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Crivoliu . wnoisua. i sizo (%58), variouwoly tere=d auca,

hone;, Caucazian, or Feileti', clover is a4 rnlzo.atous verar2idludi.
J I bl X
Its hacitat r n =3 fre. river vo.oiz s to sub-al-ine re ions in

) G e e S ol e R RN o = .
soutnern SUSO1E, C: 1h25, the LAUCLSUE , &I Aadle 1o, L4 il olay

nura clover is zeported Lo we a viluaols Tove @ le_w.c wich vite

R RS ' P sy Db mer R b b s miienres eveage S os e =
deptuiion (220). In the vidize 3iates it nas shcvo nrorise uul oas

5

i

not acidiezved sionicicont utilizotion (1),(<5),(<0), (7 )02y,

Sonie desiravle features of Lura clover inciude resistencsz to
sowe serious clover diseuses (<4) as w2il as neav, rrocuction of
nectar., Unc oi the =2ariiest stulles of tne soecies in tuse (niced
States was .ased on thia “oreati-.i utilic, ol tne spoccies as & Loneyr

viant (1), (25),(<2),( 7),(%%e In adaition, T. awoi uun is winter

el 3 ohly caialaol: 15w ab resistant. ard vel cusinle T
aray, i, ni;7 Tadaliole, arsu:ab resisearnt, ard yet Cajiwie GL LZ1r

[{\

Lo utilizal on has clen

procuciivity on wet la

the laca of efi'ective noculation uw, Jhizoouol., ub prd
have now isolzted 3 sabislacto.y strein [row o Twur«is. 30il. Lonse-
auently, ‘uriner eveluation and inisrov=rent of Lhe upeclies as a fo.: e
in ths United Sc2tes is werri:led.

One of thie imrorteont creraciterisiics ol the s_scles is wne

levzl

U

exdstence o dl:fersnt gloidy ircrucing <X, -X, and Ox T, )CS.

cixeures ot ploi y levels ares nogsiols, taeresore, celwesa anc witndn



sources. since intercrossin. vetween ploily lovels ey occur, fersli-
it problers arilin, from sixtures are extr el, i.portaat. o Lils
reszzon cytolo ictl erxziination oi inciviiuza 20ints to estaoiicn tuir

chromosone nwwoers 13 an inte ral gart ou an lnirovament gro raa witn

3

the species. Certzin ior holo, icoli =zia giysiclo:ic.y caaracteristics

Iy

arz xrot1 to ve associsted with pol,ploids. An attesont vas w-ds Lo
relate trzse cuarzcteriztics to thne covomossons nuww rs ol plants from

several sources ¢ T, woci-uuwn. Srcn such a stucy a sluaple ke Lo a

zpia deter.inciion ol gloia, i=vel .l _nbt be constructed,
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v oesirasle features, to-acte

little worx his bzen cone in tne Lnited Jtites on tuis clover.

Lol unam

':\7

Characteristics of T.
In 1vi1l, a few segeds of T. =2ioi. uu. Irow tne (Clucasus vere
planted in the Auseric:n sze Journai test pardern in Lowa. Trnis _arden

was used for testin. ine hongy prooucin cuaiities of aifiesrent siecies,

tr

. C. Pellett (<5) (2¢) and I.. Fellett (<7) (-2) reported trat in tnis

22}

arden T. a.bvi~cwin had exceilent vigor and rhizome devalogwent, an

¢

extensive deeo root system, accarent drou nt resistance, resistarics to

heavin:, ni,in1 nalatuzoility, exczllicent lowerin. irom 1 June = 20 July

(O]

(in Iowa), hi. . inss=ct activity inciuding nonsyvezs, and _ooc seed set,
out troucle with shalterins. Leal stilxs wers zbout one root ni:h
wnile flowering stenis were ovetwsen z-3 feet. TrFour year old plunts
still showed 'mocd viror. However, Fellett (<7) noted that corresponcei s
who received eiiner seel or caitin-s fron th2 ;fardern re orted results
ran ing iroin e uzl success to conglete failure. Thecs results vere
aprarently not corre.ctec wivn coil type. Albtnou_a the plodcy aesvel
was not :iven in tre articles, the mvteriils suswn in accorganying
nhoto. rapns av, earec Lo e heranicld,

fnein (17) (L2) used rexapioid T Aol Wl a3 Woal as GLiel 5.0:CLle3

oif Tritoliwn in intersgsecilic n, oriaization wigserinsnis.  L.ogel” jraanous



conditions ne ru-ortad ro rlovering in . =z..1 aws belvzen sept. 15,

and ‘arcn 1 despite nuwezrous treat.cots involvin  dny len th, leger-
ature, woistuiy, niteo_ en levsel, anc a2 of plents. AL Llhe ox levews,
the clover appe-red to oe complstel, seli-incowpativlie. Curavici ()
also reported i i self-inconpa ibili;; ard goor flowverin_ unuer . reen-
house conditions durin. the winler nonins.

In an Auvstralian siudy of Tl anni uww wiidlca inciluded «K, 4a, anc
6x nloidy levelsz, liely (1) (L) descrived the clover as havin_ _rewt

roct stora, e capacity, drcu.nt resistance, tolerunce oi waterlio, _ed

By (SN

conditions, naiwtanility, and ni. h honcy -roduction. Less thaa 1y
self-fertility was rejorted. Thz iain cifficully involved nodulation.
For effective nodulction, nassive inncculation was necsssary. The «x

plants were found to Le lezs suscertiole to effective int'ection oy

noculstine tacteria. Iexarloid .lants were ..cst irecl) nodulated, wut

tz earl, a.d efilectivel wil.. the Turkisa

the tetrapl 'ids ¢id ncutlat
isolates.
In tie Czechoslovekicrn ciimate, Vacz: and Led (Zi) have re.orted

that T. anii uun had wide ecolo icua adaptation and produced a inign
Pl A s R [

gualivy fora, e.

Bffects of polypleidy

o ,.

The comuon specics of Yrifcliw. are noruzlly o. onc iyloidy lovel.
If polyploidy is artificially induced many ciaznges occur in the plant.
u:h exdisting in nacurs at severzl »loia, leveis,

T. a.si uum, eltho

annears to reflecw some O the chimracteristics of inoucea polyusloids.

&

Conseqguently, several Ieatures of artificici polyplolcy were siucied in

i

tois exsuinocion of ploidy in T, ai ol Ui



In the survers vy iehid andc
of inducea ~olynlol 7 in ©
volyploidy is ra2 ortea to ¢

rorpi.olo ical characteristics

trnicker sions, fewer

ol rer flowers, 1

volwie is 2lso increaszed, The

detection of wloicy

-
[
by «

‘.

Swrdr

fora e croes are ailscussed.
erally have thz folloving est

increaced vi _or

argen pollzn, larier wvub fever secdo.
208t comwmon criteria naintained for

inc.ucaed tne avcove as we

atnan (22), severw.d

Shasbes
In tnis study,

2cts on

ond plent nei:at,

orincnes and tillers, fsuer iewves, ifewer out

3l

erl size and

the
lear 1

as e to/oreudon

ratio, stom-tzl frecuency, and .oller fertility. Lone ol inese were
recorted to oe accurate in all cases. Autotetraplolcs viere sszia to have
lower seed set. 1In Trifoliuwn the osositional ircompativiiity facuor
systen was mernitioned as having a oearin on fertility. Tuls oeccnes

rore conplex in tetraplo>ids out o

%

at trnis level (zz).

a2y also facilit-te s=l

f'=co.patioility

In white clover (T. re-ers), Hutton (15) rsuni that suivopoly-

jo

plcids had cozrser st

(D

et

3]

IS
virorous and persistent tnan
nsified in aut

inte l;".ol;';;:l:?:idS.

3joseth (3<) has

larger lzaves.

alploids.

recorted tetraploia red clover (i

In add.tion thszy were less

Cyanogenetic activity was also

N\

to be more sensitive to frost injury tran its aipleid pro_enitor,
Laczyns..a-hulewiczova (<1) noted tne Joclloving erlects in artificially
inauced tetraploic rad clover: lar:er stom.te anc epizersal cz.lu,
hisrer phloeu/xyisn ratio in the sters, petter yizlds (especizily on

dry and lisnt scils), and more l2a’iness. Ia aGuit.cn, ohs tevranioid
was richer in protein and snowed gl her seii-lertiiity. Ine luod seed
wel-nt ni-ner wut sead produciion was lower., Lower weed seb L.us



due 1n rart Lo luter f.owerin ori riv.nin. oub 1on e CUroio s olooes

of the telr=zzleiss luneilrsed vollinution o, De23. 10ilu.. wade Loinil.

A~

incerrloidy criocses did not occur. bLiiZicu~iy in | oalineiion of

7

tetroploid red clover has also oz2en re orved o sin.ciors {(<j. ovins

i- v

L]

.

rec cisver, wiite crever, aitd

b}

-

(2) moo=d lar_er suom ta und -olien ii

lucernz,
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General

Lol IToas Qourteen sources weire exacirned 1n

Pilarnts co . =

tuis study. wine ol these sources wers receivea Iron . w. nell,
Serior sesearcr Uitlcer, bivision oi bPlant incuuiry, uv.noerra, a.C.l,
Sxcernts o cirresucnaz.ce witn tely (11) deseri.e thzse uaturizsls
ard certain proo.Lins associzted witn tasir cudilivsiion ia australia,.

WeoeeaTie Coowle nuweozr is tne Conwonwezitn Flant
Introauction section's accession nuio2r wiilca is
ret.ined Zor converiencoe, ailtiou-h Tne neteriil nay
hizve unfei one some wodilicstion durin. seed increase.
nowever, each sawnple of seeds was oobalned Lron [luncs
crown in isolstion. In tiils environ.ent ons i at
e..ect ultiiite sereclior awa, fruw ion. d.;, winter-
dormznt nl:rts Livards less dors=nt or non-aor..=it
short o 7 Lyes. There has not vsen sulliclent cie
for ary sirnilic.nt zuount of t.ails Lo occur.

CeFole «Z6L. Avprreantiy ciploid. ceceived in iysl
frow »obznic ;*rqeng, Yifiiz, Geor.da, Uedeldeive
ne.arks in accoiwcnyin, letter: 'hative Lo tne hich
fields ard lower delne slopes oI Tne nsuntains of
Lne Caucasus re:ion end in arsenia. A valuaole nay
arG pagiure plant.'  lne stue poneral racel«s have
veen received wita otner introcuctions ol I. &l i uud.
from ..ussia and ooviously refer to tuis ciover
generally rather chen to ary particulur introauctiion.
One ernzration in Auctrzlis,

C.P.le 2771. A-perentiy aivle . d.  sroa sotanic
(rardens, Ti0lis, L2or da, Usceveile, 490%e 1.0 I3,
Distinctly leafier, loter-ricwering anc lzuos liscly to
fisver tian Cobele <<Ch4 in Canberra. C(ne -cnerietion

in Ausiralia,

CoPole €774, Apraraitiy telranl.ld.  crow Zotaniceld
Institute, Wirlis, Georilie, Lededene, 1727, a&iar.s:
!

A ferernizl, y.izomatous olent wolcn 1s regutesc to e
valueol:s ror hay end jasture.! A rotuer ~oor Lysuve
a;ronsoiczily nere vur fzirl s _sow seew rocucer irn
some seastns.  une [ensraicion 1o australia.
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B T T iy Syt o
Lotranioild, fross LOURLAC

.. N

LedeDdeley L7 Dy LD sslaYile

) ” roouculorn sadr in
Aol LA, Lne zneriilion in aultralia,

o P . T (IS . 2l -
\9131bLJ nerclolc. Lo be, wrtioat
4.
1t

oductiors, Tr,v_uu*ﬁ 01 1 _unc

3 POy . PR .
Cedede-te ) J_L/,';. wEiaYes ITsm
DL AUSUrILll4.

1 T Cowem et - Te g 4
Cetele oYrOn. anseLiute
SN L T.- -l
Plare Lol
tiative

T IEG, L.J. x., 2 e Loledlnsd
1 Llover alpine slopes in
Couczcl. and ameznia! = & oreral sisitzniar . e

sareration in Austruiia.

C.F.l. 18,119, :ioparortiy neseplold.  Srow sotany
ivision, vepLrti-oat ol Sclencicic ana Incustirial
resezren, hew Ze;hdrd 1y -, Intrsauced ur2re out
e

v

-

ori.in ooscuire, nL lewit one | arerotion 1in hiew
seadund wnt o Tuo o orerations 1n Ausirilia.

I
{

C.P.I. 23,1°8., Apparently hewxadloid. wrow Cracs-
lends Division, D.s.l.i., Palierston wortn, hew
sealond, 19:4. Introduced irere out origin ouvscure,
Ab le;at on2 :zrerition in ivew ceziand out none in

e Arpersntiy noxaploid, Eror 3ce
Louh Lsted wnerioonbol Slation, narioandern,
7. DSome dount as to wheiner the ori, inal
.at :rinl was received st Jolhazuste. {row .ussia or
Pellistt Zardens = prooabl;” the latter, but inis is
cvite dilferent fron nsterioci L ovtained Iron rellett
ttardens, lnis 1is roriion of a rerext introguction
recertly received lizre, 1 have not oeen abie to et
seed from tris othansted naterinot grown in isol:tion
uncer : od corditions in Canverri &nd Lww :-.ies in
outnern Jictoriz.  Zorloyin. horna poalination ve
h ve not iound zny cou..in tooil wiic:. urocuced nore
thii an occas’o ceed. However, certuin combinat.on
i wotnansteq Lo covial ana Four

oetween vlaits o1
P.l. 1C3,0%=C-39 have .iven culte con szed prowuctioi.”

Eely alco conncated Liat nuch ol aeteriol in

w
[
cr
[6)}

circuiztion at present is oroosol uncezirsule inored anua fu_
distinruisning oetween trne (loivas _roves acd Laxding goljcerosses {rom

a

plants seiected fron 2 nusozr of introductions. hely observed uhel



high vercentage ol 6x plants g.ve inerfective rnoaulation with Lr.

Trazan's Turkish isolates of inizobiwm trifolii as well as uncertain

flowerin. and very poor seed proauction under the australian environ-
ment. Cn the whole, massive inovculations were riecessary to estaeoiisn
T, anoi:uum vacteria in cowgetition wita other strains of anizooium

trifolii,

In later corresponcence (lz), it was noted that in Canberra
the dipléids (<264 and «771) vere better in seed rocuction and rad a
nugcoer ol e:fectively nodulatec plants. These plants were s..all but
denser and could easily out yield the polyploids., The tetraploid
CPI 9949 was described as being strong-growing, leafly, sny flowering,
and subjeclt to early ancd effective nodulation. The other tetreploid,
CrI 6834, was described as a poor agronomic type put a good seed
producer. This also nodulzted early and etffectivel; witn the Turkish
isolates,

In addition to the Australiecn material the followin, sources
were also studi=d. o description accouwpenied tiiese sources,

°C 332109, deceived from Dr. #. A. Hollowell, Head of Clover section

-

Forage and Ranje Researcn 3ranch, A;ricultural nesearcn Service,

Ue 3. D. A, 3elitsville, Pharyland.

Pellett Clover, Irradiated iaterial received fron. Dr. u. J. retzger

Farm Crops Dept., Corvallis, Ore,on.

PI 2296%5, FI 228370, FI 2296246, Received from iortheast heiional

.

Plant Introduction 3tation, Gzsneva, N. Y. Iran is listed as the

country of ori in,
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Farly in the vinler of 1957-52 part o1 tilz seed {iou each
source, witn the esicestion of the Irsnian naterials, was planted in
flats in the greenhouse. The Irenia naterials, FI 22%o«5, rI 225.70,
and t1 2296246, were not received witil the spring of 1953. Seeds not
rlanted wer=z held for lster use since one of tne techniues tried for
deteriinin; chrorosone nwider re-ulirsd periinatling seed. I1rdis will be
described latsr. At the completicn of tne aforescentioned experincat
in the s ring of '55, the recuaining seeds were sown in {luts along with
the nevly arrivecd Ir:nian seeds. Tne sawe technicue was used in the
sowing of all seeds. 3Seeds were planted i inch deep in regularly spaced
rows in sand-filled flats, Full width partitions wsre used to prevent
rixtures when two or more sources were planted in the same flzt., rrom
seedling emergence until the termination of the study nutrient soluiions
were arplied to ¢reenhouse plants at 10 day intervals. ‘iz the seedlings
reached a suitable size, the nore vi_orous ones from each source vere
transplanted to four inch pots, DUiscard of the less vi orous t pes in
each source may have eliminated some slower ;rowing or cslower cerminating
tyves. Aneupleoids, triploids, pentaploids, etec., ma; fit into this
caterory. A loan-pest potting wixture was used. Labeled 6-inch stakes
were used to identify plants as tc source and numcer., Hacii vot was tnen
placed in arncther four-inch pots The void between the wots alliowed root
tips emerging from the drainhole of the upper pot to be uncontaminated
by foreisn materials., Clean root tips were desirable for cytolorical
investi ztions. Lo contrcl was exerted over li:sht and temperature
until Oc-ober, 1953,

3y June, 1958 many plants from the ezriier szedin:s had prouucea



Thizomes, A rhlzone was 'l oved roe €480 06 Uhizde olants and Suuus -
pottel in Zour incn 0Ls as descoiced avovis.,  Jhe resclncer oo owoch
olart was Loen treonzilances toothe 1ield nussery et Sast Laosi . in
Auvoust 211 2lints [row cthe earlier sesdin, s were trensplontea te tne
ig2ld wnether or not raizeaes had ocesn . roduced. However, cultiigs
vers made Irom niants whica had initiated rnizcmes arfter the eariier

'
[N

field transplantin,. Tnese cultin_s were a:s0 aept in tne grseniouse
in leoeled drudle pots, With Lhe eiceplion of & iew secolin s irom
the Iranian sources, alil ol tne later seediings were iaintzinec in Llhe
reenhousa., 'heses comirised thie bulk oi Lhe greznnouwse plants. a rew
plants I'rom eaci: of the Iraniz, sources were troenspiantea Lo tue Jield
in order t» nave reclicution of each source in votn the  re:nhouse aid
tre {i=1d.

