
( 

e ", 

.... 

l' 

J 

, MUTAGENESIS lN L6T~S CORNlelJL{\TUS L. 

by 

. 
c. 'Therrien .. 

A thesis'submitted to the Facu1ty of Graduate 
Studies and Research' in p~:i:'tia1. fulf~lment 

of the requirernents for the degree of 
. ~ Doctor of. Philosophy 

Department of Biology 
McGill University 
Montreal 

, . 

\ 

August 1981 ' 

@, 

t 

l-
i 

~ 

~ , 

0. 
lit 

f 

( 1 

,./ 
" 

\ , 

• 

l 
'1 

1 
1 

' . 



( 

( 

\. 

ABSTRACT 

Ph.J;>. MARIO C,. THERRIEN Bïology 

MUTAGENESIS IN ~OTUS CORNICULATUS L. , 
\ 

The cytological and mutagenic effects bf seed treatment of Lotus 

corniculatus' cv. 'Mirabel' with X-rays (3,000-12,000 Rads), ethyl--

~ethan~sulfonate, 8-ethoxycaffeine, N-hydroiyurea, and 2,aminopurine 

(0.001 to l.oi solu~lons) were assessed.on 93 

and open-POl1i~ted, lin'es (22,0~O plants) 

self~d, pa~tially inbred, 
~ 

over four generations·. 

Mutagenic effects were assessed on germination, seedling survivaJ, 

-meiotic aberrations, ~ pollen abortion" seé,d and fora,ge yields, pad 

----dehiscence, winter har~irîe-ss, brown floral kee l tip 'color" and èyan::>-

,\ glycoside (RCA) content ~n the leaves. Dose effects we,e largel~ 
4 

confined to the NI generation. Germination and seedling survival 
'li 

could not be use,cl to préd~ct ~utatian rates .', Righer levels of forage 

and seed yields and lower levels of RCA content ,,,ere induced. 'Pod 

dehiscence, 
~A 
a~fected. 
'\\,' 
and~, 

, \ 
charaè:~.s 

mutagens. 

1 1 

win ter hà1diness and brown keel t~p f~equency were not 
~ 

Three qualitative m'j'tants, .chlorotica, vestigial flaret; , . 
were tetrasomic recessives. Only ,tetrasomically inherited 

were found. X-rays and effective-
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Ph .D. ,~MARIO C. THERRIEN .. '.Biology 

LA MUTAGENESE CHEZ LOTUS CORNICULATUS L. 

7,500 grain~s d~Lotus corpiçulatus\ cultivar Mirabel, ont été 

. soumises à davers traitements avec les mutagènes suivants: Rayon~-X 

(non-filtrès, 3,000-12,000 rads), méthane sulfonique d'ethyle, 
• ~ ? 

8-éthoxycaffeine, n-hydroxyuréa, et purine aminée-2 -(solutions de 

0.001 à 1.0%). ,~n tout, 93 lignes comprennant 22,000 plantes ont été 

engendrées durant quatres générations successives, ceci par entre, 

croisements et fécondations consanguines des'plantes' traitées 

auparavant. ies effets d~s mbtagènes ont été évalués en analysant lès 

resul tats obtenus sur la germination, la mortalité des· semis, les 

anomaliès méiotiques, ,l'avortement du pollen, le rendement en grain et . 
fourr~ge, ~'écla~ement des ,gousses, la résistance au froid, le contenu .. 
de cyanu~ au feuilles, et la fréquence ~u caractère floral «carène ' 

brune.» Les effets des diverses doses de mutagènes ont été observés 
. ' .\ 

principallement à la génération Ml- Le taux de germination et de 

morta~ité des semis nlon pu être utiÎisés comme indicatipn d~ la î • 
fréquence des~mutations. 1 

De meilleurs rendements en grai~ et fourrage 

ainsi qu'une diminution du contenu de cyanure ont été induits. Les 
• ~'!f ' , 

divers traitements de muta~ènes n'ont p~ affe~té les caractèristiques 

'agronomiqll;es suivantes,: l'éclatement de~} gousses, la resistanee au Q 

froid et l, fréquenc.e du caractère floral «carène brune.» Trois 

mutants qu!rUtat'Üs ont été induits; chlorotica' (ct), fleur vestigiale. 

