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iionosonic enalyses of ti'ro honozygous, 'be;nperaiure sensiríve

d',r¡arÍ iines were m.ad.e by crossi-ng each uo i;he coiirpiete rionoso:oic

series oÍ Ì;he varieties äescue and Chinese Spr.ing.

The ir¡o dwarís ÌtarqrilJ-o-Tinsiei-n and l,Larquj I I o-i(enya l¡arner

were Ío'.¡.nd to carry ;lajor drvarfing genes in chromosorres 2À and 2D

in fhe case of ì;he forrner and on chronosones 2À and âB in i,iarouill-o-

itenya Fafi¡.er. Each rvas Íound io be infl-uencecl by several rnodifying

genes, soile of iuhich appearcio affeci the temperaùure sensitivii;y of

fhe hybrud. l"he najor difference be'bi.¡een -bhe i,uo di,¿,ar.fs appear to

be ciue '',o chro¡nosoine À8.

Si;uo"w of heigiru varia¿ion i,¿iihln each of ihe cieficient F^
I

populal,ions reveaied 1;ha'r, heíght inheritance is more corûp].ex i;han

ttgrass cluraptt Cl+arfisin and ihai bhe tnajority of chrornoso:nes iha¡

infl-uence dr¡arf frequenc¡' aj-so i::fluence 'L,he height variance in the

^^-^^'r '-^- '{';^'^ ^3 !r"^ ãr '^^*.'ì ^ ,ion. In addii;ion, hoi'¡ever, 'r,here¡rv¿irlo¿ lJv¿ u¿vl¡ v¡ ULLç f 
2 

¡jviJl4eL

are several chro¡nosoioes -øhich influence planì: height but are noi

i-nvolveci in the inheritance of dwarfisin" This v,¡oui-d i:rdicate ihat

eiiher some genes have a pleiol,ropic eff eet or el se ihe inherüa¡rce

of heighi arrd ttgrass clumptt dwar"fisur are sepera¿e characteristics.

Ini:ercrosses be'bi,¡een the above dr.rarfs and the serni-dwarf var-

ieiies Sonora ó/¡, t'iorin l-0 and Torn Thr:,nb shor,¿ed ihai; these new

-l ines .arÉì verr.¡ diíferent fron'r,he othe¡SÍn,::iOcie of ilheritance and

iha'L ihey riray be of value as sources of geriri plasrn i¡r the produciion

of nel civ¡arf varieties.
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n]TIì,ODUCTIO¡i

The occul.rence of dr.¡arf pl anis in iniervarieial_ wheai hybrid.s

r,¡as firsi reporf ed in 1898 by Farrer (r0) " rn ',,he subsequeni period

nar¡y such reporis have been recorded especi alJ-y d'uring the course o.f

d-i sease resi siance studies "

Itr ihe course of ihe geneuic investigationson dr^¡arfisin, .olani

breeCers and geneti cì sts recognized the ability of dvrarf s i,o -r.¡i'r,h-

síand lodging erren under condiij-ons of very high feri,iliiy and.

i¡¡iga'bion" This aÌ;t,ri-bute has becone particuJ-¿¡ly iroporLani in

recent years wii;h the adveni of liore irulensive production.

Coinnercial- interest j-n dwarf varieties developed in ihe early

\95Oe s i:r iJashingi;on Staie in the Unj-i;ed States (lþ5rl+6)" Since Nhen

the¡r þ¿vs becone ihe basis of extensive Rockefel-rer Foundation r,¡heat

programs in Nori;h and Latin ¿inerica"

The genes for d-warfisn in al,nos-L a1i present sei:ridr¡arf var-

iei;ies rr¡ere derived fro:n the ttiu-orin lOt¡ variety or iis derivaLives.

'fhe fact 'i;hat this source of dr,¡arfisin is recessive and cornplexly

inherited has sì;j":rulaied atietairis io loca'be other sourees of d.r^¡arfisr¿

tha'r, i+ould be equally productive and easier fo utilize in r,¿heat

breeding progra-ïjrs c

Tr'¡o dr^¡arf lines have been ;croduced at ihe Universit}' of ilanitoba

l¡hich are dorainani; and teiiçerature sensüive. The present project

',res undertaken tribh i;he object of stuclying the r¿ode of inherii;ance of

dt'raríis¡n in these iines and to siudy their genoíy¡;ic reta-r,i onship ii-i1;h

'r,hose of l,lorin loe Sonora ó4 and To;n Thrunb,



P;ËVrui-i OF LIT:JI¿ATTTP"I!

i:'Iany plant breeders and geneticisi;s have recorcled. ihe

occurrence of díffereni types oÍ dr.¡arfs in r^/neat: ìnciuding rgrass

cl-i.r-nps¡¡. The firs-r, such report v¡as by Farrer in iS98 (10) " He

speaks of ügrass cluritpstr l.¡hich bjl-lered profuseiy bui rarel-y prod.uceci

heads "

I'Jeethling (1p) firsi aLi;ernp'ued. to accouni for i;he occurrence of

cir,¡ar.fisn on the basi s of a one factor hypothesis " tr: a cross of ff,iei;i

x Glu;'as Early, he obiaineC only nonnal- J:-., Flants ancÌ I dl,¡arfs in a

t,o'i;ai of 3l ìr, plan'Ls " Ile considered di.rarfing to be controlled by a

singie .*"o""it* facior, FIe laì;er re-exalúneci hi-s materi al and

sugges't ed a t¡¡nuitiple Íacto¡ hypothesistt including arr j:rìribi'ror facior

l,o accoun'c for the geneuic behaviour (ZO¡ 
"

Sa:c (26) in ì;he reciprocal crosses of Bluesterìl x iuûby ob-Laj:ied

grassy druarf rr., pJ-arits. The fajl-ure of ùhese planis i;o develop beyond

the rosett" "t]g" r.¡as ascribed i,o a l-ethal- or inhibitor factor"

Ä large m¡nber of investigators have e,r,clained di¡arfisrn on

the basis of 'r,luo inieraci;ing genetic factors "

tn a cross of liota x üarquis, Iiayes and. Àa:nodt (1J) ob-tained

^-^ ;r --^r;^ ^' L66 norinal-s ì;o 121 dr,¡arfs or a l3:3 ra'fio ','rhich incii-@¡¡ I^ ¿qu¿v vr v
a

ca'Led iha-r, i;l¡o factors were involved " Tirey assurced i;hai, one of the

;oaren'bs coniaineci iiuo factors, a gene Ð donj:rant for cil'uarf habic, and

I i,¡hich inhibir,s the exoression of the cii^¡arí faci;or v¡hereas the oiher

paren'i; possessed 'uhe recessive aJleies"



3

Gou-l-den (1e) stu¿ied i;he F, oÍ ihis mat.eriat and confir:red

the results. fn ¡he saíle cross Ct-ark and. Quisenberr¡' (7) ob't,aj¡ed

the sa¡ne results and assunecj. a facior, ÐD, for dl,¡arfisr¿ and a factor,

Ni'], for normal plarlis i,¿hich inhibiis i,he aciion of D. Kofa '"uas

assigned the genoty;oe ÐDl,li{ and i.iarquis ddnn.

Si;ephens (38) stuOying rhe cross Fecieraiion x itaster,

Ste¡tart and Tingey (40) l,.nth ihe cross i'Iarquis x Federai:ion and Clark

and i{coi<er (ó) i''rj-th the cross ]uÍa.rorr'ìs r i',ard l"ed-eration al} arrived

ai sirail-ar ti.r¡o f acior e:<planaii ons,

Others i,¡ith si¡rr-il-ar resu-l-ts include Ste',uari and ui schoff

Q9)' l'ìa-berhouse (48), Church',rard (5), l{ieves (Zi¡, Tingey (43) and

' /¡r \ranel{a [4rl "

Thompson (42) repor'¿ed. results from ihe cross Pusa 12 x Chui"

The F-, îs were di.rarfs, buÌ, they producecl some seed and. Èhe cross r/úas
À

carried. ihrough io ihe r,-,. Ëy co;nbining r.i-ibh't,he drvarfs 150 seeds

r.¡ni ch failed to geruÉnate in fhe ,r, he obiained the ratio of 18i

r'-- r^ !^ rì' "^J-ls l'¡hich fits ihe iheoretica] ratio of 39¿25. He\.{?r*¿r Ð vw u) rJls ruhich fits ihe i;heoretica} r

explainecl this on Lhe basis of ihree factors D, I a^nd E. Ð being

necessary íor the developroent oí d'i,rarfs, ï inhibit,s D, and E inhibits

I" I{ence planis of rhe consti'i;ution of E-I-Ð, E-iiD- and eeiiD-

i.¡ere di¡arf and ali others l¡ere normal-. The above h¡'pothesis is

supporbed 'oy ihe r.¡ork of Goul-den (lZ) i'¡oo denonsiraied thaì: Chui

car:'ies a dr'.'arf fac'lor and an inhibiiing facior. The other paren-r,

rn,,e* arrr.¡¡'l-ha fActor E lr¡hiCh inhibi¡S the inhibj_tor I o.f ChUl .
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/ri \r-¡'rnr-err t.l-l) siudied the irleritance of dl,,.arfs in the F..,1 +v: v+ \*¿/ 
L

and backcrosses of Jenkin x Quality and Jenkin x i'iarquis" He e:çlained

the resul-is on ihe basis of a three factor h¡rpothesis, tivo doninant

rr^fn¡o n o-d Ð^ being complementary for dwarfing and N, a factor for" "I *.'* '¿
norrnal grorrbh irhich was doriinant to D., D., Quality and i',iarquis rvereL<-

^^^.; *^J +,^^ ^^.-^+-*^ -*l ^ ,ì ¡ ^-.J T^-t-;- n^t^,D.D^D^.d,Þ Þf órrELl u¿rv óslrv uJ yv rulL¿-l u.t uouo ó,lt(l u çlnalf r\I!.ul
LL¿Z J-L¿¿

-l-n p oene.1-,i e sf.ll6w of nl --f, L,^j ^t.+ t-,, trt,a¡s6n et, a.l (ç) rlr,,¡¿ffrr¡ q óvr¡vulv ùvuqJ wf, l/rdllu lrul6rru wJ JJvg¿Ðvrr:g a¿ \7,, \

nlai¡t.s a.nnenrerì in ''rha ï' ñF^Õênv of f,he semi-jwa.rf selection lNOfin 10 X
^ 

y¿ võv¡¡Ji
a

- r 
' 

\ , /-"Brevor 14) x Burt and in i;he backcross of the F., to (Norin 10 r- lJrevor

14). The daia indicatecl that the parenis differecl by tivo genes, a

factor I for normal- heighi; ruhich inhibii;s a dwarfing facior D. At

the same t,j¡ne Norin I0 x Brevor - 1978 r^¡hich is a sister selec'uion of

Iiorin l0 x Brevor )\, produced alJ- dwarf F-, plants when crossed wiÌ;h

Burt" To account for the appearance of dwarfs in the latter cross

Burt iuas assignedthe genotype (Olffee), Norin l-0 x Brevor f97B (ddiiEE) and

Norin l0 x Brevor l4 (¿aiiee).

The most conrprhensive conventional genetic sludy on drrrarfi sm.

was conducted by I'lcÌ,Iillan (I8) " Ninety-seven varieties were used. i-n

the invesi;igation and 9l+5 crosses studied. lle obì;ained the following

À--*^^ ^¡ -^^'''r+ ' F- dwarf and 7 normal l-.o 9 dl,¡erf in F F dr,i¡rf andUJPçù uI I sù4ru. r'l uw¿r-L d,lfu I rlvMú4 vv / v)!q I ¿lI 12, If uW4¿

?,/, nnnrn¡l fn ?ô d¡.¡¡¡f in I' I' nOfmal And t3 nOffnal tO 3 dr,¡aff in F^./+^¿vL¿':*J.vv/v".'.2'.I"""-,..*-.¡!4¡q¿/vvl9,¡9¡*¿

Because of the varying ratios fsrrnrì'ín *ho Tr "tcÌ F,, it was impossible2 *-* '3' '"
to arri-ve ai an e)rplarration i¡hich i^roul-d satisfy all- sj-tuations.