Pi:nts in the risld were space ¢lanted =t tuwo Idot intervalis

in rows 3 feet z.urt., 15-15-1) fertitizer‘vias & ;lisd in a 1in. aiouna

N . s P ! o - .
ol zrrroxinstely 1000 lus/ucre. Jlaewtiricau.con ol

@

plants was accomplisried by sta.virn, the source and plant nwucer on a
retzl taz., The t= was tnen steoled to a 3/4" x 2" i« 8" w ooden stane

wilch was pusitioned oy the plant, Unl, trose plants wiic.: hat cutiings

1 '

in thz ;reznhouse were individuall; identisied in the Jizlu.  ne o.uers
were icde .tiied only vy source. 3ince plents initi-.ily were piaced in
the [i.id nore or less accordin: to tie tine oL rilzome production one
nlants 03 050 siurces werz represented 1n varying nwwoers at Two or
.ore olice., in Lne nursery.

o these | rezniouve and rield hi-tericls sever.i Siu.iss wWere

These included:

Q
jaN
o
L]
—
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1. Detemminution ol nloily level Zor =zach source,

“e sridicl 0 thir ellect o0 piold) and s.urce Oon Vairious
Rornolo icel ard Shiysioio.dciadl cnmracteristics incawiling
leal size, siza ta len th and nwoer, size ol floral
varts, polied size ana vizolaliy, fertiiivy, sced
size a4 d wel. nt, vi or, winter hariiness, _rowin

navit, and rlovering,

Fertiiity stucdies.

L
.
D

roarizens could ot v2 nade | een alli pland presente

Comrnarisens could not vz nmace oetween ali plants reg ented

in cotlnr the rield and the  reenhouse a.ong all tne scurces oecause:
1. Tuae Irarian source aaterizls were not vegetutively

nrora aued

N

[63]

ince rilzome initiatlion wes not yet & wrent
et the time of transglentin. . Tnese se=diings were
an-roxinately 3ix nontns youn er tran the trznscicnls
fro.. the other sources,

2. 3Some szources had orl, a few plants producing rinizowes at
the tilee of Lransrglantin . Conseguenui,, tne nuncer of
vliants represented oot in tine field ani g recnhouce wins

too s:ell for :denuate s=upling.

Losses occurred in cuitin & r'ron ooli. the (reenhicuse

wy
L]

Lo In tae ;re=nhouses erractic flovering iuriner re ucsd i..2

R O ~r ey . L. LG o~ I -
O Criwrdl.ils bt comdre UliiG 4nd redulvuse Qula IIui

oy B
tiie sawe LAeNiUS e

Deteruinzstion of ploicy level

The lo.dy Llevele o the Various s.urces wars nou wiov.l w.th



',_ J
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the exce tion o the rav-rial received fro. Hely wricen had oeen
tentzlive dldentiifizc. In nost sources, Low:ver, Vv .riuc.on ociween
p.ants within a2 source was sucn tnet it wos susiected a ran.e of
ploidy levels ni. it exist.

Genera.liy Trifoliw: chrorosomes are c.cli and not a.enavle
to ordinary suzarin: tecinicues. Three metnous ot cytolo ical
exaimination were invesii.-t=d in an atte.st vo i'ind a fast and
accurzte nrocedure to deteraiine chnronwLiine NUUder:

1. dxauination of root tips frow gerudneted seeds,
2o Sxarinzticon ol rollen wother cells,

Ze Ixanination ol root tirs Ifrom g¢reeanouse vlants.

Taminetion of rool tigs from perminated sceds

Seeds vere scarified witn sindpayer anc trested witn arasan.
Petri disnes levsied accordin_ to siurce were usad as gertinetors,
Yacn retri dicrn ves neld at reoon tenperature and unzer <4 hour
illurination. The szeds were ;eriinated on vlotiers satur=ted witn
0.2. Kiil3 soluticen. Idsntitication of incividuei seeds was laciiitated
by the following steps. tioles :" in diawcter were purched in a oiovt:er
ard nurbtered consecutively witn indelicle ina. Stapiing a nonpersorsted
clotter to tne vlotter neliped to nola the s=ecus in piace. ne seed was
claced in each hole,

Trie stzpe of peruinstion in wnich the irst f.usn of udtotic

division in tns root ti» occurred was nct wiovr., herelvre, s, 138

of root tions were tuken frow the time the s:ed coats rupturea until tn

[

roots wers avrroxdmstely Z-4 nuo long. The rool tip Iro. sirticuLlry

(U]

ovlant ras slaced in a leveled 10 1l speil vial contaicin: vl m
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3- hydroxycguinoline and neld at agproximately L.5°C. after 5 hours
the hydroxycuinoiine was recglaced with hewcomwer'!s solution. The root
tip was kept at 4.5°C. in lLiewcoier's solution until used. Jtandard
rrocedures werez used to rrepere siides for study. Fropionic caruine
was used as tnz stain,
No divisions were found in root tips sz..pled as outlined
above, To detornine if mitotic divisions were under diurnal control,
root tips were tznen ever; hzlf nour over a <4 hour period. In addition
the maximum length of the root before sampling was increased to ap:rox-
imately 6 millineters. Jeveral st: g es of divisions were found among the
larger root tips at varyin: tiwm=s. There:iore diurnal control was not
anparent,
This metnod of determination of chromcsone nwiber was discontinued
for these reasons:
1. Plant recovery was too slow after the root tip had been
reioved,
2. Tne number of dividing cells per slide were too few for
rapid determination of chromoson.e numoer,
3. Space liinitations in the field and _reenhicuse were such

nat it vas desiravble to save only tiiose plants winich

+

snowed good vigor. This would Lave been ciuite difficult

to deternmine in germinated seedlin.s.

Exenination of vollen mother cells (FiC)
During meiozis chrowmosome assoclations cun be deteruined and
counted at late Diakinesis end i.etaphase l. In T. ailiguum, dividing

F; C's were found when the heads had just be.un to emerge froa thodr



protective sheecths in tne axils oi the Ilowerin, shoots. In tais study
one or tvwo suc: heads were remnoved from eacn of several plants. rnzzas
fron a particular lant were placed in labeied 10 ml. snerir viai con-
tzinin; Newconert's solution and hela at acproxisately Le5%C. 1or st
least 12 nours or until used. oince tne 1lorets of a clover nead
mature acrop=tally tnz area of tne head in wnicnh the K ('s are aividing
also moves from the vottom to tne top oi tne nead. Tids re.ion uuct se
determined oy trial and error procedure zliaousn lloret .ize is orlten

the nead in vhicn divisions

]

an indication of the aprvroximate reiion o
are taking place.

Antners were resoved from tlorels and scuaszsred in a arop of
procionic carmine stain. The preraration was tnen orierly ouserved
uncer 120x to deteramine if the Fi('s were uncergoing ieiosis. If
meiotic stages viers observed, a cover slip was oubt in glace and tne

preparation was s.acared. Unce the area of thie head vas deternined in

[oN

=3

ct

which divisions were cccurring s11 florets ab tnis ievel vere isol:
and slides vwere preparsd as nezded. C(ften thne antners from two or
three florets were combined in one siide. Althou.n the ploidy level
of several plants was determined usirg the F..C metnoa, it was discon-—
tinued for the following reasons:
1. The process of finding the exact level ol the head in
wnich melosis was taking place was too slow.
2. Jultivalent confi-urations, especiuily in tne tetrarloid

and hexaploid levels, uzce accurate counting ver, ditfficult.
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Cytolosiczl exarinztion of rcot tips of rsresnhouse Zlantis
The rost zuccessful of tihe thrze patinods for deteiwining
chromosome rniuroers wes tne study of witotic civisions in the root
tips of developing zlants. Facn plant in the [ rzerhouse was couvie—
rotted in four inch ots., The void oebtwz:in tns oottows of tne tvo
pots allowed root tirs to .row uncont=zuinated oy foreiin matsrials
after emerging frowm tne drainhole of the Iirst pot. 1n tuis stugy
root tips vere tiaxen at various tines betwesen 9 a. . and 5 Feoi.o with
no anparent differences in tne nwoer of dividin: cells Ifound. ULpon
reroval, root tins were =laced in a lavelea 10 ml siell vial containing
J22 m %=hydroxyquinoline at aporoxiirately L4.59C. aAlter approximately
2: hours, the hydro:xyjuinoline was rsplaced by Farmer's solution (3
parts #tiyl alcohol: 1 vart glacial acetic ecid,. Jeverali drops of
aceto carrine were added to the fixative (9. After li-z4 nours tie
fixative vas poured oif znd 1li .ICL added for 15 ndnutes to Jacilivute
maceration. Finally, the root tips were trznsferrad to 7J. etiyl
alcohol until used. 32est results were obtzined when slides were presared
from root tips witnin four days after remnoval,
The aceto carmine added to the Iixative served tvwo purposes:
l. 3ince only tne neristesatic reg ion ol tne root tip took
up stain readily, the rewnzincer of the root tip could oe
discarded when a slide was pre’ared.
2. JSince materials treazted with LCL do not stain readil; with
aceto caririne, rre-treatinznt with stain intensifiea the

stainin; of the final »roduct,.

In eacih siide precaration, <=5 root tips were siudcied in
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aceto camiine t> whicl iron citiste had been avded. The nwuoer or root
tigs used was de oindert on their size., Jest resulis were ootailied when
a hard evsn pressure was exerted ou thie cover siis during the sweariap
crocess. whilz pressure was naintoinea polted wax wes a. pllea to the

reri.eter of the ccver slip, 1ais helged to prevent oubbles aue to

N

the intaxke of «ir under the cover slip wien pressurs was releas=d.

Leaf len,th/oreadtnh ratios

Artificially doubled plants tend to neve a lar-er leaf len_th/
breadth ratios than their und.ubled »pro znitors (2%). Trifolium
arbiguum was exarnined for inis characteristic.

Ei ht plints frow each source were s:o.pled in the fi:ld arnd
eleven plants Iroui eazcl source were sw.pled in Llie greenhous=. In
either case s:u.zle size was based on the source witn the siallest
nunoer of plants. Len ti and widtn weasurs.ents were i:ade on eaci
leaflzst of the largest leaf of the plant. Cenerally the thrse leailets
frow the largest lexl appecred soce fully developed than tioss from
sialler leaves., Lengtn niszasure.ents wvere inade in adliincsters zlong the
midrio of each leallet fron the base of the leafiet to its apei: wiath
measure.ents were made in millimeters at the widest portion ol tiue
leaflet. To obtain the length/breadth rotio for the lzaf, the sum of
the lengtns of the three learlets was divided oy the swa oi the widths
of the three leuflets. The rztios so obtained were used in calculating
the mean lenzth/breadth rutio for source and ploidy level in the field
and greenhouse respectively,

Since some plants in the fi=l had opeen veretatively proyaczted
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from duplicate rplants in the  reerhocuse, correlation coerlicients were

calculated to deterunine environiental eirects on lengtiy/oresdih ratios,

Leaf length x breadth data

One of the characteristics often found in ertificially induced
polyvloids is lar;er leaves (<3). This characteristic was stuaied in
T. ambdi;uum by using the same data conpiled for eacn leaf in the aeter-
mination of lensth/oreadth rctios. In tais stuay, however, the sum of
thz length of the three leaflets was multiplied, rather tnan divided,
by the sum of the widths of the three leafiets. The len_.th-breadth
product so obtained indicates tn: relative size of tne leail. Averzie
size was thenr caliculated for eacn source and ploidy level in boti the

greenhcuse and field.

Stomata length and nuwiber

In artificiul polyploids the size of stonata increase zna ine
nunoer of stormata per unit area cdecrease as the ploid; level increases
(22)s To determine if such a trend existed in T. =i uwa, stoumatal
measurements and counts were made on fourteen plants from each ol tae
three ploidy levels, 3even of the plants from eacn ploidy level were
selected froin those in the rield ancd seven froi. Liose in the _reenhouse.
In each place at least one plant from eacn source was inciuced. vune of
the largest leaflets was remcved from eacn plent and transferrea to ice
water until used. 3ince it has been re.orted tnat the nurter and size
of stomata vary accordirg to the portion oI tne leal stucdied, all stuaies
were nade at one region of the leaflet (6). The area exw.ined was tne

lower epider:is at a point adjacesnt to tne mid-rib and aporoxinmately
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half-wa;r up tie lon;-a:is of trne leallet,

The learlet was tsopea to a _lass siide b, ..asaing tape in
“wnich a diamonc snzped nole aporoxiimately /10" long had oeen cut. The
nasking tupe was placed so as to position the hole over the ares to ve
studied. A dropz of water placed under thz leatlet prevented inieciate
wilting and enphasized tre outline of the stoacta. By placin. a acop
of iirnercion oil directly on th: leallet end using a 15 x 50 (oil
imaerzion) uwagrification, the stomata could ve accurately measured on a
iricroneter scsie. reazurenents were made in divisions. At tnis magni-
fication each division was ecuxl to 2 nicrons,

Tre avera e ston&ta lengt. was deteruined from the measurencnts
of ten stomzta selected at ranuon from those in the aforementioned area.
Under the conditions of tnis experiment Lhe stomata wvere closed when
measured. Tvwe replications oi' te: stom.ta each were ezsured [or each
leafiet rewoved Ivow plants in tne greennsuse. The zaall (0-1.%)
microns deviation between revlication averz_es incicuted tnat one
replication vias adecuate. These averages were thzn used in calculating
the ploidy averz e for the field and _reenhouse respectively.

The averue nuiver of stometa per unit area of eucin leafiet
was cetermined by counting the numover of stometa in the fisld of view
at 750x using an Arericun Gptical AT Kicrostar. The rnw.bers found at
two locations was averaged. £From these averages the avera e nunover of
stomata per unit area was calculated for each pluidy levei in tne I'ield
and greenhouse, respectively. In addition, an overall mearn Ior number
of stomata per unit area was determired by conbining the data for field

and greenhouse.



A spot ciizck on the stouata of tie utrer epiderais inticated
tnat althou;n thiece were s.aller and nore nu.erous, ths szue traud
of size and nw.cer occurred detween plcicy lavels,

Altnou i tine s=..1le size in this investi ation vas uite s.ail,

the ranges ol the results inaicated trat furtner saniling would heve

been of little vziue,

Floral initiation in the greenhouse

Difficulties in flower induction were reported velween oepbeuver
ard rarcn in 7. 2moicwmin under ;reenhouse concitions (17) (13). Ia early
Octover 1959, plants in tha creenhouse were suoectzd to a 17 hour day
with a ternerature rzn e of AOO-5O°F at ni.ht and VUO-VbOF wuring the
day. DMNornal day len;tn was extended vy tne use of 1250 watt rz=llector
flood laips soaced at 4 ft intervals over eacn oencn. The 1i hts were
adjusted according to clant .rowth so as Lo -ive maximum 1i, ht intenszit,.
Terperatures adjustinents were autounstic~lly concroiled oy outdoor i1i at
conditiosns. Hutrient solutions were asplied at 19 way intervals., under
these conditions flowering was initizted. ‘[he nwicer of planis showing
their first flowver was noted bimqnthly. This study was terndnated on

ilay 15, 1959,

Averare nurter of heads per uplant in tne field

Fewer flowers are reported on artiricizliy incuced polrploids

<

i

than in their diploid parents («3). T. a:ii uuws was studied for tuis

characteristic. The nuw.var of flower heads on s=verzl (6-%) zlants

N
v

from each source were counted at tn: peax of initiel flower procuctlon

)

in the field. ~Ffrom tals catz the avera, e nuwioer of hends per siznt was



calculated for each suurce and for eacn ziolc, levei. WO aliowa..ces
were 1.2de for rhizomes roducin_ flowers cince =U chie timsz ol tnds

study rlowerin. on riizomes was insiznilicant. 7Tiunz was not suilicient
to ncte any diiferences in th» l:n.tn or in.ensity ol the flowering
ceriod. Beciuse the nwwwer o. heads was correlitea witn the size and
vivor of the plant, some pias proonoly occurs in favor o:r taose plants
trainsplanted in June 1958 whicn at the tiie ol the stuay wers penerally
more vi:orous tnisn thcses trunsplanted in Au.ust 1953, However, suie of
the sources reoresented only in tne Au ust trinsplants may have flowerced

acout the cime even if transplanted earlier,

Average nw.cer of neads per plant in the greennouse

Flowering vas fir:zt noted in ths :resnicuse on lovauoer 15,
1952, OSuoseguently, mature hexds were resoved zna tneir nuuvers recordsd
at two week intervils uniil June 1, 1959f 3y the latter cate only a few
plants were still fiowerin: ana the siudy was terminzted. DJ=ta were
copiled only on the basis of flowers urouuced ger plant irreszeciive
of rrizone cevelowient or lergith arnd irtensity of tne ilowering eriod.
The inezn numoer ol heads per nlant was cealculated for eacn source and
ploid level, Jome vias is introeduced in that one of the tetrapioias

nd {our of the hexaploids initiated Ilowering on comparatively few

Y

(4=7) plants,

Avera_ e nunoer ol florets per head

Artificially induced polyploids of clover reportealy have

larger neads than digloids (22). Consegueantly, the nw.ver of [iorets

per head would be expecied to increase as the ploidy level increased.