(fv) , et nain(~), ceHx-ci.étant de type tétrasomique récessif. Seul 
1 

des ~utants tra~smis de façon récessive tétrasomique ont été observés. 
, 

Selon 'cette étude, les Rayons-X et le méthane sulfonique d'eehyle 

apparaissent comme étatit l~s muta~ènest-les Pl:- éfficaces chez le 

Lotus c'orniculatus L.) 
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CLÂlM TO ORl,GINAL RESEARCH 

: ,~e study'1eported in this thesis constitutes the original work 

of the author, and the fol~owing items are considered the mos~ important 
, ! . 

contributions to the knowledge' Q!f .rnutagenesis in Lotus cornicu'latus: 
! " - , --

l',' To the aud;'or 1 s knowledge, this is the Erst study on induc~d 
! ' 

2, 

mutagenesis in L, cbrniculatus . . " 
Th~s is 'the first report of quantitative variation having bce1 
induced directly in a higher plant by the rnutagen~ 

,f 
n-hydtoxyur~a, and 2-aminopurine, 

8-ethoxy caffeine, 

" , 

3. Qualitative mutants were induced and their hequencies significantly 

~nli~nced for the fi,rst .time in Lotus, Mu1;:ants were tetrasornic 

r~cessives and no dîsomically-in~erited' characteristics,were found 

in a'faiiry-large population, providing further~evidence for 'the 

1 1 "" f' ,1 arge y'tetrasornlC,nature 0 4hlS s~ecles: 

4. lt ~as been shown that qualita~ivB'm~tants and incluced quanti~~tive 

changes cannat be p~dicted sOfely by the irequency of meiatic 

aberrations •. pollen abortion, . se~d germination or seedling 

/lethality rates" 
,'il 

5. The authar, has shown that th~ technique,'s developed and uti lized lèn 

this study allow for the recovery of q~alitative mutants and 

potentially useful lines'for quantita~ive characters within four 

geperations from rnutagenic treatment in this speCles. q 
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l TRODUCTION 

" 
Lotus corniculatus L., co only known as birdsfoot' trefoil, is a 

tetraploid (2~ =tt~ = 24) forage legume used worldwide as a pasture 

grazing and silage crop in ~emperate regions (Seaney and Henson,' 1970). 
~ 

The improvement of ag~onamic characters in birdsfoot trefoil has been 
, ! 

limited due to a number of undesirable charaicteristics inherent in this 
,~ ~ 

species. Elimination or modification of ,both desirable and undesirable 
,> 

characteristics has been difficult owing mainly to two factors. The~ 
~ , 

first is that this species displays tetrasomic inheritance for quali~ - ,~ 
, , 

tative characters and demonstrates a high level qf variability and 
1 

~omplex inheritance of quantitative characters, resulting from its 

tetraploid nature. As a result of being a tetraploid, Lotus corniculatus 

has required extensive selection before any improvement in agronomie 
, , 

characs,ers could be realized (MacDonald, 1946; Seaney and Henson, 1970). 
1. , 

The tetrasomjc nature of birdsfoot trefoil has als;hampered quahjtative 

genetiil' studies as therè is a paucity of genetic markers in tnis species, 
. 

and those characters that have b~en used in genetic studies have 

-indicated tetrasomic inheritance with modifier genes of tan being , 

involved (Chamberlain, 1<961; Buzzéll and Wilsie', 1963; Bubar and Miri, 

1965) . 
, r 

A second factor found ta encumber genetic studies and the 

improvement of agronomic characters is the allogamous nature' of this 

species. Birdsfoot trefoil has ~en found ta contain ân S-a11ele 

incompatibi1ity system and, i~ sorne cases, disp1ays self-sterility. 

