section of petiole. 
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Figure 18. Transvel'se section of petiole. 
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Figure 19. CuSh-cush 1eat'. 
Squares :3 in. x:3 in. 

Figure 20. Cush-cush 1eaf. 
Squares :3 in. x:3 in. 



(b) Base of leaf suboordate. 

1. Central lobe distinctly lcnger than 
adj acent later81 lobes. 

2. Central lébe not distinctly longer 
than adjacent lobes. 

B. Leaves 3-lobed. 

Base of leaf deeply oordate. 

1. Basal lobes oVerlap. 

2.· Basal lobes discrete. 

91. 

Figure 22 

Figure 24 

Figure 25 

.. Sœa8~h-cush plants have anly 5-lobed leaves whUe others·<·f·· 

are excl.usively 3-lobed. ,Therè are also plants with both 3-. and 5-lobed 

leaves.The lobing characteristios of soma of the c1.0nal. plants grwn 
,.., 
,c. ,-, ' ' , , "'. i: ' 

at Central ExPèrlment station were exsm1 nad and same of the data oollect-

ed hasbeen swDmar1.zed1nTable 11. No camp~te11'3~10bed indiv:Lduals 

are recorded~though these were observed t.o oceur Dat iDfrequently 

among seedllng populations. 

The<y'~in~ in the cush-cuah lamina are unusually protuber.ant .... \... . . 
on the dorsaJ,~..::~_~d,e. There are 11 nerves; extending from the apex of the 

petiole to the':tJpa of the lobes in the 5-lobed leaf; 3 of them in the 

central lobe and ,2 each in the lateral lobes. The intermediate vena­

tlon is retioulate. 

The lamina la generally green in colour although there mq 
\ . 

be a amall purple spot where it joins the petiole. Also, the prom1nent 

leaf tip (on the central lobe) la usually darker green and frequently 

is f'leoked vith pruple. This leaf tip develops bEttore the ather parts 

of the lamina and la a consplcuous feature of the developing leaf (Figure 

27). 
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TABLE 11. 

Pereel1~s of 5-lobed &I1d 3-loh84 leaves 111 

16cloll8lplants selectedf'roml6accessioDS. 

Accesa10B , 

1/63 
~~3 
5/63 
'6/63 

10/63 
12/63 
15/63 
16/63 
23/63 
ZI/63 , 
29/63 
3'5/63 
37/63 
3tj/63 
40/63 
J.2/63 
44/63 

PereeDtage, " 
ot le&'l'8s 

witb:5 lobea 

100. GO , 
93.33 

c 'S6~67' 
, 40.00 

'93.33 ' 
,46~67 ' 
93.33 

, 73.33 
100.00 

86.67 
,73.33 ." 
,,80.00, , 
'66~67 
92.31 ' " 
93.33 
93.33 
26.67 

'PereeDtage 
of'leavea. " 

1Iit~3 lobes ' 

''' .. '' 
, 6.67 
1:3033 " 

"60.00 
6.67 " 

53,.33 
6.67 

26.67 

13.33 
26~67 ' 
20~OO 
33.33 
, 7.69 
, 6.~7 

, ,,6.67 
73.33 . 

92,. 
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Figure 21. Cush-cush 1eat. 
Squares .3 in. x.3 in. 

Figure 22. Cush-cush 1eaf. 
Squares .3 in. x.3 in. 



Figure 23. OuSh-cUsh lèa.f'. 
Squares :3 in.· x :3 in. 

. Figure 24. Ouéh-cush leaf. 
Squares :3 in. x 3 in • 

. ' 
,~ 



Figure 2.3. Cush-cùsh leaf. 
Squares .3 in. x.3 in. 

Figure 24. Cuàh-cush leaf. 
Squares .3 in. x .3 in. 
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Figure 25~ :Cush-cushleaf'. 
Squares 3 in %3 in. 
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Figure 25. Cush-cush leaf. 
Squares 3 in x 3 in. 
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Figure" 27." "pz.oiaiDent'l.eaf tip'1n developiDg.·lêat. "~ . . '.' . . . . ~. . " . 
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Figure 27. Prominent Iear tip in developing leaf'. 



9'7. 

The leaf' measu:rements taken 1n th1s study are recorded in 

AppeDdix VIII. Seme ot the data 1s summar1zed in Table 12. The regres­

sion of lamiDa length on petiole leDgth based on data in i'able 12 is 

·s1gDiticant at. the 5% poiDt (Table 13) sugestiDg S0!!9 depeJJdeœe of 

the ODe cbaracter on the other. This suggestion is apparent in the 

regresaion graph in Figure 28. 

Attention 1s d1rected to the tact tbat a lest leDgtb toleaf 

w1dth ratio commonly computed far leaves vith ent1:re 1lU'g1œ would have 

l1ttle meaniDg if calculated for the cuh-cush leat sinoe in lIost cases 

the w.ldest part ot thelaa1Da is in f'act a f'uDot1ol1 ct the spread of 

two lateral lobes aDd dces DOt 1Dd1cate the breadth of t1asua in the lest'. 

file Intloresceœe. .. Cush-cuah inflorescences· are bOl'De in 

leat arlla aDd are llOl'IIal.q tOUD:l in the upper reg!oDS ot the ste. aDd. 

braDches. Plants which bear flonrs in the a:rllB of' leaves in aU parla 

of the viDes have a1so been observed. 

'!'he species 1s predomiDailtlydioec10\18. Data 011 male aD! te­

male iDtloNsceDCes arc recorded 1n AppeDdix II: &Di the lIore iIIlportant 

aspects have been summarized in Tables 14 to 19. 

The male inflorescence varies greatly. Somet1lllas it C0D81sts 

of a s1Dgle raceme-l1ke axis on wh1ch the tloors develop 111 acropetal 

·order •. lIore freCluently 1t 1s 1rregularll" branched w1th accessory axes 

Isr1siDg trom odd places on the main axis aDd several axes ongiDating 

in the same leafaxil. Whatever its ongin honver, the ultimate bi'aDChes 

of the inflorescence are raceme-llke.· The male axés tend to be somewhat 

rigid and jut out obli~U8ly trom the stems of the plant (Figure 29). 

In this respect they differ trom the floral axes of'· the temale plant 
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TABLE 12. 

Leaf' measurementss Meaœ
lf of petiole 1ength and 1eaf 1eDgth in 16 

plants trom 16 accessioDS. 

LeDgth 
Accession of 1 

Petiole (Cil.) 

1/63 12.65 12.43 
2/63 U.34 9.72 
5/63 U.33 9.76 
6/63 10.99 8.87 

10/63 13.29 9.03 
12/63 10.45 9.41 
15/63 U.66 10.40 
16/63 13.75 11.77 
23/63 U.SS 11.75 
2:1/63 l2.05 U.16 
29/63 9.54 8.40 
35/63 10.80 7.68 
37/63 12.27 9.63 
39/63 9.20 8.52 
40/63 ll.71 10.79 
42/63 U.91 7.30 
1.4/63 9.62 7.15 

lE 

LeDgth ot Lamina Lobes (cm.) 
234 

(centr&l) 

17.46 lS.41 16.61 
13.39 14.95 13.81 
13.58 14.06 ·13.22 
11.65 14.01 11035 
13.21 14.86 13.47 
11.79 14.65 11.69 
15.84- 19.33 15.97 
16.99 20.48 17.06 
16.65 18.03 16.43 
.16.03 18.43 . 15.51 
11.75 13.51 11.74 
12.62 14.10 12.69 
16.97 19.39 17.14 
12.63 14.22 12.81 
15.68 16.75 15.69 
12.45 14.18 12.20 
11.69 '14.58 11.55 

MeaDS based on the ID9asUl'ements taken trOll 15 1ea'V'es. 

9S. 

5 

l2.OO 
9.16 
9.28 

. S.74 
19.16 
9.57 

10.12 
U.17 
11.48 
10.88 

8.27 
8.12 
9.17 
8.32 

11.10 
7/.54 
6.80 
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'l'ABLB 13. 

ss Dr • 
Regresalon31.99 1 31.99 8.40 4.S4 8.68 

'l'otal 89.08 16 



20 
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• 

byx :: 1~24 

• • • • 
• • • • 

9 10 11 12 13 14 
Petiole length (cm.) . 

Figure 28. Regression ot lamina length on;petiole length. 
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TABLE 14. 

SUIIIIl&1'7 et the aeasuremeats of fitteen mal, inf1oresc9ncas taken troll 
. . 

a olcmal plaDt beloDgiDg to the acc.~81oll 12/63. 

IDf'1Gl"88ceœe liUIiber lfUllber of tlnaN Langth ot braDch Mean lIIIIIbeI' 
110. of pel' braœh . (011.) of' tlowera 

. bral1chea Ra11g6 )feaD Ruge lIean pel' 011. 

1 3 5 - 19 10.67 1.91-6.38 4.04 2.64 
2 2 13 - 15 14.00 5.10-6.38 5.74 2.44-
3 3 24-29 26.00 8.93-11.48 10.20 2.55 
4 4 10-29 21.00 4.46-12.75 9.2' 2.27 , 4 11 - 28 22.00 3.83;"14.03 10.04 2.19 
6 3 ~ 'Z1 20.33 5.74-12.75 9.56 2.13 
'7 3 .: 21· 19.33 8.29-10.20 9.U .. 2.11 
8 , 14-37 23.60 7.65-15.30 11.99 1.97 
4) 3 21 ... 36 27.33 8.93~14.66 11.48 2.38 

10 3 20 - 31 25.67 7.01-11.48 9.78 2.62 
11 2 23 - 26 2,4.50 9.56-10~20 9.89 2.48 
12 2 14 - 20 17.00 5.74-8.93 7.33 2.32 
13 14 3 - 29 18.43 1.28-10.84 7.J+J. 2.48 
14 2 12 - 13 l2.50 5.74-7.65 6.19 2.02 
15 4 14 - 32 22.75 5.10-12.11 9.09 2.50 
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S1lBU7 of the .asare.nts of f1tteen male 1DtloresC8DCe8 takell fJ."OIl 

• c1cmal. plant be10ngiDg to the eco8ss10n 13/63. 

IDf'lGN8C8œe .... 1' lIUbe~ ot t1owe:rs LeDgth. Gt braDoll· "ail IIIIJIbel' 
Ho. Of pel' b:raœh (o •• ) ot tlon:ra 

b:raaohe8 Range "an ltaDge Ile. pel' ca. 

1 , 9 - 43 26.80 1.91-11.48 '1.65 3.'0 
2 , 6 - 42 23.40 1.28-9.56 5.61 4-.17 
3 22 6 - Z'I. 15.14 1.28-5.10 3-.10 " 4.. 
4 5 10 - 3'7 24.20 1.2"8.93 5.36 4.51 
5 2 21-26 23.50 '.10.6~38 5 .. "14 4.09 
6 3 10 - 28 18.00 2.55-7.6' '.10 3.53 
'1 ·2 4 - 18 11 •• 1'.28-3.83 2.50 4·40 
8 10 6 .. 44 21.00 1.28-10.20 4.72 4.4' 
9 4 18 - 34 28.00 4.~7.65 6.22 4'.50 

10 4 33 - 4' 3'.00 7.01-10.20 8.21 4.26 
11 10 5 - 21 12.00 1.28-4.46 2.'4 4.38 
12 , 4· 22 16.00 1.28-5.10 3.19 '.02 
13 3 21-23 22.00 3.19·'.10 4.46 4.93 
14 4 11 - 62 36.25 1.28-1.48 7.49 4.84 
15 5 8 - 21 13.60 1.91-4.~ 2.8'7 4.74 



103. 

. 'l'ABIB 16. 

SUJlllal7 or the _as ure_lits of: t1tteea œal.e IDf1areseeœ88 takea trOll 

a c1oDal. plaDt be10zagiDg to the acce8s1on 44/63. 

l' 1 29 29.00 .15.30 15~30 1.90 
2 1 24 24.00 .12.'15 ' .. 12.'15 . 1.88 
3 2 19 - 24 

. ' 

21.'0 8.29·'.56 8.93 2 • .u, 
4 3 28 - 34 31.67 14.03-16.58 15.73 2.01 
5 2 32 32.00 16.58-1'1.85 17.21 1.86 
6 2 8 tI!".16 12.00 3.83-8.29 6.02 1 •. 98 , 3 22 - 28 25:. 12. U-14. 03 12:.'5 1.96· 
8 3 5 - 26 1'.'33 3.83-13.39 9.56 1.81 
') 3 22 ~33 26.00 U.~15.30 12.96 2.01 

10 2 21-29 25.00 ll.48-14.03 12 •. 75 1.96 
U " lS - 20 17.50 8.29-9.56 8.98 1.95 ... 
12 1 28 28.00 14.03 14.03 2.00 
13 2 17 - 20 18.50 6.38-9.56 7.97 2.32 
14 2 22-28 25.00 10.20-14.66 12.43 2.01 
15 1 21 21.00 9.56 9.56 2.20 
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'l'J.BLB 17. 

SuDaar;r or the Masureraellta of t1.tteea telllÜe iDf'loreaceDOe. taken 
.. ' . 

fl-OII a clcmal plaid; beloDgiDg to the acce.aion 15/63. 

Illtloreaceaae ~ IUliber ott1owera t.eDg'th of 'bruah MlUlm"'" 
• . ..... l'iAr ~-"'... .. CA ____ ).. . A~ fI"I_~ o. QL, r- u,A.-auwu ~ _ ~:_--__ ,...~ ...... 

'brallChea Raage MeaD Raage IleUl per oa. 

1 2 10- 20 15.00 '1.65-12.75 lO~20 1~4'1 
2 1 14 14~eo 10.20. lO~20 1.3"1 
3 2 18- 25 21.50 12.U-15.30 13~'71 1.5'1 
4 1 18 18.00 10.84' 10.84 1.66 
5 1 2l 21.00 U.48 11·48 1~83 
6 2 1'1 ;.;. 25 21.00 .8.93-U.48 10.20 2~06 
7 1 28 28.00 '19.13 19~13 1.46 
8 3 8 - 18 12.00 5.1o-12~"5 8.71·· 1;38 
9 2 10 .. 2l 15.50 8~29-13.39 10.84 1.43 . 

10 2 10';' 16 13.00 8~29-10.84 9.56 1.36 
U 3 14 - 33 24.67 8.93-16.58 12.96 1.90 
12 2 1., - 26 21.50 9.56-12.14 10.84 1~98 
13 2 26 .. 32 29.00 15.30 15.30 1.90 
14 2 14 - 22 18.00 8.93-U~48 10.20 1.76 
15 2 21-24 22.50 16.5g.;.18.49 17.53 1.28 



SU1BU7 of the _asure_lIts of titteeD tell8l.e :l.nt1oreaceœea taten 

trOll a a10nal plaDt; be10DgiDg to the accesa10D 16/63. 

Int10relcence Baa.bel' Hmlbel' of t10weN Langth of b1"aD:oh _ail nUllbel' 
Ro. Of' . pel' 'braDoh (ca.) or t101rera 

'braDOhea Ràage . Meaa RaDge Mean pel' CII~ 

1 3 13 - 26 20.33 5.7k-12.75 '.99 2.04 
2 2 28 - 31 29~50 19.13-21.68 20~46 1~45 
3 2 16-22 19.00 U.~17.85 14.66 1~30 
4 2 12 ~ 18 15.00 10~2o-U.48 10.84 1 .. 38 
5 2 18 18.00 .12.75';'14.66 13.71 1.31 
6 2 18..; 24 21~œ 12.7'';'17.85 15.30 1.3"1 
7 , 12 - 19 15.00 11~48-15.30 13~60 1.10 
8 2 16 - 17 16~50 14~03 . 14·03 1~18 
9 l 18 .. 18.00 ·15.94 . 15~94 1.13 

10 3 16 - 3e 2,4.00 12.11';'21·04 17.85 1.34 
11 1 26 26.00 . 21.68 21~68 1.20· 
12 1 9 '.00 ,.~ 9;56 0.94 
13 2 14-22 18.00 11.48 .. 17~8S 14.66 O~95 
14 2 21 - 28 24.50 16. Ss-;'21. 04 18.81 1.30 
15 2 11 ;. 25 18.00 8.29-14.03 U.16 1.61 
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S\1lllU!7 or the __ uremeBts of' f1fteen f'emale iDt10resaeœes taken 

fraa a oloDal plant beloDging trI accession 39/63. 

IDtloresceDe8 lfIDIber IfUllber ot t1CR1V8 Leagtb. ot braDoh llean DUllber 
10. or par braDoh (oa. ) - of tl_ra 

br&llll:hes JlaDge lieu RaDge Mean per CIIl. 

1 2 20 - 26 23.00 12.75-17.85 15.36 1.50 . 
2 3 14-24 19.00 10.20-14.03 12.33 1.54 
3 2 6 - 18 12 .. 00 7.65-10.84 9.24 1.30 
4 2 9 .. 10 9.50 7.65 '1.65 1.24. 
5 2 10 - 16 13.00 8.29-11.48 9.88 1.32 
6 '3 13 - 23 1'.00 1O.20-14.a3 11.48 1.48 
7 3 4 - 12 14.00 . 5.10-9.56 8.08 1.'13 
8 '3 '1 - 18 12.00 7.01-12.'5 9 .. 56 1.26 
9 3 5 .. 19 11.67 6.38-11.48 8 .. 93 1.31 

10 2 17 - 19 18.00 11.48-13.39 12.43 1.45 
11 2 11 .. l' l4.00 7.65 .. 10.20 8.93 1.57 
12 4 12 - 31 21.'0 5.10-15.94 11.48 1~83 
13 3 13 .. 23 17.00 8.93-14.66 11.26 1.51 
14 3 11 .. 18 13.67 8.93-12.75 10.20 1.34 
15 1 10 10.00 8.93 8.93 1.12 



!C11. 

whiah are pUant am· bang etraight· down froa the1r points ot attachmant 

to the plant. !he temale iDtloreseenae braaches aparingq aDd occura 

as 1 to :3 simple, 8lA~r, peDdarrt raaemes origiœtiDg in a single leat 

81:11 . (Figure 30). '!'he .. s of both lIBle aDd temaleintloresceœes &1'8 

ba117. 

OA the buia of aOtmts taken at Celltral BEperDeDt Station, 

_le plaIlta produce at least 5o,c Ml'etlowera than teœ1eplanta so that 

there ie -ul.l7 ~eqaa1;e qUaDtities or pollen aY&ilable .. tor polliBatioD _ j 

at t1ae ·of tloweri:Dg. 

!he rlowr. C1Ish-c_h tlawers, ale ud temale, 11ft s..:u, 
g1"eea in aolO1.1Z' ua iDlirtd.u,-· inoCllllp1oU08. . Bowever, the .. a et:teat 

or ...,.. tlowl'l ·perpleat :reDlers the. qaite IlOtiae.ab1e :la the field. 

Both male 8DIJ temale .tlnera baYa ",ary short pecl1ae1e Ùd aN nbteDdec1 

b7 acumDate bracts, 2 1;0 .euh floWer. The male tlO'iar.ie ahorter thaD. 

the temale tlower (!able 20 - see "'ppeDd~ % for orig1Da1 etata), ... 

appeara wheel-shape4 ·1Ihea the ~r1aath se .. _ aN .f'IIl.l7 ezpaDèlecl. !he 

periaDth consista of 6obloug-l.aDceolate aepe. 'UTaDge4 in 2 1rhor18 

am mdted at the bue. !bere are 6 fertile stueas wi'th anthers bOl'Dl 

about 1 _. ."'ove the periaDt;h b7 enct tua.nts werted at the bue 

of the perianth sepeats. The anthers aN curved, oblong aD4 iDtrOl'se. 

The st7J.e i:8 rud:llllent&l7 &DI! couists ot a roughl7 triaDgular pil.lar 

ade up of :3 fUsed but distinct aepents. It _asures about 0.5 B. iD 

height aJd thicimeas. ('ft..,.. 10.). 

'!'he perianth otthe female tlower ia s1m118l' to tUt ot the 

male. Sb:: short, inconspicuous, tUi't-llke stamiDodes are iDserted at 

the base ot t~ periaDth segments. A. prcmiœnt iDferior hai!7 f1V8.r'7 



Figure 29. Male 
intlorescences. 

Figure .30. Female 
inflorescences. i 

FigUre 
.30a. Cush-cush f'lowers. (Approx. x5 j 

Lef't: Female f'lower. 
Centre: Bisexual f'lower. 

Right: Male flower. 

108. 

(Note wel1-developed anthers and 
ini'erior OV8r"7). 



Figure 29. Male 
inflorescences. 

Figure .30. Female 
inflorescences. 

Figure 
.308. Cush-cush tlowers. (Apprax. x5 j 

Laf't: Female f'lower. 
Centre: Bisexual f'lower. 

Right: Malo flower. 

108. 

(Note well-developed anthers and 
inf'erior o"rary). 



TABLB 20 • 

. Dilleœions of tlORl'8. IBan .1eDgth aDd, width- ot the flowars of 

10 c10Dal planta be10Dgiug to 10 accessi0D8. 

Accession 
-LeDgth (_.) . 

St&lldard 
llaan JJn1atioll 

Width (_.,-­
st&Dllarcl 

Me. Drf1at,1oa 

12/63 Male 6.56 .822 6.69 
13/63 JIa1e 4.54 .933 6.53 
1?/63 lIale 5.53 .803 7.95 
.0:/63 JIale 5.91 .369 ?u 
44/63 lIa1e 5.09 .660 7.W1 

1/63 J'eale U.94 .973 6.38 
lli/63 J'ell&le 14.32 1.5Q3 8.95 
23/63 Feule U.13 .?YI 5.'72 
42/6' "e..:Le 12.?4 .730 7.32 

Q./6' Beraphrodite 10.62 .9'19 7.43 

• Baseci OB. 20 dete1'lliDatiou. 

- lleuU1"8d trOll point of attacbmeDt to tais of 
lDf'1oresceœe to top of .• mu1'8. 

DR Measun4 &e1'C)S8 the d1ameter of the whOl"l f>t 
expaDClea periaDth __ lits. 

1.105 
1.015 

.779 

.8ll 

.351 

.000 

.569 

.'192 

.789 

.764 

109. 



lf:à ... 
~ 18 prolonged iDta a conioal st,.le whicb term1nates iD 3 1'8tlexed, 

tube-Ulœ atigmas. (f\,,_ "Il. 

110. 

.l tew hermaphrodite plants were tourd amoDgBt the cush-cuab 

pOpulatioDS at Central Bçer:laent Station (Sa BzpressioD Stadias -

'1'ables 29-31), aDi there 1Ie1'8 WO SOll8 predom1œnt17 lI8l.e iDtlorescences 

whioh bore 8018 bisexul tlowers. '1'hese tlower~ are alwa,a s;!-;!1 ar in 

tOril ta the temale tlners ~ut w1 th Bl1ghu,- slll8l.ler ovar:f.es aDd great17 

lMId.:ltied atipas. ID lIaD.J" iDstauDee the stipas are redue4 to Bmall 

kDcIbs al! ..,. \Je coaplete17 abaent. (Fa,,," se..). 

In the preJ:Jw1 na:ry stucl7 on t1owe1' 1Dduction oarr1e4 out :ln 

thiB progrume (liaterials &ai Methods, p.A' ), 2 out of 10 pl.anta a\1bject ... 

ea to ahort-c1ar oODditloœ on 22Dd JuDe tlowred on 26th Juq, i.e. when 

the dap are D.OI'II81q long. ROI3I8 ot the control p1aIIta t1owerec1 duriDg 

the c~'U'se of the experiment 1ih1.ch lasted untll 30th Sep'tember. The 

sigD.1.t'1caDCe ot thia result 18 dif':ficult to avaluate. 0Dl:y 2 plants out 

ot 10 subjanecl to ahort clap tlnared; but a flonriDg fNqueDC)" of 

20J amoDg cuh-cœh aeed1irlga grown UDde1' ~ coDrlitioœ 18 IlOt UIl­

wsua1. '!'he tact is that the experimental control wu too 1ûdtea to 

permitp1'8ciae evaluation. Available tacilities dia. not erteDd to the 

control of other environmental factorB 8uch aB temperature ud h\Dlidit,., 

both of wh1ch llight ha'9'e been iDtluelltiaJ. iD the resUlt. 0D17 photo­

peri04 'AlI controlled. Furthe1' experirlentation iDYolviDg more critica1 

_thods l!lU8t he carried out betore the mode ot f1owe1' induction in 

pioscorea tr1f:lda C&D he determiDed • 

.lnthesis ocours 10-30 cJqs arter the appeU'UICe ot the flowel' 

btlds, the actual leDgth ot ttme ciepeD!1Dg 011 tba "igour of the plants. 
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Ul. 

A large JlQlDber ot lDsect spacies are capable ot ettectiDg 

poUination in Di08corea trifida. In the tullT-epeœd .nowers, both 

stamens and styles are nadUy aceessible to f"l71Dg &Itd craw1iDg iDSects, 

and individuals beloDging to the tollowing orders htmt beell obsened 

ngularl,. mO't'iDg tralll tlowerto tlower iD the cuh-cush plots: . 

Orders Families 

HJII8l1Optera - Foraicidae <uta) 

- Vespidae (soc1al wasps) 

- Chaloid:1dae < chaloid wasps) 

Coleoptera - CUrcul.1on1dae (nerila) 

- LaIlpJ7dae (tire tlies) 

- Cbryaomeliclae (leat beetles) 

Dip'tera - . lBao1dae (hGU8etlies) 

- . 'l'achin1dae ('l'achiDa nies) 

- (a tew other 1clentif':led species) 

IDsect aetivity IUIOl3g the tlowers iB greatest bat_en 9 a.m. UJd 2 p.m. 

dally. 