Thar.lâ.Fnre hc nr.n*^^^^ ^ L,*^+r--^-: ^ 1-^^^r +1-ì-^r- of :ll - on f.he ÐresenceJ.lIËf gl-Uf g llv PrV}JVùçL¿ d I]JpUUITçÞAù U4Þçq¡ III ÐU v¿ oI¿, vr¡ u¡¡e I-



or absence of grass clunps in ihe F., and F, irribhout regard to

ì;he ratios.

The hypoi;hesis iirvolves four genes: G., a gene for ihe grass

chunp habii, I r.¡hich ir:l'rib-i is ihe expression of G and A and B -v¡hich

aci in conplerneniary -i¡ey 1;o inhil¡it tire inhìbitor I. In addiiion,

ii i.¡as proposed thai' Bi and bI ivere closely lid<ed in repulsio¡i.

.rrccorciing Uo this proposal- oniy geno-,"ypes Adit, LbIG, abIG, aÊig,

riblg and ablg couJd exist in na'r,ure as normais. The differeni i¡ryes

of grass cJ-u:nps produced are de'ber¡nined by :nodifying genes, some

of r¡hi-ch raodify ì;he grass clunrps to such an e:r'¿eni ihai under adverse

conCitions their viabilily i-s very ioru" The sarre genes do not affec'"

+1..^ ---ì ^-^-i ì ì +r, ^+ h^-...^l -nì onÈ..trltçi V-Ld.U-]-IJ.UJ Ul- IlvJ:u4¿ lJ¿o¡¿vD o

licl,iill an eziendecl his hypoihesis 'i;o ihe data of lvai;erhouse

(ts¡, Richardso'o (2)+125), ilaidron (4?), Gouid.en (!2)t ¡-toreJ.l (rr),

and Thonpson (42) and when certain assum.pti ons $ere mad.e concerning

the semi-1ei;hal-i Lj¡ of dt'¡arfs, their data fit his hypothesis.

Three cotnple:nen-rary faciorsr DrDrD, and ihree duplica-re factors

Ð?rDe^Ðe. and. an iirhibìì;or: I, have been used by Pao ei ai (23) to
I¿)

accouni for o.'i'¡arfness i-n several- crosses of l',ùteat 
"

i{su ei; e} (15} nade crosses between íive spring'¡rhea-r, varieiies.

The F., ;olants oÍ i(enya 338 crossed io (tta tOf-tì'nstein x l4ayo), l'rontana
¿

and. Ì.larquis and. of Ti-rnstein crossed to I'ron'cana and liaro¡ris, r'¡ere l-ess

tharr I foot i:r height ' É11 segregaied in 'i;he ratio of 9 dv¡arf : ? norrnal



in Fr" They posi-r;laied ihat dwarf habri i.¡as deter:nined by the

intefaction of i;,,.¡o oÍ four factors, A, B, C and D. Interaction

betr+een -+ and C, A and D and ts and D resul-ì,ed in dwarf habit l,¡hereas

the rernaj-ndei' luere norn¿l-. The varieNìes rrere assigned i,he follol.ring

geno'byces : Kenya 338-.Ltbbccdd, Tj-:nstein-aaB'Bccdd, Na rOi-ljmsi;ein x
r,í^--^ ^^-^ì-n^rr ;1-^*+--^ ^*r tr^"^uis_aabbccDD"f!ø.J v'é.c9pu uu\I\ì¡ I r vrrug.lr<r, d,Ir\¿ IIar q

ït was suggested thai lhe four faciors riiay have ori¿inaied

frorn the -i;hree differenf genoirres r.ç-iih ù¡.^¡o of Uhem r"¡ì:ich pi'oduce

,,1r.,¡:r.f i s,in hel ñnr:i ïr? l-.o f.ha sârrìe egflo,Ìig ev v4v¿¿õ¿¡:5 vv v¡¿v gl4rlv 
Õ

Aneuploi-d sì;udies have been uncÌer-r,aken io supple¡neni: inf'orna-

iion obtaineC froi¡r conventional studies,

Hurd and I'fcGirmi s (ló) sr,udied. crosses betireen ihe Redrnan

nonosonic series and Kenya Farrner and found ùhaf ati i+2-chronoso¡re

F" h.ybrids and. al-l 4l-chrolriosorne F. planisn excetot those i-n r"¡hichI I'
/----f--\ /.---:\

Recinan 2+r (;irIi) or 4ts (VIII) were lackin3, we::e grass ciu-np d-v¡arfs"

Ii; l¡as concludeC that at least three complementar¡t ¿o***tt

genes are Íesponsible for di,¡arfi ng in this cross and that the absence

of an;r one of ihese genes al-l-ows noríiral plan'Ì; grol^rLh o Two of i;hese

genes were l-ocated on chronoso¡:r.es 2À and 4B of Reônan, lhe i;hird- being

in i{enya Fariner,

-t{er'¡:isen (l-{) has assumecl there are three genes for dlarfing:

D, , D^ anC Do i.rhich produce -r,he saroe ¡¡di,¡a¡f ing substancert bui varJ¡
L'¿)

^^ +^:r-^ ^r'^--r-;+-- ^3 ^"r^^+^*^^ produced. He has l-ocal-ized genes Ð.éÞ uu ullg l1ud.llulvJ vL Ðuuùualvç .IJrvuuvwqo rlç ¡rqe 4vv- '¡ ¿¿vq 6v¡¡uv -l
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ai'id D2 in ihe variet;', Ti:irstei-n, on chro¡nosoines 2D and 4B and on

the basis of t,he resul-Us of Hurd and i'icGir¡ris (f6) assuaecÌ D" Lo

be on chronosoin e Zit. He stai;ed. hor,rever, i;ha't the j-rùreritan"l of

dluarfin6 i-n -,iheat is presumably more cornplicated in vi eiç of ilcHil lant s

end others daia.

In recen'u years greai em;ohasi s has been placed on the develop-

r:11eni, of semi-dwarf l.foea'u varieties (3rl+5146)" l^iidespreaci use has

been nade of i;he serni-dwarÍ traii fowrd in ihe Japanese variety

lrTorj-n 10" Al.l-an eb ai (2) re"ently reviewed 'uhe informaì;ion avail-

abl-e on ihe inheriiance of serÉ-dr¡arfism from this source" Àccording

io bheir revier,r, there are I or 2 major Eenes, partially recessive

in expressj-on and severai nociifying fac'i,ors i.¡hich jrr conbinaiion

l¡ij;h fhe semi-d',+arfing faciors produce a',ride range in cu.Lm iength.

Iionosonric anal-ysis, b;" Àlla:r and. Voge1 (1) incÌicaied that eieven

chrornosones j-irfl-uenced culm l-engih in crosses of i;he Chi-nese Spring

monoso;nic series :c Lhe seni-dlr¡arf varieiy I'iorin }O-Brevor l-4" In

ihe nonosorric condition, absence of al-l IÌler-nbers of hoinoeolo6ous

groìrp J produced greater cuho leng""h, vinereas ihe absence of 2 nenbers

of group 3 Gl, and 3D) ¿¡d al I lneiqbers oí groups 2 aod. 4 resulted in

shor-"er F^ culm rength. 0f the 5 F. tnonoso;aic populaiions r,¡hich
¿-1

produceci ihe shortesi mean cuJ:n length, Lhree were members o.f ihe D

geno;ne " The suspecteci 2 najor semi-cirtarfí43 fac'r,ors in Ì'iorin I0-

Brevor 14 have not been definltely located, aÌbhough it, is sugges'bed

i;hai these faciors:ray be located on chro¡¿osones zLt ?E,t 3Ðr or 43



Õ

of this va:"ie'r,y.

I-u can be concl-uded fro¡r the present literaiure revieiu ihai

rnargr vari-ei;ies r¡hich produce dlrarfs upon crossing can be iraced Ì:o

a cornmon amcesior, and i;hai; ìråJgr s¡o"ses -uvirich produced dl+arfs

iiere originalþ :nade jn attenpts to 'r,ransfer rus-U resis',,ance.

The najorii;y of investigaÌ,ors e:çlained Nheir resuLts on

a truo gene basi s, alihough 1, 3 and 4 gene hypothesis have been

advanceC involving co.nplereentary tene syste;ns interacting vriíh

inhibiùors "

The nosi cciaprehensive concep'u lras proposed by i.Icl'iillan

(16) r,;leich ínvolves 4 ínberacting genes, hoi.rever it too requíres

eeri,aj$ u:lusual assr¿l*ní¡l,ions to account for al-l siiua-bions"

Àneuploid studies confined to grass ch::nps have incii cabed

J genes on chronosoü.es Zl:-t 4B and 2D irrfl-uence this character.

0n the basis oÍ conven'r,ional geneiic anal-ysis it appears thai ihe

inheritance of dl¡arfisn irrvolves lrore than 3 genes.



I'iATER ïAIS ÄìüD j'iil-t'liOÐS

The aneuploids in cor,r.non l";heat developed by Sears

(Z7tZgtZgr3Or34r35) have rnade i*" possibie to icien'r,ify chronosones

having genes responsible for ihe control of specific characiers"

Sears (12) oui;fined four nei;hod.s of associa'Ling specifi c genes i,ri-r,h

inciividual- chrornosomes, The nosi; con:roniy useci technlque involves

ihe aäalyses of chroi'nosone deficient h;.brid lines. fn this meihod

Lhe 27 nui-l-isoru-ic or rnonoso¡ruic lines of one variety are each crossed

to another vari-e'by caruying the opposii;e ¡lleie(s) tor the characier

1-^'i-- ^+"'{'! -r Deficien-U tines ì,hai: produce nodj-fied .B'^ and F,Uç¿lli3 ÞUUU¿gUo Uç¡¿V4ç¡rU I¿l¡çÐ u¡rcv Y¿ vqqvç l:¡vu 
¿ )

segregations are regarded as eriì;ical v¿:ii;h resloeci to i;he genetic

conrrol of ihe characier in question. This 'i;echnique has been used

in sÌ;udying di.iar.fism in this proieci,.

i'Lq,?]IR,IAI,S

i'ionosom-Lc series in ihe varieiies Chinese $pring and Rescue

l¡ere used." These series were prod.uced. by E. R" Sears (:f) an¿ R' I.

Larson (fJ) respeciir¡eiy" the Ìescue series was produced fron

Chinese Spring by means of backcrossing. Chinese $pring is a soft

red spring irl'reai anC Rescue a hard red spring i,/neai. Boih az'e tal-l-

gror,ring varieties" The dlrarf iines u.sed as pareni;s r,',¡ere advanced

Liybrid.s prod.uced. aí iohe University of l.fani'Loba na¡rely: a i,Íarqui}lo-

Tirnsi;ein cierived iine ivhich is shoru gro',rì-ng (ZO-ZS inches) under

nori:rai conditions bui ',,¡hich is iemperature sensitive and l¡-ill noi

head ií groi'¡-n continuously under io'r.' teetperatures (óOo¡) and a
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ifa:'quiJ-lo-i{enya lanler deriva'Uive i.uhich is a grass clurnp dwarf

thai; r,¡j-iJ. no i; head under norraal grol,ring condiiions bui ',rriJ_J_ elongate

and head. if gror.m uncler continuous lighi at 60oF ({re¡.