This effectively has prevented the establishment of homozygous 1ines 
. 1 

(Giles, 1949; Miri and Bubar, 1966; Seaney and'Henson, 1970) . 
• 

1 

b~ ________________ ~__________________ _ ____ ~ 
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. 
This study deals with induced mutagenesis and mutation breedi~g 

in Lotus eorniculatus, wi·th sorne parallel experimentatio/n utilizing a 
, 

closely related diploiél:' spedes; Lotus tenuis Waldst. et Kit. (2n = 2x , ' 

= 12). ~utag~nesis and mutation breeding pave ;r~ven useful in under-

standing the basic g~netics of a species, providing de nova mutations 

and novel ge!mplasm ln genetic studies and gene mapping studies ln a 

·number of diploi~ and polyploid speeies (Briggs, 1970b). lnduced 
,-

variation of quantitative characters is another aspect-of mutagen~~is 

and mutatiGn breeding which has been shown to be suc cess fuI in creating 

modifications and imprQvements in agronomie and related quantitatiye 

characteristics where s'uc1\ modifications and improvements were either 
~ , 

not previously present ,in the species, or where the need for' extensive 

ct trait, particuIatly in polyploids, has proven 

"\ 

2 

prohibitive 965; Gardner, 1969; Singleton, i969; Sigurbjornsson, 

1970),' efforts have Led to the deve10pment of a number of superior 

synthe tic in bath d'ip1oid and polyploidofrop species' 

and Micke, 1974). 

and mutation breeding have not been attempted 

this species. Thi~ thesis, therefore, presents a 

compr sSudy on the pre- and post-mutational effects of mut~gens 

from of mlJtagens, the frequency and, spectrum aI 

mutants obtained, and the ge'netic informa-
, 

tian obtained by selectively crossing and breeding these mutants. 

," 
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1. A REVIEW OF THE LITERATURE ON LOTUS CO~ATUS 
/ 

A.' History 
o 

1- Origin 
.:; 

0 Lotus cornicu1atus L. obtained its present name from Linneaus 1n 

1753 when. he described it irt his «Species Plantarum.» Earlier, this 

species had re,ceived the name Logopus major by Bock who described it 

circa 1750 in his '{(Kreuterbuch» (MacDonald, 1946)'. The relationship of 

L. corniculatus to t~e other species in the genus {s given by Brand/ 

(1898) in the only monograph on the Dld World species of the genus 
, 

Lotus. The E:i.rst verifiable account of· the use of L. corniculatus was 

in the eighteenth century in Europe where it was reported as' a forage 
t 

crop ,(Ellis, 1744). The Eirst commercially harvested seed in North 

America was reported in 1937 in N~w York State, and therefore as a 
;' 

North American crop specie~, 1/ cornfculatus is of recent origin 

(MacDonald, 1946). 

2. Description ;' 

1 
/ 

Lotus corniculatus L5 considered to have its origin Ln the" 

central or eastern Mediterranean regions oE Europe (Brand, 1898). In' 

its natural distribution, it is found growing fro; 70 degrees north 
1 ) 

latitude in northern Europe to abou1?lO degrees north 1atitude in North 

'Africa" and from Wa1es in the British Isles ta the Ural Mountains in 

3 <, 

• \ 
j 
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.. 
Russia. Parad~s (1951) states that this speCles can be found ~~ almost 

any habitat, from &emi-desert to marshland, from semi-tropical ta. 

alpine. It has been found from below sea level ta an elevatiôn of 

3,iOO'"meters ln the Swiss Alps. 

The species displays copsiderable , 

which'was first no?ed by Bentham (1865) 

~ the British Isles and who consider~d 

motPh010g~al yariability ~ 
w~ found rnany i&dig:nou, races 

that it w,as impossible ta, 

distinguish clearly between the different races. Larsen and Zertoya 

-
(1963) found Lotus corniculàtus to be the most variable species in a 

1~ \ 

genus containing sorne 350 taxa: This morphological and physiological 

variability made it impossible for them to class,fY any' distinct, 

" naturally-occurring races of L. corniculatus. Thèy found the most 
! ' 

variable chàracters ta ~!:"ude growth habi't, flower color, seed coat' 
~~ 

color, degree of hirsuteness on stems and leaves, mature pod color, 
\ 

number of pods per umbel and number.of seeds per pod. 

A 'description o.f ~. CornicLtlatUI?"Jas 'b'e~n given by Steb 1er and 

~ 
Schroeter ,(1889) with addenda by MacDonald (1946) and is summarized as 

follows. It is a herbaceçus papi10naceous legume of perennial habit 
. 