'!'he proportion ot temale tlo_ra whioh eveDtual.l7 set trait 

atter polliDation var1estrOJi fiowriDg branch te fioweriDg branoh 01'1 

the Bame plaDt aDd also trOll plant to plaDt. Bst:fmates busc! 011 the 

meuurament ot 20 raDdom17 Belected inr:l~"scence branches in 6 acces­

sions are shOWll in Table 21. . ,. 

Artiticial polliœtioll ft8 not exa=i nad criticalJ.y in this 

reBearch programme but sama hand polliDations .. re tr1ed with eœour&g­

iDg results. '!'he mathod used imolved the f'oU.ft!Dg: 

(a) bagging the temale inflorescence in a t1neq..meshed 1II\1S1in 

bag prier to tlower opening to eXolude insecte. 



~21. 

Bet:fJates or fnit set par 1Dfloresceœe iD six plaDts taken 

!rom six aceessioDS; basel! OD the -.saremaJlti et 20 raDdoml,. 

select8d :1Dtloresceœe 'branches pel" p1allt ~ 

Acces810n !fmIbel" or· FlOwers Rmiber ot J'rait Set 
l'ra1t Set Percentage 

1/63 365 ~ 67.39 
2/63 301 226 75.08 
5/63 239 208 fI1.03 

10/63 412 2:10 65.53 
15/63 m 166 59.50 
23/63 550 m 50.72 

112. 



~ w (b) re..,al ot bag 100 eftect transter ot pollen trom male 

to temale tlower Den the latter 1e M.l7 opened. 

113. 

(c) replacemeut ot bag until svidellee ot succeaatul fertUi-

zation is indicated by swelliDg of the wary. 

Transter or poUen 18 etfected by relDOViDg a tull7 dehisced male tlower 

trom 1ts pareBt plant and rabbiDg its poll.en-laden anthers oDto the 

stigmas of the f'emale f'lower. 

Frait set artel" poUiDation bT this methCld wu tOUlld to be 

IIBarl,. as successtul as that foll.owing Datural polliDation ~ the seede 

which 1'esulted gersinatecl n02'lll&117. Bisexual. t1ners wben selt- or 

Cl'08s-poUiDated iD this MODer' tail.ed to set truit. 
'';~ . . . .. 
, 
"". 

The rra1t. '!'he fruit ot Dioscorea tritida 18 a tri-loou1a~;;-: <:~ 
~;'-~ 

:ref'lexed capsule (Figure 31). It is somewbat e10Dgated, bulges a littJ.e 

:in the middle aDd i8 rOUDded at both eDds. 110 lIIa7 be sUghtly broader 

tcnrard the base thaD at the apex. In cross section the oapsule is 

3-oorœred with cODeava sides and appear8 steUate in cont:lgaration. 

Dehiscence is septioidal and tbere 1118.7 be 1 Gr 2 seeds pel" loetü.e. Data 

on capsule le!Jgth aIId llWDber ot aeeda pel" c&psale are shom in Table 22. 

The capsule 18 green and succuleut duriDg growth. At .. turit)" it dries 

8IId becomes brown and papery ~ 

The TUber. ODe ot the IIlOst iDterestiDg aDi 1mpOl"tut character­

ist108 ot Di=OB=Oo_I":.;::'8;a LifJ!! i8 the tact that a single plant prodUC8S 

clusters of relative1,. small shallow rooted tubers. '1'hese tubers are 

eas,. to harveat, baDd1e &Bd transport. In a growing seasoD ot 7-10 

IIOnths a single cush-cush plaDt can procl'aCe a tuber clusterweighing 
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Figure 31. Refie:i'ed capsules. 
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() 

Figure 31. Reflexed capsuJ.es. 

( ') 



'l'A.BLB 22. 

~8Il lAtngth-ot capaulee &D1l II\1IIber. of 8~~· .JI8r 

capaule. lleua:re4 . OR 401oJ.l plante tl'OIi 4. aceeasioD8 • 

'ccessiem 

1/63 
2/63 

l5/63 
39/63 

ç \. ~. 
". ,"'-! 

.Iïil; LeDgth~~:ot 
caps.:Le (OIÙ) 

• ... 1 ••.• , 

2~2S 
2~27 . 
2.~ 
2.41 

. . . 

.... .; •. !taber. or. ... ~ 
" ~r Capalae . 

3.73 
4.S7 
3.60 
3.35 

31 " 
Basel!' OB the .euUl'8ment of 100 .eede per pl&IIt. 

, .. ". 

U5. 

-.,. ".";' 
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11.6. 

up to 15 lb. aDd conta,ning 15 arketable tubers. 

The tUber clus'ter 1s a composite ot large 8.Dd progressi't'e17 

Bmaller tubera. The 1.arger tUbera are older and are geœraJ.q toUDi in 

the ceDUe of the clus'ter. ThGJ' trequeDtl)" e:rleDd belcnr the shorter 

)"Ounger tubera. Sœc8ssive riDgs of progressivel)" smaller tubera radi­

ate cnrtwards trOll the central COl'll ab(!W8 the older tubera untU ~ilIaJ.4r 

the sma.llest tUbera are toUDd at the top ot the cl_ter (ligure 32) • 
• 

:ribrous roots are usuaJJ..)" scattered throughOllt the cluster but; IlO8t or 

them tend to be cOlJC8nœatec! at the base of the stem (or ste.) iImDet1i­

ateq abewe the cluster. 

The disposition ot the tubera, or tuber hab1t, varies troa 

ODe cultivar to another. The clusters of se. t)'pes coDtain a tew large 

tubera aDd IB&D,Y small UDIISrketable oœs. others have a relati'Ye17 large 

DWIIber ot small nU-torJll8d marketable tubera. Soma tubera have lcmg 

Mets and the clustera are 1008e, open aDd Bpread over a relative17 

large area of groUDd; other tubers have short œw aDd torm compact 

DOD-spreadiag clust8rs. !he latter are eaq to h&rYest. SO. ot the 

shapes ot :1Ddividual. tubera are Ulustrated in .lppeDUx :rI. 

The sldD or peridera ot the _ture cmah-cush tuber 1s dull 

brown in colour ud coaree in texture. TiD1', eloDgated craeJœ in the 

corq surface IIIQ' lI8lœ it seem streaked and rOugheDBd. The outer corti­

cal laJ81'8 1mmediatel)" be1cnr the per1derm JI&)" be light green, cre8.ll, 

white or purple. The tl.esh 'Yaries trOll white to purple aDd althoup 

the gradatioœ in eolour are DWD9I'OUS, 4 colours are readU)" recogDizab1e, 

viz., white, l1ght purple, purple, and deep purple. 

The tubera are of course the normal propagatiDg urdts ot 



,: 

Figure 32. Tuber clustër with.successive l~ers ~ tubera. 
, , . . . . 

: : 
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Figure 32. Tuber cluster with successive layers of tubers. 
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Dioscorea trifida. Observations indicate tbat 8.IV' part of the mature 

tuber w1l1 (#CIW if' placed iD suitahle growiDg conditiODS. HOIie'Ver, 

when whole tubera are set to sprout, the buds at the top ead (i.e. Mar 

ta the origiDal po:lllt of attacbmeDt to the plant) emerge more qUickl,. 

and in greater DUJDbers than those at the distal aD'l • 

.Association of PlaDt Characters. So_ of the data 'previ0\1S17 

ci ted were aseembled 1n '1'&b18 23 aIId a II1l1tip18 acatter diag,ram was 

plotted (ligure ~ to deteraiDe whether the associa.tlon of simple char­

actera can be used in the classification of the variation fcnmd ln 

Dioscorea tr1tida. ID this prel1minar.r attempt eapbas1s _as la:ld in 

the choiee of eharaetera oh obt'lous features of plaDt f01'll usec1 cœ.u-0n­

q to aeparate ~ar.leties aDd cultl'\'&ra in otber spec1es, '\'lz. J the lea".a, 

atems &Dr! tubera. The disposition or iu3.1vidaa1 gJ.7pbs on the grapb 

saggeats the occarreDCe of two _jor groups, '\'is., a group with ahort 

1eat bladea aDd a group dth long aaf hladese ('fhere ia also a augea-
.' 

tlon ct a miner, iDte1'tlBc11ate group, but aiDee lt o~ coDta1œ 2 

1Dd1vidua1s it -7 he premature to regard lt as such.) Assum1ng t_o 

major groups, subgroups based on stem thickœas, tuber shape aIId petlole 

leDgth are e18er17 iDd1catect as follc:rws: 

A. Lsm1M short. Group l 

<al Tuber eluster compact. 

(1) Tubera fan-shaped. Immature 
tubers c1ub-shaped. Stems 
thin. Patloles short. S~gro.uP 1. 

44/63/13 
44/63/31 
44/61/43. 



6. 

Tuber shape 

~ Spindle-shaped 

~ 

i 
Ovoid, short neck 

Ovoid, long neck 

't," , ,1:' ' 
.;~ ,l, •. 

, _. 
14 15 

Tuber shape 

• OyllDdr:lcal 
, .. '* .Fan;'shaped 

V Large, lobed 

'* Irregular 

Immature 
Tuber shape 

~pindle-5hsPed 

... Globl1l.8zt 

"'Club-shaped 

• Tuber, Cltl.!ter 

119. 

Petiole 
Length 

.• 9 - lOcm. 

, 10 - llcm. 

, l+-~. 
T 12-13cm. . 

.. Loose, T ~er 13cm~ 
~ JAc)ael1'.- e01llp&Ct , 

, 

,. Ccmpaat, 

16 17 18 19 21 
Lengt~ of lest blade (cm.) 

FigBre":S2a. Pictorialized scatterdiagram sbœing 28 iDdiv.lduals (clones) 
, , siml1ltaneO'l1SlY, diagrammed for 7 charaœers 0 
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'l'ABL'I 23. 

Charaeters Masured iD 28 iDdiridual clODal plants trOll 16 accessloDS. 

Clcmes 

1. 1/63/4 
2. 1/.63/5 
3. J/63/6 
4. 2/631:1 
5. 2/63/8 
6. 2/63,1.0 
'1. 5/61/' 
8. 6/63/7 ,. lri/63/7 

10. 12/63/6 
11. 12/63/8 
12. 12/63/9 
13. 1'5/63/6 
14. 1'5/631.9 
15. 16/63/7 
16. 16/63/8 
1'1. 23/63/5 
18. 2'1/63/J 
19. $/63/4 
20. 35/63/4 
21. Yi/63/? 
22. ' 39/63/5 
23. 40/63/6 
24. 42/63/6 
25. ~/63/7 
26. 44/6'3/).3 
2'1. 44/63/31 
28. 44/63/41 

Laid. 
~iigt;h 

ca. 

18.41 
17.fY1 
17.03 
14.95 
14.42 
15.06 
14.06 
14.01 
14.86 
14.65 
19.37 
19.84 
19.99 
19.33 
21.59 
20.48 
18.03 
18.43 
13.51 
14.10 
19.39 
14.22 
16.75 
14.81 
14.18 
14.45 
13.41 
14.58 

Petiole 
Lailgth 

cm. 

12.65 
13.71 
12.84 
U.34-
9.73 

10.65 
U.33 
10.99 
13.29 
10.45 
U.59 
12.89 
13.28 
11,.66 
12.10 
13.75 
11.85 
12.05 
9.54 

10.80 
12.2'7 
9.20 

11.'11 
11.35 
11.91 

8.75 
8.53 
9.62 

Stem "Shape of 
'1'h:l.clataS8 Iaa.tU1"tl 

m. '1'ubera 

5.25 SpfilAle 
5.25 SpiDllle 

'Nber 
Shape 

Sp1D:Ue 
Sp:1Jdle 

5.00 Sp~ " Sp:lld1e' 
4.25 
4.00 

Sp1DcUe' 
Sp:lDdle 

Larp, lobe4 
r.rp" loNd 

5.- Sp1D4le Large, lobe4 
4 .. 75 Sp:lDlle Large, 10h84 
5.5e, Sp:l.Jldle Larp,lobe4 
8.80 Glob1llar 'IrNgular 
5.00 Sp:f.ndle Sp1Dd1e 
5.00 Sp1Dd1e Sp1D4le 
5.00 Sp:f.Ddle Sp1D11e 
4.00 Sp1Ddle SpiDllle 
3.50 8p1Jd1e Sp1Dclle 
6.00 Sp1DUe C7l:lzdr1cal, C1Ir'f'ed 
6.25 Spildle C71iJ1dr1cal, cuned 
5.50 .p:bllle C71iDdrlcal, cuned 
3.75 Spialle OYo:ld, lcmg ,œck 
5.00 SpiDU.e 09'014 
4.75 Sp:f.Dclle Large, lobec:l 
6.50 Sp:lJldle Large, lobe4 
'1.50 Sp:f.DlUe Large, lobe4 
7.00 G10bular Irregu].ar 
'4.00 ' Sp1D:lle Large, lobed 
4.25 SpiDUe Large, lobed 
3.00 Fan Club 
3.50 Fan Club 
3.50 Fan Club 



(U) Tubers :l.rregtüar, ovold, 
tus1torm -or lobed. Immature 
tub8rs glob\1lar. stel/lB 
thick. Petioles long. 

(b) '1Uber claster loose t open. 

(1) TUbera large, lobad. Iaaatœe 
tubera sp1Ddle-shaped. Stems 
_c11ua. Pet:1oles _dlum. 

.Group II 

<a> 'l.'Uber cl_ter 1008817 ~OIIpact. 

<:1) '!'abers OJ'l1Dl!lr:1oal ,ftriouly nned. Dlmature tUbera .. 
apiDale-shaped.· Stems th:1ak. 
Pet:lolea 10118._ 

(11) ~ra sp1Ddle-shaped. 
Damature tubers sp1Ddl.e-ahapec1. 
Stems lIed:1um-s:1se4 to th1D. 
Pet:1oles medlUJ1l-s1zed. -

121. 

Sab-grotlp 2. 
10/63/7 
40/63/6 

Sub~group 3. 
"'63'" 2Z63/8 
2/63/10 
5/63/6 

.6163'" 
{r;/i:3i4 

.42/.63/6 
1t2/631'! 
12/63/6 

Suh-group 4. 
1/6]'4 - 1/61)5 
1/63/6 
i6/63/7 
1616318 
-23/63/5 

lab-group 5. 
!2I63/8 
l'l/61/9 
15/6316 
15/63/9 

... tn 1I1d1viduals did DOt; taU &ppropr1ate17 lntc the s1Jggaste4 sUh-groups. 
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3. Cerm1na.t:lon and the Sèedl1ng - Cbservatioœ .8JJd. Germiœt:loD Testa. 

ObservatioDS. lfaDy CWJh-cash seeds swell w:lth lBoisture when 

placed. on a moiet _d:l=. Soma or the swelliDg :ls gradual aDd OCCUl'S 

iD. the endospe1'll and sead coate making these t:lssues 18S8 brittle ud 

tl1.nt,..... SUdden and dramatic· llwell i Dg takes place when seeda imbibe 

water dbectq :!.Dto the1.r eDdœpera C&"f:lt1es causiDg the m:l.ddle ragions 

te1:ndp prOJD:lœntq. The 1.mmadiate effect ot this Id.. of :lJab:lb:lt:lon 

en elllbryo grnth bas DOt been determ1.œd but; the aMb 111 which :lt occurs . . 

Gtten tdl to germ:lDate Ud eadospel'll' 8IId ellbr;y'o S80n deeoapose. . Some se. do DOt a_ll 'llhen 88t tG gel'Jl1Date 111 lI01r.st coDliitioDS aIICl II&J' 

. naill mlèbaDged iD thelJe. cOId:1t:loDS tor aeveral mOntba. Th1s lODg ex­

posure to controlled b:lgb. IIO:lSt\'l:te lft'ela· appareDt17 does DO hIZ'II aDl 

the ... e .. t iM]'.,. germ:lDate •. :n:req_Dt17,the ellbr;yoe of seads whioh 
- . .' 

taU to germiDate af'ter 5-6!1OlStha appearperteot17 l101'II&l and' healthT. 

The tirat obvious e!gn tUt gera:lDat:lOD bas co.eœed :la the 

appearance of the radicle as :lt bursts tbroup the aead coat at the apex: 

of the aead. Betore th:ls OCCU'8 however, the ootyledon whiob reaine 

111 the aeed. ezpaDÙ' mt1.1 :lt f:1ll8, or abIœt t:1lls, tbe elldosperII ca"f:lv 
. . 

pushing the OOM or the embl70 toWard.the JÛorowle. (ligures 33 &ad 34) • 

.lf'ter elDBrgeuce the 1'841.o1e or prillUl17 1"oot eloDptee 1Ulbranched at the 

rate of 2-3 l1li1. par dq. 1Ihe1l it :lB about 10 .n. long a pl'CDotmeed 

nell:lDg :ln the prœdll&l reg!oD marks the emergeDCe of the pr:lmar,bud 

in association nth the co't7ledoœ1"J' ahviit.h. The aheath :ls tmf"oldec:1 

at the t1me of emergence aDl appears 111 the tOl'Dl of two illterlock:1.Dg 

bracts in the oentreot wh:lch liea the c:1evelopiDg t:lrat tunct:lo~l lad. 

'!'he groviug po:l.Dt ot the tirst fmlct:lonal leat 18 coD1cal :lD shape aDd 



stages-in .em-ly seedlirig·groWth. .,. 
Lett : radicles has startedto emerge • 

. Right :, radicleàisrelatiV$ly ;elongated. SJ.1ght' swe;Ll1Dg . 
. m&y' be obseried!1t its' proXf.mal.end. .'. . . 

Centre:, emergingtirstfonctionaJ..le.af'and'ita< àssoci~ed 
. sheathcanbe seen. . 

, -:' ~<: .. 

..' ,~ 

":.' 

.~-.. 



Figure 33. Embryos. Dormant embryo on let't and growing embryo on the right with fully expanded cotyledon. 

Figure 34. Stages in early seedling growth. 
Lef't radicles has started to emerge. 
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Right : radicles is relatively elongated. Slight swelling 
may be observed at its proximal end. 

Centre: emerging t'irst functional leaf' and its associated 
sheath can be sean. 



erect as it puhea tbrough the sheath but; 88 soon as thia is accolDplished 

1t CU1."Y8S over aDd dOWDWards developing into s t1D;y b~ 1I811-tormad leaf' 

b1ade baviDg lts veDtra1 surface tsciDg the rapidq elOllgatlrag pet:S.~ 

(Figure 35). '!'he lest rema.iDa bas oyer, like a shepherd 's etstf, UDt:U 

1t la _11 &bOY. growarl at wbich t1me it gradual.l7 beCOIIeS ereet ud 

the lurlDa orieDta toward the 11gb.t (Figure 36). It takes 14-30 ~ 

Otoz the tilDe of •• rgeDCe of' the radiale for the tirst lest to beeOl8 

erect aad, if' 111 soU, to appear above gro\md. 

It beCOlllaS apparent 7-14 dap a.f1;er lts e.rgeœe that the 

tirat f'\mctiOD&l lest 18 iD tact the tirat f'unctioDal shoœ. .la the 

tirat leaf' blade upuds s Idœte leaf' bull beco.s DOt1ceable 011 what 

bacl a88_4 to ba the petiole ut the f1rat lest. The •• leat 'bul c1n'elops 

iD d\1a course iDto uother lest haY1ag st the base ot lts petiole ,.et 

anothar lest bUll (P1gure 37). In this III1DD8r 5 or 6 lea'l'8s lI8.J' be ~­

clueed cm the first tuœt:lODal ahoot. 

1IhUe the prilIa'r1 shoot la developillg the awlli1lg rirat ob-

881"1'ed at the pl"ca:1mal eDl of the radicle 1Dcreaaea iD aise 011 the side 

opposite the shoot, 1.e. OD the lower side. This ls the beg1nn1ng ot 

plagiotroplc loblng in the hJpocot71 ua results 8'Y8Dt~ iD the tor­

mation ot the tubera. .lc1ventitious l'cota are qUickl,J' prcduced on the 

na. tuberous growth 8Dd these soon become the principal root aJ8tem ot 

the yoUDg plant, the prillarJ' l'GOt being loat or indist1np:1abable frOIll 

the other roots. Î9anwhUe the seed CCl»&t 18 still e'l'iden:t and .,. par­

s1at throughout the seedUng pbaee. III Dioscores tritida the bUlge iD 

the h1Pocot,.l dRelops ft'1!1' slOw17. It torIlS a corm-l1ke axis and 

appeara capable of produciDg a succession or 881'1&1 shoots each arisiDg 
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Figure -;36. YouDgseedJ1tigritb· f1r8tfüziàtioD8l1eàt'bécàüdng'erect. 
SmaJ1squares 0.1 in. x 0.1 ~. 
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Figure 35. Young seedling with tirst functional leaf' still bent over 
and downwards. . Small squares 0.1 in. x 0.1 in. 

Figure 36. Young seedl1ng with first functional leaf becom1ng erect. Smal1 squares 0.1 in. x 0.1 in. 
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Figure 38. Seedl1ngwith e~anding leaf' bladesand elongating petioles. 
Secondary shoot has ~merged ·trOlll bllge ot the base ot t'.rat 
shoot. Smal1 squares 0.1 in •. X o.lin. 

,If 
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Figure 37. Young seedling with second leai' emerging. 
Small squares 0.1 in. x 0.1 in. 

: . 
1 

Figure 38. Seedling with expand.1ng leaf blades and elongating petioles. Secondary shoot has emerged f'rom bulgel of' the base of firet shoot. Smal1 squares, 0.1 in. x 0.1 in. 
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from a œ. 1Dcremant iD the bul.ge. No sigDH'iCSDt tuber tcrmatiOD takes 

place UDtU v1gorous and abUDdaDt toU.age growth 1s acbieYed~ 

A œw shoot _Wlualq elBerges ~tore the firet 8~oot; has oompletee! 

1ta dnelopment. rt is usual.l7 mere ripou than the tiret shoot aDd 

its leaves are larger &rd more IlUDerCiJUS. otherw1se 1ts de'gelopment ia 

similar to that described for the tirst shoot. Three tG s:1x shoots ~ 

arise aucC8ssiveq iD thia I8DD8r. 

The leaves ot the pr1mary shoot f4 the cush-c.h see~ 

ml ike those of the adult plam; are eDt1re, sllal.l. aDd heart-ahaped. 'rhe 

stell 18 erect &DC1 wiDgless unUJœ the w1Ilged, tw1DiDg &dalt stell. !he 

fol1&ge of Dioscore&. tr1t1da 18 1n tact heteroblut1c aDd eatire leaves 

and erect ste_ charact&r1ze the juyersile phase iD develo~lIt. la this 

phase also, the domiDaDt teature of growth is petiola el0Dgat10D aIId 

la ... expaDB1cm. Relat1'Y8q l1ttle ste .. eloagatioll oceura aIId as a 

coœeq.nce seedliDg shoots are at t:irst rosette-11lœ iD appea.raœe 

(F1gure 38). The ohaDge troa jtD'eDUe to adalt phase 18 gradua1. aDd 

each succeetiDg shoot bas a sl1ghtq longer stell aIId larger aDd 1œreaa­

iDg17 1101"8 1ndeuted la&'ges than 1ts predecessor. W1Dga theD begiD to 

appear OD S'tellS and pet10les. 'rhe rate ot ste. elcmga:tioll tiDal.l.y ex­

ceeds that ot pet10le elougatioD iD the tifth or a:lxth shoot. !he stell 

beCOIl8S loDg and pliant and teDds to tw1Da around au,y object wi'th wh1cb 

1t comes 11Sto coDtact &Dd the characterist1cel ,,. lobed adalt 1eues are 

procluced (Figure· 39) • '!'he older juveDUe shoots J!IJa7 peraiat tor several 

mcnths, but thq ever:diual17 die. :rt takes 2 te 3 IIODths tor a seedl.1Dg 

to commance tw1n!Dg atter ge1'JliDa.tion. 
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,F1.gure 39. Seedl1~g UI1darg9iDgtr.ansit1on fr,am -juireDUeto adUltphase. A shoot vith tvlning' stem and lobad leav:esh~, deVèloped. 
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Figure 39. Seedling undergoing transition trom juvenile to adult phase. A shoot with twining stem and lobed 1eaves has developed. 



129. 

c~~tiOD !ests. 

(a) Date of'Seediœ Bxper:im8nt. The results ot this series 

of germ1Dation tests which were carried outO'ler a,7-monthperiocliD 

1964 are recorded in Table 24. It i8 evidant tut the seet! materlal 

tested bas higb gerlliDabUit7 1t seec1ed nen tresh. TM deereiLsi:g 

germ1œtion percentagea 88 the aaed got ol.cler suggest f'airq rap14 l08S 

of' viabillt,.. !he long period 1'equ1red to comple~ germiDatioD in each 

test :la worth noting. Thia 18 a co_on phaDo_non in Dioscoft. trif'ida. 

'lha tact that the co_ence_nt of' gera1Da.tlon was de~d lcmger in the 

March test than in aDJ' other 1s alao ct interest aDd mq ll1âicate a . , 

period ct dorJll8.DC7 tbrougb which the aeed _ paIIsi!lg wheD it wu set 

to gerlliDate aDd wh1ch had to be ,cOIIlp1eted bef'ore the gel'lliDatlon proc­

e8a ooul.cl begin. In the s~equeDt; tests the aeed wu o14er aIId sach 

a clorIIanc7 perioc1 coul4 D'ft been U'o1ded 'b1' the later seecl1Dg. 