The nunoer cf florets ror need vas deterndnesd sy stric,in, oif and
courntin. tne [lorets from I.1ly sasured heado. The mean nw.hes of
florets per nesi vas calculated for eacn plart., ‘nuis avera_e vas then
used in tabulaiing the averayge nuwer of florzts per head Ior votn source
and ploidy level., Jstunted or dasa-ed hsads were not used as well as
tnose which had florets reioved in the course of fertility studies. The
numser of heads exandned per nlant was also deven ent on the intensity
of the flowering period and thne time of flower initiation relative to

the termination of the study. at tne conciusion of this stud, ceveral
sources were still inadenuztely samrpled because of erratic Ilowering.
Four nexavloid sources, for exiauple, had 5 or less plants sa:.oled. Tiuwe
did not allow adesuate fiela samnpling in the sporing of '29, However,
florets were counted on 6 field plants winich, by virtue of ve etative
cuttin. s, were zlso represented in the greenhouse. Tne nuuoeir ol Ilorels

per head in eacu case was within the range found for the ireernhicuse.

Floret and vistil length in the field and in the ;reenticuse

Induced tetraploids of clover have bezan re:crted to have liar _er
floral parts than their undouoled pro.eritors (23). To exawine thns cilect
of polyploidy on the size of florets and length of pistils in 1. a.oi. uun,
samples for measuresents were taxen abt the fiela and tne ;reennouse., At
both places the nuwiser sauplad in each source was d:gendent uron tre
nusver of plants flowerin; and/or the nuu.cer of plants in that sources
‘When possible al least eight plent:s per source were studied,

Ler:th measurenents ol florets were ipace on three r'ully opcned

florets, Pistil len~th was also determdined from these same Ilorets.e 1in



the ficid the lorets were _=zrerally to<e. from ciiferent necads. however,
floverin: in ths gresnhouse was erratic st the time of stnzlin. end oy
neces:ity the three lcrets wers ;cnerilly rewoved Irowm the siue nzad.
Sefore the pistil was extracted, eacn iloret was Lescured in miilineters
from the top of th: receptzcle to ths tir of the stunda:rd., Vzriation

in floret len;th was never rnore than one millimeter between end vithin
heads from ths s-me plznt,

The plant avera:es for floret len th were used in calcuiating
apean floret len:th lor source and for ploidy level in ths greeniiuse and
field, resczectively. In adsition an overall avere e was ootulned oy
combining the plant averaces of rlioret length from doth the . reenhouse
anc thez ricld. Ia the fiecld the nean Tloret len.th for coth source and
ploivy level was caiculited using duta obteined irom each source. In
the greenhouse tne nean was determined only for tnose scurces that had
five or .iore plants flowerin; at the time of samplins. since only one
of the seven hexaploid s:urces in ths . reennouse was ade lately saw.pled,
the 6x miean floret len.th Jor plcicdy level was not calculcted.

'he zistil was extracted froin eachi floret and measursd in
miliireters frow the base of the overy to the upper.ost part of the
style. DMNo allovence was made [or the amount ol curvature in the style,
Variation in »istil lenith was never more tian O.5 nmn between and witnin
heads from the s~me floret; generally, the deviaiion was in the range of
0.0 mm to 0.3 rime Tne nuiber of plants samsled and the inecnoas of
calculetion to deteriiine the rezn length of pistil coincice with lnose
for lencth of floret measure .ents.

Generally the pistil was either shorter tuan or aovout the sume
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lencth of the lon.est stanen., tHowever, some instunces werz notzad in

i

whic. tne pisiil was lon_or thnan any cf the sturens, he e:fect:z on
festility, 17 any, were not noted., In tne Irunian macericls, tie

pistils were easier to extract than in the other sources. Tnis indicated
a weaX vascular connection ovetwgen the pistil and the receptacle. 1f
this connection is cowparatively wearx, the nourishment recuired for
complete seed development may oe laciin.. In addition, snattering would

proozoly occur wore rsadily,

Artificially induced pol,ploids tend to hove larcer pollen
grains tnan their undeuoled pro. zuitors () (22). In addition a hicher
frecuency of non-stainavle pollen iz reported. won-stainacle pgllen
greins are asswced to pe non-viadle,

Pollen diameter and stainaoility was studied for the <x, Lx, ard

6x ploidy levels in Trifoliwn w.oi; . Saicles were initizlly taacn

froa plents [lowerin. in tne greernhouse. opecause of erratic [loweriag
however, several sources were not acestately cumjled. Therelore in

order to mane a 1ore comnlete survey, a ninilinum of four swipies 1o

=A o

each source were taxken in the fieid. dnoupn nlints were sui.led Irom

eacn source s> that a minimum of ei.nt plants nad bLeen enaudined 1in tne
field and ;reennouse corvined. idacn sziple concisted of one flore

reroved from a plant. Tne floret was than pleced on a moist vlotter

in a lebeled Fetri dish and refri_erated until usad. Unless reiri_-~rated,

rzted pollon . razins were

'_J.

germination of rcllen grains occurred. UGe.u

)

lso difficult t5 aistlo_ulsh

.

not only more difricult to ineazuie out were
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from the non-ctained nollen (rains wien the  erminsted _rain uiu not

Jreentiouse were renoved wien

rerain intact, rlorets [ron plints in tae
fully opiied; in Lne (i=lo, bosever, it was necessar, to use ilo.els at
a state of cevelro inznt just orior to coenin. beciuce of tne provlens

of pollen eatin_ insscis and vee vizitstlons.

Slives were rre ared for ~ollen dimicler nsasure cnos ond ruilen
stainasility counts as >oed vacik to
expoce the staenz. Ii deiiscsance had not occurrca, the wnthners were
cut opsn. Ii1 eitner cose thie anthers wer:z brushed on a clea: ;lass siiue
in an area eapproxyimating that of a 22 nm scuare cover slip. 1.is area
was tnen rin;ed ¢y a oand of acet> carrdne stz2in in order to preveat
hollow voller grains frou flontinl oif when tne cover siis wac crop od
in place. en well-[iilsd roller ;rzins (c¢) were ra:donly, s=lected Irow
differant vortions ol the 3.ide zno treir cliaisters measursa on a aicro-
meter scile unier 6.5.. The ieazure erts were recosds. as aivicions
with ezch divicion eiv=leri to ./, iiciens at tue sriore.e.tlon:ea
na ilric tion.  An avers:e wWabs 23L=ined I'or tng e couwrls Iro.. e.ch

caziculite the averuy e

_reennousa, rellecuivel,.

was calculatex vedln_ duta ootulned fron eacn source. R oLne rzolhouce

Jurces taoat nod

[

the rmewn pollen dizieter was det-rminec orly Jor ti.ose :
four or more plants fiowering at itie tiy 2 of sanpling. oince only onz of
the seven hexaploid scurces in the zreenhcuse was adecuately saoj lza, Tie
bx mean rpollern dianeter for ploidy level was not calculated

[ r

Utilizing the sa.ec siicde that was gprerared lor pollen cla octer



measureierts, twe counts of cn2 hunarsd poslen ralns escn wWers: in.uc.

Cne couni was toden Iro. the upper portion ot the siide anu tie otuner

cr

from the lower rirtion., In neost cazes Lhe twoy counts were spread 1333

than 4 points. a4 trird resding was inc.uced if tne ran e was conslaerzd
too larg=., Crl) trose pollen ;rains wnich showed apsolutely no vicliole
stainin; were cocunted as non=-stainsd pollen. Thue pollen crains wo.ich

were obvicusly shrunssn out zomevhat stained vere inciuvced as sieinanle

oilen and tiierefore presuned vo be viavle pollzr., Jhs counbs per siide

o)

were then avornged and convertad U> gercent. Since the ran_e within
some sources was cuite extrene, the data from Lhe greenbouwss and field

were cor.oined and not arzlyzed seyarately. Thne neans for scurce arnd

ploidy lzvel were ceterrined for the coubined csta.

rertility
Seed set in T. =anmoi uun had bzen regorted as oeiny relatively

low (11). Thnerefore fertility stucies were initicted on plunts . rowing
in the -rreenhousze., althou l scne crosses were achleved vetween and
vithin 211 oloidy levels, the rost intense stud, was at the i leid
level becaus2 of recurrent flowering in the sc.ue plant: a factor which
rade several crosses possivle., Four types of crosses were no:des

' 1. Interscurce cros.es at the sune ploldy leved,
2. Intrasource crosses at the same ploiiy level. The

resder mi ht note that =z of the 1. sources were [vund

to have two »nloidy levels. Lo alxtures oi cloidy

level were found in the other 1z scurces,

Interplcicdy crosces,

ASN)
L]

L. 3elfing of plants froam each ploidy level,



<7

Som2 crousses were Li..e o nand goliluation and ome Luarougli

noreybees., OUnly fully opined unviti.ered floreis were

o

pcllination o
pollinated oy nand. Frezwiably irese weuld Le receptive to vollen.
A tootnpick vas used to ellect nollinetion., Care was taasn to ensure
that tae 50l nilic surizce had been rusved. rrolets not polliinated
were re.oved., hHanu crosses viere lLaae reciproczlly bebween plarts.
selling was also accouplicied oy hand.
Trhe use of active honsjoees for crossing 1s desiraole for the
folloving reuszcns:
1. lultiploint crosses are rewcily cerfor: .=d,
<. i2peuted visits o) bees make eriective pollinatlion
more li.ely,
3. Pollination data ooteinad r'rown vee activity nay de
nore useful in a nractic:l way than wala ooteined
tiirou~h hand poilinctions. cor exanple, low sced
set is revorted in incuced tetrzploids ol red clover
cresura:ly ceczuse the larier iioret:z do not pgrmit
effective bee vigsitction (2) (<1). This situation
could be duplicated in r. aioi_uum since plunts of

hi her iloicy levels teond to have lzrper tlorets,
Initizlly a c.all colony of nongyoces vas «ept in a 4' x 4!

X L' ca_e in the greennouse. Under tnhese concitions thie vegs foiled to

work the flowers. In rid-January the bee populitlion was Increased L0

~

two sec.ions o a nive and a 4' x 8' x 3! ca.e was uwsed., zZncellent
activity was a.parent and severwl ciCS3es Werc mcd@., [5aCih Cross Vas

kept in the cage for at least 3 dwn, 3. A ndnimum of <4 nours was alliowed



oetween crosces in order Lo ensure Lthatl vieole pollen was nol carrisd
over t> tne n3¥l crowse An lLarca a drop 1a oee activit, a::la vccurred
and croscin’ was discontinued wntil april. AL thks time, Lhe nlve was
moved cutsiue ancd the b2es were zilowed Lo I'ly Iree ior severar o, S.
'he pees vere tuen raturned t. tie cagpe and crossing i as cortinued
until late [eay. acbivity during tals period ejjpearea to be veiy _ood.
See activity is agoparenti; a iunction o. aailys envirorw.cnt. rfor

vz 2le, in ooti the greennouse and outsids, v=ze vicicotions on ifiovers
were greatli increzsed on sunny aeys whzi tie tanceratuce was wati,
Therefore a certain bias is presented if a cross haprened to be in tine

cage over a yperiod of inclenent weatner. Gsrnerally a cioss was 1c¢it in

the case lonser if sucn a condition existed
vefore plzcing plznts in the bee care, witherea florets were
extracted Irom the head. Alter taking the plants from cige, oportions

of the head vrici: had unopered florets were resoved., ‘'nis was conz to

I

elirinate t.ose florets wiilcn were proocuiy not riceptive., The flowering

stams were tied to staxes in order to make tne heads as accesziole
nossinle. ris was particularily necessary in those plants wnlcs tended
tovard a prostrate srowth haoit.

411 heacs of plants invoived in eitner hend or nee voilinscions
viere ta; ¢ed viitl: the epprovriate crossing information. Leta outailrned
were vased on the nwicer of szeds procuced per nwiuver oi fiorets in-
volved in thz cross. JSince a pistil from a floret ol T. &.oi.wun
+

generally had two ovules, it was tneorstically posuicle tiiat twice as

many seeds as florets would pe procuceds
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oeed size
artificial polysloids usuwally heve larper and neavier seeds

than tiieir uncoubled progenitors (<1) (<3). Threz sloiuy lzvels in

so2el ©0 tnls cnaractsristic.  o=ed

size was measured in tvo vals:

]

1. The averaze wel;ht of 100 seeds frow eac:.. jloidy
level witiioud respect Lo source,.
z. Tie vercent of 100U seeds frow. each ploiny level
rasuing throu.in eacnt cf a series of nand screens.
The zcove erperiments wers cornductea using seed viicii was
obtained from crosses witnin & ploidy level, The crosses were izue
on rreenhouse naterials,

The agproxinate totil nuwuicer o1 seeds from whichi the determina-

tions were nade were as foilows:

2x = 5940
K- 2050
£z = 1155

o

Averza: e wei ht per 120 seeds for each ploicy leovel was deter-
nined from 5 reoiications of 1oU secds eachi.

of sceas from eucn ploicy level were ootazinzd

(6]

nelztive size
from tne averzg e of two rzclicetions ol 1000 seeds eacn whici were
passed tnrouLn a gradusted series (1/1<" = 1/<1" diemeter) of hand

SCrZense

Ji-or rating
On iay <9, 1959 rlants in tne field were coanzred icr vi_or

]

on a 0 to 10 scale. A O rating was ¢iven to plunts wiicii failsd Lo

£

survive while pro:ressivel, Li her ratings were :iven as coiparavive



1z
(@]

viyor increasec, The June, 1y58 transpiznts were rated as a ailstinct
group from the later 1$:2 tranzvlants oecause cf overall inciezsed
vizor amon, these earlier transplants,.

Pata for a givern source were thien comovined re:ardless of trzns-—
plant date, Cne averaze was determined whicn included tnose plants
failing to survive and, in addition, anciher was ceteruined wnich in-
cluded only the surviving plants. At tne tiwme of tnis stud, tne only

losses were in the later transplants

ithizome develorment
Fnizome develorment in polyploids is usualily less extensive
than among diploids (22). On ley 29, 1959, the nwrver of rhizouwes
on eacn plant in the field was counted. Only tnose rnizomes were
included that resulted in the emerrence of new shoots. Lo attewpt was
nade to correct an, discrepancies due to diffecences in time of trans—
plantin.., The average nuncer oi rhizones for each source a.d ploldy

level was cetermined,

Growth haovit
Growtn habit as used in this study relers to the decree of
ereciness cf a plant. ZFor exannls, sone plants of 1. aiovl uwn were
virtually prostrate while oliiers were quite erect. In conirast to
uprizht plants, prostrate plants would preswnaviy hzve relavively

inaccessible as well as dirty flowers pecause of proxinity to the

&

soil. Thnis would possibly discourage bee visitations and result in
reduced seed set. Seed haivast would alszo pbe conplicated in prosirate

types. In addition, erect plerts would preswsavly be wore cesireole

in a hay or pasture gro:ram not onl; ovecause of easisr handlirg ard



grazing. However, ersct i pves woulc reculre nove of a nera_.anent
program tnan prostrate types wiuich could procuaoly survive pbetter under
conditions of heavy grazing.

rlants in the field were rated 1 to 5 according to growtia navite
A ravirc of 1 was assi_.ned to prosirate plants wnile the most erszct

rizants were ;iven a rating of 5. A iean rzting was ceter.ined for
F C & £

source aad »loicy level,

winter nardiness
In sone clovers, tetraploids revortecly have less winter nardi-
ness than their diploid sarents (20). In Octooer 1995, all living
plants in tne field were noted. The folloving hay another count was

made, Losses were attrivubed to lack of winter hardiness,.

Scurce ratings

Fourteen scurces of T. a..ijuwn were rated on a scale of 1 to
14 for sevaral of thne charazcteristics under stuay. The rating ior &
particular characteristic was deprencent on the rankin: oi a cource
with respect to the other sources. A rating of 14 was nost desiracle
for a characteristic under study while a rating of 1 wes least desiranle.
Thus, tne source witii the rost total points would be considered tie rost
outstanding in this study. Conversely, tne sources wanicu nad the laest
total points would be generally unldesiraosle, at least on tne vasis of
the characteristics cxarined. hovever, a soecific plant in eny source
ndgnt vary sharpgly from the averege of trat source Ior any charscier—
istic. hile no question would preoovivly arise on the desiravility of

such factors as ri-h pollen fertiiity, g¢ood viior, and exteisive



rhizome cdevelopazant, the desirzoility of ceorizin of the vong. cnarac-
teristics wi ht be ogsr to question., ror exe.idle, a nmlant havin, lzarce

leaves vould vreszuw.aovly ve the i0ost awversel, affscted cuiin. a

o

drouvrnt. Lon: pistil lengin i ht resuit in poor fertilization beczuse
of the adced _rowih recuired oy tne jermination tuse of the zollen :ruin.
Lar;e florets, althourn precw.zoly corntainin: iore nectar, wi_nb «lso
oe dilficult Tor a oee to worw, etc,

Ratin ¢ were rade for sources fron botn ireeanouss and field
data. The cowvinsd data of fi=zld and ;reenhcuss were used in voth

tanles in the case of vistil len.th, pollen size, and pollen stuinacility

since ssparate analysis Jor each nlace was not appropriate.