~ turning wooây with age. The foliar arrangement consists of heavily 

branched stems arising from a single crown and.ranging in length from 

~~ 
30 cm to' 1 meter. Leaves are ~orne alternately on lateral stems, 

having t~o stipules and three leafiets. Flowers are borne terminally 

on stems, in groups of three to seven, as lo~se umbels. Each f10wer lS 

approximatery 1.5 cm in length and ... ·l cm in width, with 5 sepais and 
, ,\ , 

5 petaIs, usually yellow; a standard, two wing petaIs and two 'fused 

G 
() 
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, ~ 
\ . '" ''''-'"''','''petals. form a~keel over the, pistll, style and stigma. Style and stigma , 

, , 1 

are coiled within the keel until triggered by l~sects or strong 

movement. Th~re are. ten anthers, nlne of which are fused and are borqe 

tetminally surrounding the stigma; the tênth resides near the base of 

the pistil. The pistil is that of a typical legume, containing 30 ta 
• 

50 avaries arranged in pairs forming two parallel lines along a dorsal 

r 
and ~entral suture ln the pistil. The pistil devel~ps into green pods 

up ta 9 cm in length which change to a buff to dark-brown color upon 

ripening. After ripening, the pods spontaneously dehisce along two 

~Jres located dorsi-ventrally, and the two 'halves çoil in ?elices, 
, ,. '" «-

releasing the seeds within. Pods contain approximately'8 ta 30 seeds 
,,' 

and are arranged on the umbel in the form of ~'«bird's foot,» giving 

r 
this ~pecies its most common name ((birdsfoot trefoil.» The seeds are 

, 
usually ovoid with a visible'h~lum; the seed coat color is quite 

variable, ranging from tan to dark brown w~h varying·degrees of 

speckling or mottling. Seed dimensions range from apprq~mately 0.5 X , 
" 

, .... "f", # 

1.0 mm to 1.G X 3.0 mm: 

. 
, Lotus cornicu1atus is a long-day flowering plant (MeKee, 1963) 

1-
requiring a minimum of 14-15 hours'of light for flowering to be 

(' 

initiated. It has a cent];a~p root Whlch grows to on'e meter in 
" '\ 

length when mature with many f.ibrous extensions (HacDonald, .1946). 

root system is symbiotically associated with several species of 

bacterià, namely Rhizobium and Azotobacter, with the capacity to fix 

free nitr~n. The bacteria are found in nodules of approximately 

1 ta 5 mm diarneter ,n the ,Dots (Wilson and westg~2; Currier 

The 
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Strobel, U:n~. 
,0 • 

t~ , 
The ~p,edes is also known ta con~a.i,n at, least,S'O 

, ' .. " ' ~ec'on~ary phenolics 'i~ i,ts ~hoots, leaves, and flowers (Harney and 
-, 

Grant, 1963J and à number 
<0 ot hydrocyanog1ycosides in the stems and 

1 

leaves 'CQgilVie,~. 
, \ 

B. The Genetics and, Breeding of Lotus corniculatus 
'1. e 

li 

~ ,1 

1. History 

The first mention of Lotus corniculatus agronomie 
~ 

L. as an 

species was by'WarlÎdge in 1669, who described its use as a forage crop; 

however, the species description was vague. It, was not until Ellis, in 

l7-4~, 'reported ~ species which was clearly identifi~d as the present-
\ ~ 

'* 'day Lotus corniculatus as being qsed as forage and for breecfing 

purposes, that ~, corniculatus can b~ date? with certainty as a for~ge 

Ispecies. Ellis referred to this speeies as «Lady~finger Grass._ 

From the time of Ellis to ~bout 1920 the breeding' ,of /~ 

corniculatus (birdsfoot trefoil) was confined to selection ?f desirable 
-. 

type~ from large plantings ,and ,the growing out of seed from'the selected 
. ~, , 

types. Work of a genetic nature had not begun (MacDonald, 194'6).'\, The 

individua1 credited with th~ "first set o~ ex'periments designed to .. 
.. create ,a synthetic variety of birdsfoot trefoil: was M. Shribaux who 

conducted field trials ahd experimentation from 1920 ta 1934 (see 

Lesourd, 1928; :tMacDonald', 1946). Sorne pro~ising varieties were found, 
, ~ 

, p 

but no recognized, certifiable ~ulti~ated variety was developed. It 

was not until the 1940's that experiments 1eading to the development of 
\. ( , 
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the first ctltivar of birdsfoot trefoi1 irt.'Nort~ America were undertaken 