Ten seecis of each of the 2J monosonic lines of Rescue and

Chinese spring r',rere geriuinated on filter paper in gerninaiion boxes

ai room ienperature. Rooi tips lvere collecteci and eyLological

e:lailination nade as describeci by Tsunei+elci- and. Jenkins (4L) " Onfy

the 4I chz'onosorne planLs were reiained and iransplan'"ed in'uc pois

in groi'/uh charbers. These r.¿ere used as íe:aal-e parenis in crosses

to -bhe bi.¡o cÌtrarf -l ines " In addition each dr¿¡arf line lras crossed

recil;rocalJy io disoi¿ic Rescue and Chinese Sprìng. Cirroi:rosoÍtes

r,¡ere designaied by the sys'uern outlined by Sears (¡:) an¿ further

clarified by 0ka:aoto (ZZ)"

The foLlor,,'inE disorn-ic crosses r'¡ere al-so made and studied

'ïn order ì;o conl:are iheir genoiypes relative i;o dwarfisn:

1. I'iarqui 1 j o-Timsiein :c Sonora 64

2" l':larquiilo-Ti:nsiein >l Norin 10

3" Redman x Federa-r,ion

ì+. ReCraan-Fed.eration x Sonora ó4

5" F,ecÌnan-Federaì;ion x l,ioz'-in l0
/ 

^ 
/l6. Sonora 6l+ x il-oritr l-0

7 " To¡¿ Thumb :c Redrnan-Federabion

B" liarquillo-Tj-rnslei-n x Ton Thuirb
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9" Tom Thunb x Sonora 64

10. To¡r Thurab x ltorin l-0

Sonora 64 is a seni-d¡rarf, ìrlexlcan variety i,¡hich has <iriarfing

genes fro'¡r N-orirr i0, I:orin l0 is a seiuj--dr'¡arf--y¡inier varieiy, i-nì;ro-

duced fro;l Japan" Rednan-Federa'l,ion i s an advanced. generation dwarf

derived fro¡n ihe cross F'ed¡nan x led.eraiion ',,¡hi ch segregated. for tail
and d.¡','arf ;clanis in the F, generaiion. Tom Thu,nb i s a d.luarf , late

r¡i:rter i.¡l:eat "

GI¿Oi',¡rïG TIiï F1

L i.ío,Irof;oimc serj_es x If@

up i;o 't l'renty Fa prants of each nonosoluic hybrid l-i-ne uere

checl';ed for chronosone nu.:rber and 't he 4I chrornosorne olani;s grol.rn

to inaturi',,y. rn cases r.¡here couni:s irere no't deterraj-ned i:r the Fr:

sJ:r ì'a -orogenJ¡ '¡'ùerê exâfüned cycologically, if al.l r¡¡ere d.isoill-ic -i,he

\ Paz'en'i rras regarcled as disoiaic, Afl nonosoraic and some d.isonic

F1 ÞIanis of each chronosome l-ine of Chinese Spring and Rescue roono-

som-Lcs x i',Iarquil ìo-Ti¡rstein were transpianted into the greenhouse

beds in spring of a964. In addi-iion, ihe cliso¡ric parents and the

F, of tireir reciprocal crosses liere plani;ed for comparison, i,.ihen

i;he heading of i;he F, h¡.bri-ds began, young spii<es r,uere col-l-ec-bed and.

fixed in tarnoJ¡es sol-ution" The po]-len noLher cells r^¡ez'e e,wå¡ni¡recl

at rirer,aphase by means of 'r"Ìre acetocarni-ne srrtear technique (36)"

2, iíoqqqonic s.eries :ç ìiarquillo-ifen'ra Farmer

Since 'r,he grass ciurnp phenotype proved Ì;o be domina::t 'r,he
J
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generâ,tion rlras grollrn in a gror,,.bh charnber at 8oo¡',,,ri.r,h contìnuous

I i -h+ Qi -^,.'l + ---LrËr.r.r/o ùr-¡1u-t-t¿¿neously, one monosoraic plan'," of each of the 4z ]nyuria

l-ines prus F.1 disomic hybrids anci parents, l.,¡ere groi,,jn under nor¡na1

greenhouse conrÌj-iions "

4

,,,'l l other -t li1-Ê7i\r2ìâì ê1r I r--, h¡-brids ç.,'ere grolnr in ihe greenhouseo

1 " i'Ío:ro sopis__ sSr:L_e¡ x f iaËE¿j-Llo-Tirnqi; ein

The F, popri-iaùions i'Iere al.]. gror,rn in greenhouse beds, du:.ing ùhe

period. ot Jepternn ey L96t+.Lo January L966" The F, populations of each

l-j-ne r,'rere deri ved from at reast ih:'ee inonosonLic F, .olanì;s. The popu-

laiion si ze of -r,he Rescue x i'{arquir}o-Tj:nstein F, raonosomic }ines

varì ed fro:o 98 Lo 2O5 plants, and a popuia-b,ion of ó0ó di sonic l-, planis

i\rere grol"ì/-n siraultaneously. The F, populai;i-ons of the thinese Spring

inonosorrdc series x ifarquillo-Timstei-n varied frorn l-00 lo ZL5 pian-i;s,

and i;he disonúc populai;ion eonì;ained 733 plants.

2. i'ÍQrrosqrLic seríes x I'iarquil1o-Keri-.¡a i¡anner

Tire popuia'¿ion size of F, iines of Chinese Spri-ng and Rescue

I'iarquiLLo-Ìie4ya l¡ar:ner ranged fron JB Lo 214 plan'us" The disomic

populations r,¡ere 568 anri 870 plants respec'r,i-vely.

3 " Disoniic F^ H:¡brii.s

Àl-1 F2 popuiat,ions deri-veci frore the disoruic crosses (except Redman

-B-ed.eraiiorl.l tlo.ir, 10 and reeiprocai and. Sonora ó4 x l¡orin J-0) and F.

fa¡ldJ-ies o.f '"he iìescue monoso¡'rics x l'Íarqui¿l-o-Ti-asi;eain r*r" n"or* iÍ

n
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th^ flield ir 1a$J. The F, seeds fron. ihe crosses involvjng ihe

i.¡znter varieiies. Tom Thu,nb and \iorin 10 
"vere 

verne]-Lzed at te,-n-

peratures of 32o-35oF fo" I vreeks prior i;o planiing" -defore harvest

1-,he heioht, of e.lr *ì^'^r^ 'i- ^^^øeø¡i.ino ì'¡:'rilies was neasured or thevrrv ¡¡vr¿J¡¿u v¿ s:I pl4fluù ¿ll Ðgð¿ 9ocv4¿1e; ¿@-É¿+v!

nUnber of tajf- and d'r¡arf r:¡lan'r,s counted,

Sj-xteen hours of tight per. day were provided fcr naierial groi.rn

under greenhouse conditions. The i;enperaúr.Lre of the greenhou-ses lras

set ai, 6OoF for lhe tìescue x i,iarquiiio-Tj¡nsi,ein ir, series, and. ó5 to

?OoF for al-l o'¿her nateriai. i'iild.ev¡',,ras controff],i by sulphur ciusting

and red spider a:rd aphids i.¡ere conbrolieC by sprayi-rig t-rith i,Ieta-

Systox 250.

A],JÀIYSIS 0F THE Fl Àfil) F2

,'.r- -¡i,r-¿i !r¡ i-^'r ^'ì-+ ^¡ ^'rr plarrì,s in '"he F. and F^ populaiionsd,U l:lct L/Lt.L -L L,J , Ilc-Lõ;Ir U U¿ éJ¿ _ ¿ ¿ -

l.¡as ¡neasured. ïn the F., generaiion of i;he nonoso¡ni-c crosses all

spikes of ihe ¡lain ',i111"" oo""* used for fertility cieÌ;e¡ininaiions.

The spil<eiets of the tl.¡o lor¡er int,ernodes of 'r,he spike lr'ere disre-

gard.eci and the fertility of ihe pfah'i; lfas recordeci as ihe percenÌ;age

of seect se'¿ in the ne:ç'¿ 20 spikelets. The l', generaiions fro¡n the

crosses t¡ith bo'bh monoso¡Iic series and i,Ierqulrro-r=-*"iein i,¿ere classi-

fied ini;o ¿hree classes; non-headi-ng dl,'a:'f pla"nts, Ia'r,e heading dr"'a.rf

*-r --+^ ^F^ -^^-.^,1 planì,s" The F ^^^"-ì ¡*j^n ^1 the ¡nonosomic seriesPId.llU5 C.llLl IIuIl.ld - Z 
PvfJqlqv¿v¡¡ vr

crosse<j. to the grass clurirp pareni, l'{arquillo-Kenya Fariler, r'¡ere classi-

fied. into ti,¡o classes: gress chulp and nonnal plan'us "
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'Il¡o discrete cai,egoi" ies, dv,¡arís ancl tall s, t¡ere used. j_n ihe

chi-square i;es'L of goociness of fii to genetic raiios" rnd.ivi-dual

planis progenies that seened i;o devi-aie from one anothe¡' r.riih regard

ì:o segregation were ies'¡,ed íor homogenei ty (37) before 'r,hey l.rere

pooled. Ileigh'i; rûeasul:eiûents of ihe F., and. F, nor¡iral- plants were

recoz'ded. to ihe neares'L cen-ti;aeier" *"r"r""i"n'r,s were rnade fron

the cror,'¡n to ihe i;ip of the spj.ke of the longest til-r-er of each

plant'. Average height per line r¡as deterinineci for the F, and. Ir,-1 2

populaiions" Heighi, crasses i'¿ere established. a'L intervais of J cn.

The mrmber of plarrts in each interval i.¡as record.ed. in percentage.

Height di-stribu',,ion paLtern 1,É,s arso deì;err,ri-ned for the F, of aJ-J-

other disorcic crosses e;lcep'i; Ïìedrnan :c Fecleration, senora 
-& 

,, torn

Thunb anC Redlan-Federaì:ion x Tom Th.¿,*ab "

The ürean and siandard error r'rere corrpuied for the heighi, of

all- hea<Ìed. planis of each F^ monoso¡äi-c liire of Rescue and. Chinese¿

Spring x i:Iarquillo-Tirnstein, Chinese Spring r*nonoson¡-ics :,1 l,Iarquil-1o-

i{enya l¡ar:ner, iheir respeci;ive F, disonic populations and the parenis 
"

The heighi; differences, bei;ween each F, monosoriü-c ii¡re and i;he

cornparabie F^ disomic popuration 'v.rere testecl for sierlificance b-y, somic popuration i.rere i""tu¿ for significance ï:y

j4eans of '¿he ttNtl issb " llost calcul-aèions 'rrüere roa<ie by conpu',,or in
'uhe ihgineering Ðeparu:ren-Lr 'i:he Ur¡_iversì-i;.y of lianiioba,



PJiSULTS À]ID DISCUSSIOII]

Fi lí01\iûS01'ÍIC Äi'lltLYSES

l. Fi i'I0i'ü0S0i'tïC HftsRlllS iriffH I-Lr'RQUILLC-Ttr'Í'STEII'{

I11 r,he ìiybrid.s of i;he Rescue ioonosoi't-ic se¡'i es ;t i"iarqui-J-1o-

Tj,nsiein a ring of four or a chain oÍ ihree i€s regularly presen'b

i -nÀì an* i na 'ih¡i .l-.h¡:w rli f ie,.-erì hv ¡ reei irroca.l i,ransloca'bion. The-!II!¿:VGU¿¡rJ; u¡¡qu v¡ruJr u¿!¿ v¿ vs e./ s ¿ vv¿.u¿

F irr,-hrirlq of ì-,he Chinese Spring ¡nonosoilrics x l.iarquil-1o-Tirnsteirt'l "o

gave regular cirro¡'rosoine pairing, e:<cepi; for a few cases i'Ihere ù1'ro

univaleni;s T,iere presen'L at the metaphase pla'be.

Tha ¡w6,r¡rp l-,^i eÌ¡-:- nr +}.'ê .r j o^'.i a Ìì' h¡;?.¡ì^.S (Ta"frl-e J-) iVaS¿lÀç Gv er eóç ¡rç.LóIILr UJ- UlIs u¿Ðvruv II ¡t¿t p¿ ¡v

BJ"l cro es conpared. i;o LO2"7 cin for Rescue and 53"2 cn for i"Iarquii-lo-

Ti-msrein, indicating a parbiai donü:rance of i;he lall- genoiype" The

averase ìiei6h-r, of the F-, ilonosolui-c l-ines ranted frorn fJ.4 cln io

OÃ 'i n:î *ha <hnrì-..+ ¡.1 nry ?? fn'l I nr¡arì h¡r I R- 2ì{ :nd ?iÌ -"+i'i.ìr a.l I/¿,cL v-LLt v^¡v v-¡Jr uçÐv ve¿¡rõ y-, follor'red by iBr2c and ]ts wii;ir al-

oihe¡' l-ines being si.:nilar to or tal] er ihan ihe F-, disolúc.