(b) Seed '!'reatant Bxpert.nt 1. The gerlliD&tion pe:rcentagea 

obtaiDad in thia eŒper1ment _ft geœran,. good (Table 25). ~ seed 

treatmants tested seea to ha ... had 11tt18 effect aDd the antl'eated aeeds 

germiDated 88 wU se the majorit,. of' those troatad. It should ba DOW 

that this experiment was started ,iD March, 1Ih1ch alao proved tobe a 

8uccessf'ul. planting t1ae in the Date 01' ,SeediDg Experiment. '!'he length 

of' t1me œeded to complete gerlliDation iD. thia exper1meDt shoulcl WO 'be 

noted.' 

(c) saad '!'reatlllent Bx:per~nt II. It 18 &vident trom tuse 

resûLts (Table 26) that re~al of' the SGad coata was deleterious to 

auccessf'ûl. germination. It was obsernd tut seeds with this tftatment 
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li: Germnation !ests. Date or ~ed1Dg BEJ:'8r:t.Dt. Carried oUt. in soU 

1I'1th open-polliDB:teèl' seed trOll f'alBle c10Dal plant 16/63/8. . . 

Date al 
Seedi. 
pel' Test 

. No. of'~to No. Of" cl •.. Gèl'llliDation 
braillatiorl cc-.eace_1It; . to cOIlp1e~"on per10d 

• of gel'lliDat:1onof" test (dÀJ'S) 

18th llarch 1964 96.0 /IJ 67 27 
23rd ·,lprU 1964·' 84.0 31' .. 58- 2'1 
l,th __ 1964 . 70.5 'Zr 59 32 
15th .1'11118 1964 72.' 27 S6 59 
23rd Jal,. 1964 50.0 ·22 ·45 23 
5th october 1964' . 16~5 25 62 35 

- ", 

JE 
Based on. 200 seec1s· pel' test. 
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'l'~ 25. 

Germination Testa~ Seed '1're~t_ut Bxper1Jlent I. CU'riad out OD tUter 
. D 

paper :ln Petri d:l8bea w1th open .. poU:lDated 8ee4. 

CoDtiatous Darkœas 
Seed 

'l'reat_at GerldDat10D RD. of da7s to 
, gera1D&ticm 

begllming+ eD:1++ 

5°C tor 12 brs. 88.0 21 49 
50c tor 24 brs. 80.0 2l YI 
520C tor 12 hrs. 84.0 11 '37 
52qotor 24 bra. 88.0 23 4'1 

Control "'.0 23 35 

:. 
Based OD 200 88eds per treatment. 

lUE Seeded. 14th I!srch 1964. 

+ Germ1Dat1o!1 ot tiret seed. 

NOrmal l:lgb.t ud dark 

Gend.DatioD 10. of da7a to 
~ ge~tioD 

beg1,,", Dg eld 

80.0 19 45 
76.0 1'7 35 
92.0 t~: 

1'1 26 
84.0 .': .. 19 '38 
84.0 1'1 '33 

+ + Germination of lut aeed or term1Datio!1 ot experimant. 
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TABm 26. 

, ' le 
GermiDation 1!ests. Seed '.r1'eatme= BEper1meDt II. Ca.rr1ed out' on tUter 
paper 111 Petri dishes 1d.th open-pollinated seed trOll female, c10nal plaDt 
2/6'J/~ 

~rii- Ho.ot'da,. .. , to Ifo. ot aa,a to Gera1Dat:l.oll œtion coliaelllCO_Dt' complet1oa of per:l.oc1 
~ of gerlliDat1e testllB 

clqa 

Ca> W1Dgs rellcmtd 68 14 37 
(b) WiDp reacmtc1 

dueda ~e-
beateel (52 ) 
tor 24 hova 66 16 

(c) Seeclcaats re-
uwed 28 l4 

(4) Seedcoats 1"8-
lIOftcl 8114 Heds 
preheated (52CC) 
tor 24 hourIS 11 19 37 

Ce) See4s preheated 
(52OC) tor 24 
heurs 78 20 Y1 

(t) Control 70 17 YI 

]; 
Based on 200 se. pel' treatll8l1t. 

lUE et-ded 10.,",,, ...... , nL.L ~ ,7"" --.:1 .. ~. 

lIB BzperimeDt tel'nd.Ilated 4ue to the rott:I.Dg of UDgermiDate4 seeds. 

2' 

21 

2' 

18 

17 

20 



were rapid.l.y maded 'b1' 1I01d8; aDd decompositiol'l ot the maded tissue 

BOon followed. Bmbryo mortal.it7 11&7 41so have been :lncreased.'bJ' tile. 

expoSU1"8 of these D8lœd seeds to high temperatures. Apparent17 DO harDI 

:la doœ ta the gerll:lDatiDg ·seM by' removiDg its 1I'iugs 8IId 8Zpos:!.Dg it 

ta teaperaturea of 520C prO't'ided the seed coat :la iDtact. On the other 

. haDd, the se trea:tll8nts do not appear tobe "Ie'r'J' benef:lcial :ln :lœreas:lDg 

germiDation percentage or the spaed w:lth ùich ge:rmi~tiOD takes place. 

Qpen-polliDated Seed Test. The:results ot this .test (Table 27) 

irldicate diff'ereDt1al gerllinabi1ity. of the aMda tested. Purther testiDg 

is required to CGnt:l!'ll this reault. 

4. stud:les 01'1 Sax !gr8ssion. 

The tirst observations on aex ratios iD Dioscorea- 1orit:lda _re 

lIBde 01'1 1owo popalatioDS gl"own :ln 196'/1964 at Central Bl:pe:riment Station. 

ODe population consisted of 137 plalrts gl"own troa raDdoml7 aelected 

commercial tubers, and the other compriaed about 150 plants groWD troDl 

tubera ot 38 accessions aollectecl raDdoml,. trOll w:lld, seJDi-w:lld and 

cultlTa'ted sources. The results are Bhema :ln Table 28. 

!he p:repoDderance ot males, especial17 :ln the commercial plants 

:lB remarkable. or the CJ6 plaDta ùich tlowered UlODg the C01lllll8rè1a1 

cultiTars, 93.8,C ware _le and 6.2$ temal.e. The differencebetween males 
- -

and tellales was leaB prODoW1C8d. :ln the DOD"CODllllerc:lal _ter:lal - 56.'" 

males aDd YI. ~ feDlales smcmg the f1ower:lng plants. !he occurreœe ct 

a rel&tlTeq large IlWIIbar of hermaphrodites (6.2$) in this "Iar1ab1e 

population :la aleo 1'1ote4. 
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TABLE 'Zl. 

ChtrJliD&tion ,'l'estlJ~ Open-PolUnated Se.a Test. Carr1ed out in Petri 

dishes OD open-po1l.inated se. trom 7 teJU.le plants 'beloDgiDg to 7 

accessions • 

C10DeS 

2/63 84-
'5/63 88 
tl/63 72 

10/63 64 
15/63 52 
23/63 63 
26/63 71. 

Dap tG 
co_ellCe_ut 

of gel'lliDation 

21 
·,16 
·16 
21 
16 
17 
19 

DIQ's to 
cOllplet:loD 

ot gerlliDat:lOD 

35 
42 
42 
33 
"U 
40 

' 38 

:. 
Based OD 200 8884a pel' temale pareBt. 

Period ot 
gerlliDat:loD 

(d.) 

14 
26 
26 
12 
25 
23 
19 



TABLE 28. 

lIale aDd feJl8le pla.llts iD cOIIIerc1a1 cuh-cush aDd 

raadoa colleotloDS. 

lfale8 
regelas 
Hel'lD8.pbNC11te8 
Md aot tlower . 

COIIIIII8ro1al. Plat8 
lfàIIber ct· 
pl.allt8 • 

90 65.7 
6. 4.4 
0 0.0 

41 29.' 
13'7 

RaIlda Collectlcms 
.. ber of 
acces81_- ., 

9 23.7 
6 15.8 
1 2.6 

22 57.9 

38 

135. 
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BzperiJaBnts are coDducted in 1964/1966 to en-!,. sex expres­

sion in Dioscorea tr1fida 1101"8 cr1t1call.7 (Màter1als and Methods, Sax 

Bxpres81on) • Data on sex ratios collected iD these trials a:re sWlllllarized 

iD Tables 29 to 31. Pel"DSal or theS8 data 1'8'I'8als the touowing impor­

tant l'8sa1. ta: 

(1) Rel.&tin17 ta. plaDts tlowered :ln :the wo seedUDg popalatioD8; 

oDq 1'.~ htbe sWad plots (Table 29), aDd 34.0"1,C in the 

una hadec1 plots (Table 30). 

(2) Of' the seedl1ng plaDts _loh tlanred II8les 11'8" 76.E(C; tema.l.es 

1I8re 12.", aad henaphroditas wre 10.~ :lath8 sbaded plots, 

aDd 76.~, 16.5J 8Dd 6.9.' h the ushade4 plots. 'l'he we to 

tallll.e ratio wu about; 5 to 1 ('!'ables 29 aDl 30). 

(3) Ibre plaDts tloIrered :ln the UDShaded plots th&ll ln the shaded 

plats (Tables 29 ad 30). 

(4) The t1ower1Dg percentage 1œreased te 62.25 wb.en the seedliDgs 

wre re-grc:nm as aloDal plants-iD 1965/1966 ('l'abl~ 31). 

(5) Dlprcwed tloweriDg WB8 8CComp&D1ed bJ' IlOft aven distribution 

ot male &Dd telllBls pla.m.s 8lIoDg th088 1Ihleh· t1nered. 'l'he 

perceDtage ot hermaphrodite plaDtis decreasad somailbat. 

Chi-square testa OD the male and f'ewe data cont1r1led that 

in ~ or the 7 populations testad, the sex ratio doss not 

dtn'iate sigDit1c&Dtl)" mm a 1:1 expectatlon (Table 32). 

Soee predoldœDt1,. male plms bea.rlDg a tn bisexual flowr8 wra ob­

served trom t:lme to t~. 

An attempt wu made to dete:rm1œ 'Ilhat relatiouhip, if 8.'lI3, 

existad bath en 8ex aDd ,.teld of tUbers par plant. The y1elds of male 
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TABLB 29. 

Sax ezpression ~open-poll1Dated progeDl' of , Redli Dg tellBl.e iDdividuals. 

Shadad plots 1964:-1965" 

..•••• ! 

.. 
hlBle Parent Bermaph- Did DOt rlC'11f8riDg 
Accesslon 10. ". 1Iale.·r.elâale·· ·mite. ·tlonr.· Total,' .' 10. • 

1/63/5 13 '2 8 '84- 'lffl 23 21.50 
~/'3ï6, 18 o. 4 .95 U7 22 18.80 
2/..631.' 9 2 0' 100 U1 U 9.91 
~/6j/6 ou· ·9' Q 97 117 20 17.09 
15/63/6 20 1 1 104 126 22 17.46 
1fi/6j/8 .. 19. 1 O. U3 ~33 20 15.Q4 
35/63/1 5 1 ,0 86 92 6 6.52 

.. " "., .. ... 
95 16 13 679 803 l24 15.44 

~ of tlOWl'Dg . 
76.61 planta 12.91 10.48 
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TABLB 30. 

S«.t expl"8881oD in opea-poU1nat9d progelll1 of 7 8ee411Dg tellBl.e iD41OY1duals. 
UDShadec1 plot8 1964-1965. 

l'elll8l.e PareJrt Bermaph.. Diel DOt 
Aocession 110. Mlle hwe rod1te f'lower 'l'ota1 

1/63/5 31 16 8 57 U2 55 49.11 2/63/6 37 7 4 83 131 48 36.64 2/61/9 37 6 4 89 136 47 34.56 12/63/6 22 2 0 76 100 24- 24.00 15/63/6 15 1 1 49 66 17 25.76 16/63/8 36 7 0 57 100 43 43.00 35/61/1 12 2 0 69 83 14 16.87 
190 41 17 4SO '128 248 34.07 

~ of tlonr:lDg 
plaDts 76.61 16.54 6.85 
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TABLB 31. 

Sax expression iD open-poll.1Datecl progeDl' ot '1 oloDal temale l!id1vicluals. 
UUhaded plots 1965-1966. (Eaoh plant a 010. of one seed1iug plaut troll 
t.he 1964-1965 .. _ exp1"88sioD triala.) 

hmale Panat; Bemaph- ])id DOt F10weriDg Accession Ko. llü.e rema1e rodite tlower Total Iro. , 

1/63/5 71 65 13 '70 219 ~9 68.04 2/63/6 81 '18 11 '78 248 1'70 68.55 ~/6319 90 ?'9 6 '72 247 175 '70.85 12/63/6 62 64 3 88 217 l29 59.45 15/63/6 68 47 2 '15 192 117 60.94 16/63/8 70 61 2 100 233 133 57.08 35/63/1 ~ 35 3 95 175 80 45.71 
484 .429 40 578 1531 953 62.25 

~ of· f1crtl8riDg 
plaute 50.79 45.02 4.19 



TABLlt 32. 

SB ratios amoDg progeDie8 or ctpen-po111u.ted c101188 ot 
Dioscore& trifida~ 

Accession 10. 
ot 

l'èll&le PareDt 
JIales reilales 

1/63/5 
~6j/6 
2/63/9 

32/6j/6 
15/63/6 
lI:i/63/8 
35/63/1 

i'otals 

x2 
p 

~ 

p .05 = 3.84 

P .01 = 6.63 

71· 65 
8J. 78 
90 79 
62 64 
68 47 
70 61 
42 35 

484- J,29 

Total 

136 1.09 0.71 
159 1.04 .057 
169 1.14 0.72 
·126 O.'" 0.03 
115 1.45 3.83 
131 1.15 0.62 
77 1.20 0.64 

913 1.13 

3.31 

2.86 

140. 
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8Dd female pl.ants in the studlas on sex expresslon are reoorded iD 
.. -

Appelldix nI and sUll1llU'1zed ln Tables 33 B.Dd 34. A s1DgJ.e temale c10De 

(2/63/6) in Plot B ,-1elded slgnif'1oantly better (at the '" poiDt) than 

lts male counterpart. otherw:lse there wu no s1gn1f1cant diffërenoe 

batnen the tuber yields ot. male aDd fema.1e segregates. Tha geœrall)-

1_ yields in Plot B as compared with those in Plot A are interesting 

espac:1all7 when lt ls :recalled that the -seedl pleces Wied to establlsh 

the plcrl; (Plot B) _re 2 oz. in nlght 01" 18ss. 

Ho sex-liDlœcl IIOrphological characters _loh could. be _84 

for field identificatlon ot the a8DS betore the wô'tl:tTeDC8 of î'ïnar-

iug were observad. 

5. Agronomic Stadias. 

1. Cloœ1 Bxpar1JDeB1i (1964.-1965). !he aata collected tro. 

th1a expen-Ilt are· rec01"ded iD Tab1e 35. The aœl,.1a ot variance 18 

shcnm in Table 36. !here 1IB8DO slgn1.ticant dif'te:reDCe batnan the 

y.1elds of the cloDes tested. The average ,:Lald par plaDt over ·1;J1e whole 

experimantal area was 4.39 lb. 

2. CloDBl Bx:periment (1965-1%6). In th1s re-exam1Datioll 

or yieldiDg abillt,. of the cloDes tested the l'Iar bef/ore J higbl,. s:lgn1tl­

cant 71eld d:ltterences were obta.1Dad. 'fhe results am! anal.1s1s ot 

'Variance are shown in 'l'ables 37 and 38 :respectivel,.. DImoan's II!Ultiple-range 

test 1I8S usee! to compare the cloDe _aM. The results ot Ws test are 

given in Table 39. The a'Verage ,-1814 per plaDt in th1s uper1m.ent W88 

1.52 lb., IIlUOh lowar than the ,-1elds obtaiDsd iD 196.4-1965. 



TABLB 33. 

lIaaIl tuber .. 1gbt per male aM female plaat;. C10Dal 

pl.àllts c1e~V8d ~oa shaded' aeed1ing parame. 

Fellâle ParèDt 
Accession Ifo. 

1/63/5 
2/61/6 
2/63/9 

12/61/6 
15/63/6 ' 
16/61/8 
35/63/1 

Plot A 

Yielda ot 
1fI1e" , lPemale 
oz. oz. 

47.523 
50.520 
50.426 
68.632 

. 59.066 
55.433 . 
45.538 

(1965-1966) 

.119 

.094 
1.304 

.438 
• lOS 

1.200 
.765 

PrObûUlt,. 

.905 

.CJ25 

.196 

.662 

.913 

.2,34 

.44'7 

U2. 

+ 



TJBLlI 34,. 

lIaaD tuber wight par lI81e &!Id f'e1llal.e plaDt. C1oDal. 

pl&llts der1ved f'rCllll aœbaded seedliDg pareDts. 

retiale PareDt 
.&ocessioa Ho. 

1/63/5 
2/63/.6 
1/63,9 

12/63/.6 
15,61/6 
16/63/8 
35/61/1 

Plot; B 

Y1elds of 
lIale Female 
oz. oz. 

27.340 34.078 .76IJ 
14.460 24.~ 2.2.18 
18.813 19.728 .234-
15.196 18.750 .851 
12.676 17.083 .765 
21.500 27.000 .756 
16.UJ6 24.766 1.237 

t 1 = t calcUl.at.ed for unpairad var*.l.âœà. 
• SigDi.ficaDt st the ~ poiDt. 

ProbabUlt,' 

.450 

.030-

.815 

.398 

.450 

.453 

.226 
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C/67/63 
0/13}{,63 
C/92 (,3 
C/lj~63 
C/69 (,3 
C/1~63 
C/88 (,3 
0/90/63 

Totale 

'l'ABLB 35. 

C10Dal BJtperlllent (1964 .. 1%5). - . 

Y:lelds ot B1ght C10DBl Plarrts. 

B10ck 1 
lb. 

69.06 
72.94 
61.00 
80.38 
31.13 
37.25 
47.19 
23.94 

<422.89 

Block II B10ck In 
lb. lb. 

83.25 66.49 
67.69 62.19 
71.49 67.19 
40.94 48.19 
69.88 34.63 
49.50 29 .. 25 
28.88 36.50 
20.75 64.56 

432.38 409.00 

1'otals 
lb. 

218.80 
202.82 
199.68 
l69.51 
135.64 
116.00 
112.57 
109.25 

l264.2'1 

JM.. 

lllaas 
lb. 

72.93 
67.61 
66.56 
56.50 
45.21 
38.67 
37.52 
36.~ 



CloD&l. BEper1lDent (1964~1965). 

ADalys1s of VariaDce. 

ss MS 

Blacks 34.57 2 -17.29 
Cloues 4759.86 
Bftor 3612.41 

7 680.00 2.63 2.77 4.28 
14 258.03 



TABLB 37. 

OloDal Bxper1merrt (1965-1966). 

Y1elds of B1ght Olonal Plarrts. 

OlODeS Block 1 Block II B10ek III Block IV Totals lleau lb. par lb. lb. lb.' lb. lb. lb. plant 

0/.92/63 66.78 61.72 39.92 64.90 233.32 58.33 2.4 C/1~/63 64.10 36.36 54.32 44.00 198.'18 49.70 2.1 C/.13%63 26.02 33.60 39.18 '13.72 172.52 43.13 1.8 0/67 63 33.92 35.34 44.00 52.42 165.68 41.42 1.7 0/.90/63 31.40 31.20 49.52 29.68 141.80 35.45 1.5 Cf~63 30.58 ' 26.32 47.12 16.74 120.'16 30.19 1.3 0/69 63 21.56 15.14 24.00 26.00 86.'10 21.68 0.9 C/8 V63 11.64 17.64 9.22 '1.20 45.70 U.43 0.5 
Totale 286.00 257.32 3(11.28 314.66 1165.26 
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'l'ABLB 38. 

Aaalysu of VariarJce. 

Source SS DF • po F tabulated 

'" 1$ 

B10cks 247.98 3 82.67 
C10De8 64,32.8'7 7 918.98 5.86 2.49 3.65 
Brror 3288.55 21 156.60 

9969.40 31 



TABLB 39. 

CloDal Bzpe:rlmellti (1965-1966). 

OOllpa:riaOD of MItans. 

C101l88 

0/92/63 
C/109/63 
0/131/63 
c fJ7/*!3 C~9(j/63 
C/134/63 
C/69/63 
C/88/63 

lleaœ 
lb. 

'8.33 
49.70 . 
43.13 
41.42 
3'.45 
30.19 
21.68 
11.43 

Dlmcan '8 Ra. 
a 
ab 

b c . 
bëd 
béde 
bcdet 

der 
t 

l48. 
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3. Spac1r!g bpa:riment. '!'he results of this trial are ShOWll 

in Table 40. The ar.talys1s of variance 18 presented 111 Table 41. The 
_aIlS or the Iseed l wight cluses _1"8 Ilot aigDif'1caDtly ditf'ereDt. 
Higb.q aigD1ticant d:lttereœes iD 71eld pertOl"Jl8llC8 _1'8 obta1Ded bat_ell 
spacing classes aDd in the interaction bat_an spaciDg classes aDd Isaedl 

weights. These 1"8sults are graphican,. represeœed iD Figure 40. Yields 
(011 the Y-axis) or euh spaciDg class are plotted agaiDst ned wight 
cluses (011 the X-sds) on the graphe Yielda ot spaciDg classes 91 and 
121 were de'teraiD8d by Duncan's IIUlt:lple-:raDg8 test ('l'àble 42) to be 

, " s1gD1f':lcaDtq (at the 1$ point) batter thaD, 7ie14s of spac:lDg classes 
181 aDd 241• TheBe d:lttereœes are clear17 shon 111 the' graphe Atteution 
111 d1rected to the h:lgb paalcs 111 11eld shown in the 9" aDd 128 8pac1Dg 

olasses at the 4 oz. 8sead" wight, aDd the relat:lv.~ sball_ d:lps at 
the 88118 seed _i8ht,:ln the 181 811d241 classes. 

4. Yu Var:letx '!'rial. The ditf'ereac8s :ln ,.:tela 'bet1l881l the 
"var:leties8 tested :ln this experimeDt _1'8 sign1t:lcaut at the ~ po:lut 

(".fables 43 BDi ~). n wu cletera1œd ",. Duncan's JRUlt:lple-raage test 
(Table 45) that there was DO s:lgrd.tioant dUterence betnen the y.l.elds 
ot euh-euh and meDt,al variet,.. J,:laboll,am W8S s:lgn1ticant17 higher 
yieldiDg thall cush-cuah but did not dUter s1gnif:lcantly ha OrieDtal 
iD this eharac'ter. The b:lBhl7 signifieant difterences bat_en Blooks 
_re noted. 

6. Crt0log1cal IavestigatioDB. 

The chromosome IlUlIlbers datermœd in the prese!Jt stud,. are 
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'l'ABLB 40. 

SpaciDg Bxper1meDt. 

Yie1ds of Cush-cush in a Split-Plot Bl:perœut. 

Seec1 Within-l"cnr 
Welghts spac~., 1 

9· 12.72 
") -- 12' 10.96 . 
.. VD. 181 78.93 

24" 35.06 
'l'otala 

lst 'ft. Class 1T/.BI 

9' 112.35 

4 os. 
12" 124.32 
181 78.98 
24w 40.19 

Tatals 
2Ild 'ft. Class 355.84 . 

9" 176.01 

8 oz. 12' 168.93 
1an 109.54 
24- 70.29' 

'l'otal8 
)rd ft. C1&ss .. 524.7'1 

Gl"aDd 'rotels 1018.28 

Repl1cates 

2, 3 

110.94 2M,.63 
74.62 130.01 
69.82 69.36 
82.22 67.68 

336.70 5U.68 

'147.18 301.76 
U8.76 100.43 
78.28 62.63 
51.48 34.88 

390.70 . 4~.70' 

136.78 103."r1 
99.34 92.96 
65.97 91.92 
84.09 108.10 

386.18 396.75 

Ul3.58 1408.13 

4 
Rn Spac1ng 

'l'ota.\a lleans 

. 109.74 ' 477·.13, 119.28 
2U.94. 42T.53 106.88 
98.41 316.52 79.13 
44.02 228,.98 57.25 

.w..U 1450.16 

18.86 580.15 145.04 
203.62 547.13 136.7. 
'1?71 292.60 73.15 
82.22 208.77 ' 52.19 

3S2.·.u, 1628.65 

137.97 554.53 138.63 
132.46 ,493.69 123.42 
90.95 358.38 89.60 
75.91 '338'.39 . 84.60 

437.'}$J 1744.99 

1283.81 4823.80 
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T.lBLB 41. 

Spacimg Bxper:lmeut. 

ADal,.1s of Variance. 

Source SS 'DF MS p. 

Rep1icates 755"1.60 .3 2519.20 
Seed wetrt Classes 2756.63 2 1378.32 R.S. 5.14 10.92 
Error(a ' 19387.01 6 3231.17 

9.~ Spac:lDgClassils ' 3959"1.60 3 13199.20 2.96 4.60 
Seed ft; li: Spe.c1ng 45816.69 6 '7636.12 5. 2.~ 3.56 
ErrOl" (b) ,39121.69 '%1 'J..U.8.95 

'l'otal 154237.22 47 
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TABLB 42. 

SPilCiug kperimant. 

COllparisoD of "ans. 

Rn 
Spac1Dgs 

134.32 a 
122.36 a 

80.63 b 
64.68 b 

153. 



154. 

T~43. 

Yu Var1et,. Trial. 

Yielda f4 two Yarieties orBi _=08-.;c __ or __ ~=a !l.!!! aDd one cah-crash 'Varlet,. 

coapared. 

Varieties Block 1 Bl~ok II Blook III Black IV Ifotals leimS 
lb. lb. lb. lb. lb. lb. 