", by H. A. MacDonald. He described the~ basic ,agronomie characteristics of 

Lotus corniculatus using genotypes from diverse sautees. From these' 

studies eventua11y came ttle f.init American cult.ivar licensed fpr 

7 

relE?ase, llél,ll\ely "Empire," developed from mate,rial that had been intro- ... 

duced into New York State about 100 years previous1y and which had 

become e$tablished and ,naturalized in the ce~tral and northern regions 

f 1 

..-r-... 
r ...4:: 

q ~~ 

JI 

Qf the state. "Empire" cultivar was se1ected for 'erect growth habit 

and resistance ta co1d~stress. , 

By the late 1940'8, birdsfoot trefoil was in widespread use 

throughout many t~rnperate regions of the wor1d as animal fodder and 

f?rage. Hughe~ (19:>1) repor~d /ha:: ~. "\orni~u1atus was beiq~ / 

harvested thro~ghout Europe, in North AfrIca, Western Asia"North and 

South America, India, Japan, Australia and Ne,,, Zea1and. 'By 1973 

<, l , 

Seaney reported that bird8foot trefoll was being cul'tiyated"on 0.5 

mi~li~tares of land i~ the north~eastern United State~ B~d eastern 

Canada, maki-;):' it 'the second 1argest forage crop i11' that reg{on .. lts 

food value .as fodder ror dairy and beef cattle, sheep and other~ 

ruminants has been shown ta be equ;3-1 in value to alfalfa (Medicago 

sativa 1.), and superior tO,aU other s" (Marten and Jofd~ 1979) • 
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2. tytoiogy and origin of Lotus ~sprnicu1atus 

,1 

The first .report on the chromosome number, of Lotus corniculatu's 

'" was by Senn in 193~, W~9~~~~n_d that it was a tetraploid w~th a somatic 
, ~ 

cfurQmosome complement of 2E. = 4~ = ~~. The basic ~hromosome n'umber of 

x 6 placed this species'< ,in the Eulotus section of the genus. Dawson 
'-. ' 

( q.., , 

(1941) confirmed its'tetraploid nature by demonstratlng tetrasomïc 

inheritance for a number of morphological charac~rs. In addition, 

Dawson observed multivalent chromosol)1e a<~sociations of 0.25 to 0.30 

quadrivalents per celi. From this information, Stebbins (1950) 

postulated that ~. corniculatus was a segmêntal ~llote~raploid: The 
, 

cla~sification of this species as a segmental allopolyploid indicated 
" 

that the chromosome complement of L. corniculatus consiste~ b( 
'il 

chromos,ornes with bott1 horno1ogous a~d homeologous segments. Stebbins 

suggested that L. corniculatus arose as a hybrid from two ~losely 
~~ J 

relate~ ancestral diploid ,taxa. This promp.t-ed a cytological and , , 

breeding study into' the origin of this species by a number of 

individuals. 

Interspeciric h!bridizat~on was carried out in arder to try ta 

resolve the origin of l.ocorniculatus. Dawson (1941) pbstulated 
~ 

1 
L. tenuis as a pTogenitor of L. cornicuiatus. The natura11y occurring 

diploid form ~f L. tenuis (2n = 2x = 12} was 'crossed with 

L. corniculatus by Ùliot (1946') ~ho reported 'obtaining viable seed and 
... 

McKee (1949) also stated that he ohtained viable s~ed by crossing these 

two speci~s. However,'no f~rther data ~n these crosses were reported 

by these authors. Tome and Johnson (1945) produced a colchicine'-inducecÎ 
,.", 

.A. , 
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aptotetrapleid ~. tenuis (4~), but ~ere unsuccessful in crossing with 

L. corniculatus. Keim (1952) first successfully obtained a hybrid 
\), , 

between 4x L. tenuis and L. ~corniculatus. The hybrid.had 24 somatic 

chromosoIQes and did nat produce any progeny, but ,the .relative inter-

. ' 
fertility of the two parent species implicated L. -tenuis as a possible 

Jance~tor of L. corniculatus. Mears (1955) was unable to obtain any 
/' 

viable hybrids from a 4x L. tenuis X L. co~nicu}atus cross, but Erbe 
-.::/ ~ 

(1955) obtained eight hybrids from the s'am~ crQss, lending ,support ta 

Keim's findings. This provided further ~vidence which sugge§ted 

L. tenuis ta be a di~loid progênito_~ of L. corniculatus. Bent (1958) 

repeated the ~xperiments of Keim, Mears and Erbe with the additional 

factor of ~ncorporating a genetic marker into the cross between 
" 