The fer'filiÌ;y of all nonosoinic Lines e:icept l-À, 2D and 7D r'tas

beiow thai: of i:he disonúc tr, PoPulati ons " The Ereaies'u st'erilii;y

occurred. in 24, zts, 3)3t l+Bt óD and 4Ð.

Partial do;äinance of '¿aJ-l habi'r" r,¡as also recorded in the F, fron

ì:he cross of i;l:e Chinese Spring nonosomic series by l.iarquil-l-o-Tiasieirr

(TaUie 1). The average heigÌrt, oÍ ihe F,, di sonúc hybrid r,¡as 104 "3 cm

and Chinese Spring and I'larquj,tlo-Tj¡nsi;ein iI8.7 cm aud 72.1 cm

respecii vel ¡"
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Tr{bli i. .,,.verage hei3ht, and fertiliiy of l'1 nonosoil-ic
and ciiso:l-ic }ines fro¡r crosses between -r,he t'r¡o
¡rono so:ni-c s erie s and l,larouii-lo-Ti.nst ein "

.I¿Á1ç

de qgf- x Uarqqlllq T++ ein Chine sejLrins- x l"Iargui-11o-T-j+s1tg q
IJai c]-,r- ìTn nrl ilapf i I ì i¡¡r¡g!útl u ltu o uf J 9¡ u¿I¿ uJ

cj:r Pl-ants ,¿

Height IIo "of hla¡i i'l i ir¡¿ vr v+4 u.Jr

Ð'l ^-+ ^ clwI r +AlVÐ /2

^f,-iA 95 "t i 2"9
^i 

a\^ 
^ 

' 
^ 

ô¿ia OZ¡Z - /.oO
3i\ 9tt"7 I L"O
tr.\Df-Í-ahti 6'l ,L ;_ 3 "I5it 89.0 i_ 0"7ó¡, 85,2 + r.z
ry.\ ctr. ^ 

-¡- n el¿r OÇoV - \Jo7

-t-¿B 79"1+ :3"0

2"8 ?9,5 
"! 

L"L
-l-3A 75.1+ : 2"L
.L

¡ 11 /it - /4Ð ó4"Y - t6A
I5n 9O.3 : 2.7
J6à 83.5 ! 2"6

7Z 79 "9 : L.4
-.i-lD äJ"L.l 3"2
-l-2D 89"8 : f"4

3n 83 "1+ 
: 3.Q

.-.j-lÐ 92"6 : L"2
-!5Ð }L"O : 2"3

_J_6D 84"8 : 2,0
-l-7'Ð 82.0 : 2.0

Ðisornic
n-ôoi_Ì-^¡'I 3j"t - 2.9

Tall- LO2.7 : L"9
Paren-i;

-^ ^ 
J,-lF,lari. 2)"2 : 2.L

Pareni

85.9 r 2.1
ô^ 

^ 
-j- ì .I

14e7 - LøO
^/ -:- - /yo.'1 + l_oo
na¡'i-rl
7Ì1 oI: Ie/*

97"9 î 2"6
^^ 

rÕÕê2 î.J-ol
n/ ^ 

-f 
^ -YO"¿ - ¿"L

^D,-i-,7(ø4 - 4o/.

s7.l -j i-"a
-Ld^a

óY6) - ¿ø¿

-t-
YJ.øU - 

'"tl,-

9O"5 : 3"1+

93 "7 ! t"3
-l_^/ ^YO.) - L"ö

LAz,g r r"g
i-.\^a¡r^óJ o) - L¡øU

-Lô^ I ¡ f .\71øL - Iøö

96.? ! 1"8
.F

93"3 : 2"7

YL"4 - l"o

86.ó i- 3"3

-1-
!u4") - l"!

:-
la-! ñ | 

- .\ttö"1 - )ró

72"L: . ",

Õ
l+

ln
1a

t\

'l ç¡

L

t5

11!!

\J

r-1J-4,

17_T

1^

7

6

t0

i7

IO

q

92.3

80.0
((.)
69.6
60, ó
82"4

75 '2

o) ou

4) "Y

04"r

75,0

40"0

Lêl

r7E, 
^

)a,Y

uo ")

B5 "2

89.ó

ÖY oI

93 "O

gó,8

1n

I
i),

{
I r^r

ì^

o

I

,7
f

?

i5

A

gL.6
)a "4
ló "Y

d4"o
93,5

l+8 "5

2g "6

39 "5

cö.'1

71+"3

57 "z

72.5

Ç\2. r7a)øl

96.8

E7 "6

96"7

99 "2

q

5

20

i0

1t,

72

20
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fn i;his series lines 14, 5A and 28 are not comparable r,¡iih 'i;he

others since ihey were not grovm sinufianeously. The rnean heigh'L of

i;he other IB Fr monosoffic I ines varied ,from 88 "5 cn -uo l-02"9 crn. The

shortesf lines were: 64, 21.,, 31-, 2D and.7D" OnJ-y tine lD attained. i;he

L^-:-L'r- ^¡ !r^^ *^nnal F- popul-ation. The fertilii;"y of the F. monosonL|cl,l\iJë;Ir U UI UIlg ilv 
I _ _ .vll. alls I st U¿+J _ 1

'lines was generalþ ]or,'rer than the disonr-ic F.l population. The lowest

far*i'l iÈr; n¡nrrrn^rl in I ìn^- ô^¿v¿ u4¿rur ¡EL{ ,¡ rrrreÐ <*r¡ 18, 2l., t+Bt eJ 
"rt¿ 

4D agreeing iv-ii;h the

results fron the Rescue x l.iarquillo-Timstein series (ta¡fe f ), The

decreased. fertility in hoinoeologous group 2, agrees rvith Sears (31)

resulis i,'¡ith monosoluics of Chinese Spring.

2, r\ i'toNosol,Írc HYBRTDS ldrrH IÍARQUTLLO-IGI]YA FARI'mR.

i"íarquil lo-Kenya Farmer used as a inale vJas gror{n in a growbh

cabineb at SOoF l,¡ith continuous lighi. fi was found. that under these

condi'bions the florvering period r/ras er{Lremely short and the anthers

.,^..¡t'tr" 
^^hia^ô¿q,.,i+}.-,'- 

+1."^ ñlììÞ^^ -^l-'i-- ^-^---ino'\rêr\¡ difflìrlrrl.f . TOusuaJ.l-y u.glIJS(;c:Ll ÞJIUITIJ.l UlrÇ llrLrl:r.cÞ rr6f116 vr vÈÈf,¡¡ó v vrJ u¿r¿¿v4i

overcome this probl-em the followirrg precautions tüere taken: (i) ptant-

ingof I'farqui-1lo-Kenya Farmer r,.¡ere made every 10 days until all crosses

hrere completed., (ii) each plant r.ras ¿ransferred, one cÌay before florvering,

to a greenhouse or growbh cabinet at ?OoF with a 16 hour day" Although

subsequent grol.,rbh of young Nillers was arrested. under Ùhese conditions,

-f.ha flôr¡¡êr-inø neriod was exLend.ed, and. more abundanì; pollen 14las obtained'
vlrv ¿lve¡v¿4¡¡b l/v

It was observed., both i.^rith the tviarquillo-Kenya Farmer parent and

with the F, of 'r,he monosomic series x }IarquilJ-o-Kenya Farmer i;hat the

best groi,r'r,h, and seed prod.uction was obtained r¡hen sj-ngle plants l''rere
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grol{n in 4 inch pots, this prevenieci excessive 'ûiilering and causecÌ

more rapid developmen'L of ihe main i,ill-ers resuliing i n grea'i,er

heighi and tonger spikes" The \ hybrids fron -r,he iironosoin-Lc series x

I,iarcluillo-iíenya Farmer showed a comple'i;e cioruinance of ùhe grass ciuinp

characier" This l^¡as proven by growing one rnonosonic F, piani,: frorn

each of ihe t+2 crosses in Lhe greenhouse at ?OoF, lrrith d.isonic F,

end parenf¿] pianis. 1'he monosomic n-, hybrids under ihese conditions

i'¡ere grass clunps rrhich tillered profusely, failed to head anci ofben

ciied before ùhe parental non-d-,¡rarf plad,s flor,¡ered. ThÍs geneì;ically

con'i;rol-led specific temperature requirement for nor:nal- grorrth seens

to differ -r'riih the stage of gro-vrth. The l-oss of a porLion of i;he l-t

hybrirÌ populaiion oí the Chi-nese Spring nonosoni c series x ìularquilS-o-

l(e4ya Farraer as a resuit of a ùenr¡erabure Íluctuaiion frorn ?O-BOoF for

4 d,ays irr a grorrch cabinei causeci by failure of ihe teraperaiure coniroll--

ing systen supports ihis concl-usion. Plants at ihe heading or near

heading si,age ai; 'Lhat iine ceased groiriih and never resu.ned grolrrbh

afi:er the ùemperature -r,Jas reiurned.'bo 8OoF, The planbs j-n r¡rhich lhe

spikes had. already emergeci Íro¡n ihe sheaihs ceased their growbh bui

flol'¡ered and prod.uced so¡ne seed' fn oiher plants 'r,he spikes l.Iere

forined but fail-ed.'uo einerge fro;n the sheaths. ¡fi;er growüh ceased the

plan-bs grad.ually became necroiic and soon died"

The high ieniperaiure requirenenl d.ces not seein io be as criiical

in 'iire seedllng stage of groll'th in tha'i; 'i;he !', plants of one series wel'e

transplanted. from ;he gerinina'cion bo,-ces to pol,s and kep-u j-n i;he greenhouse

for lO days beíore being uransf erred io ihe hol groi'l'',h cabinei. 'fhese
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plants grew and headed norroally,

Tha hai -hi Of ReSCUe fnOnOsOmi cs x ]ríaro¡ j I ì n-Kanrre I'rrmon p 1g

ranged from l+5 "5 cm lo 63.3 cm as conpared to 57 "4 cn for the disomic

F. pl anis (taUte Z) " The shortest lines were 24, 28 and JD rr/nich wereI^

q-l i oh*.1 rr qhnnl- or ihrn i.hp Ì,írrntri'l I n-Kenrrr -F.rrmai^ nonan* ¡¡ha f ant.i I i i_r¡Ð¿¿ó¡¡urJ Ðr¡vr ust u¡¡qr¡ urrv t'fqr y4¿!rv-¡\vrrJ q r q¡rrrvr P¿l çf IU o I¡Iç I çr Ur¿f UJ

of aIJ. F, monoson-lcs lvas l-ess than the F, disoinics, the lowest being

2A., 28, 4B and 4D.

The heigh'b of Chinese Spring monosornics x I'iarquillo-Kenya Farmer

F- ranqeri rron À9"5 cmLo 6l+.4 cr.r as compared to 5B"9 crn for the d-isomic¿ I * *-'0"*

F, sibs. The F-, means of 3B: ó8, 2D and 3D r"¡ere the shortesi and similar

to ihe Ì.iarquillo-i{enya Farmer pareni " The fertility of mosN lines was

L-i^1..^- +L---;- +he eÕrrresnônrìinø lin¡cq nf i.hc nt.hrer series. f.he leaStrrlår¡çI u¡t41 rrf u¡¡v uvr ¡ çÐIJvlrqr¡f6 ¿¿¡¿vu v¿ Ùvt rvu,

ferbile lines being 28, l+8, 6B and 2D"

On the basi s of F-, results chromosomes of homoeologous group 2,
¿

l-ines 38, 3D and7D appear to be involvecl inthe inheríi¿nco of heigh'b"

F, lJ-nes deficient for chroraosornes 3B are shor-L in al-I fou¡ crosses

i¡lrereas lines d.eficieni for chrornosomes of ìromoeologous Sroir.p 2 are short

in six cases"

\'Iith respect i;o feriility all four crosses are si:nilar in bhai

l-ines deficient for chrornosomes 2A, 28, hB, l+D and óB ïIere anong the

leas'l, f erLile.
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TåILE 2. iive:'age heigh'r, and fertjl-ity of \ monosonúc
and cÌisom-ic U:res íroia crosses between ihe iwo
rnonosorLic series and I'farqui I I g-(s¡ya Farrner.