Liiibon Yu· 305.76 
Oriental Yam 210.32 
Cash-cash 191.94 

TotalB 708.02 

101.73 
83.39 
77.92 

263.04 

102.56 
101.38 
72.40 

2'16.34 

162.06 
135.50 

89.31 

386.t11 

6?2.U 
530.59 

.431.5'1 

1634.27 



TABIB 44. 

Yu Varlet,. Trial. 

AD8lJ'S:l.a et Variance. 

Source SS DI' l' P tab\ûated 
~ J.1; 

.. 
Bloôlœ 42934.98, , 143U.66· 22.~ 4.76 9.78 Var1et1es 7300.70 2 .3653.85 5. 5.~ 10.92 Brror 3764.69 6 62!1.45 

54CY:T1.37 11 



'1'.lBL'I 45. 

Y8IIl Var1et,. Trial. 

COllpar1sOD. ot Ile ... 

Var1et1e. 

L1sboD 
oriental 
Cash-cush 

168.03 a . 
132.64 a b 
lfl7.89 b 

156. 
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sUllllar1zed in Table 46. '!'he chromosome eompleraeut iD maJ.e and telll8l.e 

segregates of 3 accessioDS was 2n :: 72; that:ln the male segregate 

of a tourth accession wu alao 2n = 72; aDd, the Ctoaplell8Dt in the 

single hermaphrodite plant studied was an :: 8J. cbromosœe8l. An UDSexed 

seedl 1 Dg plant had 2n :: 54 chromosomes. Photom1crographs ancl photoc1raw:1.Dga 

of cella of male, teJlale aDd hermaphrodite plants shcnriDg the sOlllatlc 

chromosomes in IIIBtaphase &1."8 g.l'gen :ln 71gures 41 to~.. A photollicrograph , 

of a ceU 1I1'th an = 54 chromOS0a8S 1& shown ln figure ,'1. ADl, a photo­

lI10r0graph aDd a camera lacic1a drawiDg of. a .taphase plate with 2n = 8J. 

cbrClllll)SODIS are gi'gen :ln Pigares 48 8IId 49. 

Prolll1Deut prGOIIroJIOSGlll8. 1I81"e observee! in restiDg molet ot 

II08t 1'OOt tips. SometimBlI thq were lJ&tog.t, tn iD DUllber aDd .U-tO'rllBd. 

At other t1mes, t.he7 appeared to he nall, ladetin1te in shape ud IlUlllBr­

ou. The,. seead to be peripheral n:thin the œclear _abraDe. 

Mltosis was normal in aU or the squashe. exaa1œd. ~e photo­

graphs iD Ylg\1r8s 50 aad 51 shn t7J)1cal prophase, anapbue. &rd telophase 

cella. 

'!'he CbrCllJlOSOII8S ot Di08COl"88. tritida are small aDd JlUEl'OWS. 

'!'he,- 'Vary in sUe aDd shape ad it is ditficUlt toprepare squaàhes 

suff'tcientlT th1n &Di wU-spraad for aU the ChromOSOllBS to he iD micro­

scopie tocus at the S8llla tilDe. .tccarate ChrOlllOSOIl8 cotmlis can oDl.J' he 

achined in lII8.a,' iDStaDces 'b7 tocuss1Dg the II1croscope ap aDd clown ra­

peatedq. This techDique IllUSt also be ';!Sed to d1scover the shape aDd 

structure ot ildl'Vldual chromosomes. Some chromosomal structures can 

he observeci in the late prophase shom in Pigure 47. In this preparation 

the melear membraD8 &rld JJtlcleolus ba'Ve Dot 18t disappeared aDd pri.mar;y 
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Figure 41. Photomicrograph of cell with 2n ::: 72 chromosomes (maJ..e cl.one). x 6615 
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Figure 44. 
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Figure 43. Photomicrograph of cell with 2n = 72 chromosomes (female clone) x 8788 
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Photam1croP.aph Of" Cell ~ÎJi, 2D=81, chrçmœames (ltermaphrcHJite âl~) 4t' ; ",',' ',., 
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Figure 45. Photomicrograph of cal1 with 2n:81 chromosomes 
(hermaphrodite clone). 
x 12045 
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Figure 46. Photodrawing of same ce11. 
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Figure 47 ~ Photomicrograph of· cell vith'2n. :: 54 chromosomes (seedl ing) 
x 2671 
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161. 

Figure 47. Photomiorograph of ce11 with 2n ::: 54 chromosomes (seedling) x 2677 



Chromosome IlUIlbers in Dioscore. tr1ticla. 

AccessiOn 10. of 
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72 
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72 -

'12 
72 
72 -
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coll8trictioœ iD the chromosomes are c1ear:q 'Visible. Pr:1.ma.J.7 mec11an 

constriotioDS 11'81"8 o'bseioved iD lIaD,y of the cbromosaaes stud:ted &Dd a 
,. 

te. satellites wre also seen (Figare 49). ID the CbromOllOll8 complell8nt 

of each DI8l.e plant 8X811d.œd, ODe· chranosaae waa larger the ~ ot the 

others. '1'his large chrOllOllC118 wu WO obserYe4 in the chromosome com­

plemeDt of the hermaphrodite plant. 
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Figure 48. Photomicrograph of cell with 2n -= 81 chromosomes. 
x 5846 

Figure 49. Camera lucida of same cell vith 2n: :81 chromosomes. 
x '144&. 
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Figure 50. . Cella show1Ï1g late ·.pro,phas~.~. 
%4284 

L_ 

Figure 5~. Cel1sshowiDg anaphase and telophase. 
x 7119 
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Figure 50. Celle showing late prophase. 
x 4284 

Figure 5~. Cella showing anaphase and telophase. 
x 7119 
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DISCUSSION 

In the progrume of iDvestigatioDS reported berein coas:1daration 

has baen given to the cush-c1l8h plant (Dioscorea tritida L.t.) and SOIle 

cr its potentialities as a tropical tuber crop. The 1"esults or two 

classes of' iDV'estigation &l'e preseuted. P'1.rst, there is a desoription 

of the plaDt &Dd its parts and aCD8 aspeots of grcnrth based on direct 

ObS8l'V'ations 8IId _asUl"Gments; and second, the results of ,laborato17 

8Ild field experiments carried out to determiœ seed germinabUit:r, sex' 

expres8i~ aad 1ielding abU1t:r in cush-oush &l'8 reportad. 

'he Cwsh-cuah P1ant. 

The plant descriptioDreoorded in the f'oregoing section adds 

appreciab17 to the _agre acco\JDts reported 'b7 previous workers. Obse1"V'a­

tiou and _aeure_ntD in respect or the gro8S morphology of' seeds &Dd 

roots are presentad f'or the f'iret time, and additional information is 

pl"O'11decl on the cbaracteri.3tlc8 of' stem, leaf', intloresoeœe, f'lêlJel", 

f'ru1 t, aD! , tuber. 

As would he expeoted in a predoll1NIDtq dioecloUB plaDt. whioh 

is f'reel,. pollin&ted by cr&wling and fl1ing insecte, preseDt ·.line8 of 

cuh-cush are undoubtedl.J' highl,. heterozygGUS. How IIl11ch this hetero­

zygosit,. oontributss tG the tremendous 'V8.1'iabUit:r found iD the pheno'tJ'pe 

JllWJt be the sUbject tor fUture investigations. li; is auttioieDt to 

note here that the variabili t:r in soma plant oharacters appears to he 

stable aDd relates to variabUit:r in other plaDt characters. 'fhus , 
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thick stems seem to be associated w1th long internodes (Fig'to..'l'e . (1 ) arJd 

10Dg l.eat petioles w1th loDg leat blades (Figure 2.1). Adopt1Dg methods 

de't'ised b.Y ADderson (1949) tor aDal78is or association of cbaracters, 

it 18 possible to 8~parate cush-cuh clo11Ets i~o dist1œt groups (Figure 

32) tbere'b7 estab11ahiDg a basls tor classification within the species. 

A. cOllprehemiTe prograBDa ot classification w:Ui. 1Dnitab~ illt'ol't'e 

other plant cha:racters than those useel in Figure· 32. For this reason, 

and 111 order to complete the paer&! deacription ot the plant, ether 

charac'ters have been I18ssured Gd described. An 1nterest:lDg .result ot 

the preUm1Da1"T charact8r association a.Dal7l!lis reported he1"8in (Figure 32) 

1s the occurreDCe of accession 44/63 which orig1Dated in Ja-.ica as a 

d1st1nct nb-group. Alter l1m1ted obaenation of Dloacorea tr1:t:lcla :ln 

Jamaica, and several discussions ab~ the orop wi th Jaria:loan pliUlters, 

the autbor has been led to suspect. ·that the range or 'Y&r1abUit7 ot 

oush-cush in Jama1ca 18 DOt great aDd probab17 :results tro. 't'er)" U.lI1ted 

orlg:lnal introductloDS of the plant iIlto that· countr7. Certa1n1.7 aU 

the plants :ln ac~esslon 44/63 (abO'llt 40) _1"8 very s1mUar in torai aDd 

habit aDd ara 811 Ml.e. On the other band, the w1de raDg8 ot variabil1t7 

ot cush-oush iD 'J."r1n1 dad haB long been 1'eCognized &Dd the OOC\11'1"eDCe of 

plants :ln lII&D1 sub-gl"oups is not unaxpected. 

'!'he chromosome IlUIIbers detel'lliDed iD this study are aU multiples 

or 9. '1'ht_ooun'ts the1"8tore support the view tbat 9 isthe basic chromo­

some !!W!!ber of the geœ.s Dioscorea tbroughout the Western Hemisphere 

(Martin and ortiz, 1963, 1966). '!'his le the t1rst time tbat cbromosome 

numbers have been reported 111 Dioscorea tr1t:lcla. It ie also the tiret 

:report or torme of New 'forld Dloscorea epecies havlng 2n = 81 chromosomes. 

. ... 
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The specimens examined C)'tologically cama tram segregat1Dg _terial !lf 

which oDly .the female puent waa ·kncnm. F.urther investigatioœ are 1"8-

quired to determiœ the range ofpolJploidy in the series aDd the 

chromosome DWllber, or numbers, mo1"8 commonl,. 8Ssociated 1d.th desirabl, 

cultivars or clones.' ·FUrI;hsr. work, is ale,o œeded beton aDJ' at:tempt 

can be made, to COIIIIDaDt OD the mechaDism ot sex in D. trifida. .. - -

Ge1'2lliDatloD a.Di the Seedl1y. 

Pa:rt1cular attention was giveD to' geniDatlcm aDd seedl1Dg 

growth duriag the oourSe or these stUdies. It Wu recogDized that the 

abUity to estab1ish seedliDg p1aDtssucoessf'u1.ly 1d.ll be aD illlportaDt 

oonsideration in mldertakiDg aD7 crop 1mpravemeat progr'" 'b7 aeBDII of 

h)-pridlsatlon. Because cush-ouh 1s Dormal.q 'Yegetatlveq propagated, 

Its MedS have beeD 'V'irtually ignored b;y man. But, g:l'Y8D the right 

ooDditioDS, these seeds will germiDate aDd produce D81f plants. It ls 
, , 

evident trOll ge1'll1DatloD tests reportad iD the prerioUs section that 

high garm1.natloD p8rcentages oan he obtaiDed froa cush-oœh seeds. It 

ls equall.7 M'idem that' thia germination ill 1JDSatistactor;r iD terms ot 

rate am unitormit,.. UDder normal germinatlng c0JK11tioDS, the seNS 

ot JII&D;1 plaDt species gerll1nate 1C>O.' alIIost 1mmediateq. !he sltuation 

is c1itterent w1th cush-cœh seeds. rhey require 14 to 21 days for the 

tirst seed to ge!'lllb.~.te and another 15 dap bef01'8 the procesa ia com­

p1eted in the majority of the remaiDiDg seeds. 

Burk1ll (1937) auggested that a period of af'ter-r1pening was 

imo1ved in slow aDd irrGg-ular germination of the uecis of !!!!!! commUDis. 

The resulta of germination tests carried out with cush-cush seeda (Table 24) 
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auggest the occurrence of. SOJl8 t01'lll of domrmcy :ln :aewly ~ested seed. 

Seed som :ln M!Lroh when about 6 wem old reqUired 67 dqs to ccaplete 

96!C ge1'Dlinatlon. The ~ccess wu taster (58 days) in seeds U _elœ 

old 8JI.Cl SOlll1 1nApril, but the germination percentage .1fa8 lowar <_>. 
Progresslvel,. older. seed, pl.arIted in IIIQ', JuDe, July aDd o"tober bepn 

gerll1DatloD earller but the gera1natlon percelltqe dec1'8asec1rapldq 

saggestiag rapidl7 d1a 'n1Sh1Dg seed v1ab111t,.. The resu1ts of the tests 

s\1gg'est tut even if cush-oush see4s UDiergo a perlod ot atter-l'1peDiDg 

or other tora of d0rmaDC7, best germiDatlon 1'8su1ts are obtaiDed with 

DR sead, gerJl1Datlon perceDtage la higber aDd the actual period of 

germ:l.Datlon (l.e. troll tille of e.rgence ot the t1rst aeed to the t_ 

of e_rgeDCe or the last germinatlDg aeed) compares ravou:rahq with 

that or older seed. 

'!'he matmellts ased ln Seed Trea1aeDt BqJen..uts l aDd II 

did DOt :lmprcwe gel'lÛllatlœ rate or peroeDtage to aD7 appNC1able enent 

('1'&bles 25 &Di 26). Nor was gerlliDatlon UDier coœltloDS ot èo.atlllUOUS 

darknesa lIlUCh ditf'erent troll that under l101"II81 laborator;y coœltloDS. 

In the secom eçer1meDt (Table 26) the lowest germ1natlon perceDtages 

we1'8 obtaiœd trOll seeda withm aaec1 ooata. UDder II&tural oozd1tloDS 

the sead coat rema:1ns ti1"llÜ.7 attachad to the aHdling untU de'l'elop.nt 

18 wall past the tiret shoot stage. It would SM. tbat lts protectlve 

f'unotion 18 critioe1 th....-ougho\lt. the germiDation process. Certainly, 

. it was observed that aeeds without sead o08ts wera quickl,. im'aded b7 

lllicro-organisms aDd rotted in a fewdays. 

'l'he May Heding in the second saed treatmeDt experillaDt geœr­

ally gave lo_r germiDatlon perceDtages tbail the Jlarch seedlDg in the 
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t1rst axperiment (Tables 26 aDi 25). '1'h1e result 18 iD agreemellt with 

the observationmadeabove that the germinabUit,. ot œw sead ia relative-

17 h1gh but decreases tairl,.rapidl,. whsn seeds are stored. (Attention 

18 c11rected te the dif'f'erence in germ::1.nation rates obtained in the seed­

ing date exper1meDt (Table 24) aDdthe two aead t1"eat.nt _periments • 

. Mbcb ot this ditterenoe was due to the tact that the gerlliDatingll8diUJ18 

W1'8 dif'tereDt (soU versus· tilter paper) and· ev1c1eDCe ot gerlliDation 

waa more qu1ckly noted Mong seeds on tilter paper than uong those iD 

soU.) 

The resulta of the Open.;.poUiD&ted See4 'l'est (Table 27) iDéli­

cate clif'tereDCea iD gemnabUit,. ot ae84a troll ditterel'1t alonal t7pea. 

More testiDg is or course œcessar:v &Dd ·oœ . expects that this aspect ot 

studJ' will be assoc1ated with work on the classification or cush-eush 

1illes sinee thegerm1DabUit,. ot I18.ter1al wiU aftect its "'Y&l\18 iD a 

breediag" programe:. 

The seedliogs "of the majorit,. of crop plants arenormalq 

oapableot deve10piDg illto adult plants bymeans or cODtimlou growth. 

ID Dioscoraa trifida and some other species ot the Dioscoreaceae, the 

situation 18 dUterent and· one to several shoots are produced which œver 

deve10p into true adult plants. These shoots arenormall:v produced iD 

succession and eaeh successive shoot is more adult-lllœ. The process 

ot plaDt developmelXt; is slow ~ b:v the eDl ot ana Besson ot grcwtb. 

(6-8 lIlonths in TriDidad) the seed11ng plant :18 emall, poor1,. developed, 

and bas prfJduced little tUber growth. Thare are WO 150ma iDdicatioDS 

that J.im1ted fio_ring at this stage 1s part1all.:v the result or the pOOl' 

vegetative development. .Plants grown trOlD tubsrs, on the other hand, 
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comp1ete,,1gorous gr~ during the sama sesson and produ.ce satisfactorr 
yie1ds ot tuber. It la ev1dent thatseedliDg plants are 1œtf1c1ent 
tuber producers ·and w1ll. not in the foreseeab1e tuturerepla.ce cleDes 
in field production. Howver, sinee no p1antbreec1ing progt"81DD18 mq 
proceed ·w.lthout seeds and seedl1ngs, lt 1a easent1al te!) w:lderstaDl their 
natUre 'am potent1a11t1es U cush-cush 1IIIpi'cnement is contemplated. 

Sex Bxpression.and F1ower1g. 

F10weriDg percentages ranged trOll 15.4 te 62.3 in the several 
populations grown at Central Kxper1ment Station for the purp08e ot stuq-. , . 

1ng sex ratios in D1oscorea tr1t:lda. Thus, the sex ratios obta1Ded 

1nvo1'1'8d onl:y portions or the respect1," populations and DIq' not lie 

va11d for the whole populations. Xli was dellODSt.rated that d:f.ttererrt 
ratios mq l'esult clepeDding on the O"fera11 rmmber ct t1awer1ng 1Dd1vi­
duale in a given population by gr&'JW'1rlg the SaJDe rarKlolI populations trice .'. . 

in success10n, - once as aeed1izag plants, and then as c10Dal derivativ8s 
. or the seedling planta. 0Dl.;y a tew 1Dd1vicluala tlowered (15.~ - 34.o,c) 
in the aeedll.ng p'opUlat1ons aDd males outllWllbered temalea 5 to 1 (Tables . . 
29 am 30). In the subsequent c10nal. population the f1o_ring percent-. 

, . ,. 
age lIaS 62:'.3 and tha male to teDlale ratio was 1: 1. Hermaphrodite plauts , 

. . 
Cl)Ccurred in each population and cOllprised 16% ot the tloweri,ng plants 
lfhen the total t10wering percentage was ln (15.1$) and'/$ when the 

total. flowaring pereentage wu high (62.~). These :restüts' 1Dd1cate 
that in 81I.y population Dt Dioscorea tritida male plants teDd to t101l8r 
more readi1;y than female plants. Th., when condit1ons are unfavourab1e 
for tlowering on1;y a tew plants tlonr aDd these are mostl,. lII8l.e. As 
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conditions improve more plants f'lower iDolud1ng an iucreuiDg majorit,. 

otffm8les . resultiDg tiœl.l.,. iD a more unif'orm distribution ot the sexes, 

one which approaches a 1:1 ratio. It 18 possible, ot course, that with 

106.' flànring, a Beat ratio other than 1:1 mq restilt. Hermaphrodite 

plants are also usuaU,. present iD slll&l.l Dl11Dbers but .,. CODBtitute a 

relatively higb propOrtion orthe flcnrer1JJg plants whel1 these are fe .... 

Occasionall,. male plants are obaerved bearing a te ... bisezual f1owel's 

iDdicating a 'sUpt telldeDC7 toward aub-udrOGc,'. 

!he .thGd in 1Ibich the seecUi~ populatioDEI we1'8 establiBhe4 , . 

for sax: expression etudies prO'l'ided an scellent opportUDit,. tor obse"­

!Dg the affect or shade OD t1oweriDg' in cush-cwih. !ha flowering 

percentage ... hi~l' 8IloDg WlShadect plants tbaD among shadecl plaDts. 

Sax ratios d1d not appear to be serious17 aff'ecte4 bJ' shade ('l'ables 29 

and 30). 

Seven'tJ' percent ot the plants established bJ' _ami ot cOllDll8r­

cial tubera iD 1963-1964 flawered ('l'able 28). AccordiDg to the h1Pothesis 

enunciated above, a natural population nth this relativeq high tlower­

!Dg percent age would have approxillatel,. equal numbers 01' ale aDd tellale 

plants. In th1s case, however, over 9~ ot' the f'lowering plants ere 

male am oDl,. ~ female. rt could he iDferred that this 'COIIl1II8rcial8 

pOp'4llatioll results .f'roIIl selections bJ' gro1I9l'S to exploit som advantage 

which male plants have over female plants. In order te determ1De Whether 

such a selective advanta.g9 iuvolved differential ,-ielding abUit,. ot 

males aM temales, tuber weigbts ot iDdividual plants in aU of' the 

popülatioDS we:re :recordecl (Tables 33 and 34). Males did not out-y.l.eld 

f'emales. There mq or course be other cbaracters in which lIl8l.e plants 
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are superior to temale plants but these are Dot known at the present 

t1me. Fm'ther 1Dvestigations are œeded. 

Agrono1llY • 

The results of the clone evaluation experimeDt carried out 

in 1964-1965 cHd DOt show arq signitic8nt ditterences between the y.lelds 

of the 8 cloDes tested (Tables 35 aDd 36). The average y.leld pel' plaDt 

iD the exper1meDt was 4.4 lb.. or tuber.. This 18 a good y.leld and at 

the custOlll&1"J' rate of 11,400 plants pel' acre (l.e., 1 tt. le 3 ft. spacing 

and al1ow112g tOI' surface draillS) woald axceed 22 tes pel' acre.. '!'he 

y.lelds of the sum olo118s iD the tollowing ,ear (Clonal Bxperisent, 

1965-19(6) _1'8 II\1Ch 101181' aDd it ls belie't'ed that this 'lIaS due to 101181' 

tertllity coDditioDS iD P1arco Fine SaDds (Append:lx lit). ID th1s seco_ 
. " . 

exper1.meDt, howe't'er, h1ghl7 sign1ficant dUrerellCes _re obtaiDed be­

tweeD the y.lelds or the clones under test &rJd it CaD. be iDf'erred that 

C/92/63, the highest y.leld1ng cloœ, 1& better adapte4 ta ooDditloDS ot 

low tertUity than lIost or the other clones (Tables 37, 38 aDd 39). 

SiDee sol1s si1l1lar to P1aroo Fine SaMS are oommon in food garden a:reas 

iD I!!UCh of Tr1n1dad, adaptability to severe so~l coœitloDS beCOlDSS an 

importaDt selection criterion iD &Dy food crop lm.provelll8JXt prograDllle 

in the region. The, the r8sults or this exper1meDt are usetul.. It 

should be noted that although lowar than the 1964-1965 results, the 

y1elds or 0/92/63 aaà 6/109/63 averaged over 2 lb. pel' plant - & perform­

ance whioh could hard17 be regarded as pOOl'. on the other haDd, some 

of the eloœs are pOOl' 11e1ders and sign1ticant iIIprovements ln the 

local cush-~\\Sh p!'~~!!etioD could be made· by identif)'ing am removi:ng 
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these trom avaUable so-called variet1es. 

The custOll817 methoc1otplantiDg cash-cash 1n !riDidad ia to 

ue the plantiDg distances &Di seed sizes traditioœl.ly determiDSd by 

trial· and error on the part ot farmera to be satisfacto17 for other ,am 

species, ·maiD:t.y Dioacorea !!:l!!! &ad 12. B8.,T!DeDSis. The tubera of indivi­

dual plants of' bath these species are large and usualq deep rooting 

and epreadiDg. It ie evident that greater eoU ep8Ce 18 l'8quired for 

theee tubera then tOI' the emaller, more compact, shallow rooted cœh-cush 

tubera, and that the soU space utilization is ditferent. The. results 

ot the spacing a.Dd aaed 1I8ight trial clearq iDdicate that olœer (9. lmIl 

128 ) within-rn spaciDg gives sign1f'1cant17 higher y:lelds (at the J$ point) 

('l'ables 40, a and 42). 'i'hese better 7ields appear to he dapalJdent iD 

some ~ upon the weights of' the ·seed. piaces as ed.denced ..". the highJ.J' 

sigDiticant :lDteractiol1 batweeD seed 1I8ight and withiD-row spaciDg. /'l'he 

shapes of' the graphs :ln Figure 40 suggest that. the iDtaractioD affect is 

greateat at the 4 oz •• seedlt weight &Di there is a pos:l.tive effect for 

the 9" and 121 spacings 8I.Id a œga.tive effect for the 188 &I:Id 24" spacings. 

It woul.d seem th&t optiDmm production is achie\'ed by "aaedlt pieees 1I8igh­

iag 4 oz. and planted 9" or 12- apart in the row aM that production 

falls oft when heav1er -seedlt pl80es are planted at thesa 1Iitb1il-row 

spacings. !'1eld observatioJlS indic.ate that ver,- large Itseed" pieces 

tem to produce a large nwnber of shoots and a correspoldiDgly large 

IlUlllber or tubera. Within-plant competition beocmes severe &Dl although 

III&IZJ" tubera are ultimately prcduced, l&08t of' these are small arJd uamarket­

able and the final yield, masu:red in terms of' marlœtab1e tubera, is low. 

!he d01lDlfard slopes of the graphe for the lBIt and 24- spacings at the 
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4 oz. 8seed8 w:tght are d:t1"f:tcUlt to expla:tn. They are 1ees acute tban 

the correspoDd!ng peaks ot the other two graphs and lIIq' have 18ss sign:t­

ticance. 

In the ,am variet,. trial, the tUber y:f.eld ·ot Lisbon (D:toscorea 

~) was sign:tt1cantl,. h:tgher (at the 5~ po:tnt) tban that ot cuah-cush. 