Cytological examination

Taole 1 shows tne results of cytological examinations. 1In
cytolerical examination, an attempt was made to include the unusual
tyoes in each source as welil as the nore cowronly appearing Lyioes,
If the plants examined in a sourcs wers then found to have onl, one
euploid level, it wzs azsw.ed in further studies thnalt ail plants of
that source were of the sare pleidy level., 3eccause of overlapning
of chromsscumes, the nwuo:r ol cnromozone in a divicin: ceil olten
could only be avproxiizted. Therefore, althou h only two aneuplolius
were deflinitely established, otiers may have existed.

L» plants were found in CiI-0l€l, orisarily a ox scurce,
CFI 22405, arother £ source, was i-und to have some 5x planti. Tie
remaining 12 sources aspasared to be pure for a _iven ploiuy level
(see Figures 1-6).

However, it suould be noted tiat oecause of lacik ol greenhidise
space only the .ore viiorous scediings in each source were .aintzined,
Therefore, if irrezular t ces were slower jsrwicziing or siover srovin,

they would have been discarded, Tihis coula possinly account ror tihe

lack of ploidy nixtures within a source,
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Tasle 1. cwesulis of cyioio de-1 erandnn.ions of nura Ciovear Pionls,.

O

0. froen=- nOe Dlants desults of
a5, N N R P T
Source house rlaints aralyzed srasination

CFI 22ck 68 <3 all

CPI 2771 L4y 13 All o
CPI &5s84 L7 13 ALl g4x
CFI %949 1 g Aol 4x
FI 225625 ¢ pre) all 4x (< —;l CLIOL.O=

PI 222270 1C9 ) Al 4x

PI 2295Z4b £0 15 Al L

CPI 6161 11 10 Gmbiy Zmik
CPI 232408 ) 19 L=5x, 15-6x
CcrPI 138115 18 6 All 6x

CHI 22158 <7 10 Ail 6x

CFI 10323 1z 5 All 6x

P‘ﬂ
(@]
e
0
o
o8
}.__
—
o
r

rc 32109 <70 5 All 6x%
Total 875 248

Totel % analrzed - 225



Fige 1. Somatic chrouocsomes of root tip of Kura clover plante.
2n » 16

Fige 2. Diakinesis in PMC of Kura clover plante.
4n » 32
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Fig. 3. Sonmatic chromosomes of root tip of Kura clover plent.
4n =-32

Fig. 4. Early Anaphase I in PMC of Kura clover plant.
nm 48






Fige 5. Somatic chromosomes of root tip of Kura clover plant..
5n w 40 (verified in other cells)

Fige 6. Somatiec chromosomes of root tip of Kura clover plant.

6n = 48
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Table z,
plants

Aavira e lengih/breadth rs
crovn in the fizld, May 19

LET O

oul'ce ).

oi lewves from hura clovar

Floicy
level

S

itan:ze

Ploidy Floicy

~r

A

oD

Ploiay
ran e

22 -

bxr -

PI <2Gcx5

g}
]
™y
M
el
o~
I
I~
o

CiT €161
CFI 23403
CFI 17115
CHI 23153

Crl 10433

0.19

Ooli}

l.41-2.04

l.7-1.70

1.78=2.,89
1.91-2.23

1.91-3.42

l. ’:L-:ﬁoz']

1.57-2.56
1l.65-2.52
l.ou=-2.53
1.35-2.33
1. 6=-2.23

L.77-2.81

1086"2.. 5‘0

~

4.46

.18

Cel

lo 4.7-'410 O!-L







Tacole 3.

crown in

re e length/orsadih r
he rreenhous2, wints

[

2cves 110m hra ciover niunls

NS LEer SoUYCG; .

Ploiay Ploiay Floicy Ploidy
level Source X ob dang e A oD ran.e
2% = CPI zzoh 1.%4 0.16 1.44-1.65
CFI 2771 1.43 0.17 Ll.20-1.33 1.52 Jez le<0=-1,%5
4% = Orl 607 Z.C3 Vel Llabd=5.08
Crl 9549 <.03 Cezl 1l.53-2.76
FI 2:56<5 < Ciy 0.29 1.74=2.34
FI 22270 <oliy Uex<h  LlaT75=<.57
PI «2Stlib 2,07 0.17 1.01-2.21 2.0 Uecs  1.5:3-3.08
b - CrPI £Ll 1.76 0.23 1l.bo=z.2<7
Crl 23403 2440 0.k 1.92-2.07
CFI 1s11% 2419 0.15 l.ou=2.77
CPI 22153 Ze 2V 0ez3 1l.83=2.71
CPI 18203 1.869 0.2 1l.hz-2.09
PC LN 0.25 1.92=2.71
¥C 2310 ZeZ4 0..3 1.96=2.76 2.14 Ce 23 loLe=3.37
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Leaf lan,th/oreadtn ratios

The avera.e L/B ratios of the Lx and 6x sources were aoproxi-
mately the sae (see Tables 2 and 3). The <x sources have a lower
average ratio, indicating a tendency touard nore ovate leaf snapes
(see Appenaix A). However, the overlapging of the ploicy runges ine-
dicated that L/3 ratio is not a ;ood criterion for cistin uishing
ploidy levesls, even at the 23 level,

The intrasource correlation coelficients (Tasle 4) are low in
nost cases. nowever, two hexaploid sources, CrPl 20303 and PC, have a
hizh coefficient. In addition, eaci: of these have siindlar zvera_es
and standard deviations in the greenhouse and field. The avera;es and
standard deviations of the other neieploid sources vary petween trnese

two places,

Leaf lengtn-breadtn product

From the data shown in Tavles 5 and 6, the foliowing was

noted:

1. The mean leaf size in the fizld increasea over tnat
from the greennouse in thirteen of' the fourteen
sources (Figures 7-10).

2+ Averzge l=af size increased directl; with ploidy
level (see iAppendix A). However, thnis tsndency
avpeared pnrimaril;s in the uprer linits or each

cloidy range. The lower liwmits overlep.ed to a

I
N (=

large extent,



Table 4. dintrascurce corrzlation coefriciznts Zor len.ih/orcadth
ratios of lesves frou cutliings of rura clover .rown in the {izld
and greesnhcuse,

Ploidy S.urce oo of Correlation
level Plints Coefficizat
2x - CrI zzo4 9 O.<l
CP1 <771 5 Ce 50
4x = Crl essi 9 =009
CPI 9949 2 C.13
6x - CPI £161 9 0.<0
CPI 23403 1C Oelz
Crl 13115 9 -0.51
CFI 23153 9 0237
CFI 1060z 8 0e33

w
o
o
o
L]
\)
l...l




Tavle 5. ~verz e lenyth X vreadul proquct of leaves frow hura ciovar
o) t ‘

plants grov he field, l.zy 1959 (8 :slents per sousce).

Plcidy Flcidy Ploiuy Ploidy
level  Source X 3D dane A oU riog e

2x = CFI 2<64 5934 2954  LibL=72%0

CrI =771 8251  2<9i 5C10-1201z 70%%< 2117 L464=1.012

Lx - CFI od3k 9586 3221  o@73-15082
CFL $9L9 9315 107« T774-1.036
PI 229625 72k, 2159 5029-10¢03
FI 225270 L5733 182l 2210-7142

PI 2296Zib 5401 Sy 3977-6503 T<25 conl  2e10-15032

bx - CrI 6161 11122 2664 5175-10008
CrI 22408 157237 2265  11250-18229
CrI 18115 15064 5866 L1es=157:3
Cel 23153 1i613 5157 10479=-267:9
CPI 10303 16551 6459  10920-23427
rc 1:5.5 6ol 3108-20564

17 o=eyaly

\n
-~1

FC 32109 17001 7152 9281=29509 15057 5417




Avera.e lengtn x breadth crosuct ol le.ves

_rown in the grseahcuse, tinter 1%:S-:¢ (11 plants [er

&

frea Kura clover

Ploidy Ploidy VFrloidy Floidy
level  3Source X 3D Zan;e A oD ran_e
2x = CFI <<ok L4743 19%0 20bL4=3215
Crl <771 C2L9 2503 2278=12016 5459 2211 2oL4=1i01C
Lx = Ci'I 6234 6547 2507 3503=-12987
CPI 9949 7641 229 LLZ5=1_<14

PI <1565

rl

FI

EE

/‘"/\{_r‘:\
< 7CaliD

Gk
10196
6557
CRES)

1107z

1450=5200
2L1a=65"T

2ead=1170ul

3067-2901
Eloc=15:5Y

duob=1_"74

55,2 ~0el liuu=13v07
Q020 30be 3OET=LILLZ
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directl; witn ploicy level (sze Tacles 7 and £). nowover, al indicated
froi the rarn_es and standurd devialions, the dster ination of :laidy
level 0y tnis characteristic woula ve ilio . ical. In the creznhivuse
there was no indication of variation in stonmcta len tin vetween loidy

levels., 1In sither cice, thz size of the saulle was nou lar.e ense . to

deterndne any celirite trends reieted to oloidy level otner trnan deiinite

Lader rizlo conditions, th2 nuwuoer 0l SLomaTi pel il arsa
asresred Lo dzcresse wiln ilncreacin: “loidy level (iaole v,. 1In toe
grecnhouse (Tacle 10) tnds relationszhip was Lounu at tue ox level out
not at the 4x level. 1In voth caces the swie recards wilch wercs ilaae
for svonsta lergin are a.ilicavle., osecauce of Lhs zioudi s le clces
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Pioral initiition in the _reeihcuse ana fizid
In tne (reenhouzes r'lover vuds we2re Jirst soosew in ndd-ovelser,
’ N . . = ey -~ N .. - A
(sce Tzole 11). As a group the aipleoids flovered eariist =il neavi-ost,.

o Januar; 1, for extmnle 79, of the (rl-<zdi and o€s ol uri=<771 nad

I UL a=.cO was awout

tnres wa3ks ewrlier ilharn these in Cil=-<77le 4t Unie Lerndnalion oif ine

Yo 02 the di 1oid rluants nad flowerad. vy

stusiy
of the dirloide rloverasi intemditenciy over trz 2utlre erdlad.
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Ploi<y ave, ZhH. PN 216
Floizy 5.0, l.. PN, 1.9

Floiay ran.e 25.0=c5.8 <l U= e <SJh="L ok

Tzole 3. Averape lern:tn in sdcrons of stonuta I'row sinilar areas
in the lower eoiderris of mature ieazves from hura clover -lauts
srown in the _reenhouse, april 1v5% (& measurscents of 1U each
ver plant, 7 ~lunts vper oloidy level).
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Floidy ave. ZC o0 2540 270
Ploidy .1 Lo 1.5 23

Floi~y ran: 2 crs= g ly Lo eu=l et Zheum_ 146
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Taocle Y. Awvsva_e nwoer of storate roc cicilar
lover 2uidsr s of pature looves i'vsn hura

Ty sl iy (& couwnl: o

Ploidi; ave, RN 12.9 10.0
Flcoidy 5.i. 20 selY ZelU

Ploid, r.n_e 1o=c0 1lo-1y 2=15

Sl sxidlar areas in thne
o hura ciover plorts

205 (2_ counts per iart,
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Table 11, bLundzrs of reenhouse niants of kura clover initicting flover-

irn: Curing ohe winter of 1+53-59Y uncer conditions of a 17 hour dzy with
H"‘,‘] N RG] o

eratures of 700_750 Fo and nl, ht tasceratires of 40Y=507 1,
(vironthly readings).

Floidy  Source 1OV, D=c. Jan. Jar. Feo. Fen,
level 15-1  1-15 Le=31 1-15 lo=21 1-15 lo=-z3

<x - CFI 2264 L <3 18 5 3 oo 1

crl 2771 . .o 27 z L 1 2
Tot=l I =3 L5 : 7 1 3

Lo = CrI 6554 .e 1 .o z 2 .o .o
CET Q9L .o .o z .o L 1 .o

LT 228025 . .e L 3 ¢} G 6

eI 22227 .o .o .o 8 S 7 6

FI 2296240 .o .o .o .o Z > .e

f3 = CFI A161 2 .o 1 1 .o .o .o

GPI 14115 .o 1 .o 1 .e .o 1
rIo221i3 .o “ .o oo e 1 .o

Cl I l’/‘r‘:'j X oo l Z+ oo oo )
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Table 1l--Continued

bar. -ar. Apr. AT I'ey ¢ Total no. Total no. in 5 vlwnts
1-15 1le-31  1-1% lo=3 1-15 ¢ flowering creerhouse flowvering
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rurcer of nlents fioverin, st any onz Ll.e. At toe Leradinztion ol Lne
study, 417 ¢f the 4x and 42, of the ox glants hzi flovered. ab tue
tetraploid and hexajsloic levels flower induction aviewraed to vary wore
betwee:: s.ources tnzn oetweer tloidy grouns. anong xll s .urces, flow-
erin: aecreacad after April 1. Artifici:l ertersion oi tne photogseriod
was discontinued tovard tn= end of Larch. Tnils mu; have corntriouved
to tiie decrensed level of [lowering.

<

In the fieid, tne di;loid scurces reached trne vead of initiel

&

me

flowering zocut fay zu. The t tranloids were - eunerally D=4 CGuys

[ 04 - z J V

later witi,i the eicetion of CrI-Y%4y which was an adcitional l-< aays
later. nexownloids reacred tne peaa of initial rlowvering apjroxinacely
two weeks after tne ciploid nlants, liowever, in eacn ;.loicy level
plints were rnoted wiichi flowered earlier or later tuwa tie avera e tor
that pioidy level. ror exwrple, two tetracloid and Iour nzeraploid
plants were flowerin: vi_.crously at the pean of initiul flower .ro=-
duction of the diploid olants, £y dd=June all oI the vi:orous plants
had initisted fliowerin:, at tuis time, scue ilovering vas occurridg,

<

at 211 ploicy leveis, It i tnererfore a nsarent that a..le ogportunily

o

existed for interpleildr crossinge

The followin; results are snown in lavles l< 2na 1.3
1. lower croduciion was nuchh  reater in tine Iieid.
<. [lover production varied nore bitween scurces tunan
between ploicd:; levels in tue ficld. 1o tihe _rsenncuse
tuis waz true of tne 4x and ox levels. os0Ln A SouiC23,

however, averaced wore .Jiowerin, per planl taen el.uier

of the polyrloics.



12, Averase nusber of heacs on rurz clover [Lants _ro p in e
N

Ploidy no. of Ploidy Ploidy  rloidy
level Source  olzints X 3D Range X 2D ran_e
2x = CrI 2264 7 52.3 30.9 1lz-1C1

CFI 2771 8 L1.9 23,6  <1-02 499 2£GeH 1<-1C1
Lx - CEI &374 8 5.9 54.9  2o6-124

CPI 9949 9 72.9 <%.,7 32-110

PI 229525 3 41.2 24,3 9-76

FI 222270 & << 7 5.5  18-33

PI 2<962Zip 8 L1,5 37.9 10-lc<h 55,0 403 G=lz4
6x = CFI 6141 3 OLhed 45,6  11-14%6

CPI 2_4U3 g G2eh 2T Zi=ziS

CFI 13115 3 52.0 24,9 z2u=93

CPI 22158 g LT.5 Lreh  <y=Cl

CFI 10802 3 1oZ.4 56,3 27-185

FC 3 L3.9 22,5 19-1l2

rC 33109 8 95.5 L4o.7  42-160 T<.6 497 1l-zi5
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Tavle 12. Average nwiver of hzzos on Kura clovor niantls _rown in che
creenhivuse, winter 1yL:i=HY,

Floidy ro, of Floicy Ploidy  Ploicly
level  3Source  piants a 3D Hange A 5D raL; e
2x = CrI 2204 77 97 ©0 z—c4
Crl <771 I Cee Sohe 1-21 S.1 6.5 1-c1
Lkx - CPL 6oy 10 3.6 .21 1-8
CrI 9949 7 LeO  LooO  2-6
FI 229625 Ll Se4 3459 1-14
PI 222370 57 5.7 5.16  1-21
FI 2296z4b 13 7.1 5.02 1-&3 5.6 Lo45 1-3
bx = CPI 6161 L 0.0 .06 3-8
CPI 23403 13 L.2 1,91 -8
CrI 18115 L 5.5 574 2-1L
CPI 22153 5 6.0 .29 1-10
CrI 10203 5 5.6 2.36  2=9
EC 9 5.7 Lebhe  2=17
FC 33109 157 0.9 L4833 1-z4 0.5 L=50 1-z4




3. In the ficlds asz Loz 1si o, lovel incresssd, uns
uroer 1iits of {lower zrocuction increascua. Tne
dlower 1liuits of tne range raialned approalictely

the s:ue. [0 suce treoma was & arent in thne [reen-

havse,

Average nuibesr ol florets per head in tne

f »ets cer head is asrroxinately tne

[
’_J
o]

Tre average nw.boer o

o

same ostween sources. The oprarent tendenc, of som2 sourcas Lovard
larger nuncer of florets per nead nay have been due to sw.pling

(Taole 14).