'4~~ .. tenuis X~. corn91atus. 'Using a plant'of ~. 'tenuis containing 
, , , 

hydrocyanic acid anp' an acyanogenic f9rm of L. c.orn"iculatus, Bént :was 
. 

able to recover hybrids iD the FI th~t were aIl positive f~ the 
'ti'J> 

dominant hydrocyanic acid marker"in the leaves. This indicated that a 

true hyb-rid forrn had been obtained from the L. tenuis X 1. c\~rniculatus 

matings. This was a further indication that L. tenuis was a diploià 
. 

progenitor of L. corniculatus. Wernsman et al., (1964) obtained viable, 

fertile hybrids of 4x L. tenuis X L. corniculatus which possessed 12 

bivalents at metaphase l, but they were unable to confirm the se 

findings using genetic ma'rkelis or by other means of identifying the 

hyb,rids. 
., 

Since emàsculation'"lpf the female parent was not carned out 
1 

by Wernsmann-~t ~., there is the possibitity that the hybrids may have .. 
been autos~lfs of L. corniculatus. Brandenburg (1961) indicated that 

'" 
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L. eorniculatus ~s not completely self~sterile and may set~up to 49% 

selfed seed. 
, . 

Other reports-indica~ed th~t varioys other species of Lotus may 
/ ----,-.. 

have contributed to 'the genome of L. corniculatus.~ Ti~z (1964) from a 

study of meiosis of bo~h 'i. corniculatus ~nd diploid ~. borbaiii Pit~ 
& Pit. (Syn ... -!::.. cornfcul.:itus var. slovacus·.Zert. 2n = 2x = 12) found 

evidence to suggest that !::.. borbazii may'have been a diplo~d progrnit?t 
t, 

of L. corniculatus and that L. corniculatus was an autopioid of 
" 

L. b·orbazii.' These findings were not"l'confirrned by any breeding 

·experiments. H~~ey and Grant (1963). upon examining Ch~omatOg~s 
of,secondary phenolics from the leaves of L. corniculatus and a number 

of rèlated diploid Lotus species. concluded that .!::..~ corniculatus·,was 

of allopl'bid origin with,!::.: alpinus •• .!::.. JaPQP,icus and 1:.. 'P3duncul'atus 
.. ~... ' 

/ ' 
o as possible diploid_progenitors of L. cornicuLatus. Their conclusion 

• was based,on iffinity studies of the secondary p~:nol~cs of' t~e~e 

Sidhu (1967) were also able to dembnstrate, from 

, 

wlO 

species. G~nt and 

affinity testing of 

,} ., 
leaf hydr~~anic ~ciq gÏycosides that L. corniculatus 

was of alloploid origin with the contributors to the genome of thlS 
'. 

species still uncertain. '. 

\ 

3. Re~rodus~ive behavior 

J 1 

In 1873 H. Muller wasrthe first to .. ' rep:r~ts, of 

absence of insects. Th~s 
.... -;.... .. 4 

L. cornlc:.ulatus 'failed to set seed in the .. 
esta,blished the .(peci,es as an insect,pqllinated outc;osser. Silow 

(1931) observ~d that seed set was pO~Slble ln 'the abseJl~e of ::'nsect!:i dr 

" 

.Q 

. 
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other vectors but that seed set was low (about ~.7%). Thirefore, he 