Rescue x i.iarquillo-äeqya Farner Chinese Spring x i'Iarquillo-iiei:¡.a

!I11{.j

T-{ai rh* Nn af ilaní i I i ì-.'¡¡v¿6¿¡ v :lv o v¡ ¡ v¿ ug¿vJ
Ð] ô--.r- ^ Cw¡M&atuù r)

Fleigiri
cm

ì'i^ ^ 
p

I ¿AlUù

¡-ê¡r Ì | ì it¡
c:/

J-.i 56"9 : 4"5
-*-j-2¿ t+5.5 : h"5

-L3t. 55.L : 2"6
-!/^ ^4a o2.9 ; L.5
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i,-2 i'f0l'l0s0i,if0 Al,inj,Ysis

/ \ .¡\¡(a) .D1';ltP"FrSii ViI]ìSUS NûRlÍÁ1, G1O'¡iTii ti¡lBIT

l-, Rescue itonoso¡-i-cs x i,iarquill-o-Tjmstein Fr

The dirar.f and ncrrlal setregaúes l{ere ciistinguishabl e very earJ-y

due to the shorier col-eopiiies and laier energence oÍ i;he dluarf s '
The civ¡arí seedlings r,¡ei'e al-so characrerizeo by earlier and ilore

;oro.fuse i;iJlering, cÌarker color anci shorr,er, narroi'¡er ieaves.

Ti:e i,iarquillo-Tins'rein ¡,arent checks failei to elonga¿e anci

heaci under the coot (6O0¡-) conditions iv'nereas Rescue ai;i;ained nor:nal

height (PJ-aie t). Under these conditions the F, PoPui a-bions of bo'i;h

the nor,rral ciisoraics and r,he 2L <ieficieni i-ìnes It, u"*""gai;ed inio

Lhree ciiscreùe classes: non-heading drtrarfs, late heading dirarfs anci

normal- headeC pla:rùs (fiate Z). The laiier class ra.ngeci in height

fron 50 t,o I05 c¡t in ihe disonic l-, ,oopurai'ì on l¡hereas the ¡ila¡rii:ium

height of pian-bs 'i n the íirsi; ir'¡o classes i'üas l¡6 ct:n. "iiÙh a clear

break betr,,'een ciasses as is sho'¡rr ì:i Figure I. The faci that such

a heigh; rarlge occurs in i,he nor:nai headed Sroup indicated i;haf ì;he

irùreri'rance oÍ ta,iperature sensiiivÍiy and heighi; are sei)arate cha¡ac-

-i;erís-¿ics. The divar.f segregates Ln each popuiation -,,,Jere corrbined and

the raiio of normai i,o dwarf in each deficien-¿ iine ivas coiLpared io

'i.ha se..rr:.,e¡:¡.r,ì On nnnrrr.nj no i r' i.ho ;i ^a''i ^ r- ^^'rr¡]¿iign. ThgSe <iatau¡¡? 9uö¡ vóaulv¡¡ tJL;l;1tr¿'J.'-!IIÊ! I¡f U¡rç u¿Ðvllrv L 
2 

yvt'ç

are llresenteci in lable 3. This co:-aparíson shoir'ed ihai; eigh'b deÍicieni;

lines deviai:ed. signiÍi-caniþ fror,t ihe nor¡eal disonic raii o. The criiical

chrorlosocres were those of honoeologous troups r and 2 anò. chro¡:rosones

?¿ and. 7B of group f" Lines deficient fo¡' chronosomes of groups 2 artd
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PLAT-Ë.; 2. ParenLs, ir- anci typicai F, segregaies frorn
Rescue -'i iiãrqui-l-1o-1i¡nsteIn cross "

I " ifescue,
2" þ-L hybrid,
J . i'{arqu:ilJ-o-l'imsteil,
4. Idon-heading d'rrarf ,
5n iaie heading dr*-arf .

Reiûainder norrnal plants 
"

.rl.^u¡¡g
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T.fu3LE 3. the rabio of norael io dr.rarf planls i n ihe
froin crosses be',,1.¡een ihe ilescue monosoiui-c
series and i,iarauilio-Tims'bei n "

$u¡rber of Pl-ants
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7 had en eltcess of d',',rarÍ pianis -r{Lrereas ij¡es cie-ficieni for chromo-

sornes r¿., 1; a.nci l-D deviai;ed in the opposiie way"

e " 9l}19--@i"rarqullio--'r'jjnsirein Fa

The charac'¿eris-r,ics of the seedrj:rg populations Ïrere sj-nilar

io'r,hose of i,he previousry d.escribed cross but'the peculiarities of

ihe dv¡arf segregan'Ls i.Iere expressed. so¡ner"¡hat ia'i;er ciue probably 'bo

the irigher (65-75oF) grov,ìng tenperaiures" Like the .d,escue 2i tiar-

quiilo-liiustein popularion, classificaiion inío rh:.^ee discre¡e

categories: non-heaciirg d'r,.iarfs, laie heading driarfs and. nonual-

planis i¡as posslble (Pla'i;e 3)" ïhe fact ihat the dwarÍ pori;ion of

iiie popula-r,ion is snialler'(irig, r) is ciue to Lire increaseci iempera-

iure 'r'¡hich i-s above the threshol-cÌ requireci- t,o pernir, heading sj:rce

the iiarquilio-Tj,trst,ein parenral ci:ecics heaied in ihis case.

The tallest plani;s lvilhirr r)he cabegory of Ia-Le heaclirrg cl-r,,iarfs

r.'rere t0 cm" The demaz'cauion beiween this group and the nor:aal i.¡as

ìnore pt'onou¡.cecÌ i;han in the Rescue hy-brids (nig"r) u As j-n ihe previous

cross, non-heading and laie headilg ci'..rarfs Ì,rere coiiibineci and the ratio

of nornal to d'¡rarf pJ-anis in each deficj-ent line i.¡as comparecl to the

ratio obtained fror. ihe d'ìsomi-c F2 Fopulat'ion. ¿s is shor,¡n in Tabte d,

íive F2 monosonic lines de¡riated significantty fron the cÌisonÉc raiio.

'l'he cri'Lica1 chromosomes were those of hoi¿oeologous group 2, chrol:iosone

lii and 3'D aiJ of r.¡hich had an excess of d..¡arÍ plants.

l. Chinese Spring iionosoaics ii rierguirlo-tíenya Fariner F2

The shorter coieoptile tengih associateci r,,'ith siower eÌilergence



PLATT] ]. Parenis, F1 and. i,ypicai F2 segrega-Les from -bhe

thinese Spring x i.iarquillo-Tj¡ns'iein cross.
''l ill.ì-^^^ C-øiFl- o lvi?Lfle Se Dilf'Ii]g,
2. Fl hybrid,
J , itiarquillo-Tims Lein,
4, i'ion-heaoi:rg drrrarÍ,
J " La--t e heacii:rg dluarÍ',

l;ì,e:nainder nor¡ral Planis "
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T]{BIä 4. The raij-o of nonnal to dl,¡arí planis in'the I-^
Íro:n crosses betlrreen the Chinese Sprin;i t:ronoÉoilic
series and Ì'iarquillo-Ti¡nstein.
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of seecilings of grass chunp dr{arfs 1^Jas rÌiore evideni irr ì;his cross than

in 'r,hose greviousJ-y described" ïríi,hin i0 ciays afier eraergence the

grass clunp segregan'ûs siarteci ì;o iil le¡', beca:ne darker and el ongaiion

was al*::r.os-i, eni;irely replaced by excessive tiUering" The older leaves

beca¡oe stiÍf aJrd Íragile. Although ninor variation occurued within the

grass cluap segregaues it was not possible io subdivide ihis group"

?he average heigh'u of grass chunp ;olani;s r,ri-r,hin the 2l ¡nonsonic lines

varied troin 26.7 cm for ]-ine 3B Lo 36.7 cin for 6A -whereas ihe i'Iarquillo-

lionr¡: Ir'¡?-iir,a?. ta9 ?i^á+ - '^ ^ -l 
'1 tr ^- tall 

"rrçr{yq larf,e¿ .y@rç¡lU Vrrd,ù Il.) vtLL

The Fe popuiations of ihe nonnai disornics and the 2l deficient

lines r¡¡ere classífied into ir,¡o classes: grass cl-uinp dwarfs anci norniaÌ

plants, ihe iaiter bein6 relariveþ uniforrL in heighc (Plaie 4) " By

comparing i,he rabios of each rnonoson-ic iine l'.rii;h ihe normaL disoruic

popuJ-ation (tafte 5) i¿ uas found ihat five critical chromosomes Ïrere

presen-b: 2L 48, J-D, 2D and 7Ð" Lines 2j,., l+13 and 2D gave an excess of

grass c]u'lp plants, rvàereas.L-j:res rD and ?D had excess of tal-l- ptants"

l¡. Rescue l,[onosoinics x i.'Iaro.uillo-Kenya Fanner ]-2

The ir, seedling populations I'rere sirail-ar i;o i;hose of thinese

Spring * iir"luiflo-Ti.:nsi;ein buL the grass cl-runp segregates were even

less vigorous ¿nd usually died prior to the headi-ng oÍ the nornal-

segregates" "/ts in the previous case ti¡o ciiscrete classes: nor¡nal

pianis and grass clu.np dl¿arfs r^¡ere esiablished. The data is presenied

in Tabl e 6" Five deficieni lines 2!\16È, 48, lD and 3D deviated sig-



PL.åTE 4" Parenfs, .r-1 hybrids and- F2 segresa¿es fron the
cross of Chinese Spring x I,Iarquii-1o-Ker\ya Fariner.
i" Chinese Spring,
2. FI hybrid grorrrll a¿ 80oI¡,
3. FI hy-brid gl:or¿lrn ai: fOoF,
d. l.{arquil1o-i{er4ra .t-armer grolrr. ai 80o.q:
5. þ-Z grass clu:np segregabes,
6. -F2 i;aJ-I segregates.
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T¡IIJLE 5. The raiio of i;all io grass cl-unp planis in
t'he 32 íro:a the crosses of lhe Chinese S;oring
¡nonosonric series and ì.iarqui I lo-Iienya Far:ner.
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¡lr fr ]lT ïì LtruJ! v. The ratio of i;ai.l- io grass clunp plants i:r the
F2 f:'oin the crosses of F,escue nonoso¡nic series
x Ì.larquill o-Kenya Far,tez'.
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niÍj-cani;l-y frora the norinar F2 ciisoraic ratio. unlike i,he previous

cross aJ-r criticaL lines e:q;ressed. an excess of grass c}:,ep pranis"

The resulcs froin the Íour series of crosses'¡¡ith respect to di.¡aríis¡n

are swrnarized in Table 7, .{. totat of L2 different chronoso;nes

proved to be involved.

Itjith respeci ì,o crosses l'rith i'Iarquillo-Tj.nstein, l-ines defic-
ient for chronosornes 24, 2B and. 2Ð (hornoeologous group 2) procÌuced

an excess of dwarf piants in both series indicai;ing íhai boi;h Rescue

and Chrnese Spring di-ffer froil iuarquil-l-o-Tj.r,rsÌ;ein and. ¡hat genes for
dr¡arfisr:r are caryieci on ihese chrornoso:res þjr üarqurjlo-Tj:rrs,,ei:-r,

In the crosses l¡-i¡h lÌescue t-,.¡o inernbers of holrLoeologous group

7 Q;, and 7Ê) also gave an excess of d.warf plants r,vher.eas -i:hese chro:no-

sotnes were not criticaì in crosses l^¡j-th Chinese Srring" _Ln crosses

it¡i'i,h chinese spring chro,'Lrosoines lÄ æd 3,1 procLuced an excess of

dwarÍ pJ-ants and l,¡j-th â,escue al I rireiobers of hornoeologous group I deviated

by producing a larger nur;iber of noriaal Ì:lants.