Floret len th in the field and in the _ressnhcuse

Tzbles 15 and 15 indicate that:

Ui
W
I
%)

1. In the fieild average flcret lergth tznds to increa
trie vloidy level incrsases. ilowever, in the .reennvuse,
tiue 2x and L4x floret lon,uiis are o) roxinater, the coe,
althourh the 6x florets tsrnd to bs lon er.

2. At tne Lx and €x lavels, thz ran_es in a -iven uource
sncw similar floret ler tn for olants in tac Jresnnsuce
and plants in the ficid., Uacer tne reemnsusz cuviron-

m=nt, howaver, <x gpiants tend Lo rocuace Ller_er florets

3. The overia: .in, oi ran es 15 such trut fioret len tn

ceneraily not oe an efflective neuns oi deter.ining

=
<

waoula

I ] .. R I S B Ny P R T
oloin level, owsver, a tidlt vitio conparatived, L0
ol pelr_ 4 neiu il




Table

grown in the

14,  averars nwsoer of 'lorets
sresniouse, winter 1952-5v,

ver nzed iron nura ciover olonts

Ploidy fo. of Ploidy Ploidy  FPloidy
level  3Source  plants X 3D range X D T2
2x - CPI 226l 60 a7 2L.7  35-145

CPI 2771 33 $6 18,9 54=139Y 9u 1.1 35-145
Lkx = CPI 6484 G 38 2.5 02-1c7

CrI 9349 6 122 29,0 G2-172

PI 2296%5 27 75 16.0  47-117

PI 223370 34 71 17.3 43-1z20

PI 229624b 8 75 164  59-1C1 79 2245 Le=172
bx - Crl 6161 3 1<1 15,7 113-133

CFI 23408 1z 106 17.1  eu-121

CPI 13115 3 &7 21.9  Lo=105

CPI 22128 I 73 5.8 o4-77

crl 182323 5 105 1Z.3  $1-119

PC 7 90 13.0 7z-113

FC 22109 80 87 51.5  50-123 g0 03,0 L3=153




FI

€x = CFI €10l

CFI

22408

11.2

~

el

1.7
15.7

1:.1

U3

10.2-1>.2:11.

10.7-14.5
12.5-15.0
1z, 5=14.2
leso=14.3
11.5=-14.5
12.5-15.0

1<.8=-14.5:15.2

0.70

1.12

Tacle 15, Averaz 2 len:stn in wlllisstzro or {lorets % KUl CLOVETD
vlirts cro.n in ths Jiold, oy 107 (5 rlosets per sluit).
Ploidy Loe of Ploidy Filoidy vriloiuy
level  3S:zurce  plants i SY sanse & Sh rin e
2 = Ol 2<% 8 1C.C 0.20  9.7-12.3
CFI <77 3 11.1 0.55 10.0-12.0:10.6 UeTe  G.7-12.C
Lx = Crl 5734 2 11.7 C.le 11l.2-1<.5
CFI 9949 S 1l.4 2452 10.5-1<.0
FI 229625 3 leo Co79 11.0-13.3

DR L T
l\Jo /_‘L/ojl

1

“e |

O

-15.0




Table 14, Avaracs lengtn in wdiilirsters of florets frc.. nura ciover

plints srov. unler _raenncuse conditicnsz, ariril 1959 (3 f.orets
per nlantj.

Ploidy lLo. of Ploidy Floidy  Floiwy
level  5ource  plants X 35D Han-e A 5D ran:e

2x - CFI z26eh 9 12,0 0,05 11.9-1z.1

CFI 2771 6 12,53 047 1x.0-13.2 1<.1 Ues3 11.9-1.<

-1

(@]

N

Lo

FI 229525 g 11.5 1.20 9.

1)

jas]
]
)
T

oY
\
-3
(@]
-\J
},
1
.
'»._l
(@]
.
[QA
)

q
1.

FI 2296246 5 11.6 0.91 10.7-12.0 l1l.3 VoYY Fez=12.0

o~
™
[}
«
rrd
[
[ex
b
O
)
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r—'
L3
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14.0-15,0

(@]
=
—
N
o
1=
[
Cu
A8
[
Nk
(]

FC 2Z1C 25 13.9 4.76 11.3-15.8
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Fistil lcngth
Tne followins informacion was ovtained Irow studls=c on
lanzths of pistil (fzoles 17 and 18).
1. Average pistil len.th wes as;roxiastely tue same for

a given source ootn in the {field and ;reennouse. Tuls

indicated 1little erfect b, envirom.cnt. 1t sznould

be ncted, nowever, tnat floret len /tn was apvarenily
arfectea ny ecrvircmat,
2. A5 ploidy 1wvel ircreassd, avara 2 wistil lerngihn
L ) J .- < <

viere transcerced in neny instarces oy the 4 avera. es.

nowever, the lower 1irils of tne 4 end 6x averapzs

were exceaded 1n onliy one instance Ly a <x piant. Tals
A

may b2 ong of the nore effective criteria ror nedjsing

to estanlish ploidy level, at least al tne «x lauvel,

Pollen diaueler
Averare nollen size Landed to increase as ploiuy level in=

crzased (Tables 1Y and 20). However, dzs-ile tne s.all swe le size

the szme. roilan ciazmeter armarently would not o2 an eriscuive i.caus
of incdicatin, vloidy level except Zor inose plants which wesre ai tie
urrer liuits of the 6x range.

Some tendency for snaller pollen in the greeniicvce ¢l ve
noted (Tavle 2(). hHowever tiis nay well have ocan a functlion off

= =4

saunle size.
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Table

Kura clover dants . ro.n unier
(3 floets rer plantj.

13, avera.e len;tin in silliceters of pistils frox
sreannsuse conuitions, aAlril 1yoy

J1orets of

Ploicdy o, of Ploidy Ploidy  rloidy
level Source piants X 5D nange £ 5D ran_e
2x = CPI 2zoh 9 4.0 C

bx -

CrI 2771

CFI 6334
CrI 9949
PI 2295625
FI 22337C

PI 229C24b

D

hol

(.0
\e

\n
0

0.14

Ry
0.24

9.20

O.2<

L}- O-Z,,.L

L.g—é.o
5.,0-6.0

5.0-5-7

50;-6.1

50:’-_00 5

4.0 0.11

N
L]
\U
(@]
L]
\A
\wn

LF. O-LI-QZ“




Table 19,

€l

Average diaueter in uicrons of polien grains Trow nura

clover plants grewn in the fiela, lay 1959 (1lU medsurs.=nis per
plant).
Ploidy loes of Ploidy Ploidy rloidy
level Source plants X 3D rance X R ran;e
2x - CPI 2z&4 9 32.2 2.33 30.0-20.0
CPI <771 3 30.7 149 <3.8-23.1 1.4 <.U4  23.8=20.0
Lx - CFI 6334 8 33.1 1.29 Zl.4-35.3
CPI G949 7 2242 .82 2B3.8=3T7.4
PI 229625 L 32,9 l.zz 31.7=3L4.3
PI 223370 L 32.2 V.74 31l.4-33.1
PI 229624b 4 2Ll 2,57 Z1.9=27.4 32.9 .94 23.3-J7.4
5x = CrI 22403 L 2047 CoTlh 25.8=31.4
bx = CI'I 61A1 3 34,6 0. ko 33.8-35.3
CFI 22408 & 2.4 Ue50 Zoez-22.8
CFI 13115 S 334k 3453 50.5-36.7
CPI 22152 2 el 10200 23.1-26.5
CFI 1CRIZ g 35,0 ek3 Z2.6-3%.7
PC 3 27.C Jecl 3l 4-Lz.7
FC 33109 L 3l.4 127 20.0-22.9 34l <8 SUeO=hedT
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Qron. nura
(Lo

Table <., aAverage cdiaseter in microns ol
clover plants jrovn uncer [ reennouse conditions,
nmeasurescnts per olant).

Pleidy 1oe. of Ploiay rloidy . rioidy

level  Source niants X 3D lian’e A S0 T, e
2x = CPL 2284 6 25.5 0422 28.6=20.0

CPI =771 7 50.0 1.2& Teo=2l.7 9.3 1.0 “ieo=2iu7
Lx = CrI 6234 1 3440

Cr1l v9Lv 1 <7D

FI 223625 5 3Ze 1015 3lec-li.6

FI 222370 3 Seek 3.19 LG.o=3T04

FI 2290240 6 21,9 Z2.59 Z8.3-CZh5 Siuh CelhS wide_=35.3
bx - CFI 6161 1 34.8

CPL 23403 L 2948 2.63 26,9-32.9

Crl 12115

CrI 22158

CPI 10303

rC 1 33.6

FC 23109 34 Sheb 2423 30.0-0%.2 PSR EPARY




The CF1-22408 pentaploid plants have avere e poiien diw.sters

vithin the ran ¢ of tue CPI-23L4C2 hexaploid olants. Pollen diaieter

apgarertly is nobt radiczlly aifferent b tween these two ploicy levels,

Pollen stainaoility
As shown in Table <1, a tendency exists for increzsed pollen
non-stainaoility as ploidy level increases. Tils 1s incicated by
the upcer linits of the ploidy ranges. However, pollen infertility

(as measured by non-stainacle pollen) does not necessarily pecome

greater with an increase in ploidy level, ror exauple, two of thne

0.

hexaploid sources and one of the tetraploid sources nad less non=-
stainaole pollen on tne averate than elther or the diploid sources,
sgarination of the aforementioned taole snows extrene variaovility in
the ran_es of nost cources. rollen stzirnaoilit; is sppur=ntly nore
a function of the senetics of an incdividusl sl=nt than of souice or
rloidy level,

Follen non-stainaoility oi the CPI-224U8-Sx plant is well
within the rance of the CPI-23408-6x plants. Thus, polle: stain-

ability is not an adecuate method to distinguish 5x tyoes in tails

source,

Fertility studies

The following results are shown in Taoles Z«-<5 and Appendix

1. 35ced set tends to decrease as the ploicy level increases
(Taole 2z).

2., Mo self fertility was owvserved in hand selred plants



Table <1,

ch

Avera:e percent of non-stuined poll=r from rlorsts of hura
clover olants grown in the greenhouse and field respectively, iay
1959 (Averzze of 2 counts ol 1J0 each ver plant).

Ploidy No, of Ploidy Ploidy Floidy
level Scurce plants X SD ranye X sD ran:ce
2x = CPI 2204 11 6.9 4.0z 2.5-13.5
CrI 2771 15 5.3 7.48 0-22.5 6.4 6.21 0=23.5
Lx - CPI 6534 9 1.2 0.23 0.5-3.0
CFI 9949 8 27.1 14.04L 4.,0-49.0
PI 229625 8 9.5 5.89 1.,0-20.5
PI 228370 10 6.8 8.83 0.5-27.5
PI 2298Z4b 9 17.2 1449 L.0-27.0  11.2 .04 0.5-49.0
5x = CPI 22408 L 17.9 11.87 6.5-ZL.5
bx = CPFI 6161 12 47 Lo47 1.0-15.0
CPI 23408 8 25.4 19.67 10.0=6c45
CrI 1:115 3 18.1 18,52 6.5-61.0
Crl 22158 8 22,6 1lE.64 Z2.0-51.0
CPI 10803 8 2.6 2.81 0=7.5
FC 8 12.9 11.13 3.5-20.0
rC 23109 20 8.2 7.04 1,0-25.0 1..5 13.34 J=68,45
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Table zz. Avera_e seed yield ger iloret iron crosces of T. a bl wua
within anc petvieen ploicy levels,

No. of  Lo. of ko. of Seeds/
Type of Cross plants florets seeds florets
2x selfed 15 1020 0 0
2x X 2x multiplant intersource
CPI 264 15 3279 3318 1.01
CrI 2771 11 2158 <339 1.08
Combined <6 5L37 5657 1.04
2x X 2x multiplant intrasource
CFI 264 17 1,18 635 0.45
CFI 2771 8 1061 762 0.72
2x X 4x reciprocal 14 3794 20 0.005
2x X 6x reciprocal 20 3049 55 0.02
Lx selfed 10 617 0] 0]
Lx X L4x multiplant intersource
CPI 6384 1 173 134 077
PI 229625 2 566 568 1.00
PI 228370 | 6 1957 1715 0.88
FI 22962.b 1 405 365 0.90
Combined 10 3101 2782 0.90
Lx X éx reciprocal 14 '1620 458 0.<3
APOTOX.
5x X 6x reciprocal 2 50 19 0.38
bx selfed 16 935 0 . 0
6x X 6x multiplant intersource
FC 33109 7 314 15C 0.48

CPI 23408 1 60 <7 O.45
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regardless of ploidy level (Taole <<). In addition,

no seeds were found in non-volliinated hzads exanined

. during other phases of this study. Lewis (<) has

sinovn that induced autotetraploicy often resulted in
the reestablishiient of self cowmpatipiliiy at tlie Lx
level. ‘T. arci,vun, nowever, sinowed no self compat-
ibility at the 2x, 4x, 5x, and 6x ploidy level,
Intraploidy crosses involving two plants either from
the same or different sources, generally had one of
three levels of fertility. These levers were:
(Tables 23-24 and Appendix 3)
1. High fertility in voth parents,
2. Hign fertility in one parent out low fertility

in the otner,
3. Low fertility in both parents,
2x X L4x and 2x X 6x crosses, generzlly had very low fer-
tility (Table 22 and Appendix B, Tabies L1 and 42).
However in opotn cases, one cross was noted in which one
parent set a numoer of auparently viable s:zeds.
Lx X 6x crosses gave an apvreciable sezd set in tue
rajority of crecsses (Table 22 and Appendix 5, Table
L46). lost crosses indicated relatively hi_h or low
fertility in both parents, out one cross had very inizh
fertility in one parent and none in tne other.
One cross was made between a 5n and a 6n glant (Tavle

1

22). 19 apparently viavle szeds were set on the on



Table 22--Continued

no. of  lo. of wo. of  Seeds/

Tyoe of cross plarts  florets seeds florets
CPI 22158 226 1 89 -1 0.25
PC 411 1 55 35 0.64
Combined 10 518 243 0.47

6x X 6x multiplant intrasource

FC 33109 9 1558 1045 0.67
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feule parent I.ale parent s

Joucrce tliant source Flont = iWOe OI L. OF secic/

o
pellination

4+
- [} . P JEE Rt
no, 1O = floryets seeds riocets

e P o ) . . N

Cri zaoh 7o2 X nuitipawnc o <i,0 ol 1.00
intersource

n X nactinlant 3 5% Ly Je''H

intersource
" " A Ctl zaod 7o [ LL 3 Cebz

N
D

" " a Ci'l ocaclh TCh ¥ o/ U U

CFI =ivi 7z X multipl=ane B 1o lie Co S
irtersource

" WA Muatipiant 5 1ol 71 Co't T
intrasource
" " A Ul zeoh Yoo H LA 2 celb
" " L CFI zzoi, 2 ! z5 -3 1..9
" " X orI ZL&4 TLE il lo v Ue SC
~c /o ry 4 - o . - T
CrI 2z6i, 76l X maltiplant 3 S -5 Ve
intrasource
" " A Crl <Gk /o5 t o= v 0
" " A CFPl «z0i 770 [ L C 0
" "X Cil Zzoh T3 H 35 55 .62
CFI zzo4 775 Z multiplant 3 165 55 el

irtrazcurce

" L N OF S RS 71 Ta5 i 21 v, 0

— o~ rery o . . o~ SRR . ) o - -y

CrI 2«64 772 X CFI Link ;A I} 25 L7 Logyu

- o [ -~ - R R - ' - b =~

CeI zzbl 7LY X wultirl-ant : e Lo ie.C
intersourca

. - . L. L/ o

n " 4 multinzlant 142 ) S
intracource

" " X CII :’-;(L" 7;"3 .l 11.0 L..; Lol



Table <3-=Continued

o

o

Female parent hale parent %lg
Source Plant Source Plant 55 io. of 3G. of  Seeds/
N Lo, .8:1 florets seeds florets

@8‘

CPI 2ok TL9 X CFI 2264 773 H 26 0 0
" " X CPI 2264 721 b 13 C C
CPI 2264 1726 X multi:lant 3 £0 21 Col2

intrasource
" " £ CFI zz64 764, h 50 0 0
L "L CPI 2264 749 H L3 0 o}
CPI 2244 747 X multiplant 2 166 2 0.01
intrasource
" " X CFI 2z64 G3 H 25 0 0
" " X CPI 226/ 750 H 22 0 0
CPI <264 761 X multiclant 3 60 47 0.78
intrasource
" " X CrI 226k TLG i L7 C 0
CEI 2264 750 X multinlant 5 53 z2 0.28
intersource
" " X CEI 2264 T4LT7 H 23 0 0
CPI 2771 813 X multinlant 3 195 193 1.00
intersource ’
" " X multiolant 3 103 65 0.60
intrasource
CPI 2771 2307 X multinlant 3 231 '3 1.17
intersource
" " X CFI <771 317 il 52 0 0
CEI 2771 7¢9 X multinlant B 1-4 141 1.C5
intersource
" " X multiplant o) 8z 49 0.50
intrasource
" 2 X Crl «i7l yoin h <y 0 0
CPI 2771 €11 X multiplent D 176 155 Ue 50

intersource



Tavle 23=--Continued

o
3
Ferale rarent rale varent g5
Q ; 3 5 Y .- o ~ :
Source Plan Source Plant 3 &  lo. of R Szeds/
25 .
no. Ide 3~ florets Seeds fiovreu
r?”-: 84
CFI 2771 511 X multinlant 3 122 9 Q.75
intrasource
CPI 2771 210 X nmultinlant 3} L3 ot Uiz
intrasource
CPI <771 3510 X ¢CPI 2771 748 H L3 <3 O.74

3% ~ pollination by

k¥ = pollinaticn by

honey bees

nand



Table 24, Fertility cata from 4x X Lx crosses of T. arbi.uum (sce
Acpendix B, Taole 45).