'''concluded th,at 1:.. c~rn:tç:ulatu:s was highly 's'elf-st-erile, but not ~ ~ 
'~ 

completely. From hist~, logical studies, Giles (1949) cons~dere~tpat 
~ .~ 

the mechanisrn underlyi~ low self-seed set was a g3rnetop~ytic, S-type 

/ 
iricorn~atibility system. 'Bubar (1958) confirmed the pres 'nce of an 

S-type·self-incompatibility system in L. corniculatus and , . , 

'self-fertiie ~lones with an average of 49.1% self-fertility. Miri' and 

Bubar (1966) enhanced self~,ng rates Qver 20% by uti~' ;'ing a m~xture Of 
r '1 

~V \ 
self- aad cross-pollen. They combined a numbêr of enetic markers ta 

1 

" 
confirm that Eiïther selfing oL,crossing had taken place. Seaney ('1967) ... 
observed that ~lf-fertile clones of L. lost their 

ability to self after several generations as well as to b~ 
l'" 

"less vigorous and produce lower 
l, , 

inbreeding depression had taken 

-

se?:fl9'yields. Thus, a 'torm of 
f 

place. Seaney postulated that self
\ 

incompatibility in!:. c~~niculatu"s gua,~ded against an increase in the 

homozygous cond~tion preventing inbre~ng. Mliler (1969) found that' 

l " 

.fself-incompatibility ln L. corniculatus was not constant. He obtained 

," 

.\ 

\ 

plants that ranged fr&'m completely self-steri'le to ones that were over 
~. , 

85% self-ferÙle. Schaaf and Hill (1979) also showed the eX:Lstence of 

3 4 cross-incompatibility me~han~sm ln ~. corniculatus, allowing for 

random-rnating and assisting in the prBvention of:the build-up of any 

delete>rious genes in a 'breeding population. 

""". ' 

~ 
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4. Genetid' 
r 

a. Q~alitative studies 

, Th'e tetrasomic nature of qualitative genè segregation in ~otus-

corniculatus was fir&t noted by Dawson (1941) wqo identified a 

dominant gene A which controlled the presence of hydrocyanic acid ln 

the leaves in an additive manner. Stebbins (1959) combined the 
f----~ "'ii~\~ 

theories of gene segregation in polyploids proposed by Muller (1914), 

'Haldane (1930) and Mather (1936) to ;redict the ratios that should be 

'obtained for independently assorting and randQmly ~egregating, genes 

o in this species. His predictions fndicated that both disomic and 
, " l, 

tetrasomic modes of inheritance should occur in ~. corniculatus, as ln 

a segmental alloploid. Donovan (1957) found a single character in 

~. corniculatus, namely, seed coat mottling, to havé both disomic and' 

tetrasornic components of inheritance, ~5 is, the character segregated 

as a tetrasomically inheritec1 c)1aracter with disomic ,modifiers. 

Donovan also showed that leaf size and floral keel-tip color were 

inhe"rited tetrasomically. ". Bubar (1958) in a study of the inhentance 

of seed coat mottling and floral \keel-tip color LI). 1. corrrl'culatus 

found that brown keel-tip col or was dominant to yellow and was 

inherited·tetrasomical1~. However, Bubar did not find any disomic 

segregation for the seed coat mott1ing character as reported by 

~ 
Donovan., Bubar showed that mottled seed coat is dominant over non-

mottled and tetrasomically inherited. He also found that the red form 

of the flower was dominant ta yellow and that the character was 

inherited ~etrasornically. 

12 
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A further study ~as rnad~~ the brown keel-tip flural character 
1 

,in ~. ~o~nicu1atus by'Hart and Wilsie (1959) who confirrned that brown 

keel-tip was inherited tetrasomically. by a dominant g~ne, which they 

termed ~, and that this character was modified by another gene f which 

in the homozygous recessive condition with gene B (bbbbcccc! caused 
r~ • 

zygotic lethality. AlI other gene combinatibns gave various·intensities 

-of co1or to the keel-tip frorn dark brown with the homozygous.dominant , 

13 

genotype (BBBB CCCC) to a light yellow color with the genotype BbbbCccc. ~ 

Their'findings ~ame abo~t as a result ~f obtaining dissimilar ratios to ' 

a those found by Bubar for the segregation of this character. Buzzel1 

and Wilsie (1963) found not one, but at least two modifiet genes,' which 
~ 

influenced the gene ~ for floral brown kee1-tip color and that th,ese 

genes appeared to segregate in a dominant, tetrasomic fashion. 