The dii'tereœe between the yields ot cush-cush and the other!!. ~ 

varlet,. (Orieutal) was DOt sign:t1"icant (Tables 43, 44 aM 45). ' llach 

more testiDg :te required betore tirm conclus:tons mq bedran.. The 

range in y:teldiDg abil:tt,. amoDg cush-cush cloDes IIRUIt be det.el'JlliDed &Id 

the spaciDg e:x:per:t .. at discussed abaye :tnd:toatesthat there :ta aœh to 

he learœd about the maDagement or the cush-cush plant in the ,tield. 

In geœral, the aeedl:tDgcush-cush plant,when oelllp&l"ed wlth 

mD1 other cropa, .:lB a somewhat awkward and d:ttticult plaDt to IEnipulate. 

Xli is a alow-grow:tDg, low producer aDd, on the buis ot present knOlr18dge, 

special tacU:tties :tn the tcma or shade are œeded ter adequate deve1op~ 

meDt espec:tal17' iD the early stages ot growth •. Jo crop :lmprOTell8ut 

programme 1& theretore l:tkel,. to be ~peDSi'ge if' it :tD9'01'ge8 breed:t~ 

procedures. Hmrever, the 'gegetat:t'Vely propagated plant p0888S888 potan­

t:talit:tes far large scale tield production wh1ch it developed mq justity 

the cost ot a breed:tng programme. Alread7 the plant bears:tts 1I8U-ttn"llled 

del:tclous tubera iD shallow·ro~luster8 - eas,. to harveet e It:te 

be1ie"fed tbat potentialities tor quick '9igorous growth and h:tgh yieldiDg 

capac:tt,. met iD the gePIIplasll stud1ed. 
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Future IDvestigations. 

As a l'Sault of the pre11miD8.J"7 examination of the cush-eush 

plant reported hereln, lt is possible to indicate what l1nes of stud7, 

are l1ke17 to eOntr1bute to agronome improvement witbin the apeeies 

both in the short term am in the long tem. It ia believed that the 

urgent .. ad for, greater food production in 'rrin1dad and other l'est 

IDdian terrltori~s de~s that imme~te lIIBasureS be, takell to suPP17 

local gro_ra wi~h iIIlprO"O'8d cûltivars as quickl7 as possible. It ia 

equall,. true, tha~ 80_ fuDdaIIental s~w11es a.%'è meded 80 that aDT :lm­

prwel\l8nts achieved in the short tara mq be sustaiDed 'and advaDC8d. 

Purel,. agronome studies are l1kel,. to give the apeediest 

1"8sulta a.IId it is 1"8coaaended that these be adopted aDd that the:r in­

olœe the foUoriDg phasea: 

(a> IDiiTidual CloD8 Selection. The results of' the present stud7 

iDdleate that, :bl addition to variiLtioDS in gross Ilorphologr, 

thereia 'a considerable range of variabillt,. iD iIIlpor'ta.Dt 

charaotaristloa such as 7ielding abilit:r aDd el\1Ster habit 

of tubers. It isbelieved abo that the se f'eaturea 81'8 at 

least moderatel,. heritable. The origi~ selection ahould 

be' based on these aDd otber siDdlarly desii'able agronomie 

characteristlos 'but 'other selection cri taria shOUld he f'lez­

ible enough to iuclœeas wide a 'i'~ty or types as research 

resources will permit. Morphological. eharacters, especial.ly 

tbose of stem, leaf' am tuber, ahould be noted as a basis 

for clone identification and classification. 
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(b) Bulking of Clones tor Agronomie Trials. This will require 

sever81 clonal generations in order to pravide enough plant-

iDg material to eetablish critio81 and comprehensive expen.nts 

with adequate plot sizes. Selection procedures sbould be 

ooDtiJmed throughout this period and should result in some 
. . 

reduction in the DWIlber ot origiDal selections tbereby achiev-

1ng more workable complement ot cloœs. 

(c) Field BvaluatioD Progr8lllllle. Thiswould inolude the toUowiDg 

major: studless' 

(1) BYaluatioD ot 71elding abUlt,.·of' cloDes • 

. (11) . IlaDSgement st_ies. lncltàiDg tertUi18l' trials 
and population deDSit,. exper_nta. 

It is· apé~d that the progr81111D8 outl1œd above should prcc1uce 

usetul culti~8 superior iD 71elding abUit,. to thOS8 beiDg grown at 
.. ', ' .. 

the present tt. iD a relativel,. short pariod (10-12 11'81"s) • 
. . . '" - : . . - '" 

Somewhat aore fuDdameutal studies should 'be iDit1ated coœurrellt-. ' -

q w1 th the tield iln'estigations. These shoUld illCl. the tollcnr:lDg: 
. . . -

(a) Stadles on "edl1ng Gl"owth. _ '1'hese· sho~ ·1nelude- an examina­

tionotthe l'ole otshade in the growth ot the cush-cœh seedling 

plant.·SiDce g:L"owth rate investigations -would œ.doubtecU,. 'be 

111V'01ved, so_ method ot achieviDg unif'Ol'Ilstandsot seedliDgs 

woulc1 haw tobe devisad. Bence the iIIportaace. of the unitorm 

germination or saads. 

(b) St_iee Oll Cross- aDd Selt-co!J)!tibilitl. 'the inf'ormatioll to 

he deri't'8d trom sucb a progr8J111118 is ot CoVS8 essent1al 1t a 
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breediDg programme 1s tci be coDd\lCted. 'rhe f'ert111t,. statua 

of' hermaphrocllteslI'ould be of' part1cular 1nterest. '1'hese 

etud1es could prof1 tabq iuolve cytological aDd c,togeœt1cal 

1nYestigat10M. 

(c) Sex!gresslon Studies. It 18 f'elt that these studies should 

be eODt1mled to determ1œ eonclus1veq 'llhether there 1s 8.D,y 

agronomie advantage of' one sex over the other. 
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sliMYARY AND CONCLUSIONS; 

A stUdy of the Cush-cush pl.aut (Diosoorea trifidaL.t.), its 

gross Dm"phology and some aspects ot its growth &Ill development is pre­

sented. A simple application ot publiahed methoda tar anal7Sis ot 

association of characters is demoœtrated and its possible value.1n a 

cush-cush classification schelle 1s discussad ... teohnique far ooœtiDg 

the chromosomes in root tip squsbea was developed and the. chromosome 

l'JWIlbers of male, female and hermaphrodite oloDes are reported. 

Sa: expression in Diosoorea tr1t:lda wu iDVestigated 8Dd oon­

sideration was given to pG8s:1ble relationsh1ps bat_en ;yield aJà male.sa 

aDd femaleœs8. Field ezperiJleDts to determ1œ ,-ieldiDg &hUit,. in 

cush-cn18h 88 weU aa respoœe t~ var)'ing IIl&Dagell8œ pract10es _1'8 con­

duoted aDd the reauJ.ts are reported. 

'.rhe tind1Dgs pr8sented are the result ot a prelilliDalT stud:y 

of a crop plant abou.t nich recorded inf'ol'Dlation is meagre. lost ot 

the studies were carr1ed out in· Trinidad and the r8suJ.ts are based on 

the comitiODS existing there <at Central Bltper1meDt station) duriDg 

the period nen the work was doœ. 

The results ma:r be sumœarized as toll.mrs: 

1. Cush-oash (Dioscorea trifida L.t.) i8 a tropical J twiDing, 

tuber-beariDg plant with potentialit1es &S an importaDt tood crop in 

Trinidad and other West Indian territories. 

2. The seeds ot Dioscorea tritida are tlat J roughly triangular aad 

wiDged. Considerable variation in size, shape and weight was tound in 

the samples exam1ned. 
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3. Germ1œtion is slow and irregular, but the germination percentage 

m&.7 be high in fresh saed. Pretreatment ot see4 b,- the remaval ot rings 

or b;y Bposure to high am 10-. temperatures did not aftect normal germ­

ination rate aDd percentage. Germiœtion ra1;$ and perceDtage was 

adversel,. &t:fected by :removal of sead coat. Dit:ferential germiDabUit,. 

wu observed amoDg open-polliDated seed trOll ditterent. temale clODes. 

4. Phase cbaDge 1a a charactenstio teature of developmeD.t in. the aeed­

l1JJgS of Dioscorea tr1tida. Brect stems with entire haart-shapad 18&'9'8a 

are t7J)ioal of the j1lYenUe phase, aD:l t1r'1l\liDg steu withdeep17 lobai 

leavea characterize the adult phase. 

5. The transition troll juveDile to adult phase is nOZ'lllalq gradual aDd. 

:l.Dvolvea the successive Production ot seYeral shoots (usua:u,. 5-6), which 

coimnenciag dth the tiret functional shoot (i.e. the alllallest, moat 

jU9'enUe form) progressive~ increaae in size &Di in the acquisition 

of adult characteristic8 mrtil, t1Dall,., typically, tw1n1ng adult shoots 

with deepq lobad leaves are procluced. 

6. Cush-oush saedl1ngs are shade-ladng plants. GroIrth ia slow aDd 

IIIOrtal1ty 18 highwhen the,. are e:x:posed to full normal light inteœit,.. 

7. The priIIa.ry root of the euh-cuh seedliDg is short-lived. It is 

replaced b;y an adventitious Not system earl,. in the lite ot the seedling. 

In the adult plant the roots are narmalq found œar to the surface of 

the soU. 

8. 'l'\1bers originate by means of plagiotropic lobiDg in the hypocot,.l 

ot the seedl1ng plant. 

9. Adult cush-cush stems tw1ne to the left (clooktr1se) aDd are w1nged 

throughout their lengths. Stems mq have 2-6 wings, but 2-wiDged aDd 
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4-w1Dged stems are most commoDl..7 found. The MOst COIDIIlOD stem colour is 

green flecked with pUl"ple. Long stem internocles are u\lal.q associated 

wl th thick stems. Stems branch sparingly. 

10. The adalt leaf is bOrDe alterDately on the s'tem. It is prominently 

lobed. Tbree- and five-lobed leaves pradomiDate aDi both lIIlJ' be found 

on a single plaut. Distinct leaf shapes can be recogDi,..ed based largel,. 

on the II1!lber of lobes, the depth of the aimus at the base of the laaf, 

an4 the relative· leDgths ot the central lobes and adjacent lateral lobes. 

A relationship appeara to erlst bat_en lamiDa lengthand petiole laDgth. 

U. Dioscorea trifida is predollliDantl,. dioecious. Iale 1nflo1'8sceœes 

are 1rregUlarl,. branched and studDate tlOll8rs are clos. together 011 

etUi axea projectiDg obliquel,. outwa.rds trom the plm. Female inflo­

rescences are less branehed aDd usuall,. cons1at of a te. long peDl1ant 

axes bear1ng relativel,. wldel,. apaced p1stUlate flowers. 

12. The f'emale flewer is longer thanthe male largeq because of 1ts 

l~ng prolll1nent, in:f'erior C1V&:r7. The per1anth ie s1m1lar in both types 

of f'lowers. R'iJd1mentar,y orgaus of. the opposite sa: are tO'lUld in male 

and f'emale flO1l9rs. Pol.liDation appaars to be eftected b)" a wide rBl'Jg8 

of crawl1ng and tlying iuects. 

13. The fruit 1s a trUocular capsule with 1-2 seeds par locule. 

Dehiscence is septic1dal. 

14. The tubers are borœ in cluaters and ma,. have long l'19cks or short 

necka. Tubers wl th long necks fon loose, open cltlSters; th088 wi th 

short œcks tom compact clustars. TUbera varr in shape from f'usiform 

to broadly' club-shaped and var1ousl,. lobedo Most tubers are shallcnr-rooted 

and. are aas,. ta harvest. Cush-cush plants are n01'1ll&1l,. propagated b7 

means of tubers. 
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15. The chromosomes are àma11 and numerous. The chromosome numbers 

counted are aU multiples· ot 9 •. A chromosome camplemeut or 2n = 72 

was observed in male aDi temale cloDes. A single hermaphrodite had 

2n = 81 chromosomes aDd the number was 2n = 54 in an open-poUinated 

seedling plant. An unusœlly large chromosome was observed in the chromo­

SOIle complement ot the male plants exaDd nad. 

16. Male plants outnumbered temales ln natural populations with lOIr 

f'lowering percentagea. Den tlowarlng percentage 1nc1teaaed to over 6~, 

the ratio or male ta f'emale 1r&8 1: 1. A tn hermaphrodite plants wre 

observed in aU of' the populations stud1ed. 

17. No relatioDShip between the sex of' cush-cush plants aDd ,-ield was 

foUDd. 

18. Ditferential yieldiDg ability was obaerved 8lIl0Dg cloD8l. material 

atudied. 

19. BxperimeDtal l'eau! ta iDd.1cate that apaciDg diàtaDcea amaUer tban 

those uaed in the cultivation ot other ,ams ~ incr8aae the overaU 

y.l.eld per acre of cush-cuah. There 18 Blao the auggestlontbat increased 

yields b.1 meana or cloaer apac!ng IRq depem OD the wight of laeado 

tuber planted. 

20. Furtber exper1mental work la requ1red befo1"8 f'irm conclusions 1"8-

garding the relative y:l.eld potent1al1ties of cush-cuh and other yamB 

caD be made. 



cum œ CONTRIBUTION TO KNOIIIEDGE. 

The plant description presented is a distinct oontribution 

. ta the knowledge ot Dioscorea:, trit'ida L. r. Most of the information 
.~ /J.",' 

is reported tor the tirst t1me aD1 adcis g:reatl,. to the meagre reports 

or previous .arbrs. 

The application' ot methods ot aaa:t7sis·ot plant character 

associations st:ggested ma,. proYe to be ot importance iD. olassit'ioat1on 

·ot the species. 

The. manner ot germination andseedllng growth iD. thespecies 

i8 desoribed tor the f"irst t1me. Dit'tereœes and s:lmil.arities in respeot 

ot other apecies ot the Di08coreace88 are noted and it ia eviderrt that 

severa! characteristio teatures ot growth diatingaish Dioscorea tritida. 

A technique was developed b,. lIOClu,.1ng establlshed cytological 

procedures tor e:ramining chromosomes in root tip sqUashes. This tech­

nique a,. proye to be :lmportautln tuture cytologic&! work in Di08corea 

trif'ida. Chromosome numbers in the species are reported tor the tiret 

time. 

The sex expression studies contribute te the kno;rledge ot 

tlonriag aDd sax ratios in the Di08COl'8aceae iri general, as we11 as 

in Dioscorea trit'ida in pa.r1;icular. 

The agronomic investigations mark the beginning ot oritiaa1 

evaluation ot the orop aDd methods of produciag it. 
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JE 
Appendlx Table 1. - Meteoro1oglca1 Data - Trlnldad, 

Wést Indles. 

Month1y Averages (~958-1965) 

-Months Ralnf'a11 S'fmshlne Maximum Mlnlmum. Relatlve 
tempe tempe humldlty • 

1nches hours op . op:. % 

January 2.60 248 86~4 68.4 82 
Pebruary 1.76 248 87.4 68. 78 
March O~61 27~ 88 .. 9 70·.3 76 ' 
Aprl1. 2.16. 25 89.9 ·7·2.0 .76 
May 5.17 244 89.3 73.6 79. 
June 11.23 194 87.1 73.8 85 
Ju1y 9.81 219 87.4 72.9 85 
August 8.17 222 88.1 73.2 85 
. S'eptember 6.01 208 88.7 72.9 8.5 
Oct4;)ber 5.71 217 88.~ 72.8 85 
November 8.06 202 87.3 71.6 86 
December 4.48 210 85.9 70.3 85 

JE . . 
Extract from report by Wl1son (1966). Readlngs at 
Plarco Alrport adjolnlng Cllsh-cush experlmenta1 s1tes 
at Cèntra1 Experlment S.tat1on. 

B:!E 
Temperature ln the shade. 

1 



Appendlx 11. - Las Lomas Sands. ! JE Las Lomas flne sandy 10am to 10~ • 

"Dralnage free 

The topsol1 conslsts of about 24 lnches of brlght yellowlsn brown loam or flne sandy loam;whlch merges lnto a broad horlzon of falntly orange mottled heavler 10am. At about 5 feet reddlsh orange mottllng appears in the heavler loams or lf the so11 lsmore $andy 1 t wl1l be unlform reddlsh orange co-lour.: or even brick red. Yellowlsh orange colours réturn· at about 8 feet. Colour changes are Just as varlable laterally aso.t.heY are vertically. and cannot be used as a feature in mapp1ng of these so11s,'exoept:ln a general way, for all the above varlants arellkely to occur. Concretions are not a·constant feature but may be present -as black plso11ths, e.g., to the East of Arlma or as lronstone boulders in spots where the sandy soll ls ln contact wlth a shaly-olay. formatlon, e.g. Las Lomas dlstrlct. 

The whole profile ls extremely acld in reactlon and very low ln plant nutrlent content." 

!J! 
EXtract from "The Solls of Central Trlnldad" by E. M. Chenery (1949), Rothamsted Experlmental Statlon~ Harpenden, England. 

11 



Appendlx Ill. - Plarco Flne Sand. • 
Plarco flne sand to flne sandy loam • 

"Dralnage lmperfect 

They are derlved from the varlable deposlts 
of the Quaternary Northern Range detrltal terrace. 
The land surface has a weIl deflned "hogwallow", mlcro­
rellef, the depresslons of whleh are 12 to 18 lnches 
deep wlth sharp sldes, and sevèral square yards in 
area. The topsol1 conslsts ·of 6 to 12 lnches of 100se 
flne sand. or fine sàndy loam whlch ls dark greylsh 
brown wet and very'pale brown1sh grey when dry. Bêlow 
thls occurs a·more or 1ess bleachedhorlzon. EXpo~ed 
surfaces are covered wlth a fllm of whlte f~e. sand wash. 
At about 30 lnchesa mottled horlzon of s11ty clay ls 
found whlch ls at flrst 11ght grey speckled wlth or&Jge 
or stalnedwlth rust root traces, then broadly mottled 
wlth orange. AlI shades of red mottllng. from scarlet 
to purpllsh red then appear ln a consplcuous horizon 
at least 3feet thlck and may even Pe%'aut, to "11 'fèet 
below the surfaceaccordlng todepth of the groundwater­
table. When thls ls reached the red mottllng lsdls­
p1aced by yellow and the typlcal blue ofa wet gley 
horlzon ls seen. Thls blueness whlch often dlsappears 
on drylng ls sometlmes a very brlght pale blue colour 
wlthout a slgn of grey,ness. The red mottled horizon 
may contain both bard and soft crimson irOD concretions 
but they are not invariably present nor are they.very 
abundant. The red stalned part of thls horlzonmay 
harden on exposure 11ke Bucha:nnau' s laterlte. • •. t1 

111 

The Piarco solls are waterlogged for most of 
the wet season and·completely deslccated ln the dry 
season. Although they are waterlogged ln the wet season 
the red mottled deep subsolls are usually qulte dry and 
extremely hard to auger, even when the hogwallows are 
full of water. The proflle ls extremely acld ln reactlon 
(pH:3.8-4~5) and the plant nutrlent status resembles 
that of Valencla f1ne sand." 

JE 
·Extract from "The So11s of Central Tr1n1dad" by 
E. M. Chenery (1949), Rothamsted Experlmental Statlon, 
Harpenden, England. 



Append1x lV~ - Cunup1a C1ay Loam. § 

Cunup1a clay 10am to s11ty clay • 

" Dra1nage 1mperfect 
, ' 

The tops011 18 a yel10w1sh brown s,lit y clay, 
s11ty clay 10am or clay 10am,wh1ch becomes th1ckly 
mottled w1th orange and darker ye11ow1sh brown at about 
12 1nches. Blaok manganese dloxlde stalns,.and" seml~ha.rd 
concrètlons may appear here and at any of thedeeper, 
horizons. 'Grey clay ls found at about 24 1nches and 
thls 1s mottled w1th yellowlsh,brownloamy materlal; 
these. ,mottllngs belng the oross-sect10ns., of flssures 
or enlarged root traces f111ed1n w1th 11ghter top~011. 
The clay exh1b1ts a deflnltecblue castat about'4 feet 
but ls stl11 mottled wlth yellow1shbroWD.loam and 
stalned wlth manganese d10xlde. Thls blue matel~1al- ls 
the gl~y horlzon lnd1c~tlng water-saturatlon for most 
of the',· year - lt pers1sts down to about 15 feet wlth 
occaslonal loamy bands. Wet season water-tables , are 

1v 

aboût 5 t'eet trom the surface but the permanent groundwater­
table ls deeper than 15 feet.. • • 

The whole profile ls acld ln reactlon 
(pH 4~5-6.5) whlch decreases wlth depth and 30 to 
60 per cent. saturated wlth calclum. Avallable potash 
ls low to medlum (60-110 p.p.m.)." 

JE 
Extract from "The 8011s of Central Trln1dad" by 
E.M. Chenery (1949), Rothamsted Exper1mental Statlon~ 
Harpenden, England. 
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JE 
Appendlx Table V. - Prellmlnarydescrlptlon of tubers 

as recelved at Central Experlment 
Statlon - 1963. . 

Acces- Plesh C:01our Skln Tuber '.J!uber 
slon colour of outer t.enure. shape size. 

No. cortex 

,II\~ cream ~;~:.p- .. 1;hln, rough round.' smàll 
2/6) white p1nk th1n,rough .ovold . large 
3/63 whlte plnk rough round .small 
4/63 cream plnk thln,rough round slliail 
5/63 plnk purple thlck,rough ovold med1um! 
6/63 white purple rough. ·round or medlum 

7/63 
club-shaped 

cream p1nkish thin,rough cy11ndr1cal med1um 
9/63 wh1te cream. th1n,r.ough round very small 

lO/63 whîte greenlsh th1n,rough f'an-shaped large 
ll/63 purp1e purp1e thln,rough cy1indrlcal large 
12/63 wh1te purple 'thlck .cy11ndrlcal large 
13/63 purple purple thln~smooth cy11ndrlcal medium 
l4/63 white purple th1ck' cy11ndrlcal medlum 
'1!/6'2 purple . p-.1rple thlck,rough club-shaped medlum 4J J 

l6/63 purple purple thlck,rough. club-shapecl large 
17/63 cream purple th~n,rough. tan~shaped medlum 
18/63 cream purple thick ovo.1d large 
19/63 white cream. thln,rough ovold medlum 
20/63 purp1e purple thlck,rough cyl.lndr1cal. medlum 
2l./63 cream greenish th1n,rough ovold medium 
22/63 white cream. thln,rough ovold medlum 
23/63 white greenlsh thln,rough cy1lndr1cal medlum 
24/63 purple purple thlck,rough ovold large 
25/63 . cream white thln,rough tan-shaped sma11 
26/63 white plnk very thln round small. 
27/63 purple purple thln,rough round medlum 
28/63 cream pinklsh th1n,rough cyl.indrlcal. small 
29/63 purple purple th1n,rough round medlum 
30/63 white plnklsh' th1n,rough club-shaped medlum 
3l/63 wh1te plnk thln,rough ovold medlum 
32/63 cream plnklsh thln,rough ovold large 
33/63 cream plnk thlck, cl'ilb-shaped small 



vi' 

Append1x Table V~- (cont1nued) 

Acces- Flesh col.our Sk1n Tuber Tuber 
s101l. colour of' ôuter texture shape s1ze. 

No. cortex 

34/6) 'cream. p1nk th1n,rough club-shaped ~ed1um 

5~~~5 cream ~een1sh th1n,roUgh round large 
cream. cream th1n,rough club-shaped small 

)7/6) wh1te purple th1n,rough (club-13haped ·'sma11·, 
(lobed zr·~~~'~~'<~'! ";. ~I: 

38/6) cream. cream th1n,rough ovo1d .JQdl.ÜJIr.! 
)9~6) white cream th1n,rough f'an~shaped small 
40 6) wh1te wh1te. th1n club-shaped small 
41/6) cream p1nk th1n,rough cl~b~shaped small 
42/63 wh1te wh1te th1n,-rough club-shaped small 
44/63 crèSm p1nk rough (cy1.1ndr1cal med1um 

l' •. 

(club~shapeci 

• Bàsed on l1m1ted quant1t1es of' tuber mater1al.. 

, 



Appendix Table V1. - Types of Tuber Clusters and Tubers. 

TYJ?e 1 

Habit: Compact Typloal Aooession: 17/3. 

Smal1 irregular tubers with very short neoks. Tub ers 
vary in shape f'rom 1flobular to flat, f'an-shaped and lohed. 
ImmatUre undeve10ped tubers globular and rounded. 

TlPe 2 

Habit: Compact Typical.Acoession: C/131/63 

Tubers un1form in size and regula.r in shape. Generally 
large. Largest tubers with distinct tendenoy toflatten­
and lobe at distal end. Immature and undeveloped tubers 
oy11ndrioal and thick1sh. 

TYpe '3 

Hab1t: Compact TyplcalAcoession: 22/63 

Tubera lrregularly shapedwi th short necks. Tüberous 
portIons large, thick and sometimes lobed. Lobed ends 
may be flattened or rounded. Immature and undeveloped 
tubers roughly c1ub-shaped. 

Type 4 

Habit: . Compact TypIca1 Accession:: 19/63 

Tubers more or less uniform1y shaped, thic_ and rounded 
with short neoks; generally medium in size. Immature 
tubers rounded. 

vii 
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Appendlx Table VI. (contlnued) 

Type 5 

Hablt: Compact. Typlcal Accesslon 44/63 

Tubera small and unlt~rmly fan-shaped wlthshort necks. 
Some sllghtly lobed at dlstal ends. Immature and undeveloped 
tubera fan-shaped. 