5
Fenale parent Male parent Sf%
Source  Flant sSource  Plant '8.5 l.o. of ho. of deeds/
Nno. Nno. %iéé florets seeds florets
CPI 2283270 652 X CPI 223370 620 Hi¢ 18 L 0.22
" "X " 556 H L9 <0 0.4l
" v X " 648 H 25 2d 1.89
CI'T 223270 628 X Hn 662 H Lo <5 C.63
" X " 625 H 2z 15 0.08
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Table Z5. Fertility daota from 6x X ©0x crosses of 2. z.ol _uun (see
AYrendix 5, Taoles 4L7=5uj.

o
ot -
Ferale varent Male parent 04
Source  rlant Source Flant tg;a No, of Lo. of 3eeds/
no. no. jﬁgi florets  seads florets
CPI 6161 7 X PFC 411 h 28 <1 0.96
" 7 X CrIl 23408 335 H 22 7 0.32
n 7 X FC 33109 8°:1 B 3z Z6 0.81
FC 33109 897 X multiplant 3 51 31 0.61
intersource
" n X C 22106 902 H 59 15 0.25
TC 22109 851 X CPI ol6l 7 i 27 23 0.85
" "X FC 23109 993 H 36 2l 0.53
PC 411 X multiplant 3 55 35 0.64
intrasource
" " X CFI 6161 7 i zZ9 1z O.id
FC 33109 850 X #C 33109 952 H 3< 11 .34
n " X FC 33109 809 R] 179 L7 0.26

H# -~ polliration by hand
2¥¥%* - pollination oy vpees



The

3

plant. lone vere set on thz cn plint. Al roxicately
50 florets vere involved in eacit plant vut tne exact

nu.oer was lost,

"Tie 2x multiplant intersource cross produced a niguer

—

avera:e sced set per floret tran either oi tue zx
multiplant intrasource crosses (Table <2 and Apveadix
3, Taole 25, 27, ard 33). Tnis was true rot only ior
tine crosses as a wnole but al:o 1or tihose individual
plants represcnted in botn the inversource and intra-
source Ccrosses,

Tne 6x multiplant intersource cross produced a lower
average seed set per floret itnen the intrasource

cross (Table 22 and Apncendix 3, Table 47 and 42)e
g )

Seed size
following results were noted:
Seed weight increcsed si;nificanily as tne ploidy level
hectue ni her (Table 26).
3creens wiich reuoved Lhe rost tetraploid seed also
raoved sore dinloid and heraploid szed (see Tasle £7).
for exaiple, althousn €1, of tne 4x szed was ret:ined
on the 1/16-1/17 screens, tinese screens also retiined
15,0 of thie 2x and 104 of the ox swved. ‘herelore,
separation of 1dxtures of 2x, 4x, and 6x sceds on tiis
basis would bz impractical,

A 1/14 hand screen rewoved L0, of the 6x seed out none of



Teble 2t. Aralrsis ol varisnce

for avera_e wt. in _Jrams _er luJ

N A - B . s .- R S . . -
SceGs Ol <y Hwly &Nnad OX pl:)li.".“»/ lcveLls OI ndra caover I"ﬁs&)cctl.ve;.‘yo

Source daf 23 O r
Total 14 LUOE0
.\.SE‘S . [# nUv\Jl QU\.."JCB \J. 5

s
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e
o
<
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AV2rda. e wo. in

L6221

«OC05

03120 520, G

. U\J\;’Ué

£rzis rer 1uU secds:
- e l7‘Jl

standard deviation of »loidy avera:e, w25 Luse.

Duncan's imuitiple rar:e test indicates <x 4x,

Lx 6x, and <x 6x at 1, level,
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Taole <7. Fercent of hura clover seed pusoln. Liarou_h hund screecc,

Jcreens 24 LX GA
1/12 130 1.0 $Y.T
1/13 100 100 G50

1/14 100 100 6Ud3
1/15 100 G9.1 2640
1/16 98.5 Tie3 3.3
1/17 87.1 3.9 1.3
1/13 56.9 9.8 0.3
1/19 42.8 L.1 J.05
1/20 18.4 0.9 0.02

1/21 0.1 0 0




the 2t and LX sczed. A 1/15 screen ra.oved 7., 0oi Lie bx

~

seed, lo ol the 4x, and none of the =

w

2ed. Ilunerelcre,

hexaploid seed rni.nt pbe erfectively recoved froa rixiures
of 2x, Lx, and €x secds v, screenin:. [ue size ol seuds

frow. interploicy crosses, nowever, woula de;end o ine

‘2.ude parsnt.  Thus, a seed develoned

P

rioidy levzal or tune
on tihe 6x parent of a 4« X ox cross would apurozinete ox

seed size., 3ince these stu.iez were carried out on _rzen-
house materinls extranolations to iisiu narvested seced Ly

oe unwarranrted.

Vizor rating

The following results were noted: (Taoles 23 and <$%)

l, The range in vi.or ratin;s is avout the saue over all
ploidy level out tnere is an increzse in average vi_.or
as rloidy level ircreases. |

2., CFI lCScB, a hexeploid source, contained a lur.e propor—
tion of plants receiving a hi;h vi.or ratin_.

The dinloid socurce, (FI-<771l, wai> ratea second in vi or

W
L ]

+

while the other dipleoid, Cil-cxbk, hac tne lovest ratin .
T..is indicated tiit vi-or is proozviy rore stron_ ly

correlated with source tian with sloidy level,

inizowe develonuent
Average riizome production increased at the ni_her ploidy levels
(sze Table 30)., This tendency was not found in all sources. ror ex=

arple, one nexaploid and two tetraploid scurces procuced rewer riizoues
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Table <2. Avera;e of 0-10 ratin;s for viior c¢i Kura c.over piants
grown in tne riexd, ..ay 1%:9 (U = dead, 1U = inost vi,oruus).

Ploidy Ave. .0, of rloicy 1 loidy
level Source rating Flants  ran:e e ran, e
2t = CFI 2264 L3 30 1-7
CFI <771 7.6 9 1-10 5.0 1-10
Lx = CPI &u8h L.5 <7 1-9
CrI 9949 6.7 15 3-9
FI 229625 5.8 lo 1-8
PI <2:2'/0 5.1 7 1-7
PI 229024Db 5.6 16 1-8 5.5 1-9
6x = CPI 61s1 6.9 13 4=10
CPI 23,08 7.1 73 1-10
crI 13115 £.G z2 <=9
CrI 22153 €.0 32 1-9
CPI 13402 2.5 1< 7-1C
PC 7.1 i 1-10

1-10

o~
L]
~C

FC 33109 6.4 55 1-10
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avereage of 1-10 ratings for visor ol Lura civver plants

grovn in trne fielu, nay 193y (L = least vi orous, 10 = nost
vizorous).
Floidy Ave, -0, of Ploidy tloidy
level Source nating Flants  Ranve A rary e
2x = Cri <zb4 3.0 L7 0-7
CrI 2771 7.0 9 1-10 3.3 0-10
Lx = CrI 6784 3.1 L 0-9
CFL LS 5.6 13 0-9
FI 225625 Sl 17 o-8
FI 223370 4ol 10 o-7
PI 22$624b L.7 12 0-3 Lez 0=-9
€x - CFI 6161 5.6 16 0-10
CrI 23403 6.9 81 0-10
Cri 18115 5.5 39 0-9
Crl 23153 L.9 39 0-9
CrI 10832 8.5 12 7-10
PC 6.4 87 0-10
FC 32109 5.8 62 0-10 6.2 u=10




8

Table 30. average numover of ruizomes produced cy iura clover olenbs
grova in the field, lay 1759,

Ploidy ~o, of Ploidy Floidy
level Source X plarts  zange X rdail; e
2x = CPI 2264 0.36 30 O-4
crI 2771 IRyA 9 0=5 0.6 0-5
Lx - CFI 6284 1.52 217 0-10
CFI 9949 1.85 15 0-3
PI 22965 0.63 lo 0-3
FI 228370 0.29 7 0-2
FI 2296<4b 1.81 lo 0-11 1.5 O-11
6x = CPI 6161 3046 13 . 0-10
CPI 23408 3.01 78 0-15
CPI 13115 2.34 32 O-1z
CPI 25158 2.97 o< 0-25
CrI 10803 7.91 12 U-cly
rC 2.24 78 0-12

FC 33109 1.5 2.7 0=<5

U
N
Ao
\n
T

I.—l
Wt




on the avera.e than did one of the diploid sources. &as the ploicdy
level increased, thiere was a tencency for a hi.her level of raizone
production by some plants; yet some plants of each nloidy level
produced no riiizomes. rnizomme production is apparently a function of
the genetics of a given plant under a certain environment as well as
a function of sosurce anc ploidy level,

It was noted that rhizome develoument was rot necessarily
correlated with the overall vigor of the plant. rsor examplc, scue
plants which produced several rhizomes had sparse vegetation vhile

others witn several rnizomes had dense ve.etation.

Growtn habit

Despite the small sample size in some instances, eacii source
had a wide range of ratings with the exception of two ol the tetra-
ploids, FI 222370 and CPI 9949 (see Taole 31)e. This indicates tiat
growth habit is apparently wcre a funcvion of the genetics of an
individual plant ratner tnan a function of source or ploidy level.
However, definite aiif'erences ao occur between source avera,es., Tuils
preponderance of one or anolner Lype ri, ht indiccle oestter survivail

of' thiat tyoe under tne environu=rt in wnicn the source arose.

winter hardinsss
All plants transplanted from the greenhouse to the {ield
nursery prior to Auzust survived tne unusually severe winter or 1Yoo-
59. Cf the later trarnsplants, £3. survived (lable 2z<). All but tie

three Iranian tetragloid sources were represented in votn trans-—

vlantings; the Iranian materials were only among the second transplants,



Table 31, Averace of 1-2 rating for degree of zrectrecs of hura
clover rnlants groan in the rieiq, ray 1y59 (1 = prostrate,
5 = erect).

Ploidy lo. of Floidy rloidy
level Source X plants tange A ren.e
2x - CPI 2264 3.22 27 1-5
Crl 2771 2.39 3 1-4 3.14 1-5
Lx - CPI &334 L.50 24 1-5
CPI 9949 4.08 12 3-5
FI 22965 3.14 14 1-5
PI 228370 3.71 7 3-4
FI 229624b 2,69 13 1-5 T4 1-5
bx - CrI 6161 1.0 . 10 1-4
CPI 23408 2.85 77 1-5
CPI 13115 2492 <9 1-5
CPI 22158 3657 12 105
CPI 1C303 3425 <3 1-5
FC 3.19 51 1-5

Fc 23109 2.49 67 1-5 5.05 1-5




Table 32, Survival of glants of wura clover during the winter of
19:53-59.

No. of llo. of .
Ploidy plants plants - dinter
level Source Oct.1958 lay 1959 survival
2x - Crl 2264 29 <8 72
cri 2771 9 9 100
Lx - CPI 6234 <1 17 g8l
CPI 99L9 10 8 80
PI 229625 13 15 83
PI 22337C 10 7 70
FI 2296240 20 16 8C
6x - CPI 6161 g 8 89
CPI 22408 55 53 96
CPI 18115 21 <8 g0
CPI 23158 13 8 62
CPI 10803 2 2 100
PC 79 78 99
FC 33109 38 35 82
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Uncer the conditions al mast Lansing, there was no apparent corre-
lation p=tween ploidy level and winter hardiness. i'or exa. yple, tne
three sources suifering the ost winter loss included a diploid,
tetraploid, and hexaploid source. The results did indicate, hovever,
that some sources had less winter hardiness ihen otners. Trnis weuld
be exrected if the sources had arisen under varying environcents or
had been propacated for several years under less extreme conditions

than in their olace of oririn.

Source ratings

As a zgroup the hexaploid sources are rated higiest in ovoth tihe
field and the greenhouse with the exception of CrFI 23408 winich is
rated lower in the greenhouse (see Taples 23, 34 and 35). rnatings in
the field and greenhouse botn raznk the Iranian tetraploids anc tne
dioloid, CPI 2204, lowe. The direct use of these last-i.entioned
sources is cuestionable., The field ratings were the most useful I'rom
a practical viewpoint but tne general agresinznt oetween ratings inai-

cates that greennouse data are important (rigures 11-13).

Diseases and insects
In the greenhouse two abnornal situations involving fiowering
were noted, In one, certain florets develcped a condition in whicn
the anthers turned blacx. Usuaily only one or two florets per hezd
were infected but occasionally a few rmore showed tais condition. Tue

pistil was ap-arently unaffectea., Cverall seed set weuld not ve

lowered a»nreciavly unless the conaition opecine nore internse,
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Taole %3. Rankin:s for various crnaracteristics ol sources ol Lhura
clover ;rown uncer rislc coneitions.
Ave,. p‘
AVe, 1O, AvVe, Ave, Ave, polien
Floidy heads ‘er fioret oistil pollen  stain-
level Source plant length len; tn size apility
2r = Crl 2264 3 1 1 2.5 9
CrI 2771 L 2 2 1 11
Lx - CrI 6%3L 11 5 4 8 14
CrI 9949 10 4 3 i 1
PI 229625 3 7.5 ) 6.5 7
PI 228270 1 3 045 5 10
I 22Gozhb 2 6 5 0.5 5
6x CPI 61¢€1 9 11 10 1z 12
CFI 22408 12 13 10 2.5 2
CPI 1¢115 7 10 12.°5 9 L
CPI 22152 5 7.5 3 10.5 3
CrI 10503 14 9 10 13 13
FC 6 14 12 14 6
FC 33109 13 1z 1.5 10.5 8




R

dve, AVe, AVe,
length vigor vizor Ave, Ave,
X rating rating no. cof erectiness
breadth (=10 1-10 rnizoine rating Totel
3 1 1 < & 045
5 12 15 4 5 0.0
7 2 < o 1s 740
5 g5 8 5 13 05.5
A 6 b 3 o 5465
1 3 3 1 11 Lha5
2 4 I 7 3 Live 5
8 .5 .5 1 1 )
1z 12 11.5 1z L 70
9 7 9e5 9.5 1z (Fe5
10 5 6 11 10 7640
11 14 14 14 9 i<l
12 11 11.5 9.5 7 18,
14 10 7 5 2 9540
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Tavle Z4. Rankings for various characteristics oi sources of Kura
clover g¢rown under greennouse conailions.

: : $AVE.NO.: : i AVe. B ¢ nvVe,
: ¢ Ave. no.:florets: dve. : Ave, : pollen : lencth :
Ploidy : trieads per: for :pistil : nollien: stain- : be :
level ¢ Source : plant : head :length : size : aoility: oreadth:
2x - CFI 2264 14 6.5 1 25 9 2
CPI <771 13 10 < 1 11 o
Lx - CrI 0354 1 3 L 5 1i 7
CrI 9v.9 2 1li 3 I 1 9
FI <29625 L Leb 6.5 6.5 7 1
FI <z8Z70 7 2 6e5 5 10 3
¥l 229624o 12 beb 5.0 G5 5 &
éx - CrI oi€l 3.5 13 10.0 12 1le 5
CPI 23403 3 1z 1C.0 2.5 2 1<
CPI 15115 10 1 12.5 9 L 1
Cri 231338 8.5 3 SV 1J.5 > 1
CrI 10303 5 11 10 13 13 S
pPC §) 9 1z 14 6 il




Table 25, Cverail ranking oi sources oi sura clover vased on totals
from Tanle 22 and Tanle 244.
field Greennouse
Ploidy Total Flciay Tolal
Source level points source level points
CFI 10803 6x 121 #C 33109 6x v3e5
PC 6x 103 (PI 6161 63 oJe5
FC 22109 bx 95 CFI 10803 6x 0.0
CPI 616l 6x S, kC ox 5340
CPL 23402 6x 4 CFI 18115 6% gied
crI 18il5 €x 795 CPL 23158 5 46.0
CPI 22153 6x 70.0 CrI 2771 2x 42.0
CrI 6224 L 730 Crl 65884 Lx LzoO
CPI 9949 Lx 65.5 CrI 23403 6x L1.5
CPI 2771 2x 60.0 FI 2296<40 Lx 27.0
PI 22965 Lx 5he’ CPI 2264 <X 35.0
PI 228270 Lx Li.5 P 225270 Lx 335
PI 22902Lb Lx Li.5 CFI 9949 L 23.0
CrI 2264 <X 36.5 PI 229623 4x <945
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Fige 1l. 2x plants of Kura Fig.. 12.. 2x plent of Kura
clover during winter of clover on right.
158-159. 4x plants can 6x plants on left..
be seen on extreme righte. Winter '58-'59.