These di ff erences beti+een 'r,he ir.¡o series ìnay be due i;o differ-
ences bettieen ì;he "'arieties liescue arrd. Chinese Spri:43 es coiûpareC to

t'iarqui-llo-Tj-lnstein or to rhe diff erences in gro'.ring concii ii-ons parii-cu-

larly -Lenperature r'¡hich a-Ll-ol¡ed inore chrojnosorles in ihe Rescue crosses

to aupear crü;icai ciue io r¡linor or inodif;ring genes -l.¡hich coul-C not e:çress

their effeci,s under Ì..{anner oondi'Lions"

In -Lhe crosses i'riih i'.farquilJ-o-lienya Farrner five crit,icai l1nes

'Í{ere revealed in each seri-es r,vi-th three be-i ng in coininon ne,aely ll}, ZA,

and 4ts' jjoi;h 2A and I,cB procluced an excess of grass ctuap pianis
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'¡¿hereas l-Ð ';¡i-bh Rescue produced íûore grass clunps and rrü;h Chinese

Spring íil.ot:e norinal plants " Chronosone 7D ivi-ch Chrnese Spring aj so

gave mcre nornaf ora::Ns, bui, irad no effeci in the Rescue crosses.

The rei'iain-i:rg chroroosoaes involved r¡ere 2D ¡^¡"ii:h Chinese Spri:rg and

ÁÀ ¡¿if.lr ìcqnn,+_ ;^+h--n^,r^-i-- .tn eXCeSS Of d-WarÍS. Ii is cOnCiUdedU.1 I,IJUII :LgÞUusJ wv U¡r JJ¿ vuqvl¡¡ó a

fro:n ihe da¡a rhat r'iarquillo-Kenya ¡-arner has rnajor genes íor

d.ir¡arfisra in chronosorres 2rr and- 411 and 'r,hac l+arquillo-äenya Far¡ner

d.iffers front Rescue for genes in chronosortes 1D, 3D and ó*l and fron

Chinese Spring for genes on cirro:nosones iD, 2D and 70"

The facL iha'i, ihe iluo nor¡üa^L varieties <iiiÍer frorn each oiher

for l,hese pariicular chrorir.osornes -'roufd indicaie lhat these genes r4ay

be of a :¿inor or rnodifying nature"

In crosses involving fiarquiJ-Io-i(enya I'arner chronoso:'ne 4i ,,i'as

criii ca]- in boi;h cases i^¡hereas ii r¡as noi lrnpiicated Ín i;he i.'Iarquillo-

Timstein crosses, The rûajor cij-fference beil¡een the tluo dr,rarfs is

probabry conbroLl-ed by factors in this chrorosoitie o

!'iith regard to the geneiic control of dr.¡arfing in the ti^¡o

dlrarf verieties it is apparent i:,hat ihe naioi' genes for dr¿¿arfing in

i,rarquillo-Timstein are on chronoso¡nes 2Ä, 2i and 2D and in i'Iarquiilo-

iienya ..'arír.er in chroinosones 2¿ and 4B' Severar r=aocii-fyirlg genes also

probably exisi bui; these cannot ire attri-ouied to one parent or the ofher

; * i-1^frr utlú)g utrvÐÞ9Ðo



1. \
( o/ l_r+1¡)ll_ ¡1¡jl-Gitl'

i. Rescue i.ioncsolnics x ìlarqr-i-i1lo-Ti.:nsiein .u-,

Coi:rpar-ìson oÍ the average heighi and variabiiii';. of -uhe nor;rtel

headeci portion of each ¡ronosonic F2 noprilaiion irriih the diso;nic F2

by nieans of i,he tritt fssi indicaied ihat eighi F2 monoso¡rulc popula-

tions deviaì:ed signrÍicanrly (Taole 8) " SL'< neans were si-gnificanriy

beloiv ihe disoni-cs and t-hio lrere significanily above. Tìrose signifi-

canily shor-ber were a.t-i nenbers of homeologous grourÐ 2 and Iines Ja,

3D and 5D. The popuiaiions which exceecieci the disomic illean rrere lA

and 48" The F. populabions defici en'r, for chroiaoso¡nes 2i+, 2È, 2Ðt' ¿."
3i',, 3D a¡rcl 5D lon".iouO:nore pianfs rciihin ihe shorter ranges ihan

cÌici ihe diso:iric ¡.ropuial,ion and feiver planbs in ihe ^ìescue pareni,

range (ta¡te B), Conversel-y, tines 1A and 4B had rnore plan-r,s r'¡irhin

ihe tall-er ranges r,han the 1r" ciisomic and a higher percentage oi'

'n-ì ¡n-j- c -.ri lhì n {-hp iaqorra 
^r-:- 

-pJ-aJIuS r'J-LU¡lJ-l.r r,rr- -"---* ---- I'an8e"

In acidii;ion to causing reduced height iii Lhe nonnal headj:ig

.o'Ì arits, ì:he chronosomes of homoeologous group 2 were al-so crii:icar

in produci:rg an e,{cess of d'¡ia::f plan-i;s es compared i;o ihe di soinic

'-^Lj^ 1m^Lì - ì\ Fiol¡ever, lines 3Ã, 30,4.b and 5D deviat,ed- significantlyl'-dUIU \ Lé,U-LE -rt o IluvúüvVa; IMÇÞ

from ì;he disomic popul aiion in mean prani hei3hi bul, dici not devj-a-be

fro:l ihe cìisoi:nic populaùi-on in rela-uíon 'bo dr,tarfing"

o ^hiro-a 
('-¡¡in- l'.ínnnan.'i^- * li:r.nrli'ìlo-tl'-ì ,¡si.ein F^¿c wlrlllvÐg UlrI I¿ró lM¡VùV-:[UÐ 1L IIq¿ l¿q{!rv-IltLovea! L ¿

Sixöeen chro:ilosontes were fcund to influence Lhe height of pranis
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in ihe Chinese Spring series x I'iarquilto-fins-bein h'nerr ihe neans

n-F :'¡oirnq.n:-nì n I nonrrl ¡i.'i nr,q r¿rêrê cô:an>-ca,f t.å. *h 'iho ¡' Ài cnrni n mzuJ- :[ulIUÞu¡¿]IU l'^ puijr.¡ ¡¿u-Luf]lt l'Jel'e Co"Ipaf'eq l,Ij-!f¡ 'Üne I^ Al-SOlll-l-C .1leAna PoÞu-Laiions r,¿ere uu:rl:orçL¿ !,rrr,¡r r,-.- ¿2 **--,,*- ...,

(talle S)" The oirly d.eficieni l-ine r¡hj-ch a'i,'bainecÌ greaier average

heighû ihan the dj-so¡ui-c 1\¡as 5.r. This line al-so had the highesi

Iiercenlate of plants Ìdihin the Chinese Spring heighi; range. The

renaining f5 lines i,,rere signliicantly shorter. The perceniage oÍ

-'l ^-r ^ . -i -LL.-ì * :'^jrrd,rluÞ !,,r-r-rrrr-Lrr r,rre Chinese Spring height rarìge varied irom \2"5fr Qg)

to 6i "9i¿ $ir); ihe F, disomic havirrg ??.1 percen'L.

The ts genonie had 'i;he lnost influence on ihe heigÌr" of pl-anis

since all deficient ¿ines of ¡hi s genolne significani:ly ciecreaseci

ihe inean ireight . 0f the 9 re;naining lines, 5 l¡ere rnerrrbers of ihe Ð

genolns anci 4 oÍ che Á genoine" rì,11 lines i./nicir gave an excess of

di.¡arís as conparecl to the disonic raiio (taUte 4) o¡ere also signi-fi-

eant.lr¡:shor.ier. e.¡noir¡ fnr ?ll -.fri.Ch did nOb diffe-. qicnifinrni.l" f1.qlíLJy rrtLlvLt s¿v ¡¿v u sr¿ ¿ vr 94Õ¡s¿ ¿wq¡ vIJ

i;he F^ ciisoluic.
4

3" Chi:rese Spring i,ionosonic Series x l[arquili-o-Ì{errya }-arner F,

Unlike ihe crosses involving Ì'iaro,uiilo-Tlnstein, eighU of i;he

cieficieni F, iines of Chi:tese Spring x i,iarquillo-l{enya Farner had a
."sr-gnr-r:-canuy ,,aller r:rean height (14, trl, );+, l+A., 48, 5*r 513 and ?D).

Five other iines i,rere significa:r;ly shorier (28, 2Ð, 6i,, 7:+, 3ù) "

ûf ihe 5 deÍicient li-nes i-n-fluencing ihe raiio of tail to grass clu":ip

planls (taUie 5) 3 atso i-nfl-uenced. height of i;he nor¡ral portion oÍ ihe

F, t:opu1a'¿ion. Lines 2D and. ói were sig:r:ificantiy shorier, ',rrhereas 4ii

ii""*u.""¿ the heighi"



40

The comparrison oí chromosone e.ffects on heighu of ;:lants of

irt¡.ì...aca e-nrir+ -,- l.i:nnrr.i lln-Î.ir¡ciaiiilrn.¡ncnr.ric "', .OOpUia¿j-OnS -Wiih
\/II:llç ùç 9}/¿ ¡¡r5 r! I'lq! Yq¿¿4v-l !¡tÐ vv4l r¡lv¡¡v ev.^¡4v ¡ 

z

,hose of Chi-nese Spri::g x i'iarquillo-Kenya Fariner showed that 4

cl:roinosones produced si-nilar resufisj 5Ä increesed signifj-cantly i;he

average heigh-, of plants, 2B anci 2Ð sharpiy reduceci and 4Ð did not

shol,r an¡' difference j-n the heÍght as coiûpared to their respeci;ive

¿

remAiniTlg chroflosot:res. This suggesùs ihat the genei;ic con-r"rol of

"i,he ireighf i:r -bhe i.Iarquillo-Ti-ns cein a:rd üarquiilo-Kerya Farmer is

greatl;' d-i ssj-rniiar and :nay di-fíer b;'r inan¡. faciors. Thís indj-ca-i,es

tha'¿ :rore tenes in-fluence piant heigi'iu than are involved in Lhe

inkreriiance of di,r-arÍism.

In generai chro¡aosoaes which were critical Íor d-warflng aiso

inÍluenced i,he hej-ght but several- chroinosorles ilÍluenceci height,

l'¡hích l.¡ere not ì:nplicated in the inheri'íance of dwarÍisrn" 0f i;he

lB chro¡:rosomes i-nvolved in cÍ-øarfis¡n inheritance in the i;hree series

? did not aÍÍect plant height as re5ards variabirity i-n the headeci

portion of ì;he F, PoPulation. This shor,¡s iha'b rchile som.e faciors

r¡;hicl'r control tf.]"" i;','ro 'i;raii;s înay be ej-ther pieioire;oic or closely

I ìnl¿a,.j o;.he¡- in-r^--^F..r^- + {rain-aq ¡;rlls;. he nrasefL'boI¿rll\(iLl, V v¿¡91 ¿¡fLtçPüI]L{ç¿lU I @w uvt ù ll¡qÐ v r e ya ve v^'

F3 iÍOi.i0soilrc .{i\l$,Ysils

Fe fi-nes íroro indiviciual- norna'j F^ planis
.Ja

lìescue i¡ronoso¡l-Lcs x iiarquiiio-Tj-:asteir: i+ere gro-!'¡n

fron

iJ]

crosses of the
. - ^/ -the I l-e-Lcl iJt LYo2.
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The ratio of segregai;ing to non-segregating fainilies in each l-jle

t,rras coiltpared to ¡he raiio occuruing in ihe disomj-c F" Iines (tairte

9)" IJine lines deviaied from the disomic raiio. 0f these only

three luere found to be cribical- in F^. This apparent disagreement
I

can onþ be e:çIained by differential selection of dwarf genotypes

in tr enlrsed l-rv +L^ ^r^-^-*^r r,. ^^^r --^'.'.;-^ ^^*.Ìiùions"-LlI r'^ ug,qÐvq uJ ullg é,uf IvJILLé,LLJ VVV! õr vVv¿¡rti vvr¡v
L

For examnle- Iines IB and. l-D r,rhich I'Iere enit,icel 'in F and¡ vr vrs¡îJ¿v, 4¿trve ¿, u¡u *-. - 
2 

*^

produced an excess of tall plants had an excess of segregai;ing

famil-ies in F"" This may nean that these chromosomes in l4arquillo-)
Tj-nstein possess modifying factors v;hich perrai-t a ruider range of

genobypes to head under cool condit-ions. This posiulation i^ras

-,,i.-+¡-*i¡*arr ].r¡r bhe fact that segregabion occuryed in Fa linesÞuuùuoIIUI@uçq vøv ullv l@vv u¡¿qu pvÕr v6av!

derived from nornal I', plants of al-l height cl-asses td:ereas only

the F^ lines derived fro:n F^ plants in the shorter heighb classes
4 Z'

segregated in most o'bher lines.