Type 6 

Hablt: Open. Typlcal Accesslon 23/63 

Tubers pecullarly lobed; some pr1ma.ry tubers radlate 
outwards dlageotroplcally trom the central corm. Smaller, 
secondary lobes grow out trom these prlmary ones 11ke" " ,'. 
perpendlcular branches. Secondary tubérs cylindrlcal:ln 
shape and small to medlum ln slze. Immature, undeveloped 
tubers splndle-shaped. ~: 

.,' . 
Tipe 7 

Hablt: Open. Typlcal Access1onC/69/63 

-!lü,Ra variable ln. shape. Some roughly.ovold, othera 
tuslform, and yet others, club-shap.ed.. .Club-shaped 
tubera may be deeply lobed.Tüberswlthlong necks. 
lmmature,undeveloped tubers slender, cyllndrlcal and 
varlously curved. 

Type 8 

Hablt: Compact .. t~. open. Typlcal Accesslon c/67/63 

Some': tubera wl th long necks, others wl th short necks. 
Tubers large, roughly ovold ln shape. Immature and un­
developed tubers slender, cyllndrlcal and varlously curved. 



Append1x Table Vl. (cont1nued) 

Type 9 

Hab1t: Open. Typ1cal Access1on: 2/63 

Med1um-s1zed, un1form tubers w1th long1sh necks, .ovold. 
tocyl1ndr1cal 1nshape. Some w1th small branch .... 11ke 
seêondary tubers, .usually on the necks. Immature, 
undeveloped tubers sp1ndle-shaped or fus1form. . 

Tne 10 

Hab1t: Open. Typ!ea,l Access1on: 6/63 

Tubers 1~$~, un1form.1n s1ze, ,rough1y. cJ:ub-shaped 
w1 th long· neclts. Bl'oa4!ned ends .o.ccas1onally .. lobed. 
Numerous long, slender, 'cy11ndr1cal, undevë10ped tubers 
at.the top of cluster. . 

Tue 11 

Hablt: Open. Typlcal Accesslon: 15/63 

Tubers unlform1y fuslform wlth long necks. Tubers 
sma11. Undeveloped, immature tubers numerous and 
splnd1e-shaped. 

Type 12 

Habib: Open Typlcal Accesslon: 27/63 

Sma11, un1form tubers, rough1y ovold w1thlong, slender 
necks. Immature, undeveloped tubers long and sp1ndle­
shaped. 

lx 



Appendix Table V11~ - Dimensions of stems. 

3E 

eJ.one 
No. 

1/63/4 
1/63/5 
1/63/6 
2/63/7' 
2/6318 
2/63/10 
5/63/6 
6/6311 

10/63/7 
12/63/6 
12/63/8 
12/63/9 
15/63/6 
15/63/9 
16/63/7 
16/63/8 
23/63/5 
27/63/7 
29/63/4' 
35/63/4 
37//663//7 
39 3 5 
40/63/6 
42/63/6 
42./63/7 
44/63/13 
44/63/31 
44/63/41 

Mean stem thiokn~s and 
internode length . -(as represented 
by dimensions of 5th internode). 

. Stem 
Dlam.eter. 

mm •• 

5.25 
5.25 
5.00 
4.25 
4.00 
5.00 
4.75 
5 • .50 
8.00 
5.00 
5.00 
5.,00 
4.00 
3.50 
6.00 
6.25 
5.50 
3.75 
5.00 
4~75 
6.50 
7.50 
7.00 
4.00 
4.25 
3.00 
3.50 
3.50 

Internode 
l.ene;th. 

cm. 

19.63 
16.50 
19.40 
12.93 
14.40 
10.00 
12.15 
19.98 
27.85 
24.70 
25.50 
29.80 
8.$3 
6;50 

17 .. 23 
16 .• 00 
22.08 
16 •. 08 
25.70 
10.60 
18.18 
16.80 
20.10 
14.28 

. 13.70 
14.20 
14.80 
14.50 

Eaoh mean based on 4 determinatlons. 

x. 
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Append1x Table Vlll. - D1mens1ons of leaves. 
Clone No. 1/63/4. 

Leaf Pet101e LAMINA 
No. length 

cm. Length of lobes (cm.) 
1 2 :3 4 5 

l 12.8 13.3 1 19.2 19.5 17.0 13.7 
2 11.4 15.7 18.7 20.6 19.6 15.5 
3 10.0 9.5 .13.8 17.6 . 16.4 9.5 
4 11.8 12.5 19.6 18.0 17.3 12.5 
5 12.8 10.7 16.2 20.0 la.O 8.2 
6 14.8 13.2. 20.9 18.0 20.0 11.2 
7 14.6 11.0 14.5 15.8 14.4 -S.8-
8 11.8 .. 1~.t 16.1 16.2 17.0 13.2' 
9 14.4 13.3 19.7 20.5 19~6 12.9 

10 11.5 15.7 20-.8 21.0 9~5 15.7 
11 13.6 14.2 19.5 19.8 18.6 13.8 
12 10.7 7.2 11.2 11.3 10.7 6.8 
13 12.3 11.9 15.3 -'./16-'1 17.0 11.7 ,,\. ' c...,.. " 
14 13.0 12.~ 18.7 21.6 16.3 12.2 
15 13.2 13. 17.7 19.6 17.8 14.3 

-
Tota1s 182·Z 186·S 261~2 2Z6.2 242.2 180.0 



Xii 

Appendix Table Vlll. - Dimensions of 1eaves. 
Clone No. 1/6315. 

Leat., Petiole LAMINA. 
No. 1ength 

cm •. Length ·of lobes (cm.) 
1 2 :3 4 5 

l. 12.8 12.4 ·13.9 1:3.3 11.6 8.0 
2 1.5.1 9. 14.0 1.6~1 12.9 7.5 
3 13.0 17.2 1.8~3 17.0 

10~9 . 4 1.4.2 12.8 19.3 23.1 1.6;9 
g 15~6 13.6 15.7 12.9 

11.~1 12.6 11.3 16.6 20.2 16~2 
7 12.8 16.7 21.1 22.2 20.2 16.6 
8 15111 0 15~7 19.4 16~7 18.'; 14~4 
9 1).9 11.4 16.8 17.9 16,,7 12~3 

10 11.7 14.2 16.9 19,..6 20.6 15.2 
11 17.5 14.4 17~8 18.4 19~7 12~6 
12 11.3 10.7 15.5 17.2 15.8 12~2 
13 10.5 11.7 15.5 16.1 15,,3 12~2 
14 18.0 10.5 13.0 13.7 12.8 10.3 
15 11.3 10.0 15.4 19.0 14.4 11.0. 

Tota1s 205·2 162.~ 246.0 268.1 241.,i 154 .J 



%111 

Append1xTable VIII. - D1mensions of leaves. 
Clone No. 1/63/6 

Leaf Pet10le . LAMINA 
No. length 

cm •. Length of lobes (cm.) 
1 2 3 4 .' ··5", 

1 10.3 14.3 14.9 ' 14.2 
2 Il.2 10.3 15.8 18.' 14.5:·. 9,8 
3 12.7 8.5 15.2 15.7 14.6 9.6 
4 12.5 8.3 13.5 17.5 12.4 8.6 
g 10.1 8.4 12.8 15.2 12.1 7.8 

15~8 12.3 18.7 18.4 16 •. 4 11..2' 
7 17.6 9.5 19.8 26~4 18.6 8 .• 2 
8 Il.8 7.7 14.9 16.0 14.4 7.7 
9 13.4 Il.2 15.8 17.6 16. 10.0' 

10 15.0 8.0 12.9 20.3 1.5.:3 9.9 
11 15.0 13.8 14.9 12.3 
12 Il.9 10.5 1 .0 14.2 
13 15.0 ... Q "I~ ... 14.6 , 13.) (.'-1 ... ~.( 
14 10.8 8.8 ·16.1 17.6 16.4 Il;.3 
15 9.5 8.6 16.1 16.9 ~5.5 6.2 

.. ' 

~g~a1s 12Z·6 101.6 218.0 2~~.4 221.8 112.~ 



Appendlx Table Vlll. • Dlmenslqns 'of leaves. 
. , Clon~ No. 2/63/7. 

-,,' .,."" ,_.n .• " ••.. , ___ ." •.•. 

. ' .. . . " .. 
Lea( P·èt101e .. LAMINA 

NQ. leng~h 
·cm. Length of lobes (cm~) 

' . 
1. 2 3 . 4. .. 5 .. '·.c._ 

l 12~8 8,~4 1.3~S 13;2 9;3 9~:l 
2 13~3 9~2 15~1 20;4 15:'0 lO~'l 
3 12c~6 1.5~9 .16..;1 14:', . 
4 ·10~$ 7~3 12 .• 2 1.3~7 10:'9 a;o 
5 10.0 8:4 J.2~5 11:'0 '9~6 
6 12~9 9~5 14~j 14.8 14;1 8;9 
7 lO'~3 9.8 114!? 13~3 12;2 .8;3 
8 134!5 14:0 18.8 19~.6 17;'2 12;'1' 
9 ·'.7.5 8~:2 10·~9·· 11.~7 10:6 7;1 

10 ,8~~. . 6;·3· 1e~$ ·14,!S ~0 .. ~1 7.'·0 
11 9~(L 11.0 144!5 11.2 6.5 
12 - 8 '!<J~. 9.0 13;5 13'!.S 12:5 9.0 

il! .13~.o ("I~'i 15'!0 15~O 16~0 10;0 , ... .'.~; ... 
14-!0 12~O 14~5 16.0 14~0 10~2 

15 ·13.~ 12.2 15.5 15:5 l~:b .-11;5:-

" .. 

160;8 'i26~4 12::2;4 
._··1-··· •. ' 

Totals 200~8 224:'1 128"~2 





Append1% Table V111. - D1mens.lons of leaves. 
Clone No. 2/63/10 

Leaf' Petiole LAMINA 
No. length .,-' . 

cm. Length of lobes (cm.) 
1 2 3 4 5 

.'- ..... ,.- '" .. "_ .. :._ . 

. . 
1 12.0 9.0 12.8 1).·7· 12.1 5~9 
2 11.5 9.1 1~.4 17.2 .. 14 • .0 10~2 , 10.3 7.0 1.l. 16.T 14.0. 7~1 

.J1.6 9.8 14,,;3 1).7· 1).1:1- 9 •. 4., 

~ ~9~1 10 • .0 1 .9 17·.0. 14.$ 10 .•. 2 
~O .• O 9~0 14.:5 14~2. 12.8' 6.5 

7 11.6 ·,8.;} 12.,:/ 12 .• 2,. 13 • .? 9~J 
8 1.2.0 ll.' 16.0 17.9· 16.14- 12 • .0 -
9 10.7 9 • 12.6 11~9· 1),.~ 8.5 

10 . 9.5 9.4 10.0 11.5· 10.0 
11 11 • .0 12.:3 12 • .0. i~ • .o 9.1. 
12 ';~.O 1.0.2 15.0 i8.5 1.2 10 • .0 
13 11.'() '9.6 ' 14.:3 14.8. ).4.5 9 • .0 
14 10.0 14.2 18.6 15.? 9.4 
15 11.9 9.0 i6.2 16.0 :1.3.$ 

, " . " . 

Tota1s 1~2·8 121.3 2io.3 225.9 204.0 116.6 
i 

, 



Appendix Table Vl.ll. - Dimensions of leaves. 
Clone No. 5/63/6 

Leaf Petiole LAMINA 
No. length 

cm. Length of lobes' (cm.) 
1 2 3 4 5,·" 

1 6.,5 6.5 10.7 10.0 10.5 8.1 
2 14.0 9.6 ,13.6' 1~.,5 13.0 8.5 
3 14'.5 9'.,5 13,.0 13.0 12-.7 1];.7 
4 6.0 10'~9 9.9 ,~.5 
5 1,5,.5 8.3 15-.0 ' 16'.0 ~6,.0 ·6,~0 
6 io'~o 1,5-.2 1';'~6 15-~3 9-.8 
7 ,:6: .5 6-~3 10,.5 10-.4 10-.2 7-.9 ' ,tt 

8 101"4 10.8 11--.., 11-.2 
9 12'f!O ·.9,.5 l~h' 14-.1 12-.8 9'.:8 

10 11- «) '6-• .5 ' 10·.9 10-.0 11-.0 ,6-•• 5 
11 i2':5 9,.4 l~h.5, 14-.1 12-.8 10-• .0, 
12 14.5 14.4 20'.0 20-• .5 21.0 li.6 

ii! 14.0 10.5 13,.0 14-.8 12-.3, 8:.4 
14.5 12~4 1~<~ 16'.0 l~'.S 12-.2 

1,5 12-.0 10-.2 1~-.O ~lfr.~ , 13-.5 10,.2.. 
;1' f'! .,' .. " -, . , 

.. ,: 
'M" " 

Totale 162.2 117.1 203·7 210.9 198.3 120.7 

',' '., 
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A~pend1x Table Vlll. - D1mens1ons of:leaves. 
C10ne No. 6/63/6. 

Leaf Pet101e LAMINA 
No. length 

cm. Length of ,lobes (cm.) 
1 2 3 4 5 

1 10.8 9.9' 1l.6 9.6:, 
'2 10 .. 8 9·.2 12 .. 9 9,.6 
3 10 .. 5 7 .. 1 11~6 6 .. 4 5·.0 
4 10 .. 6 lL.5 N~l '10 .. 9 
5 ig~:~ 8.0 1f~1 . ' .. 0 12:.1 
6 11 .. 1 17 .. 2 17~9 17 .. 2 9,.6 
7 10 .. 2 ,12 .. 8 :J.5 .. 3 :;1.2",8 
8 ;J.Q .• ? la;. 4 15";() 12~1 
9 J.o..,S 6.4 10 .. 2 :J.3~4 10 .. 8 

10 ' 10.8 8 .. 9 13 .. 7 ,15 .. 3 12.8, 9 .. 6 
11 ;8 .. 9 .. " .' 

9.6 12 .. 8 9~6 
12 10 .. 2 9 .. 9 14.0 15 .. 6 1j.~ 8 .. 7 
13 10 .. 2 '9 .. 9 10.2 "S .. J 
14 12 .. 8 '8.7 12.4 0'9.0 
lS 14~1 8.9 16.5 19.1 :15.6 10 .. 8 

1 .... i" .', ", '.: ,. 
i : 

,- .- ........ ' .. 
Totals 164.8 53.2 174.8 21().2 170.2 43.7 , .. 



xix 

Append1:X: Table Vl1l. - Dimens1onsOt 1eaves. 
Clone No. 1ôï63/7 

- ' .. '-'. 

Leaf Petiole LAMINA 
No. 1ength ."" 

cm. Length of lobes. (cm.) 
1 2 3 4 5,,-, 

1 11.9, S.5 11.3 12 .• 8, l~.~ S:O 
2 14.5 11.5 lS.4 22.0 19.2 10.5 
3 14.S S.4 13.:0 14.~ 11.0 
4 12.'0 6.3 S.4 11.;1 9 .• ,0 6.0 
g ·l4~o .. , , ,'9~:3 12.6 9.5, 

~3~5 1i~'3 15.,0 20.). 19."5 12;0 
~ '" 7 :1,2.5 9.3 14.6 15.' 14.8 S,.O 

' .. :, S 11. •. 0 11.S 14:S 15 •. 0 , 13.' 9.4 
9 13,.,5 S"o 10.:5 11~3 . 12.,3 8.0 

10 15.1 7.0 12 • .5 . 14.'Ô 12.~ S.-4 
11 10.9 ' 9.,6 11.S 11.'8 11.~ S,.6 
12 16.0 6.0 14.'2 17.5 14.' 9.:6 
13 ,12.5 10.9 1 .4 16.-6 14.3 10.0 
14 13.3 S.,5 ~2.'4 11.'0 12.'5 9.3 
15 13.9 9.3 :J.6 .~~ i6.-S 16.'S 1l.J , :" .'~' " : 

'ï ., "r ~ -
f ' .. : " 

Tota1s 1.92·'~ 1'26.'4 l?S.'? 222·'2 202.'1 119.']., 

. " 

'" 



Appendix Table Vlll. - Dimens10ns of 1eaves. 
Clone No. 12/63/6 

Leaf Pet10le . LAMINA 
No. length 

cm. Length of lobes (cm.) 
1 2 3 4 5 

. 
1 8.0 8.5 14.5 11.3 
2 8 • .3 10.0 11.6 7.9 

4 10.3 9.3 13.5 7.6 
12.0 10.,3 16.6 Il.8 

~ Il.8 10.0 17·0 10.0 
11.2 9~1 ·13.5 10.' 

7 '8.9 11.8 13.5 17.3 13.8 10.6 
8 ' 9.0 9.5 13.6 14.6 1'.2 8.) 
9 ;;~·d 7.8 1.3.0 13.4 l2.9 8.1 

10 : .- 7.5 1.1.3 11. 10_7 8.0 
11 13.8 10~4 13.0 16.5 13.6 10.4 
12 13.0 12.4 15.0 11.8 
13 12.) 9.4 13.7 15.4 12.5 ll.6 
14 11.0 9.5 ~S.4 16.1 14.1 10.0· 
15 Il.7 1~ • ., 13.~ 13.9 

1-

... 

Tota1s 1$6.1 6$.9 176.8 219.6 175.4 67.0 
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Append1x Table Vlll. - D1mens1ons of leaves. 
Clone No. 12/63/8. . 

Leaf Pet101e LAMINA 
No. length 

cm. Length of lobes (cm.) 
1 2 3 4 S· __ ··· 

1 9.0 11.7 16.2 18.8 . 14.9 10.0 
2 9,.5 10.0 14.2 17'.3 14-. 5 11.6 
3 9-.9 9.0 1~h6 17-.0 1 -.8 10 .• 0 
4 :1.1-.5 9.6 15.5 17'.0 14: •. 1 9.0 
5 ·,8-.6 '9.4 14.0 17'.5 14:.1 8 .• 0 
6 :L~'~5 9.0 1/ .... 8 16~~ :L4'.~ 9.0 

( 7 :1.3-.3 13.6 19,.1 20'.5 17:.7 .11.0 
8 10,.6 10,.8 17.1 19~4 17:.3 12.0 
9 14'.3 13,.1 19~.4 21-.0 17.5 12..0 

10 13'~O 12-.7 18:~.0 22',,3 17.3 13.0 
11 11,. Ô 9-.9 16'.1 20'.0 16.'.0 il.O 
12 12 .. 1 11'.0 17·7 20 .. 1 17.9 12~0 

il! 11-.6 14.0 19.0 22.1 17-.6 13.0 
14-.3 11.0 16.7 18-.4 16 •. 4 11.3 

15 1:2-.6 1~.~ 18·9 2~.5 19-;t 1~.2-
'1\ '" 

Totals 1?l·8 169.7 249.4 292.5 242.3 J.66.1 

.• ': J •••• ' • 



Append1x Table V~ll. - D1mensions of 1eaves. 
Clone No. 12/63/9. 

Leat Pet10le _________ L=..A=M;::IN::=A:.....-_____ _ 
No. 1ength 

cm. Length of lobes (cm~) 

1 
2 
3 
4 
g 
7 
8 
9 

10 
11 
12 

ii! 
15 

'12.5 
16.5 
12~0 
:1.6.0 

l ' 

Tota1s 18Ô~2 

1 

11.5 
12.0 
11.5 

i1.3 
11,,5 
9.0 

11,,0 
'13 .. 5 
12 .. 4 
10.0 
8.5 

10.6 
14.? 

234 5 

18~0 
17.0 
12.0 
16.0 

i8.5 
'18.0 
14.,0 
15,,8 
19.0 
17.6 
17.2 
14.0 
15.3 
18.4 
'.. . 

22.5 
18.5 
16.0 
20.0 

21~5 
19.4 
18.,3 
22.5 
20.5 
21.7 
20.7 
15.7 
18.0 
22.4 

18,5 
17.5 
13.5 
:1.8.0 

19.~2 
17.2 
15 .. 0 
16.4-
18.0 
18~4 
i7.4 
14 .. 5 
17 .. 2 
19.0 

12.,.0 
11.0 ' 
12.5 

12,.2 
~2.S 

9.5 
12.4 

,12.4 
12.4 
10·.3 
8~3 

11.2 
14.1" 

148.5 2'0.8 278~7 2~9.8 150~8 

xx11 
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Append1x Table VIII. - D1mens1ons of 1eavee. 
Clone No. lS/63/6. 

.- . . .. Lest', Petiole .l,DINA No. 1ength 
cm. Length of lobes (cm.) 

1 2 3 4 ·5-·· .... 

:L 10.~ Il.T' 16.6 20.6 17.0 9.6 2 10.8 13.S 17.7 21.'6 19.1 13.0 l 13~z,. 10.-4 17.'8 19.'4 18.-.4 10 .. 7 Il.0 12.-S 18 . .-0 21.-6 lS.S 10~'7 S 12.'5 12.-S 18.~5 21.-0 lS.7 l.l'.'9 6 12 .. S 10.0 17.5 19~'1 18.0 11.0 '7 13.5 8.S 11.0 lS.0 22.8 19.4 8 12.-4- 12.-8 19.-S 20",.6 19.) l.0''-3· 9 14~9 12 .. 0 17'-7 17.5 :1.7 .. 0 12.7 10 13.S l?S 21.1 23.:5 20.7 14~'2 Il 15.0 12.-0 lS.9 19.0 18.'0 12.'7 12 17.0 10.9 14.0 14.'0 14 .• 0 '9~'8 

~4 13~'0 17 '-S 23.4 22.:5 20.0 13.2 13.9 17.0 22.0 27.4 21.7 18.,0 15 lS.'O Il.0 16.7 17.1 16.7 11~O. 

Totale 122. 2 185.1 26Z·4 222·2 2Z8.2 188.2 

., .. 



xxiv 

Appendix Table Vll1. - Dimensions of leaves. 
O.l.one No. 15/63/9 • 

. Leaf Pet.iole ______ __:;;I,;;;;;::AM;,;;;;IN ___ A;,;,,;-. _______ _ 

No. length 
cm. Length of lobes (cm.) . 

2· 3· 4- .. .$. 1 

1 6.8 6.4 9.8 14.9 9.5 .5,.4 
2 11.0 15.0 19.5 15.0 

4 1.6.2 6.5 11 • .5 17.0 11.2 1.,0 
10.5 9.,8 16.5 20 •. 0 ·16.0 10~8 

.~ o :~ 12.~,Q" 16.~ 20.2 17.4 1~.9 Q.' 
12~-- . ('9"3 16 •. 18.8 16.4 9.0 __ ~ljj,. 

7 14.8 8 .. 0 12.5 20.0 14.-9 6.6 
8 11.0 9.6 1.2.6 17.3 1.4.9 1~-';.~ . 
9 10.5 12.5 19·0 21.0 ·18.9 1~ •.. 

10 12.9 16 .. 5 20.4 22.0 19.8 ~j.:S 
1.1 14.0 Il.5 18.0 19.0 11.3 10~5 
12 11.8 13.4 .20.0 22.5 21.5 .15·0 

i~ Il.0 8.2 14.0 16·.5 12.9 . 1.5 
12.0 13.5 21 •. 4 24.4 21.0lj~6 

15 11.5 8.2 14.0 16.8 12.8 .. --.--_ .1..0-

Totals 174.9 145.6 237.6 289.9 239.5 141.7 



, Append1x Table Vll1. - D.1mene1ons of 1eaves. 
Clone No. 16/63/7 

Leaf Pet10le ,.LAHINA 
No. 1ength 

cm. Lengthof lobes (cm.) 
1 2 3 4 S··· 

1 14.0 11.7, 20.2 2).0 19.3 13.8 
2 7.0 8.0 11.4 8.8 

~ 9.5 11.0 15.0 17.8 1~.:3 11.7 
9.2 15.0 17.9 l .6 

g 10 .• 8 9.5 20.4 21~1 19.4 11.4 
12.5 15~0 16.1 20.7 1.1..6 1~.'6 

7 11.8 11.5 17.6 23.2 20.6 1i·O 
8 10.6 14.0 24.3 23.6 22.0 1;3' . 
9 12.0 10.5 18 •. 6 20.4 18.4 11.5 

10 13.6 11.4 19.0 '21.8 18. 10.1 
11 12.2 '9.9 18.8 21.4 17.4 13.1 
12 1,.3 13.1 24.0 24.0 23.8 15.0 
13 . l .• 6 16 .. 0 22.6 24.0 21.8 15.1 
14 16.0 16.5 25.1 27.2 24.6 18.1+ 
lS 14.4 lS.~ ?~.8 26.4 24.!) 17.7 

l' . 

Totale 181~2 16S·S 282.;2 J2J·2 2Z8.4 lZ2·Z 

.U 



xxvi 

Append1x Table V111~ - Dimensions of leaves. 
Clone No~ 16/63/8 

Leaf Petiole . LAMINA 
No_ 1ength 

cm. Length of lobes (cm.) 
1 2 3 4 5 

1 11';2 9~8 1l~3 7~5 
2 17';1 ll;? 21~0 13~8 

l 17 ';3 1 ';1 19.;4 1,5;3 
1,5';3 11;2 17,;1 1l;2 

~ 10~O 11;6 17;0 21~5 16,.;4 9.;1 
'9.;4 9.;8 17;2 23';0 16~4 9,;,6 

7:: 14';3 14.;4 19';2 25~4 21;1 9'i 
8 15;3 14· ... 2~6 22;6 23;9 16;-' - --:;, 
9;~ 13"0 11';0 15;0 18-;2 15';2 10,;:4 .. 