Bee cage used in this
study is in background.

=

Fig. 13.. 6x plant of T. Fig. 1l4.. Vigorous 2n plamt

ambiguum. Winter of Kura clover grown
'88="55 in the field.. June,

1959






Vigorous 4n plant
of Kura clover grown
in the field. June,
1959

Figo 150

Same 6n plant as
in Figo 160

Pig. 18.

of Kura clover grown
in the field. June,

1959

Leaves from 2n, 4n,
and 6n plants of
Kura clover grown in
the field. June,

1959






The otnier aonorial condition resulted in the feilure ol an

o

entire n=zad or part oi a head to develog and nature roricily. 1The
nuroer of heads alfected as well as tne extent of tne abnoriality on
an individual head appeared to vary Irowm plant to plerits In its most
severe wanifestition the nuw.oer of {iorets lost to trhis malady would
lover rotential seed set upurecisviy. Tais condition was not epparent
under field environnment.

Urder field and greennouse conditions, nost plunts an.eared to
be free o virus infection. dowever, two piants in tue fiela agpvarzntly
succuwibed to virus wiile a If'ew appeared to ove iniected Lo varying
dejrees,

In the fie2ld, tnere was serious iniestation of an insect waich
destroyea the upger part of tne pistil. Althougn some clants appearea
to be relatively unaffected, it was difficult in others to {ind an
undamaged floret. If tnis sine conciticn persisced procertionately
under noruzl [ield operztions, tnis factor would provebly be extrenely

important in total seed set,






DISCUS510N

Ploidy levels

Although cytological examination revealed only one ploidy
level in most sources, two preadominantly hexzaploid sources contained
a few tetraploids and pentaploids, respectively. In one source,

CrI 6161, L4x plants were found while in the other, CFI <3408 5x
pvlants were revealed. In CPI 6161, a L4x X 6x cross mi:ht be expected,
but no 5x plants were iound in this source. In CPI 23408, the 5x
plants presunzbly arcse from Lx X 6x crosses but no 4x types were
noted in tuis source., In addition, aneuploids woula oe expectea in
CPI 234,08 because of 5x X 6x crosses; no definite aneuploids were
fouxd.

As previocusly sursested, irregular tyves ni.ht have existed
in larger nwibers and in other sources anc ni, ht h=ve ocen discarded
because of low vi:or or slovier gerwination. arnother possivility is
that these plants resulted irom seed .ixtures pbetween sources of
different ploidy levels. But frow the inforietion at hand, ine nost
plausipbls exglenation would szem to be thet these i:rre ulur types
arouse from intersource crossings betwgcen difrerent ploiay levels,

~

Thus the ix tygces of CPI 6161 misnt arise from a cross vetween a 2x

source and hexaploid CPI 6161l rlants. Th2 5x type micont have resulted

from a cross betw:zen a Lx source and hexaploid CPI 23408 plants. Tne



vl

fact that aneuploids were not found suy_ests vhal Liese irre;ulzr
tirses were £1's. Hven at reiatively low frecuencies, intergloiay
mixzTures would hwuve a raried depressing eilect on fertility.

Because o1 1ts strong asexual capacity, Kura clover is not
subject to selection solely on the basis of a strong sexual inecnallshie
This verwits exrcerimentations witn ploidy in extending tne areu of
adaptation of the snscies. Hcwever, no polyploids greater tnan 6x
have been found in tnis study. In aduition none of the literature
revieved mentions airher ploiay levels in T. ambiguur. In otner crops
there is crten maximum »lant response witnin a certain ploidy ranie.
The amount of response decreases accordin; to now far a _iven ploiqy
level is acove or velow this optimwi range. On tunis vasis, even if
the hexaploids of hura clover represent an octimum ploicy level, at
least an octaploid mi-ht os expected, out as noted avove, none nave
yet been reoorted. The specles may te presz=:ntly under. cing critical
evolutionary stoges from which a nore stable polyvloid level ey e.er:e.
At these higner levels plants mignt snow even greater vigor tiien tae
hezaploids.

For several crnaracteristics examined in tris study, ran.es
increased directly with oloidy level. This ircrecsed variszoility in
polynloids mi-nt be an el ect ol the hi h cegree ol recomvination

possible irn polynloids cver a long period of tiie,

Leaf lenzth/breadth ratios
In two hexaploid scurcesz, CrI 10803 and PC, tuere were high

correlation coefiicierts ror lensth/oreadth ratics in the rieud and



the greenncuse, In adaitlion, each nad sieilar everc: es s Standard
deviations in ootn wviaces. averzge ratics znd standard deviations

o

of

.

the otneor hexaploid sources variza vztween Jield znc [reennouses

n the field, plants of CII 1U303 and PC showed hi her v.riability
trnzn all puv one of the other hexaploid sources. 1In tne gresnnouse,
however, the variavility of these two hexavloid sources was aocut
averare for all nexanloids. 7Tne stancard deviations of tne lengiin-
breadth procduct indicated a similar paivtern of veriavility.

If subjected to stress in a given environiuent over long pericds
surviving genotypes may vroduce a similar phenouvype. aten tace: iIrom
triis criticel enviromwent, gsenes wiilcn had been previously aasked
mirht thea exrress theamselves and new phenotypes woula arise (3) (4).

The crnanges expr d in the new environie~nt would var, velween plants

®
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and would depend on suchi factors as the effect cof environ.untzl caange
on the expression of ;enotyse, the nuwiber of renes countrollin, a civen
trait, ithe nunsver ol chromozomes on wnlch tuese ps=nes are located and
tne anmount of reconmocinction betwee:n tnese gznes.

Crganisms wnicn have not bzen exposea Lo critvic-l environmonts
may lack the genetic placzticity necessary to nroauce diiferent Lneno-
types under coapzratively winor environmental cuanges. Un the otner
1an such plasticity way b2 wvwresen o) i.h der in or«anisn
hand, h ol ty y be present tc a hi.h derree in organ S
from areas of environiental stress. Accordin; to this ny.othesis

crowit in a favoranle environsent ior

Pl

CPI 10803 and PC ni_ ht have peen
hexaploid 7. szzodzuvm while the other heraploid sources ni;ht have cone

from more critical areas. The diifer:=nce in napnitude ol stanuard



deviations ooctained rrow the swue lunts of a - iven scurce _rown in

I

cirferen vriroraets arz, at oszst, lndlcziive ol chenot;)oic

nlasticivy. The plasticliy may ve r.ore or less directly reiatea Lo
envirom:ental stresses of the area of wdaptution. accordin: to tiis
hyoothesis, source Cri 23152 wiuld nave arisen uncer Lhe .03t critical

environiizat,.

Leaf length x breadth product
Lezf size a . .ears to oe & function of source as weli ac ploidy
level, aprarsntly tne environient unuer wiicn a particulur clone
arose stron:;ly iniiucnces size of leal, Latural selection uncer some
environ.ents has :roozoly been instrurent<l in re.oval ol certain of
the large leaf types exrsected in higher ploidy leveis. For exauple,
plants with lerge leal areas aud, consequently, large transoiration

surfaces would presw.avly be selscted azainst under crougrnty conuiltions,

Pollen non-stainaoility

In discu

w

sinz non-stzinudble collen it is assw.ed Lhct the [er-—
cent of non-stazinaole colle. is cdirectly reisted to tne percent ror
fertile polien. If the above hypotiesis is at least rea.onaoly

accurste, the low percent non-stuainzoility .iuna in Lany pl=ats at the
2x, Ix, and 6x plold; ievels cresw.acl; indicates re.ular isiosi
tnese plants. A tendoncy toward more regular meiosis nac buen reported

in induced Tolyirloics after a few generations (<3)e. This aouarent

in T. azpiswin oy its stror-ly ririzomat:us haoit wnich would favor vi orous
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clones re,urdless of any nelotic diriiculties.

CPI 10302, wnicu hygothetic:1lly we.y hzve come [row & nen-
critic=1 environuont, haed a very loiu percenta ¢ oI non-stainauvle
pollen. iowever, CrI 22152, wilcihi hypotnetically was acdapted to a
critical envirormsnt, had & hi 2 percent. e oi non-staincuvle poliea,
This ai, o be expected i1 n.tural sziection in I.in- e wsreas of adap-
tation was such thet tnese perennial nlants were sclected more on tneir
ability to survive as individual ulants rather tnan their aoility to
function as a stron;ly sexusl orgzanism. 1In a non-critical environuent,
on the otrner hand, the aoility to produce large guantities of se=d
ri:nt oe advantageous. The nore recomcinacion types produced oy an
individusl the greater are tine oprorturnities ror tyoes nore adapted
than their varents. Tne heavy flowerin. and strongly rhizoiatsus

havit of CFI 10303 lends supprort to trnis hypothesis. (Convearsely, url

22153 had fever Ilovers omn the averace tnen tne other hexanlold sources,

out avera:e rhizome prcduction in tnis cource was zocul the scwe as
that ol the other nexaploid sources witn tnz exception of Crl luil3.

However, all plants in the fi:1d vere included in tnz stuay on nw.oer

of raizomes., Thus viidile Crl 1J203 was represernted priwarily in tae
visorous first traunsplants, the other sources were more or less repre-
sented in oboth tne eariier znd the lsss vigorius later transolants,

In addition, the rsoicity ana exte.nsiveness of riizecme develo.ment

mizht vary according to enviromint. Therefore in its area of aciptation
a plant mi.ht react entirely dicfersnt tnan in the environrenis in which

this study was carried outl,.
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Fertility in zeneral
Conclusions drawn from the results of fertiliitvy stucies are
ozsed on the asswsplion that pollinutions were ecu:z1ly eil'eclive in
all crosses, If tihils azswrption is generally valia, cerinite incou.-
patioilitly mecnanizus must exist in T._anbizuum. Three levalis of
fertili.y were noted in tile virious crosses:
1. Hi-h fertility irn ootu parsits,

<. ni i fertility in one parent, but low fertility in

Low fertility in oot oarents.

(V8]
.

y

The hicotizna type of incompatipility mechaniswm wi.ht help

expliain the apove pheromena. Tiis type ol incowpataoility nas bzaen
revorted in muny soecies oi the Trifoliw. and does produce tiie eifects
noted avove. UCther incompatioility uechanisis would also be a piicaole
to the aovove phenomera. The complexity oi tne nmechnznism woula nost
propaoly increase with sn increase in pleids level,

The matings in this study neve cnown that fertility exdsts
within and betweer all ploidy levels. Hagoers (J8) noted a warsed
reduction in seed set wnen l-zi% diploid clover was grown with tetra-
pleid clover. 4% diploid clover halved the szed yield oi tne telra-
pioid. If sven a sindlar recction occurred in interplcidy ..ixtures in
T..amoizuum, it would ce especially insortant to wainlein isolution of
the ploidy groups. 1f the «X, 4%, and 5x £loidy levels are not iso=
lated from one arcovher, it is possiclc thot oz, 3x, 4x, 1, and ¢x
seeds would be harvested in the scme lot. The 5x and 5x would not

breed true to pl-oicdy level, The 4x plants oroauced {rom a < & CX



mating vouly «lco £3il to bre:c true. vcertilizy w.oulo ve ouice low

u e v
in any one ol Lhe ajve Lnre: cztes, oSuvsscuent .ereraiions would

have a ni her de:res o1 ancupl>iuy aue to such Lutin s as 2X A 43X,

5% K €1, etce T is a_zin vouln dacreacze over-il re-~tilicy.

In sww ary, three proslaus a; ear 1o afsct feriilivy

\
o

in

o

1. Different ol .i4, leveis,

<. Cirou come aoverraiions, esrzcially in the nloher plo.dy
level. Tnis inciudes clhiroi.osome averrations aricsing
from fragmentetion of individual carcmoocmes as well
as diifersznces in wnole crroroscme nw.o:zrs. The
Lnole couroaosone typez ol aoerralion ior exio1la,
would result frowm cresses involving ansunlsicds,

2. Inconretiosilic, s steus.

Tne latier tws are Lroo.sl, rza.ins Jor tn2 ilover Szed set

cloid level increaces,

Fertilivy ab tre ox level
Thne ¢z nud-izlant interssurce cross _rocuced 4 loler avora, e

seed set per floret than the intrasiurce cross. Whls was conlrar

to tle recults from tie zx nultiylsnt crosces, Some o. tnis deviction

(@]

in trend i _h¢ be expliained oy tre I'ocllowing:
1) 5=e activity ni ht h.ve ocer less aurin_ taz Ox inter-
source cross;
Z2) Tu= reclorocii crusses involvin U _2109 duncicate tit

5

~ o e e - g N
necninisns ds o exist cetw:zan sorne ol tne

source, 1t is rossicle tonal tne plolts



v
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0l #C 2.9 in the intrasource ¢ross were aore aubually
coinaltiole bBihin tne piants ol tnls source 1 wie JoLier-
source cross,  [ilis nwy aco.unt for tie low szed set on
some oif the 'C ZZLUY's in the iatter cross. oiuce dii-
ferczot piznls were in eaci crosz, 1t was now .osclode
to correrate seea set and rpe ol cross i thne s.one
plant;

& 7C 33109 vere in the interzource Cross

(@]

3) seven clants
put only one nlant from eacn ol Ltare: olner soulces vwas
invoived., One ol these, Crl «3408-3c<1, vas ixter found
to have 2> roxinately 7Co non-tertile vollen (b:msed on
rollen stainapility). Therefore, even il these planis
were mutually conpativie the oprortunity ior tus intro-
duction oi cowpatiole types from otner sourcses is
relatively low,., Htowever, recisrocal intersource crosses
at the 6x level nave indic.ted inat incoaoutevility
mechanizis exist between sources as weirl as witnin
scurces, Tuis could have furiner coupiicited the G
intersourcs crosse

szed set, in tre afore.ertionad rlant with 70, non-steined

voller trains, ncuwever, vas aososub avera.e for that pe.ticular nuiti-
vlant cross. Les ite the nil.h percentace of e erently inferiile

poilen, a ler;e wrosoreion oi ey il have oe.n fertile. In nost

rlents wiiic . have norial nelosis, tihree oi tre rour nuclel ror..ed

from tne mepasitore nother cell degenerale, The re.eining re_w..ore,

—-

usualls tne one rurthest tite lcrop,lar end, then ur -2y 03
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divigtiern no Jorns tne Teotol olete,  Hovever, 1 nooiouic oldllewatiss

ccecur, ihe oot noirood riowspore, re truless ol L Gusitoch, Survives,

Cf course 1. 19 ossivie Tuel n ndr ol fzozie _u.o.uz oule ce
Torred. Jirce I, =0l uum ustadly has two ovuies per jistii, ore
cr.nce 1n =21 nt exists thet & nornzl or near roi.oli e . wWill ve

develored i1a eacn tloret,
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Co. narisen
iced polynleiay in general

and ircuc

i

In this stumy therz was z2neral a.raui.ent celvicen tne etiects
of induced wvolyrlcia, and the eilects of clyploicy ia T. zo0i udii.
However, soi.2 discrzpincies aid exist. widllzs incuced olywivids
are r orited to Leve [lewer Iicvers and rnlzliles, THLiWILS @ni Iiover
production in the Jield increased directly witn ploigy level in T. -
amul uum. In addit-ion, tiere was no dzacrease ia tae nuuiver ol fiorets
ver head in nura clover es ploidy level ilncreased citnousn decreases
are re:orten in incuced polyrlsics., Tnese criing @s are pros.oly a

result of recomcinitior anad nitural s=iection cover an exi.oncsd period

i

of time.



Dl.daliie and Geloowoador

Triloliuwn siol uw e . (X=5) cownonly exists in ciploid,

tetroploid, and neraplole forws. Plonts Jrow Zourt-en scurces vere
erziiined ror ploldy lsvel. [0SiL sources were ajnarzsnily rurs ior a
given ploidy level, subl owo predosdnantly herapiolid sources nad,
resyactivily, a few tstracl . id and pentacloia plents. 5ince no
anesuploids were f.und in thcse sourcs., it was uypotnesized tizt

these variznts were FI's rrom intergloic, mablings involving differ—

ent sources.

Several morp.olojical and vsiolopicil caaracteristics ol
vlants in ihe creenhouse and [ield were erawinzd in an atte o

determiine possiole reietionsnins belween vl idy levels and Lhese

i

characteristics. Generally, the rollowing cnunges were noted in
field plunts as ploidy level increased: larger ieaf ien.tu/oreaati
rstics (no chan e vas roted oetween Lx and & avera,es), inciezsed
but later flowerin., lon-er florets and pistils, lar_er porlien,
larger anc heavier seeds, increased rnizome groduction, and ;reater
visoer. Adlchiouw 4 non-stainaoility of oolisn tended to increase witn

loidy level, scme nolyploic sources had low gercent.:es of non-

s}

stainavle gollen, winter losces were siall ana e zarentsy nobt reicted
tc pleidy level. bisease and insect prodlzis _enerzily a .eared to be
of little consesuvence exce;pt that nany florets in the :isld were

noted wiich haa the up er orticvn of the pistils destroyed or savarely

%9



1.0

dusaged of inscets. I8 toi: situation prev-iled ia comwercicl (ro-
duction, a ni-3 seed loss niyht occur.