CONITEI{TIONAI AJ$ALYSIS OF DISOMIC CROSSES

1, Dwarfing in iuþrquitlo-Timstein x Sonora 64 and
Ì'{arqrdl-Io-Timstejx x irJorirl 10.

The average height of the F., planbs exceeded that of fhe

tall-er parents (ltate 5) indicating thai the genotypes for dwarfing

in i-.he nerents differed and that he'r,erosis existed.

The ratio of tal-I to dwarf planLs in 'uhe 6 F" Progenies of

l4arquillo-Tj¡rstein x Sonora 6l+ (60S taII 110 dwarf ) arld 4 progenies

of l,{arquiJ}o-Timstein x Norin l-0 ( 673 talS l-l-4 dwarf ) r.rere established



4¿

T.{llLE 9. The raiios of segregai;ing to non-
segregaujlg far-ilies in the Fj Íro;a
the.F2 heading planis of Rescúe iïono-
soml-c'sez'ies x llarquill-o-Tinsiein.
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PI4,TE 5. Parent and \ plan'r,s of Ì;he crosses"

1" iìedc.an Fed-erai;ion x Norin 10,
2" i.farquiJlo-Ti¡rs'cein x lilorin I0,
3. So:rora ó4 x EeO,nan Fed.era'ui-on,
4, Irjorin l0 x Senora 6l+.

The F, is placeci betr.¡een -the parerris"





h4

on¿hebasisofpiarrùlaoz.pho1og¡.Thedl¡¡arfsegregateshad.r,he

characteristics of ì:'Iarquil-l-o-Tjmsi;ein such as lory si,ai:ure and ''

. ...i
excessive i;iilerin¡; and were easy -r,o separate fron ihe nor¡ra-i , 

,1,.

seãlaerîâì-.es i,¡Tri ch jrr Solte c¿ses were shorter i;han the ialler of .uhe l,
rrv¿ v 9¡¿v¿ uv¿ s¡:@¡ u¡¿v vi4¿v¡ v¿

d-¡-rarfs. The height e;çression in the F, of itarquiJ-1o-Tj.¡os'r,ein x '.

Sonora 64 and iiarquiJJ-o-Ti.iastein x tlorin 10 are presented in ..

", 
i 

.'t.

Fiqures 2 anrì 3 respectively. Cor:iparison of -r,he F, i;alI : d',.¡arf

raiio for the irio populations ind.icaied. no signifi-can¡ d.ifference ' ' -.

a(i.' : L.Ì+65, P: .20 - "30)" this ineans ihat the genoptye of
:. 

,1.

Sonora 64 and lüori¡r 10 are si¡rilaru'iì.th respeci i;o ì;heir intera- , :'

,:t,'' '::
'Lion i'¡i't h 'r,he conrmon parenÌ. I,iarquillo-Tjrnsi,ein. The disi;ribuì;tor ' ' ,'

::
also reveals thai i,{aro¡ri11o-Tj¡nstein :nay be a source ,of genes for . .'.,'

, :: .l

shor-b s';ai:ure thaÌ; coutcì coarplenent che genes in the oì:her ir,¡o

variei;ies Íor piani breecling purposes.
' .' . :

2- Uqgrf:Js*+r1,@ ',.:''

À ihird dr.,¡arf used i:t ihis siudy r^¡as obùai.ned in an advanceC :, . ,,'
.:..;::.

genera¿ion of ihe cross ltedrnan x Federai;ion, This cross r,ras repeated. | .: :.

. I .., .

in order to siud¡r the inheritance of d',,¡ar.fisn in 'i;his hybrici. Boih , ':'

Red;¿an ancl Fed.eraiion are nonnai, '1,¡'ii varieties. The !-- planì;s irere
4

all nornar and dl',"arf pients a;opeareci in ihe F. generaiion" 0í i;he¿-
3?4 T) pla::rs 327 t'æ're talJ. ancl óf ci','rarf showing agreeinent to a i3 23 :'

,t ,.:'.|)
rabio (T.t : .?B? a¡ro P : .30 - .50)"

. ... ,1..,: ,l

]'.]'
1o accoun'u for this ratio 'i:he assuruption l¡as made thab the parenÈs
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-l

differ by 2 geneiic facì;ors; e dominanb cinarfing facì;or (OO) ar¿ an

inhibiiing factor (ff). One parent nust carry tv¡o d.orninani faciors,

ÐDII, i;he oi:her both recessive factors, ddii"

'lhio hrr'-n+h.esis r,¡as verified by studying L32 F. fenifies fronyv e¡¡vu{e lr@9 v v¿ ¿¡:vq vj, ù vq\Ð/ 4¡5 ¿/ 
-)

j-ncìividuaÌ F^ plan'rs. 0f these 100 l¡ere fron noimar F^ ptanis¿- 2'
and 32 fro¡n dr.¡arÍs" jiased on -bhe above h¡1poi;hesis 7/L3 of 'r,he Fo

l-ines from normù lrplants shoulcÌ breecÌ irue and. 6/L3 
""gregaie

r,¡hereas of 'uhe f" iin*" fro:n d',uarf ï- nl¡ni-.s r/3 shoul-d segregateJ -----
and L/3 be dir'ar.fs. Tabie 10 presen'bs the actual resulis:

TABUì i0. Segregai;ion occuruing in .r'" lines Í.roi:r
nor¡nai and dwarf !'2 ;clants-of i:he cross
Red:üan x Federaiion"

-2 Ll
f'Õ 0bserveci Cal-cuiaied -It-

llorma-L

Ð'¡rar-i

Hoinozygous norilai
segregatins L3:3 or 3¡l

^^^.h^^^-r-; *^ 't .?Ðçö¿ çócur!16 !.)

honozygous cir,¡arf

t/
4A

ri
)1

)) "6O
l+6"L1+

tn AA

¿)- ø)Q

0.0003ó

0.00042

0"01_0s

0"0q54-
a

x'o.0IógB
T)oo
L ø.//

In addiùion ì;he F, ',vas l¡ackcrossed to both parents. .A,ccording

io the h¡rpoi;hssis ihe progerÐr o.f one bacl<cross should give ihe raiio

o.f 3 tai-l to I owar.í, 'i,he other onþ tail plants. Froln the backcross

of Reci¡aan :l (Recinan x Federaiion F-, ) a raiio of 25 tal-I: 6 d.-u¡ar.f plants



td
L+ó

l,ras obiained, which is noi significantly different from a ratio
a

of 3:l (X': 0"537, P: O.5O - O"75)" The backcross of (Bedman x

-\Federatj-on F.., ) x Federation resulted in only tal-l plants. It rvas

concl-udeci that the propos ed 2 facior theory provides a logical

erçlanation for the j¡rheritance of dwarfj-ng in this cross. The

backcross resul-ts support findings by Stephens (38), Ì{cMill-an (I8)
/ ¡ a\and Tingey (43) that Federation has the constitution of DÐII"

Redman must therefore be ddii. This resu.l-t indicates that the 2

dom-inanf geiles for ttgrass chi.rrptr l-ocated in chromosomes 2A and

48 of ReiLinan by Hurd and tricGinnis (fó), rvhich proved to have a

coinplemenfary action i,,rith a'b least one gene for rtgrass clumptt 1n

Kenya-Farnier, showed no interaction r,,rith the genes found in Federa-

+i^h

It, may therefore be concl-uded that Lhe 2 do:ninant genes for

Itgrass clumprt in Redman are not the same genes uvhich are involved

in dwarfing in the cross with Federation.

3. Dwarfing i:r Sonora ó4 x Redman - Ì-ederation, and,Fedman-
Federation x Norin 10.

The average heighi; of the F.., plants exceeded that of the ta}ler

parents (falte 11, Plate J), inciicuarn* thaì; the genot¡rpes for dvrarfing

t.he ilareni,s difl'ered and that heterosis occurred- nartieilla.rlv in theurr v par

F- of Sonora óÀ x Bedman-Fed.eraiion,
-L

t_n
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The segregaiion in 'fhe F, of ì:hese crosses lras established on -bhe

basis of pia:r-b rnorphology because 1;he heighÌ; of dr'¡arf planis cii-fíered

consiCeraÌ:iy, oÍten overJ-apping v¡ii;h normal ;cianis. Froin the daia

i:r Tabl e il it is c'lear ihai; the reci¡:z'oeal- crosses of Sonora ó4 anA

P,edna¡r i-eCera'¿ion producecl very sinj-l-ar l-a popuiation r'.trereas ihe F,

of Redrnan Federabion x I'iorin I0 l,'as significantly differeni. This

:lay be due however io envj-ron'leni: since the laitei l,¡as gror.ll'I i:r the

greer.house and r,he foriner in i;he field.

The piant heighi; dísi;ribution of Sonora ó4 :< Red¡nan-Federaiion

is presented. in ¡'igure 4" Of i,he r-279.3iá ¡,rere tall-erbhan i;he Sonora

ó4 pareni iiui; i;he overail heiglr', r'ange exceecled bobh paren'us indicaiing

'i;haL lìeùrian-!-ederaiion rtray be another source of ciif-fereni genes fo:'

shoz'i; s'La'bure "

4. hrarfing*in*b4-q cross of Tom Thr¡ab x lìednan Federa'i;ion

The average heighi: oi the F, planís ',uas 53.0
-L-!io 22"8 : L.5 cm for Redman-Fecleraiion and. 32.7 :

(etaue ó).

-LI 1.0 crn as conpared

.95 cin for Torn Thu¡rrb

The F^ popul-at,i on -r,.ras groi.rn i:r i;he greeirhouse and the parents and/
:aairy drrar.í segi'ega-Les Íailed. ùo heaci (ftate ó), The nonlar port-ion

of the po;c-uJ-a'r;ion coniained. planis up to i10 cn in heighì; indicaling

ihai he'ferosis anci ver;r djjfereni: gene con';rol of d"¡arfisro e:cisieci

beiween the i,i.¡o parenis.
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PLATE ó, (a) t'tre F, anC ihe parents,

(¡) ti:e t-',, segrega'¿es and parenis (right) o.f the
crossoof To¡i Thlu.rb :c Iieci-tnan Federa'r,ion.

(a) To¡r Thr¡,nb (lett), f-, (cenier) À,eci:nan-Federation
(rieht)

(¡)f,ToinThurib,
2 " Red:nan-Federatilrn
?- F se-r'reoa.tes¿. r) vv5¡varee



J. Dwarfing in thr!: cross of Þiarquillo-Timstei¡ x
Tom Thumb

The average height of F, plants r,,¡as 49,8 i .69 cm as compared.

. -J-

Lo 56,7 1- l-.50 cm for l'¡rarquj-1lo-Tjmstein and.32.7 ! .95 cm for Tom

Thumb. The dis'r,ribution pattern for F, plant heighì: (¡'iC.5) shows

that transgressive segregation occurred i:r both directions.