10 12';1 13;~ 21';2 2:';5 20,;~ 10';,2 
11 13.;6 7~0 16;0 13;4 10,;2 7,;0 
12 15.;1 15;6 23;4 2,5;8 24;2 15';1 
13 13;3· 10.;4 19;6 24;2 19~0 1+;5 
14 17;2 ,9;6 1,5;8 20;1 23;2 13;6 
15 12;0 10;0 19'';1 20;7 18;4 10;5 '. 

L 1 

Totals· 266;2 122;5 2~4;2 JOZ;2 225;2 122~2 ' 

.:. '. 



Appendix Table Vlll. - D~ensions of leaves~ 
Clone No~ 23/63/5 

Leaf Bètio1e LAMINA 
No~ leng~h 

cm. Length of lobes (cm~) 
l 2 3 4 

1 S~2 lO~9 13~4 9~8 
2 11~4 14.2 20~8 18.0 15~8 , 8~0 10.2 15~2 16~1 14.6 

9~9 1~8 11.9 12.5 10~9 
5 12~& 11.2 17~4 1S:4 17~6 
6 19~8 12~5 18~1 18~4 18~7 
7 9.2 :8~() 12~1 13~4 12.5 
S 12~0 115 17~5 18~0 16~9 ~ 

9 9;5 9~5 15~4 16~8 12~6 
10 ::6~S 7.~~ 11.0 12~2 10~6 
11 ··'S.O 11~5 11~8 11~7· 
12 9~S 12~6. 16~8 18~4 17~O 

i, '7~9 '9~5 12~5 14~5 12~3 
9~5 6~5 11~4 15~2 ~3~3 

15 9~S 4~5 8~S 10~4 7~5 
. .1 ,. .. 

Totals lSl~S 12~~O 211~0 . 228~1 201~8 

:xxvii 

5 

14.0' 
11.1 

? !lS·· 
11!l5 
la·? 

~8 
12~·9· 
S~O 
7~3' 

11~5 
9;4 
i;4 

. a.:;S. 

12?~2 . 



xxviii 

Appendix Table VIII. - Dimensions of 1eaves. 
Clone No. 27/63/7 

Leaf Petiole LAMINA 
Ro. leng.th 

cm. Length of lobes (cm.) 
1 2 3 4 5 

l' •. 

'. '5:~~~';C' . 
1 Il.5 8.9 13.0 17.1 13.5 9~O 
2 Il.0 Il.0 17.l: 19.0 16.4 11~0 

'. , 12.5 10.5 19.0' , ~1.0 
. l~ftO Il.7 14.5 18,.-0 :1.5.6 12~O ,: 

5 :tl.§ 12.0 17.4 18.6 17.0 11.0 . 
6 11.1 10.l: 17.5 18.8 l6~5" ll .• O: 
7 12.2 12.0 17.l: 17,.2' 16.1 11.0 " 
8 12.0 12.2 18.7 19.5 18.6 11~'2':' 

9 13.4 16.l: 21.2 17.0 
10 11.7 1Q.) 16.0 18!i4 16.0' Il.0 ". 
Il 12.8 Il.'7 17.7 18.1 iB.2 11~4 . 
12 13.0 Il.S 17.5 20.3 17.5 12.() 
13 l:'hO 9.7 15.4 14·.0 ~~:4 B.1 . 
14 12.0 10.5 1.5 • .5 19.1 11~O . 
15 l~.O 11.S 16.4 17.6 16.5 11.7 ' 

-10 • ~ ,,- .. ~ " , "l 1'1' 

Totals lS0.8 145.1 240.4 2Z6.~ 2J2.6 141.4 



AppendiX Table Vl.ll. - D1mensions of leaves. 
Clone No. 29/63/4 

Lest' Petiole LAMINA. 
N.o. 1ength 

CJll. Length of lobes (cm.) 
1 2 j 4 5 

1 6.9 6.5 13.0 13.7 14.0 10.0 
2 8.0 8.5 11.5 ~:l 

, 
3 ~.5 9.0 12.4 
4 12.0 1().5 12.5 10.0 .~.l 
50; ::9.4 

7.S 
:8.5 11.3 7.5 6-- 9~5 10.5 12.3 Il.3 · 7..5. 

7 10.0 9.6 15.0 16.0 3.5·5 .9.0 . 
8 ,à.o 6.4 8 0 10.5 :9.Q · 6-.6= . . 
9 11.0 .9.6 16.0 16.0 16.) 10.2 

10 9.1 ~.5 13.0 14.5 :1.3.6 10.1 
Il ~.5 11·.5· 14.0 11.0 
12 9.5 à.o 12.5 14.4 1) .. 0 _ 8.5 
13 10.0 7.4 .12.4 13.4 Il.5 .7 •. 0 
14 10.0 10.5 16.5 16.0 1..5.5 · ,~~ 
15 10.1 7.0 Il.4 14.1 12.2 -1.0 . . _ . . , 

Totals l~l·l. 84.0 1Z6.~. 202.6. 126.1 21 •6 



Append1x Table V1l1. - D1mens1ons ot 1eaves. 
C10ne No. 3S/63/4. 

Leat Petiole LAMINA 
No. length 

cm. Length of lobes (cm.) 
1 2 3 4 ' -S, 

1 11.1 10.0 lS.6 17.3 lS __ 1, 9.1 
2 9-.S 6.8 12.3 13.0 11.9 8.6 , 8 .. 3 6.~ 13.S 18.2 11.6 6.1 

10-.1 5. 13.5 15.6 lS.0 6.8 
Sr- 9-.6 6.S '13.6 17.1 13·1 7.8 ) 

6 13.S 9.1 ' 12.S 1,.4 '12~2 l~:I 7 11-.6 8.8 14.5 :L.O 14.S 
8 iO.8 8.S 11 .. S 13.0 12.z,. 7.0'-
9 .9.7 80"'" . 12.2 14~2 12.S ,.8.6 " t· ... ·.) 

10 9.0 7·.' 13.0 13~4 13.0 ,- '1 ~.' 

11 12.S 6.9 ·12.6 14.0 13.'8 8 .• ) 
12 la.1 é1.2 11.4 11.4 11·S ,8.,.~ 

i4 15.6 11.1 12.4 10.0 : .. : 

10iaO 11.0 12.3 10.8 
lS 10.0 11.0 12.2 10.7 

---

Tota1s 162.0 22 •2 182itJ""i~ 211.5 12°·J 82·~ 



xxx1 

Append1xTab1e Vl11. - D1mens1ons of 1eaves. 
C10ne No. 37/63/7.' 

=c 

Leaf' P'et1ol.e LAMINA " , 

No~' length 
cm. Length,o:r ,l.titiü ,(cm.) 

1 2 'l· 4 .s 
.... : 

1 10~O 14~4 16,~3 16~4 
2 17~'3 8~1 Il.6 8~9 
':l 10~0 16~4 18~9, 18~5 4 i2~0 20~~ 24 .. 5 i9~8 
g ii~8 8!t5 18. ~1.0 20;4 8.8 

i~~5 8;2 17~1 19~3 18;0 8~1 
7 10.) 12~6 16.0 11~1 
8 12.9 10.8 19~0 19~3 17~5 
9 ij~'~ 11.5 17.0 20~0 17~1, 9~0 

10 13.$ '7.9 15.6 17 .. 5 15.2 ' 7 .. 6, 
Il 12.0 9.8 20 0 22.0 21..~O 9.,0 t, 

12 ;'9.6 8~8 18.2 20~O 18,~6 8.7 
13 Il.9 "8.0 16.1 18~8 16~'4 6.4 
14 12~O 9.5 19.5 22~65 20~7 14~5 
15 ~4~9 1~.~ 21.6 2).0 17.5 10.4 

Totals 184.1 96.3 169.7 193.9 171~4 91~Z 
[ 

. "', 



App end ix Table Vill. - D~ensions of 1eaves. 
Clone No. 39/63/5 

Leaf Petiole LAMINA. -
No. length 

cm. Length -of lobes (cm.) 
1 2 3 4 5 

.. 9.0 7.8. 13.5 14.8 13.0 8.1 .&. 

2 9~0 12.0 13;1 11.1 
3 9~0 5.0 11 •. 2 13.-3 11.0 7.0 
4 : 

~ 9.'5 7.5 12.4 14.3 13.5 .8.0 
~ 7."5 9.9 12.9 14.0 ;l.2~, 8.7 

7 e.-o 8.·S 12 •. 0 14~7 12.7 8.0 
8 11.3 8.8' 10 •. 8 13.7 12.4 8.1 
9 l~.", 7.S 10é6 1,1.5 11.6 8.2 

10 8."S 9.5 1).3 15.0 13.5 7.8 
Il Il.4 9.8 1:3.0 15.5 1,.9 ·8.4 
12 8.0 9."5 1:3.4 13.9 1.0 9'.0 

ii! ~7.6 9.1 14.9 16.0 1,.0 10~O 
··e.~ 9.0 14.2 ~5..~ l' .S -,,8'.5 

15 
~' .', 

. j 

Totals 112.6 1°2·2 164.2 184·2 166.,5 22.8 



xxx111 

Append1x Table Vill. - D1mens1ons of leaves. 
Clone No. 4G/63/6 

.Leaf Pet101e ..... LAMINA 
NOe length 

cm. Length of lobes (cm.) 
1 2 '3 4 5 

. 
l 8;'2 8.3 13.4 13.4 12.4 8.0 
2 14;'0 9.2 10.2 9.2 
3 1~.4 11.0 19.0 18.9 18.6 
4 10~2 6.4 13.5 18.0 12.8 . 
5 ;,.$~9 10.0 14.1 16.4 14.2 9.4 
6 l~.O 11.6 19~4 i9.7 20 .• 2 13.5 
7 10.8 .9.1 16.8 17.2 15.0 10·.9 
8 li 0 9.3 16.7 18.0 17.1 19.7 . . 
9 1?9 .9.0 13.0 :1.3.2 12.5 6.4 10 15.0 14.8 Zl.0 20.1 20.5 15. 

11 11.4 12.9 13.5 17.9 17.5 12.0 
12 13.C 12.7 16.5 16.0 14.4 '11.5 
13 14.9 15.0 22.3 20.9 21.7 14.4 
14 '9.4 10.9 13.0 15.1 13.8 11.4 
15 12.5 10QiO 13.~ ·~~.3 ~?5 9.3 

~. 
.. 

; 

Totals lZ~·6 151.0 2J5·2 2S1.J 2JS·4 lJJ.2 



xx1v 

Append1x Table V111. - D1me~s1ons of 1eaves. 
Clone )10. 42/63/6. 

Lea! Pet101e LAMINA 
No. 1ength 

cm •. Length of lobes (cm.) 
1 2 3 4 5 

'1 13.1 7.0 13.8 15.8 13.0 7.8 
2 9'1>9 7.9 Il.9 15.0 Il.4 7.5 , 10.5 7'.0 12-.2 13., 14.4. 8.2 

1Q'~5 7.9 12-.9 15. 12.2 7.6 
g 10· •. 9 7'.4 11'.8 14'.1 12.0 7.6 

10'.6 8'.2 12.5 15;.4 iZ.4 8.0 
7 9.5 7.6 11'.7 14.1 15.1. 9.0 
8 12 .. 5 10'.4 .16'.1 18-.0 14.0 10.0 
9 11 .. 4 13'.0 16.1 1 .• 1 5.4 

10 10.8 4'.5 ' 6'.8 10-.0 . 11.0 6.8 
11 12'.~ 8.7 12".0 13".8 11.0 6.8 
12 12'.5 8".0 16-.3 16'.3 14.8 8.S 
13 11 .. 2 8.8 12'.1 14'.5 12·5 6.8 
14 11'.0 6'.0 11'.5 12'.7 Il.7 4.8 
15 13'.) 11'.0 16.5 17'~? 16.0 11~0 

:~ '. "', 

Tota1s 170 •2 110.4 191.1 222.2 198.6 115.8' 



Append1x Table Vlll. - D1mensions of leaves.' 
Clone No. '42/63/7 ' 

Leat Pet101e LAMINA 
No. 1ength 

cm. Length of lobes (cm.) 
1 2 3 4 

1 10.9 5.2 9.4 8.5 10.7 
>5; 10.0 6.2 11.5 10.4 11.9 ;(; 

3 14.0 8.9 10.2 15.1 9.9 
4 10.9 6.0 13.5 13.4 10.8 

,5 12.7 8.5 12.5 15~O 12.~ 
6 11.0 8.1 14.1 18~5 13.8 
7 13.9 8.5 12~7 14~5 15.5 
8 13.0 - 7.4 15.5 20.1 15.0 
9 10.0 7.6 12~4 14,"5 9.1 

10 14.4 7.0 14.0 16.7 11.6 
11 '9.0 6.0 ' 9.4 9.6 :L1 .7 
12 11.0 7.5 11.1 11.7 13.0 
13 17.Q 7.5 13.6 16.8 1).0 
14 10~5 7.8 12.0 12.4 12.0 
15 10.4 13.0 15.5 ~3·0 

Totals 178·Z 102.2 186,.7 212.7 183.1 

5 

5.2 
6.0 
7.4 
8.4 
8.0 
8,;2 
7.6 
7.3 
9.0 
7.8 
6.2 
7.6 
8.4 
8.4 

105.5 



Appendix Table Vl11. - Dimensions o~ leaves. 
C10l!-e No. 44/63/13 

Lear Petiole LAMINA 
No. length 

cm. Length o~ lobes (cm.) 
1 2 3 4 5 

l' 7.9 12.6 15.1 11.4 
2 7.0 13~0 17.0 12~6 
3 9'.1 11.9 13.4 ~9~6 
4 8'.9 8.3 11.1 15.~ 14.6< 8.0 
g ',9.1 7.0 12.4 11.1. '. 12.0 7.5 _ .. , 

8'.0 12.0 13.;'5 11.~6 
7 9'.0 11.3 13.2 10~7 
8 7'.8 7.9 12.5 14.8 12.6 
9 ,8.0 13.8 16.0 14.0 

10 10.0 11.0 12.6 12.0 
11 9.4 11.6 14.0 10.6 
12 9.4 12.2 14.0 '11.5 
13 8.4 6.5 12.4 12.4 11.2 
14 10.7 12. 1502 11.9 
15 "~.$ 12.7 15.4 12.7 

i ' 

Tota1s 131.2 29.7 181.8 216;'7 172.6 15'.5 



Appendlx Table V111~ - Dimensions of 1eaves; 
Clone No; 44/63/31 

Leaf Petiole LAMINA 
No. 1ength 

cm. Length of lobes (cm.) 
1 2 3 4 

1 Il.0 13.0 18.0 12.3 
2 8~9 10;0 13~4 10;3 
:3 8;4 9;2 12;6 10;1 
4 7~O 

(, 

Il;7 13;8 Il;0 
5 7~O 9;8 12;4 9;4 
6 7;4 .9;6', 12;5 9;7 
7 9;8 14;0 14~5 J.3~7 
8 7~3 6.8 Il;7 14;5 12;0 
9 9;0 

. 
12;5 ·14~4 12;8 

10 8;5 8;4 13;0 10;6 
Il Il;0 15;0 14;0 14;7 
1~ 7;5 8;5 12;3 8;6 
i,: 7;5 9;0 10;9 8;8 

8;8 10;0 13;0 10;0 
15 8;8 8;7 Il;8 9~0 

Tota1s 127.9 6.8 161.1 201.1 
: 

163.0 
.' ,< 

: 
,. 

l! x::.v il 

5 



xxxviii 

Appendix Table V'111. - D1mensions of leaves. 
Clone No. 44/63/41 

Leaf Petiole LAMINA 
N,o. 1ength 

cm.' Length of lobes (cm.) 
l' 2 3 4 5 

1 12.3 11.9 13.4 11.3 
2 6.5 10.5 11.6 9.8 6.0 
3 12.6 6.8 10.6 13.6 9.8 6.8 
4 5~6 7.5 12.3 13.0 12.2 7.:6 
5 :;~~Q 11.0 13!'7 12.0 
6 ' l2.3 14.5 19.0 13~S 
7 '9 l- 5.7 9.0 12.1 "8.6 ': .' 
S 9.4 1,.0 16.0 14.0 
9 10.5 8.6 l, .5 15.0 14.2 

10 10.5 12.5 ,16.5 12.0 
11 10.0 13.0 16.:1. 12.-4 
12 10.0 9.6 15~3' 11.8 
13 9,,7 12.0 16.0 10.8 
14 '8.9 11.0 15.0 il.a. 
15 8.9 10.0 12.a 10.'3, 

l " .. , l ' 

. ~.-

Totals 144.3 28,.6 17~.4 218.7 173 •4 20.4 



Appendlx Table lX. - Data on Male and Fema1e Inflorescences 
Al'cesslon 12/63 (Male) • 

. -... '.", '., ... 

Inf'lores-Number Flower- Number Number Length 
cence of lng of of of 

No. branches. branch flowers flowers flowerlng, . 
No. per per branch 

branch. slte. mm.-~ 

1 3 1 19 1 63.75 
2 5 l' 19 •. 14., 
l 8 r' g8.22~ . 

2 2 1 15 1. .. _~.~ .... 
2 ~~ 

.. 1 il.·· ~ 3 3 1 • 1 ... '_,'; 1 9.?5 , --... 
2 29 

1 1 . 114·~75- .. 
l 24 1 102.00.' , .. 

" 

4 4 '. 1 23 1 102.00, '" 2 10 1 44.64 
3 22 1 95.64, .' 

4 
. ~~ 1 12~~:20'" " 

5 4 1 1.. 11 ..• 15, 
2 11. 1 38.'25' 
3 21 1 --- ;--.1.00.'0 ... 
4 28 1 140.2S" 

6 1 20 1 102.0.(t 
2 .1~ 1 57·· •. 38.> 
l 2Z 1 12Z:20 

7 3 1 21 1 102.QO· 
2 16 l. 82.88. 
l 21 1 82.2~ 

8 5 1 31 1 133.8 
2 14 1 76.50 

~ 19 1 89.25 
37 1 153·.00 

S ~g 1 146.64 
9 1 1 146.64 .' ... ,..0# 1 108.38' &:. 1:.:> 

l 21 1 li~~~, 10 J 1 31 1 
2 2~ 1 1°tl,,3-S 
l 2Q 1 Zo::t4 



xl 

Append1x Table lX. (continued) 
Accession 12/63 (continued). 



x11 

Appendlx Table ~. (cont1nued) 
Access10n 13/63 (Hale) 

Inflores- Nllmber Flower- Number Number Le~h 
cence of 1ng. of of of 

No •. branches. branch flowers flowers . flower.1ng 
No. per per brancha 

branch •. s1te., .-mm ...... 

1 5 1 22 ,42;3, .s7·~18 .. 
2 43 1,-2.,·3, . -1O,a;.00. 
3 24 1,2,3, ... 1l4i~'15 
4 36 1,2,3, .. 89~2:S· 
~ 

21 
la 2a:3a '12aè4 . 

2 5 1 1,2,3, 82 •. 8 
2 42 1,2,3, 95.Q4 
3 30 1,2,3, 70.~4 
4 6 1,2,3, 12.7.~. 

i 11 la 2a:3a lî,1 
3 22 17 1,2,3, 3 •. 6a 

2 12 1,2,3, 31.~8 
3 27 1,2,3, 44. 4 
4 9 1,2,3, 1.9,i4 

~ 16 1,2,3, 38.~5 
17 1,2,3, 31.88 

7 22 1,2,3, 44.64 
8 10 1,2,3, '19.14 
9 18 1,2,3, 44 •. 64 

10 22 1,2,3, 31.88 
11 6 1,2,3, 12.75 
12 17 1,2,3, 28.69 
13 21 1,2,3, 31.88 
14 13 1,2,3, 28.69 
15 7 1,2,3, 1~.75 
16 21 1,2,3. 4 .64. 
17 15 1,2,3, )1.88 
18 12 1,2,3, 25.50 
19 19 1,2,3, 51.00 
20 14 1,2,3, 25.50 
21 6 1,2,3, 25.,50 
22 12 1a2.:3. 25.50 



xlii 

Appendix Table lX. (cont1nued) 
Assession 13;63 (cont1nued) 

Inflor.es- Number Fl.ower- Humber Number Length. 
cence of lng of of o~ 

No,. branches, branch flowers flow.ers tlower.1ng 
No. per per branch. 

branch •. slte,. mm,a.· 

4 5 1 20 1,~,:3, :38;.25 
2 10 1,2;:3, 12, •. 75 
:3 :3:3 12'" :3 70~.14;. , , '.' 4 :37 1., ~,:3, 89.2,5 . 
S 21 1 1 21 :h ~Z·.:~8 

5 2 1 21 1,2,:3, 1,.00 .: .. 
2 26 11 21 JI 6g:ZS . 

6 :3 1 28 1,2,:3, 7.50 
2 10 1,2,:3., 25: • .$0. . .. 
l 16 11 2.JI Si. 00 

7 2 1 4 1,2,.:3, . 12;.7-5· 
2 18 11 21 JI J8.2i 

8 10 1 :36 1,2,:3, 70 .• ~ 
2 17 1,2,:3, :31.88 

~ 44 1,2,:3, .102,.00 
18 1,2,:3, 51..00 

5 :30 1.,2,:3, 76,.50 
6 13 1,2,:3, :38 .• 25 
7 7 1,2.,:3, 19 .. ~4· 
8 2:3 1,2,3, 31..88. 
9 16 1,2,), :38,.2.5 

10 6 11 2 1 JI 12.Z~ . 
9 4 1 29 1,2,3,. 57 .• j 

2 18 1,2,:3. 44 .. 64 
3 :34 1,2,3, 761>50 
1. Jl 1.2.JI ZOe14 . .... 

10 4 1 33 1,2,3, 76:e50 
2 35 1,2,), 70 .• 14 , :35 1,2,:3, 79~69 

4Z 11 21 J. 102.00 



x1111 

Append1x Table lX. (cont1nued) 
Assess1on-13/63 (cont1nued). 

Inf1ores- Numb.er F1ower- Humber Number Length 
cenee of lng of ot of 

No. branches. braneh f10wers f10wers flû'ifer1ng 
Bo. per per branch. 

branch. s1te. mm."._ .. 

11 10 1 10 . 1,2,), 19.14 
2 6 1,2,3, .12:~75 
3 18 1',2,), , . 38'.25 
4 21 1,2,), 44 •. 6,. 
5 11 1,2,3, 38 .• 25 
6 19 l';Z;-3;~ 44.64 
7 12 1,2,), 31.88 
8 5 .1,2,3, 12.75 
9 11 1,2·,3, 19.14 _. 

10 
31 

112111 12~2S' 
12 5 1 l,?,), 51..00' 

i 22 1,2,), 44.64 
3 9 :J.,~,3, 25.50 
4. 14 1,2,), ' . .' .25 .• ,,5,0. -
2 4 1121l. 12.§~ . 

13 3 1 22 1,2,3, 31.-
2 21 1,2,3, 51.~OO 

14 4 
J 2J 112.J. ii:;~ , 11 1,2,3, ... 
2 44 1,2,), 89 .• "25 

4 28 1,2,:r. 82.88 
62 1.2.].<_ 114"Zi 

15 S 1 12 1,2,3, -19.1 
2 21 1,2,3, , 44.64 

a 14 1,2,3, 31.88 
8 1,2,3, 22031.-. 

2 1J 1.2,JI" 25. 20 



xliv; 

Append1% ,Tabl.a.U. (C.ont.inued) 
Acoession 15/6) .(Fêma1e) 

Int"lor.es- Hûmber Flower- Nümber Number Length. 
ceDee of 1ng of of of 
. No. , branches. branch flowers f10wers f1ower.1~ 

No. per per branch. 
bra.nch. s1te. mm. 

1 2 1 20 1 127·.50' 
2 10 1 Z6.~O .. 

2 1 l. 14 1 ï02~OO 
:3 2 1 25 l. lSJ~OO, 

2 18 1 121.1.4, -
'Z;: 1 1 rB r roB.~S 
g 1 l. 21 l. 114:Z3• 2 1 11- i B9.2 ' 

2 , 1 114eZ !1 
~ 1 1 1 t21• 2 .~'. 

:3 1. i 1 27.50". 
2 10 1 82.86· 
J 8 1 ~1.00· . 

9 2 1 10 1 2~8e-
2 21 1 1Ja·S8' '. 

10 2 1 16 1 10 -36.-' / 
2 10 1 82A.88 .. 

11 :3 1 :33 l 165.15 
2 27 1 13:3.88 
J 14 1 82.2n 12 2 1 17 1 95.6:: 
2 26 1 121 .. 14 

1:3 2 1 :32 1 15:3.00 
2 26 1 l~J.OO ... 

1Z;: 2 1 14 1 . 4.25. 
2 22 1 11 .Z3 

15 2 1 21 1 165.7~ . 
2 24 1 184.88 



~" 

Append1x Table lX.. (continued) 
AccesS1on.16/63 (Fémale)/ 

Inflores- Number FJ.qwer- Humber Humber 
oence of ins; of of 

No. branches. branch flowers tlowers 
No. per per 

branché site. 