In tne rreenhouse, iflo.et length, nwiver ol heads ver olant,
and nuwiver and size of stom:-ta didc not reficct the avove trenas av
all plecidy leveis. Cverall vi jor was also less in the .reennouse.

Hi.'h intresource corrcistion coefiicients for leaf len.th/

breadth ratios of plints grown in the 1ield and preenhouse were

found for only two sources. ‘fhese tvio sources also had similar intra=-

T

.Y e
reelinulsSe

-

source averages an( sbaldaerd cdeviations in the iiela and
An nypothesis for the acove urenomena was formulcztec and discussed.
C;tolo.ical examination was tne only efiicient criterion isund
for identitication of ploidy levsl of any iver plant. However, under
the environ:entai conuitions prevalent in tris stucy, plants which
exceeded one or iore ol the foilowin-. linits coula tentatively oe
recarded as hexaploids: len th x widin croduct ;reater tian 16000
Sqe. mn., floret lengtn g¢reater tnan 14 mm., pistil lerngtn in excess
of 6.0 ., and wolle dianeter greater than 23 microns. FPlunts
having a pistil len.tn of less Lnan 4.5 iu. would probably ve diploids,
This inclucded the buli of the diploids exanined in tnis stucy and
acpeared to pe an important criterion. rHexaploid seed caa 4o, arently

be efficiently recoved from mixtures with «x and/or 4x sceds by

o
[@)
]
120}
s
O

selection
Crosses were nice within and oetween ploidy levels, Intra-

ploicy fertilit; a:peared to decrezse as tne nloiay level increcsea.

3ome erfective crosses wers ootuined from all interploidy crosses;

however, the i4x X 6x crosses prouucea sced relacr conswstentlys. 1O



selfcompatioility was noted. 1In adiition, seli-incoroativility
necnanisms also actevred to exist within and oetween scurces ol all
rloidy lavels. ertility data ewchasized the importance ol meintain-—
ing effective isolztion of ploidy levels if repular t;pes are to pe
maintained.,

It is su:s,.ested tnat Kura clover'!s stron. asexual c:pacity
enzdles the species tc sxperiment witn ploidy for maxiuum adaptation
to a gfiven envirommant. osecause of coexistence of Zn, 4x, and 6x

tvoes as wcll 43 the a.pe

e

D? 3
13
2]
®
.(;’_
"_J
[
o
(o}
-+

ol ner nloidy levels, it is
furtner hyposhesized tnat the species may presently de uccel Olilg
imoortant evolutionary cro.nges.

In Micrdi;an, Kura clover has a hi_h .ctential as a uore or
less teriwanent fors. e crop on soils witi drainsge vrooless, uvut in
any :iven area only one ploicy lever snoula ve . rown. Lader ine
environment at Lust Lansin. tne neraplold scurces snowed the nost
promise., However, cerlain plants at tne ciplsid end telrapdi.id
levels nad :cod vijor. At w1l olols, levels, rutnless selsciion
wolwld be necessary pefore a vreedin; vwro rwn wes initicted. Sesd
yield would be reicted rot only to ploid level ovut also to tne diver-
sity of cerm plasm within a ploicdy level. Thus, a variety involving
naterinls frowm seversl sovurces of the sane ploivy level woulu probaply
outyield a variety involvin. only one or two sources vacause oI tae
ves in tne latter.

.
&

concentration ot incompatible ty
portant considerztion et thie diploid and tetraploid lever since only
a few plants were found wnicn acvpeared to oe desiravle agronunic

tyvess



Trhe rcroules oi sexual reuoo.uctlon in hura ciover coula ve

vyvazsed oy wiilizotion of ecexuzl proga abion. wvesiraosle clones

covld de pronsyztad indelinizely witiout the innercnt variaoility in

preeny resciting Ifrom sexual projasetion.  Tae hi nly ViIoDUCUE,
extencivaly ridzonatous hexzvloia Types w.oula be especlalrly desiraole

* v

in such a vro rid. afelusnl DProLAarLl.on &S Deerl successliuis, utiiized

i

in the wrogza ation of ernuda srass (Cmocdon dacht; lon).
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APPENDIX A

LEAF SHAPES OF GREENHOUSE PLANTS OF KURA CLOVER

Figures 19 and 20 - 2x plants
Figures 21 to 25 inclusive and number 15 of Fige 26 - 4x plants
Figures 26 to 32 inclusive - 6x plants

Figures 33 to 36 inclusive = abnormal leaf types
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APPENDIX B

FERTILITY DATA

Tables 36 to 50 inclusive

B = pollination by honeybees

H - pollination by hand



TABLE 36

Pertility data from a 2x X 2x multiplant intersource cross

Plant No. of No. of
Source No. Florets Sesds 3eeds/Floret
CPI 2264 763 B 246 261 1.06
. 778 152 173 1.14
s 788 146 142 0.97
b 785 61 50 0.82
. 780 52 72 1.38
" mn 112 97 0.87
" 762 154 169 1.10
' 750 353 435 1.23
. 92 339 327 0.96
" 749 266 402 1.10
" e 80 8 0.73
" 86 84 108 1.29
" 95 327 310 0.95
. 97 Sl 468 0.91
. 85 293 246 0.84
CPI 27 819 189 172 0.91
" 808 254 291 1.15
. 813 193 193 1.00
. 793 167 198 1.19
" 792 174 219 1.26
" 802 330 303 0.92
" 809 189 260 1.38
. 807 234 273 1.17
. 799 134 141 1.05
. 795 118 131 1.11
" 811 176 158 0.90
Total Total Overall
Florets Seeds Average
OPI 2264 3279 3318 1.01

CPI 2771 2158 2339 1.08
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TABLE 37

Fertility data from a 2x X 2x multiplant cross within source CPI 2264

Plant No. of Noe. of

Noe. Florets Seeds Seeds/Floret
763 B 65 b9 075
96 111 63 0.57
47 196 2 0.01
748 31 7 0.23
749 143 46 0.32
790 T4 33 0.45
104 52 14 0.27
764 54 35 0.65
761 60 47 0.78
91 54 38 0.70
773 165 35 0.21
782 58 L6 0.79
760 58 22 0.28
776 83 78 0.94
788 101 71 0.70
79 63 28 O.h4s
786 50 21 0.42

Total Total Overall
Florets 8eeds . Average

1418 1635 0.45



TABLE 38

Fertility data from a 2x X 2x multiplant cross within source CPI 2771.

Plant No. of Noe of

No. Florets Seeds Seeds/Floret
814 B 320 195 0.61
199 82 4 0.60
821 46 43 0.93
810 43 31 0.72
804 191 127 0.66
813 108 65 0.60
811 122 92 0.75
815 149 160 1.07

Total Total Overall
Florets Seeds Average

1061 762 0.72
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TABLE 39

Pertility data from 2x X 2x reciprocal crosses within source CPI 226k

Plant No. of No. of
Noe. Florets 3eeds Seeds/Floret
T47 H- 14 0 0
93 25 (o) 0
749 H 22 o o
760 23 (o o
786 H 50 0 o
764 48 o] 0
786 H 43 (o} (o]
749 46 29 0.6%
749 H 49 22 0.45
761 47 0 o]
749 H 26 0 0
773 31 0 )
T49 M 18 0 0
788 16 9 0.56
773 H - -
764 38 35 0.92
173 H 35 49 1.40
788 35 38
788 H b4 2 0.05
763 4y 23 0.52
763 H 67 0 0

764 68 o) o
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TABLE 40

Pertility data from 2x X 2x reciprocal crosses within source CPI 2771

Plant No. of No. of

Noe. Florets Seeds Seeds/Floret
817 H 76 0 0

807 . 82 0 0

799 H 24 0 0

794 -— - -

805 H 29 12 0.41

821 30 12 0.40

798 H 27 13 0+35

810 38 28 0.7
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TABLE 41

Fertility data from 2x X 4x reciprocal crosses

Plant No. of No. of
Source No. Florets Seeds 8eeds/Floret
CPI 2264 93 H 24 0o 0
CPI 6161 1l 25 0 (o]
CPI 2771 817 H T4 (o] 0
PI 229625 557 73 14 0.19
CPI 2771 806 H 61 0 o
CPI 6884 29 63 o] 0
CPI 2264 766 B 580 0 0
PI 228370 654 150 (o} 0
OPI 2264 773 B 451 0 0
PI 2296240 722 275 (o] 0
CPI 2771 814 B 609 2 0003
PI 228370 632 448 1 0.002
OPI 2264 747 B 533 3 0.005
PI 228370 626 428 0 0
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TABLE 42

Pertility data from 2x X 6x reciprocal crosses

Plant Noe. of No. of

Source No. Florets Seeds Seeds/Floret

oPI 2264 770 H 50 0 0

CPI 23158 244 (o} 0

CPI 2264 73 H 60 0 0

FC 33109 873 60 2 0.03

Cor1 2771 792 . | 44 28 0.64

FC 33109 890 4y o} o

bPT 2264 759 H 26 0 0

OPI 6161 5 - - -

CPI 2771 827 B 328 0 0

OPI 6161 10 173 2 0.01

CPI 2771 795 B 363 o 0

Fc 33109 8% 202 0 0

CPI 2771 831 B - - -

CPI 23158 238 193 Y Y

CPI 2264 773 B 296 10 0.03

FC 33109 1091 79 o] 0

CPI 2264 74 B 353 0 0

FC 33109 851 239 9 0.04

CPI 2264 T47 B 382 2 0.005

FC 33109 833 107 2 0.02
Total Total Owverall
Florets $eeds Average

3049 55 0.02
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TABLE 43

Fertility data from a 4x X 4x multiplant intersource cross

Plant No. of Noe of

Source No. Florets Sdeds Secds/Floret
PI 229625 516 B 375 367 0.98
’ 557 191 201 1.05
PI 228370 685 359 296 0.82
. 687 412 348 0.84
b 638 157 171 1.09
. 616 278 325 1.17
. 654 334 27 0.81
" 679 417 304 0.73
PI1_229624 T11 ho5 365 0.90
CPI 6884 23 173 134 0.77
Total Total Overall
Florets Seéeds Awerage

3101 2782 0.90



123-

TABLE 44

Pertility data from 4x X 4x intersource reciprocal crosses

Plant No. of No. of
Sdurce No. Florets . Seeds Seeds/Floret
PI 2290625 532 B 428 0 0
CPI 9949 129 164 0 0
PI 229625 505 B 33 215 0.65
PI 229624b 697 359 230 0.64
PI 22962% 490 H 5% 9 0.17

PI 228370 672 53 50 0.94
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TABLE 45

Fertility data from 4x X 4x intrasource reciprocal crosses

Plant No. of No. of
Source No. Florets Seeds Sseds/Floret
OPI 6884 29 N 49 39 0.80
" 60 49 31 0.63
PI 229625 571 H 43 28 0.65
" 490 46 5 0.07
PI 229625 540 H 32 o) 0.63
' 575 40 57 0.9%
PI 229625 565 H 49 ) 0.71
. 507 48 36 0.75
PI 228370 662 H 18 &4 0.22
" 680 18 14 0.78
PI 228370 662 K 49 20 0.41
' 599 50 36 0.72
PI 228370 662 K 35 38 1.09
. 628 40 25 0.63
PI 228370 628 X 22 15 0.68
" 625 - - -
PI 228570 613 H 28 0 0
C 657 27 0 0
PI 229624b 733 H 21 18 0.86
. 708 32 22 0469
PI 229624b 722 K 57 17 0.46
0 724 Ly 25 0.57




125

TABLE 46

Fertility data from 4x X 6x reciprocal crosses

Plant No. of Noe of

Source No. Florets Seeds Seeds/Floret
CPI 6884 60 H 35 26 074
FC 33109 1083 42 0 0
CP1 6884 65 H 63 16 025
CPI 18115 276 58 6 0.10
CPI 6161 1 H 75 38 0.51
FC 33109 1033 75 Ly 0.59
PI 228370 672 H 47 18 0.38
FC 33109 1081 50 5 0.10
PI 229625 507 B 101 4 0.04
CPI 23408 335 105 4 0.04
PI 229625 579 B 350 57 0.16
CPI 18115 273 414 136 0.33
PI 229624b 724 B 205 104 0.51
FC 33109 860 - - -
Total Total Overage
Florets 8Seeds Average

1620 458 0.28
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TABLE 47

Fertility data from a 6x X 6x multiplant
intrasource cross involving source FC 33109

Plant Noe. of No. of
No. Florets . Seeds Seeds/Floret
956 B 197 170 0.86
1050 122 108 0.89
965 175 58 0.33
836 179 128 0.72
880 200 107 0.54
862 140 96 0.69
1006 164 96 0.59
1079 122 o7 0.80
870 259 185 0.71
Total Total Overall
Florets Seeds Average

1558 1045 0.67
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TABLE 48

Fertility data from a 6x X 6x multiplant intersource croass

Plant No. of No. of

Source No. Florets 3eeds Séeds/Floret
FC 33109 835 B 41 20 0.49
. 172 42 27 0.64
" 1055 48 29 0.60
" 897 51 31 0.61
" 1059 47 12 0.26
. 1067 37 .27 0.73
b 1004 48 4 0.08
CPI 23408 321 60 27 0.45
CPI 23158 226 89 31 0.35
»e 411 55 x5 0.64
Total Total Overall
Florets Seeds Average

518 243 0.47
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TABLE 49

Pertility data from 6x X 6x reciprocal crosses within FC 33109

Plant No. of No. of

No. Florets Seeds Seeds/Floret
897 . 59 15 0.25
962 58 32 055

1050 H 37 -

1033 37 o) 0
851 H 25 21 0.58
993 34 29 0.85

1022 H 19 3 0.16

1087 20 7 035
982 H 32 12 0438
860 32 11 0.3k
860 B 179 47 0.26

869 268 17 0.06
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TABLE 50

Fertility data from 6x X 6x intersource reciprocal crosses

Plant . No..of No. of

Source Noe Florets Seeds Seeds/Floret
FC 33109 889 .| 45 21 0.47
CPI 18115 276 43 3 0.07
FC 33109 873 H 45 22 0.48
CPI 10803 149 47 o 0

FC 33109 890 H 39 o 0
CPI 23158 244 38 (o) o
CPI 6161 7 H 28 27 0.96
PC 411 29 12 0.41
CPI 6161 6 . 22 7 032
CPI 23408 335 24 3 0.13
CPI 6161 7 H 32 26 0.81
FC 33109 851 27 23 0.85
CPI 6161 5 H 25 31 0.89

CPI 23408 365 n 33 0.80




o e R U A B "
- - P .
L L R I R N T}
wi S,
Fedh Aiiw
B B T . o s W s
R T VI T SRY RPASIRULLYY 4 IR0 SN S P
L ‘ ¢ pead o e .o b
KRS ] (534 f‘*{ R S PR NP R P H
i oy . .
it H N
PR
; . e~
L HE OF

ECRES A R g{:f

B e e YT L i




' PR R B ST . . ; T g ¢
o AR SRy A S @
. - . U : \ . N -, T .
FRE A I SIS S B S T U P ST S SV
« R Cap o « 3 o L . i
- LLRE R B e e A w T ol Vo
ST e .. el T e Ly ) . N :
L SR I -5 W % LR "R B A Lo TN LT phue.da S e
. X " 3. r 3. L I - . Il . .
ENL LRGP REM A Wi PO : TR NS R A S S oo E®T Lo

Bl PN REe G e Ry To@ B SUTY Wbl

' .2
=0 . .
7 - ‘x
PR S S S
;
¢ Skl
et L &

igv"-g N Lok 5‘:*.1'7 ".,,' :41-"\’ Lub wecionty veow Found A0 e Ny

VoA, 30l gonromt,  TUadd S0 B ande s Ly £dlpmehiVesyy & $he bl

P08 R Penbapasad gaailde  SLOCE N BE Al hed BESE S0 L D0 0 3
Thmad Chaade i l® wWor @ o8 Ju b de Lwrnitlag Baas 0

PR

5 oAl %) 5

susn in Lhe field LYBEEULSE W

o yow.” < wal Voo 3 L ra S e N - -
prvarsl zorriote loean and paoslels iaal eharerieriatace

eEsseial=l wilh Juiyioiite Ihe pauudle Ynodsuled Liet

goreislons at Saat Larsing, pelpricide of e eluver o0

Fva 3 i L win
Lo Tl

vl e

Lo Ui oent e pallas, dnoressed daod ares, fecs il dosy 0 2l
Iraawsand Pt latoer flowsring , lorrar lorels wif Lis ting oo 0
el Llap, larear sl htdvier goddu, ducressad g Ly A
grenter wirer, ALWiowsh merestedroatility of plilon b 0 T
Sreads WiL Lot Javal, o pelrein Al Soarsen nod Lhw poio s
ef nonestaaned polien, wANLEER Litewd wors geatl €0l ol o
reisc et to pintsy level, in Lhe peewrtovts, Floend Joo i e 0w
Prasd pea e Ty el Rees@f Sl $.40 Bllristd e Sl ralloCn e
ancwe trar s at all ploliy levels, wvorsld wijoroywd a0 D g

In sy usey LA ek Ti Rt IOM A K0 ek CledStiladh o eed Tina) oo

culion of






i