ó" Dwarfjng in the Crosses of Tom Tllumb x Sonorq tØ and
Norin l-0 x Tom Thumb,

The average height of the Frts

respectively. I¡Ihereas Sonora 64 was

a a / ^^ ^ l- ^/J-.Io cm ano 'rom lnurtlþ )2.'( - "yo cnl,

are jlluslrai;ed in Plate 7 and Figure

range exceeds bo'bh parents indicating

in the parents differ"

-L -l-| /¡l"rere 4u"4 - "Y2 cm ano 4)"Y - "oJ
II

e/ ¡ ¡ r . ¡¡ /a n)o"Y - r.tL cm, Noran fu oö,'/ -

The F hei ohf. rìistribulions
a-

6. In both cases i,he heighi

+h¡'F +h fnr rìr^¡rrfinoutld u uf rç 6ç1rEù r vr urvqr ¿ rJ¡5

The resul-ts from this series of crosses indicate that the

dwarfs; Lfarquillo-Timstej-n and Redman-Federation differ genotypically

from aIL other serai-dv¡arf varieties tested." Norin 10 and Sonora 64

react similarþ in al1- crosses indicating thai they differ l-ittle in

d.warfing genotype as r'¡oufd. be e>pected since Sonora 64 has Norjn 10

in its paren'bage" Crosses betr,¡een Tom Thr::nb and 1vÍarquillo-Ti-mstein

and Red¡ran-Federation i:rdicate that it differs from these two lines

and also that these tr,¡o differ from each other"

The F, dis-bribution in aIL cases indicates tha-r, dwarfism is

comnl exlv inheriied.

Due to the complex nature of the inheritance reveafed by the
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PLATE 7. (a) fne F, and parents (Ieft),
(¡) Fe segregates and. parents (right) of

the cross of Tom Thurnb x Sonora ólr.

(a) ron Thr:rnb (l-eft), F, (center),
Sonora ó4 (rieht)

(¡) f. TomThurnb
2. Sonora 64
? - 1' seoreo'a.i,gg.¿. .)
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ilonosorLic anarryses and

i;he oiso¡ric crosses no

node of inheriiance in

the iransgressive segrega'bion

aiierapi '..¡as inade i,o pos'r,ula-íe

ihe disornic crosses.

x,r7
/I

occurrirrg in

ihe ac¡ual



GS{ERA], DISGUSSION Al\]D CONCLUSÏONS

The resul-ts of this study show that both the MarquiJ-l-o-Tjmstein

and }farquillo-Kenya Farner types of dr,¡arfism are conditioned by

^^"^--^ì In addii;ion to me'ìor rrenes i,here are modiflvinø s'ênêqùçv ça dI ðçlIçù. Uf dUUIUJUIf UU llt*U -*

which r¡rere revealed by the F., and F2 monosomic analysis.-¿)

.4,1I chromosomes of homoeologous group irn¡o of I'farquillo-Tjmstein

carry genes for dwarfisn, of these 2A and 2D are regarded as major genes

since they deviated greatly from the disomic populations in crosses w'ith

both monosom-lc series. Chromosome 28 woul-d appear to carry a rnajor gene

since i-t r,ras critical in both monosomic series but because of very slight

deviation from the di-sorn-ic population ii; coul-d be regarded rather as a

n:-i-nor geneo F^ lines deficient for chromosomes 1B and lD proved to be
a.

critical- under cool grow-j-ng condiiions and F? fa"ïìil-ies def i-ci enN Íor ihese

chromosomes had an excess of segregating fi.-u" sugges'r,ing that these chromo-

somes possess modifying genes which reduce the temperature sensitivity of

the l,Iarquillo-Timstein" The other lines lvhich were foirnd cri-tical in

crosses i,,rith one or the other of the monosornic series and Marquillo-Timstej:r

are regarded as being due to modifiers carried by lhe Chinese Spring or

Rescue varieties and not essenti-al- to the expression of dwarfism.

The i¡.fluence of environment on dr¡rarfism has been repori;ed

previously by Clark and Hooker (6) and by I'icl,iit_lan (18). Both of

whom found thai ihe frequency of grass clunps in a popul-ation varied

ruith changes in environmental conditions. lvlcltiJ-lan aJ-so reported

variation in dwarf plant morphology due to variation in environment.

Hermsen (I4) reporLed. thai the variety Timstej-n has trvo genes

for dlsaríism l-ocated on chromosomes 4B and 2D whereas the present

study showed Î4arquillo-Tirnstein to carry major Senes on 2A and 20.

58



This indicates ihai: ihe di,¡arfisn o.f i.[arquillo-Tinsiein is probabJ-y

due to one rjlajor gene froirr iiarquiìlo a:rd only one froiit Tims'uein.

Cìrro:nosones 2L and 4B of 1'{arquillo-i{enya Farmer lrere found ì;o

carry inajor d',uarfis¡r genes in t'his stud;r. Fiurd' and i'fccÍnnis (1ó)

established'in crosses of Red¡nan:c Keny-a Farnrer that these iwo

chronosones of Red:nan also cary :najor genes for" d',.¡arfis¡n. The

faci; ihat chrorrrosorne 2:i r¡as crifical in boi;h serj-es lrith i.iarquillo-

Ti:ns-be-i n and i+iih Ì'.arqui-1lo-Kenya Fariner, and thai; chroätoso¡re 4B

p:.'oi,'ed t,o oe critical- in both series wiih i.'IarquilJ-o-äenya Farrner

only indicai;es tha¡ ihe ärajor difference betr'¡een 'c'he l:'iarqrillo-

Timstein and "¿he i'rarquii-1o-Kenya Far,ner diuarfs is due i:o gene

differences on chronosone 48. Thj-s chrorìrosome probabiy contains the

fac'i;or i',tiieh increases ihe ternperature sensi'i:ivit';'r of i'Íarquillo-

äer:.ya }-ari:rer as compared. -bo l'larquiil o-Tinstej-n.

tonventional genetic anaþsis

Reùnan x Federa'cion revealed if to

d.i,¡arfísm in i,he cross of

conirolled by 2 genes" Thel-r o

resul-ì;s fro¡n the F", Fq and backcross progenies support previous findi-ngs

(3lrllrt+Ð tha¿ u"l""uiton has one dor¡jnan'b gene for d.-,¡arfi-sn and

an inhibiior and Lhai Reùnan inust carry ì:he opposite al-leles"

Åpparent contrad.iction -,¡¡ith Hurd and i'icGiru:ist (fó) f:-n0ing ihat

?,eriaan carri-es 2 conple:nen'bary genes for dwarfing on chrornosomes 2¡t

¡nrì /,? e¡n jrr, êa-- ì ^-ih^,r Ì^-- -.-^"'.i*- '!L^+ +1^^ -^-.es found ín tlecj¡iiané,rlL¿ 4+J uill pç ç^ljld,Jf¿qru lJJ ctÞÞulr¿r¡lii ulréu urre óvll

emd. Federabion reilresent inde;oeno-err-ue oorLâlJ-e.tic loci"
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ri i c ^- obable thaÌ; in cases of F.r dwarfism such as e,xists
I

in crosses betvieen }iarquillo x Ti,nstein and luÍaro,uillo x Kenya Farmer

lhai three najor genes e:cisi, and that any tlro in the hornozygous con-

dilion are sufficieni to produce dwarfs but that the genes on

chromosome 2A and 48 are rnore poient than the one on chroroosome 20,

Dwarfism such as that between Redman and Federati on -r'/nich occurs

in i.hc F .and is nr-otranf.ed hrr:n inhihii.oz'oê?1ê mr\¡ oif.han ho¡ ô s¡¡v b vrrv ¡rrqJ
<.

totally unrelated to the other t¡rpe or else is due to different gene

actr-on.

In crosses between the three above men-r,ioned dl¡arfs and fhe

varieties Sonora 6d, Norin 10 and Tom Thunb the semi-dwarfism of these

varie'bies appears to be superimposed on the dluarf genotype producing

trangressive segregafion beyond i;he J-imits of both parents. This

indicates 'i:hat major gene differences eriist bet'ç.¡een the two types

resul|ing in heterosis.

From Ì;he results of the study of dwarf inheriiance it r,^ias clear

that the dr'rarf varie'r,ies also infl-uenced heiehi; within the non-dwarf

porlion of the segregating popula-r,ion. In other i,¡ords the genes

which cause drr¡arfism appear to influence height of norrnal plants rvhen

i.ha enmnl oi.o c¡onn.i-.r¡i¡a ¡anlli r-arì i.n nr.or^lrleo dr^¡:r-f'q i a nnl nnocan*u¡¡v vvrrlllvuv óvrrv uJrwç I ç9q¿¿ vU UU ].,f 9UqUE UWdI ¿ Ð IÐ llvU lJ¿ gÐErlu o

Studies by Allan and. Vogel (I) showed that eleven chromosomes

influence heighi in ',,he cross of ihe Chinese Spring monosomic series

and the senri-dlrarf ]-ine i\iori¡ lO-ilrevor 14" Results from the present

stucly d,o not conrpJ-etel-y agree with i;hose oi All-an and Vogel (f) as
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far as ì,he chro¡nosolljles involved. is concerned but -the¡' ¿q con'firm ì;ire

conpie:<ity cf .i;he inheritance of heigh';.

In most cases chromosomes rdnich caryied. genes infiuencing ',he

Írequenc¡, of d.'r¿a;'fing in ihe F, popuJ-aÌ;ions also inï-Iuenceci ihe ranfie

e,fl nl .ani. heìr"h-'i,s in ihe nOf.mal ¡rni'i-ì nn n'F ih' no-olliaiiOn. In
v¿ pau-¡v -r III Ulfg l¡V¡¿rl# yv¡ vrv¡¡ v¿ w¡¡v ir'r

a¿diiion nar5r chromosomes infiuenced 'i;ire heigh-t ila¿terns ttrhich i'¡ere

no'u invoiv.ed in the irihe:'iiance of d-i'¡aríis:n. 0n this basis it is

i:robable ihat 'i;he d'warf characier is cond.itioned -oy genes i;hat j:l

sone cases ere abfe ;o :.rod.ify plani; hel3irt arld- i;hai o¡her genes

conirol ihe d;¡ariing rnechanis:lt ',.dthoui iravÍng any effeci on -che

ireighi; of no¡'r'nar piani:s" In otherr,¡ords sotrle genes have a;cieioi:ropic

effeci i,fi:i-le oÌ:her influence one or the oihe¡sbuì; no'b both characlers'

The resUiis frorn the nonosoinic crosses i:rclicai;es 'i;hat 't he

dvrarfs, itarquijio-Tj:ascein ancj- Reùnan-.Þ'ecieraiionr e:p ress a

coinpieneni;ary and non-all-eii c relatíonship lrith i;he selÏLi-dliari

genofylpes resulain6 in -bransgressive segrega'r.ion. The occuryence of

ni rni f rn-,eq 
"ir.ei 

are shorLer than eii:her parent indica'ses thab the
p¿4¡ u u., tvve v¿¡e r

i-v¡o ner^¡ cll,."arÍ lines IflåJ- have poteni'iai in p-i ¿1¿ breeding alone or in

cor:rbination lEiLh o ¿her serni-dl¡arf paren-íai lines "

The results oi 'Lhe present srudy suggest sonre shorLcornings of

iiroäosotclc anatyses in studying charac'bers oí such complexiiy as

d-,.æ,rfisfl. i¡irsily, ii; -; s ciiÍficuit uo disi;i nguish chronosor,res carry-

-ìn¡,n¡-in-¡ rcn-inrs fron'íirose r.ûrich have nj-nor or ltod.if;ring effects.
-!-¡I5 JMJV¿ ¿Gvuv.

Secondly, a1|hough i;his üreihod reveals r,¡lçch chro¡noso;res affeci the
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i¡herifance of di.¡arfine it dces not establish r,¡l:ei,her 'che effeci

found is due io ihe honozygous cond.iiion of the chroinosone of 'r,he

varje-uJr being1;esi;ed or r^¡trether ii is caused by'Lhe loss of a chroino-

so,.¿e of the o'fher varieiy"

It is ,oossibie ì;hai i;he ;oroduc-i;i on

-ihe chronoso:i:le founcÌ ì;o be criiical- na.'r

¿ion abou'', i;he si-gi'r-ificance of genes on

of subsi:itu-tì on l-ines of

gi.re ;noi'e .¡:recì se inforra-

each chrornosorÍÌe.
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