1 1. 22 1 
2 13 .1 '-

i 26" '1',: ... 
2 2 31 i 

2 28 1 
3 2 1 22 i 

2 16 1 
4 2 1 12 1 

2 18 1 
5 2 1 18 1 

2 18 1 
6 2 1 24 i 

2 18 l 
7 3 1 19 1 

'2 12 1 
l 14 1 

8 2 ,1 17 1 
2 16 1 

9 1 i m 1 
10 3 1 26 1 

2 16 1 
l lO 1 

11 1 1 26; 1 
12 1 i 2 1 
1.3 2 i 22 1 

2 14 1 
14 '2 1 28 1 

2 21 1 
15 3 i 25 1 

2 11 1 
'-,,"·r 

3 18 1 

.. 

xlv 

Length 
of 

tlow.er1ng 
branch., 

mm.. ;,: .. _ 
,., 
f" 

114.7·S . , 
S?·~,,8 -

J.2~.:20 
' .21<.7$ '" 

' 1~;;2S';~' ,'. 
.1'r.'50 ," 
~14~2'5 
102.00 
11~'~i ' ; 

, 

12~1.: .. 
lt+6~:64 
178.30._. 
127,.~O 

1S:.00 
11. .• 75 
140,.22 
140.25 
140~2a 
1~2':'~-
20 .00 
121.14 
210.]8 
216·i# ' 2a· " 17.50 -
114.Z~' . 
163.7 ' 
210.]8 
1.40.25 

82.88 
. 102.00,' 

c 



Append1x Table lX •. (cont1nued) 
Access10n 39/63 (F.emale). 

Inflores- Humber Flower-
cence of 1ng 

·No. branches. branch 

l 2 

z 

2 

2 

5 2 

7 

8 

9 
:.~l :.~ 

fO 2 

11 2 

12 4 

Nô. 

l 

.. :1 

2 
1 

i 
2 
1. 
2 
3 
1 
2 
j 
1 
2 
3 
1 
2 

t 
2 
1 
2 
l 
2 

~ 

Humber 
of 

flowers 
per 

branch. 

20 
26 

18 
9 

10 
10 
liS::: 
23 
13 
15 
12 
12 
4 

18 
7 

11 
11 
5 

19 
17 
19 
17 
11 
31 
20 
22 
12 

Humber 
of 

f10wers 
pe.r 

s1te. 

1 
.1 

1· . 
l 
l 
1 
1 
~ 
1 
i 
1 
l 
l 
l 
1 
1 
l 
1 
1 
1 
1 
1 
l 
1 
l 
1 
l 
1 
l 
l 
1 

~1vl 

Length 
ot 

f1ower.1ng 
branch. 

mm.--." 

127 • .50 -
. 178~:50 
i02~00 
140~25 

12I·~a 

1.40~25 
102.00 
102~OO 

27.50 
·70.1.4 
89~2~ 

114.75 .. -
133.88 
102.00 
76 .50 

159.38 
121.14 
127.50 

51.00 



:x~v11 

Append1x Table 1X~ (cont1nued) 
Access10n 39/63 (conttnned). 

Inflores- Number F~ower- Humber Humber Length 
cence of lng of of of 

NO~ branches~ branch flo.ers flo.ers flower1ng 
NO; per- per branch~ 

branch~ s1te. mm._ 

~3 ~ 23 1 l46~64 
2 13 1 ~O2~OO 

~ 122 1- 82;22-
i4 1 12 1 89.25 

2 .11 1 89~25 
~ 18 1 12Z~~O 

1,2-) 1 1 10 1 82· 2 



xlv111 

Append1x Table lX., (cont1nued) 
Access10n 44/63 (Male). 

Inflores- Number F.lower- Humber Number Length 
cence of lng of of of 

No., branches., branch flowers flowers floweriDg 
N'o.: per per branch., 

branch. slte •. mm.-

1 1 1 ~i 1. l.i~.DO': 
2 1 1 1 12:~O/ 
3 2 1 22 >1' 954, 

2 12 1 82;..88.:' 
4 3 1 33 ~ ,165.·75' 

2 28 1 140 .. 25 
J J4 1 16i~~.i 

5 2 1 32 1 17~.~ 0 
2 ~ 1 16S·~a 6 2 l 1 8,2. . 
2 8 1 J8.2,i 

1 3 1 2,2 1 127.'~O 
2 28 1 140.24 J 25 1 121~,1 . 

8 3 1 21 l 114 •. 75 
2 26 1 133.,88 
J .2 1 

i ~8.2~ 
9 3 1 23 1 1 4.7 

2 22 1 121.14 
J JJ 1 l.i~.QO 

10 2 1 21, 1 il .75 
2 22 1 140.IH~ 

11 2 1 15 1 82. 
2 20 1 ~S.64~ 

12 1 1 28 1 1-0.22 
13 Z 1 17 1 69.75 

2 20. 1 '64 
14 2 ::';1 1 28 1 14t:64 

2 22 1 102 •. 00 
12 1 1 21 1 22.64 



xlix 

Append1x TabJ.e X. - D1mens1ons of flowers. . 
Accession 12/63 (Male). 

- - -- -

, Flower Length W1dth 
No. At tè,ehment to S.pan ot 

extrem1ty perianthe 
mm. mm. 

1 6 .. 38 6.38 
2 6.38 7.95 
3 6.)8 6 •. )8; .. 
4 6.38 7~95-, 

'S 6.38 7.95·" , 
6 6.38 7.95 .. 

··'7 6.38 7.95 
.8 6.)8 6·.38' - -
,9 6.38 6.38· 
10 4.'17 ·6.38· 
11 4.77 4.·77 
12 4.77 4.77 

i~ 4.77 6.:38· 
4.77 6.38 

lS 4.77 6.38 
16 4.77 4.77'· .. 
11 4.77 6.38 
18 6.38 7.95 
19 4.77 6.38-
~O 6.38 7.95 
.," . 

Totals 113.11 133.76 

Means 5.65 6.69 



Append1x Table ~. - D1mens1ons of flowers. 
Access10n 13/63 (Halé). 

Flower 
No. 

1 
2 

4 
'5 
6 
7 
8 
.9 
10 
11 
12 

i4 
15 
16 
17 
18 
19 

-- 20 

" Totals 

Means 

Length 
Attacbmentto 

extrem1ty. 
mm. 

90072 

4.54 

Wl,dth 
Spauof 

per1anth .• 
DlDI;.-- -

130.62 

6.53 

1 



li 

Appendix Table X. - DimensJ.ons of flowers. 
Accession 17/63 (Male). 

"" 
Flower -Length W1~th 

No. Attachment to Span of _ 
extrem.1ty perianthe 

liilii. mm. 

1 4.77 6.)8 
2 4.77 6.'38 
3 6.38 7.95.-
4 4.77 6.-38: -

:S 4.77 _ -6. 8' 3 _~. 
"6~ 6.38 7.95 
7 5·57 7.16 

.8 6-.38 7.95 
9 6.38 7.95 

10 6.~8 6.38 
11 6.-38 7._:95 
12 6.38 6.3tl 
13 6.38 'l.95 -
14 4.·77 . 6.38 -'-~' 

~5 4.77 -6. 33 
16 6.38 6.3 
17 4.77 6.38 
18 4.77 7.95 
19 4.77 6.38 
20 4.77 709~ 

\ 

Totals 11.0.69 140~94 

Mèans 5.53 
f 

Z.0S!' 



111 

Append1x Table X. -Dimensions of flowers. 
Accession 41/63 (Male).. 

. .. ~ .. . .... ~ ... 

Flower Length W1dth 
No. Attachment to Span of 

extrem1ty. per1antb.. 
mm. ' , .' . -.- .... .. mm., 

l 4.77 6.38 
2 4.77 6.38 

l 6.38 7.95, 
6.38 6.38 _, 

,5 6.38 6.38,;.' 
:6 4~77 6.38 
7 4.77 6.38 

,8 6.38 7.95 
9 4.77 6.38: 

10 4.77 6.38, 
li 6.-38 7.95 
12 7.95 7.95 
1:3 6.38 7.9§-: " 
14 6.38 7.95" 
15 6.,38 7.95 
16 ""!' 

17 -, 
18 
19 -' 20 

. .~. 

Totale' 88.61 106.69 

Means 5.91 7.11 
: ":,":.":r.· •...•.•..•. .' ;-,.: .,-:;, ," ~,.~. . 



1111 

Append1x Table X. - Dimensions of flowers. 
Accession 44/63 (Male). 

Flower Length Width 
No. Attachment to Span of 

extremity. perianthe 
mm. mm. 

1 4.77 7.95 
2 6.38 7.:95 
3 4.77 7-'.95. 
4 4.77 .7.95 
5 4.77 7.95-
6 4.77 7.,95 
7 6~38 7.95' 
8 6.38 7·95: -
9 4.77 7-.'5 -

10 4.77 7.95: 
11 4.77 7.95 
i2 4.77 7.95 

ii! 4.77 7-.95 
4.77 7.95-

15 4.77 64138 
16 4.77 7.95 
17 4.77 7.95 
18 4.77 7.95. 
19 4.77 7.95 
20 6.38 7.95 

Totals 101.84 157.43 
-

Means 5.09 7.87 



I1v 

Append1x Table X.--.Dlmens1ons of·:f1owe~s. 
, Accesslon·l/63 (Female).· 

F10wer Length. Wld.th 
No. 1 Attachment to Span of 

extremlty. per1anth. 
mm. mm. 

1 12.75 6.~8 
2 12.75 6.38. 

,~ 12.15 6.3~·· 
11.13 6.38· . 

5 11.13 6.38. 
6 12.75 6.38 

.7 12.75 6.38 
8 11.13 6~38 
9 12.75 6.38 

10 12.75 6.38 
11 11.13 6.38 
12 11.13 6.38 

i4 12075 6.38' 
1.1.ll 6.38.- . 

15 9.5 6.38 
16 11.13 6.38 
17 11.13 6.38 
18 12.75 6.38 
19 12.75 6.38 
20 12.75 6.38. 

Tota1s 238.83 127.60 

Means 11.94 . 6.38 



J.v -

Append1x Table X. - D1mens1ons of flowers. 
Accession 16/63 (Female). 

Flower Length W1dth, 
No. Attachme~t to Span,.of' 

,extrem11;y. per1anth .. 
mm. :mm. 

1 14;31 9.~S4 
2 14~31 9..54' ' 

.~ 14 • .31 &.75 
11~.13 '7.'.':95-

,5 11 •. 93 8.7~,. ' :'6 16~70 lQ.~ 
7 15 •. 90 8.75 .. 
'8 15 •. 90 8.15 
,9 14 • .31 8.'.75 
10 15.:90 8..75' ' 
11 15 •. 10 8..75: 
12 13 •. 55 8 .• 15 

i~ 14.,31 9..54: 
12 •. 75 9..54: 

15 15 •. 90 8 .• 75 
16 14.,31 8 75' .. , , 

17 14 •. 31 9.54 
18 12.,75 7 .• 95 
19 12.75 8.75 
20 15.90 8.75 

Tota.le 286.'33 178.94 

Means 14.32 8.95 

" ' 



lv1 

Append1x Table X. - Dimens10ns of tlowers • 
. Access10n 23/63 (Fema;Le). 

Flower Length W1dth 
N9. Attachment .to Spanot 

extrem1ty per1anth. ' 
mm. mm. 

'.' 

l 11.~ 7.16 
2 . 9. 

·ii 3 12:.75 6 .. , '-
'4 1.1 .•. 13 ':~;:??/u , '5 11.13 
6 11:.'1) 5."77 
7 l!,.~~ 6.:38 

;:8 ~,.7'1' S~'~7 
Q 11 .• 13 5.~7 .. ., 

10 11 .• 13 5.57 
11 11 .• 13 4.'77 
12 11,.13 5.'57 
13 11,.13 5.'92 
14 12 .• 75 4.'77 
15 11,.13 5"~1 
16 11:.13 6.,38 
17 11,.13 6.38 
18 11;.13 6:)8 
19 11 .• '13 6.')8 
20 11;.13 6.·~8 ,-

Totale 222.66 114.42 

Means li.ll 5:72 



Iv11 

Append1x ~able X. - Dtmens10ns of flowers. 
Access10n 42/6) (Fëmale~ 

Flower Length Wl.dth 
No. Attacbment to Span ot, 

extremi.ty. per1al:ith. 
mm'. mm • 

. 
l 14.~1 7-9.5 
2 12.,75 7.95 ' , 12.75 7~95' 

12 .. 7'5 7-95 ,;g 12.75 7,,95 
12.75 7-95 

7' 12~75 7 .. 95 
8 12 .. 75 7.95 
9 11..,1) 7 .. 95 

10 1.1.1) 6.,~8 
11 12 .. 75 6 .. 38 
12 12r75 6 .. ~8 
1) 12 .. 75 7 .. 95 
14 12.75 6.-38 
15 12 .. 75 6 .. )8 
16 12 .. 75 6 .. 38 
17 12 .. 75 6.)8 
18 12 .. 75 7.,95 
19 14 .. )1 6.-)8, 
20 12.75 7.95 

, . 
Total.s 254.88 146.44 

; '. 
Means 12.74 7.32 



lv111 

Append1x Table X. - Dimens10ns of flowers. 
Aeeess10n 41/63 (Hermaphrod1te) 

Flower Length W1dth 
No. Attacbment to Span of 

- extrem1 ty. perianthe 
mm. mm. 

1 11.13 7.95 
2 _11.'13 7.95 
3 11.l.3 6.38 
4 11.-13 7.95 
5 -11·'M 7.,95 
6 9." 1.,95 
7 11.-1, 7.95 
8 9.-5 6.,)8 
9 9.-54 7$95 

10 9.'54 6.38 
11 12~'75 7.95 
12 9.'54 6.)8 
13 11.·13 6 .. 38 
14 11_M 7.-95 
15 9. 7.95 

Totals 159.04 111.40 
--

Means 10.-60 7.43 



11x 

Append1x Xl. -.Tubœrs· .. ~ .. 

. _o. ___ ..- ......... __ P _____ - --------- - ._.--" 

·1 



11x 

Append1x Xl. - Tubers 

Op~n cluster 

Compact cluster. 



·:, • 'AppeJld1% X;1. -~~bers 

, .,': " , ': .... ': " .... : : ," 

'--:-~ë·-~-.. -, ~~··c~·7·--···. -'.~"--.. ""~.-'c-'-"-.-:-:-' 

'OVoid. 
'. 

Id 



lx 

Append1x Xl. - Tubers 

r 

Club-shaped. 

Ovo1d. 



lxi 

Append1% Xl. Tubers. 

' .. 

. .'~ ~ , . 
-_. ---. - ...... .J----.. ---.---- . 

. ' 

. ------------. -----.. _----_ ........ _ .. ,,, ....... -

(:/ 



lx1 

Appendlx Xl. - Tubers. 

\ 

jlplnd.le-shaped. 

I.ârge, lobed. 



lx11 

~ppend1x Xl. - Tubers. 

---'- ---_._--_._._---- ,-- --- .-_.- ... __ ._.,. -_.'-_._ .. 

,., 

Cy111ldr1cal •. 

. ,.\ --:---- .. _-- ~------- -

1 

Fan-shaped. 



~> 
~-

Append1x Xl. - Tubers. 

i 

lx11 

Cyllndrlcal. 

Fan-shaped. 



1%111 

Append1% Table Xll. - Y1eld of' Female plants (shaded f1eld) 
1965 - 1966 •. 

fi' 
1/63/5 2/63/6 2/63/9 12/63 15/63 16/63 35/63 

oz oz oz oz oz oz oz 

13.5 31.0 64.0 76.0 137.0 57.6 10.0. 
13.5 52.0 48.0 178.0 11.0 1.0 30.0 
35.0 27.0 27.0 44.0 72.5 152.5 28.0 
15.5 90.0 16.0 48.0 " 32.0 74.0 46.0 
16.0 94.0 40.0 44.0 22.0 ·93.0 33.0 

100.0 27.0 11.2.0 50.0 32.0 160.0 88.0 ,.J.o 33.0 34".0 43.0 30.;5 13.0 193.0 
2.0 44.0 28.0 7.0 39·5 66.0 169.0 

34.0 1.2.0 34.0 16.0 77.5 114.0 34.0 
36.0 26.0 119.0 103.5 . 53.0 18.0 24.0 
31.0 32.0 84.0 . 86.0 19.5 22.0 16.0 
77.0 128.0 106.0 65.0 54.0 53.0 74.0 
73.0 74.0 56.0 11"'-5 55~5 77.0 11.0 
23.0 112.0 36.0 59.0 53.5 .64.0 10.0 
44.0 27.0 2~.O 150.0 71;05 20.0 4.0 
32.0 64.0 6 .0 39.5 70.0 46.0 90.0 
2500 56.0 110.0 71.0 47.0 97.0 48.0 
59.0 81.0 50.0 68.0 32.0 66".0 70.0 
44~0 83.0 96.0 23.0 90.5 82.0 70.0 
54.0 50.0 48.0 81.0 48.0 41.0 
32.0 67.0 119.0 66.0 120.5 70.0 

112.0 105.0 32.0 7900 154.0 ~.o 42.0 '~.5 88.0 106.0 73.5 1 .0 
44.0 137.0 ~2.0 22.0 45.5 

116.0 1.6.0 5.0 48.0 
101.0 60 .. 0 48.0 61.0 
41.0 24.0 55.0 25.0 
15.0 20.0 106.0· 73.0 
71.0 46.0 24.0 17.0 
30.0 38.0 20.0 157.0 
20.0 80.0 57«>0 178.0 

131.0 26.0 120.0 64.0 
76.0 48.0 164.0 

101.0 44.0 33.0 
24.0 64.0 51.5 
50.0 34.0 
6.0 90.0 

20.0 46~5 
17.0 156.0 
29.0 66.0 
48.0 152.0 
38.0 112.0 

211.0 
2.0 

95.0 
2·2 

Totals 12:2:2·:2 220Z·5 122Z·0 îî84 .!2 1442.0 1:264.5 1048.0 



1x1v 

Append1x Table X11. - Y1eld of Male plants 
1965 - 1966. 

(shaded f1e1d) 

... 

1/63/5 2/63/6 2/63/9 12/63 15/63/ 16/63 35/63 
oz' oz· oz' oz oz oz oz 

17~O 24.0 48.0 50.0 17~0 ' 3S.0 6.0 
,17.0 9~hO 5°;0 72.0 49.5 161~0 32.0 ,10,.5 30.0 32~0 79:.0, ' 8~5 81.0 10'1.0 

'L,O 12.0 51.0 80 .. 0 55;'5 83'0 32.0, e_ 
42.0 29.0 64~0 . ~:,-i.i,Uf'~?· 64.0 31~O 14.0 ' 
10.0 66'.0 32'~0 19~O i9.5 38 t O 50.-0 
138~Q 45.0 28.0 42~0 48.0 80~O ' 49.0 
80.0 :n,.o 94~o 130~O 33~0 17~0 64.0 
30,.0 2~0 32.0 167.0 98~O' 6(r~0' 21.0 
20,.0 19.0 64.0 45.0 63~0 106'~o 18.0 
48.0 48iiO 96;0 92 ... 0 86~o. 33.0 51.5 
48.0 90.5 16~O 45.0 96~O 76.0 8.5 
60.0 32.0 16.0 60.0 131~O 58'.0 7.Q , 
51.0 11.0 7.0 17'.0 64.0 24.0 37.0 
24,.5 36.0 25.0 25~0 93·0 56;'0 98 .. 0 
,2.0 100.0 10.0 93.0 33'~0 35.0' 13.0 

5 .. 0 16.0 3,.0 162.0 '75'.0 93:.0 38.0 
80.0 48.0 ,55.0 193.0 101.5 ,22 .. 0 82.0 
39.0 2.0 ,4~0 86~0 ',48.0 11.0 81.0 

1.15.0 :37.0 8~0 11~0 32~O 50.0 65.0 
42.0 112.0 61~5 16.0 93~O 24.0 13.0 
59'10 44.0 32~0 24.5 ' 64.0 49.0 20.Ô 
90.0 14.0 104.0 67.0 48.0 17.0 4,.0 
23~0 4.0 64~0 18.0 188,.0 24~0 5 .0 
28.0 16.0 12.0 66.0 64.0 23.0 118.0 
52.0 6.0 67.0. 74'.0 96.0 ' 73.0 75.0 
10.0 26.0 48.0 " S57.0 49~0 37.0 
55.0 87.0 '32.'0 9.0 58~5 33.0 
30.0 75.0 64.0 127.0 64.0 148'.0 
84 .. 0 101.0 96'-0 89.0 )0.0 32.0 

, 24.0 57.0 102.0 11).0 24.0 66.0 
15~0 86 ... 0 28.0 45.0 73.0 50. .. 0, 
77.0 92.0 12.0 45.0 50,,0 90.0 
29.0 )8.0 71.0 91.5 49.5 100.0 
30.0 25.0 32.0 33.0 160.0 

123.0 16.0 69.0 58.5 72.0 
73.0 39.0 44.0 16.0 35.0 
84.0 80.0 16.0 18.0 64.0 
~O.O ~5.0 64.0 20.0 50.0 
8.0 6.0 96.0 61.5 

e. 18 .. 0 48000 128.0 58.0 
44,.0 117.0 17.0 

90.0 
14.0 
l4~'O 

:, 
2)12.0 2494.1 1199.0 Totale 1996.0 2258. '5 2067.5 2))),.5 



lxv 

Append.1x XII. - Y1e1d of Male plants (unshaded f1eld) 

. e- 1965 - 1966 • 

1/63/5 2/63/6 2/63/9 12/63 15/63 16/63 35/63 
oz oz oz oz oz oz oz 

Il.0 16.0 13.0 4.0 23.0 70.0 22.0 
67.0 Il.0 Il.0 5.0 4.0 19.0 15.0 
42.0 2.0 21.0 ' 7.0 5.0 18.0 8.0 
30.5 26.0 13.0 45.5 -6.0 37.0 10.0 
5.0 6.0 24.0 21.0 6.0 2.0 18.0 
17~0 2.0 18.5 6.0 37.0 6.0 6.5 
26.0 3.0 23.0 6.0 35.0 9.0 )8.0 
18.0 38~0 5.0 14.·0 50.0 51.5 20.0 
37.0 1.0 9.0 67.0 13.0 1300 8.5 
86.0 2.0 .·4.0 28.0 5.0 10.0 2.0 
7.0 4.0 7.() 13.0 3.0 38.0 Il.0 

72.0 18.0 ~~9.0 16.0 7.0 56 .. 0 . )8.0 
70.0 10.0 9.0 14.0 6.5 Il.0 36.0 
15.0 36.0 Il.0 ·2.0 4.0 8.0 7.0 
32.0 ~e.o 8.0 3.5 5.0 4.0 7.0 
32.0 6.0 21.0· 22.0 4.0 16.0 
3.0 7.0 86.0 19.0 2.0 16.0 

36.0 7.0 53.0 2.0 2~0 
20.0 42.0 39.0 16.0 3~0 
18.0 5.0 27.0 9.0 66.0 
17.0 9.0 5.0 Il.0 ·36.0 
3~0 5.0 6.5 1).0 6.0 
6.0 7.0 5.0 3.0 50.0 
9.0 20.0 4.0 9.0 3.0 
4.0 9.0 9.0 6.0 5.0 

9.0 11.0 3.0 8.'0 
59.0 7.0 22.5 1.5 
28.0 27.0 38.0 8.0 
1.5 4.0 19.0 
6.5 32.0 53.0 
7.0 6400 

12.·0 19.0 
22.0 1300 

7.0 
21.0 
3.5 

13.5 
53.0 
26.0 
11.0 
11.0 

5.0 
20.0 ".' Tota1s 68J·5 515.0 802·0 425·5 215·5 645·0 24ZI~ 



Appendix Xl1. - Yield of Female plants (unshaded field) 
1965 - 1966. 

1/63/5 2/63/6 2/63/9 12/63 15/63 ' 16/63 
oz oz oz oz oz oz 

41-.0 52-.0 9-.0 4-.0 35,.0 2-.0 
19·.0 32 .• 0 35·.0 13.0 9.0 l·O 20·.0 64,.0 19-.0 48-.0 5·.0 .Q 
26410 16-.0 5·.0 15,.0 13·.0 3·~·0 
20,.0 32 .• 0 11-.0 31 .• 0 7·.0 70 .• 0 
32.0 34..0 16.0 22-~0 l'9'ClO 49·.0 
62..0 3-.0 9·.0 22,.5 53·.0 18·.0 
31 .• 0 42 .• 0 11.0 32 .• 0 7,.0 5·~O 
16,.0 17·.0 5.5 8 .• 0 .11 .• 0 99·.0 

8,.0 48.0' 32.0 19.0 2,.0 27·.5 
19,.0 32.0 ' 6 .• 0 7-.0 ' 5,.0 22 .. 0 

9· .. 0 17.0 35 .. 0 13.0 39.0 48 .• 0 
24.0 12..0 18·.0 45.0 '7.0 

126!~5 18,.0 32.0 3.0 3,.0 
18.0 3.0 16·.0 4,.5 5,.5 
32.0 42.0. 3.0 19-.0 82·.0 
78.0 18.0 18·.0 6·.0 38,.0 

3.0 19.0 17·.0 36,.0 5-.0 
.20.0 ;:'20.0 ,82·.0 8·.0 22.0 
15.0 '1.0 50·.0 19·.0 
19.0 . 16.0 6·.0 
23.0 16.0 19-.0 

108.0 2.0 19-.0 
176.0 12.0 25,.0 

2.0 97,.0 22·.0 
2.0 1.0 25.0 

16.0 27,.0 6.0 
6.0 10,.0 :hO 
4.0 1)..0 13-.0 

11.0 18,.0 7,.0 
56.0 3·0 
48.0 13.0 

50.0 
37.0 
13··0 

Tota1s 1020·5 234.0 620,·5 :3Z5IQ 205.2 51:2. 0 
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35/63 
oz 

1-.0 
8·.5 

64 .• 0 
50 .• 0 

4 .• 0 
6 .• 0 

18 .• 0 
50 .• 0 
66.0 
39 .. 0 
26 .• 0 

8-.0 
6.0 

19,.0 
6.0 

JZ1·S 