Amongst other segregating cha~acters studied Ln Lotus corniculatus 

is a naturally-occurring, ch1or?phyJ1-deficient mutant, the character 

for which fJegregated as a tetrasomic recessive, (Pootschi alld Ma~D~nald; 

1961). Chamberlain (1961), in looking for otherpossible types of 

macromutants of L. corniculatus, screened large populations but did 'not 

find any mutant types other than those previously discovered. 
1 Jo .'" 

Subsequently, Don~yan and McLennan (1964) found that the leaf-size 

character, originally studied by Donovan (1957), was inherited' in a 

rnodified tetrasomic fashion. The expected and orJginal segregation 

ratio for the F2 of 1:4:1 was aétual1y 1:2:2:1 when a large~ sample was 

tested, indicating that the character was displaying partial dominance 

for large vs. small leaf size. Bubar and Mïri (1965) found, that 

.. 
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cyanogenesis ~n leaves, corollar'streaks in flowers, and self

incompatibility in the fe~ale gametophyte of ~. cor~iculatus we~ 

inherited as tetrasomic dominants, and that pubescence and chlorophyll-
- , 

deficiencies were characters inherited as tetrasomic recessives. In 

all, only eight quali~ative ~haract~rs have been studied in this 

species, and aIl but one appear ta be inh~~ited in a tetrasomic manner . 

• 
The exact l!lode of inheritance of see'd' co'at mottling, suspected ta be 

partially disomieally inherited, ha~'not been confirmed CEubar, 19j7; 

Bubar and Miri, 1965). 
1 

b. Q~antitative studies 

'. " It is weIl established that most eharacters of agronomie value, 

such,as flowering time, seed and forage yields, 'and total yields, are . ) 

inherited in a quantitative fashion (Cockerham, 1956; Allard, 1960). 

One of the first analyses on quantitative traits an L. corniculatus was 

by Rachie and Schrnid in 1955. They examined winter-hardiness (o~ eold-

resistance) for a number of natural and synthetic varieties and found 

this character ta be inherited quantitatively. The eold-resistance ", 

ç:haracter segregated a.fter repeated cycles of s~lec'tion which enable,~ 

thern ta select winter-hardy 1>ines. MÙcalfe et al. (1957) found that 

the percentage pod dehiscence varied between eight and 100% for a -

single clone of cv. «Empire» birdsfoot trefoi1 when p'laced under 

identica1 light, te9lperature ,_ and hurnidity regimes. They concluded 

that pod dehiscence was quantitativ~ly ihherited with a la~ge 

environmenta1 influence. Peacock and Wits..ü:, (1957) aho found that 

.. 
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plants grown from a single clone of birdsfoot tre,foU under identica1' 

environmental regimes varied considerably in their expression or pod 

dehiscence. They were able to select for a significant increase ln 

l , 
, . 

pad indehiscence with clones exhibi~ing a 17% Iower dehiscence after 

one cycle of selection. Pod dehiscence clearly showed quantitative 

.. ' 
inheritance with a large genetic component. Jbi.~ wo/rk was confirmed 

by Gershon (1961) who selected for indehisêe~~ne) of birdsfoot • 

trefoil after severa1 cycles of selection ?nd again found inheritance 

to be quantitative. Hood (1964) found that dehis1enc~ was moderatel~ 

influenced b~umidity and the flowering cycle of the individ~ant 
or clone. He found the flowering ~ycle was also under quantitative 

'influence. 

Ogilvie (1970) studied th~ ~nheritance of hydrocyanic acid 

~lyeosides (HeA) in th),leaves of birdsfoot treÉoil anq found this " . . / 

character to be highly, var~able under changing"i:environmental conditions'" 

and, in addition, that the leve1s of the glycosides varied witr tpe age 
" 

of the leaves. He "conc1uded that the presence of BGA glycosides is' 

governed, at 1east in part, Dy quantitative factors. Urbanska-

Worytkiewicz and Wildi (1975) samplel"a ,number of natural populations 
ev 

of L. cornicu1atus and aiso found tnat there was considerable 

variability fbr the presence of ReA glycosides in tbe leaves. They 

1 found ratios of HCA+:HCA- ranging from 0:12 ta 45:'0, indiéa.ting that ~ 

the presence of RCA glyçosides may qe under quantitative genetic ' 

control. 00 Ellis et ~.' (1977a, 1977b), found a .s~milar situation, i~ a 

number of other natural populations of birdsfoot trefoil in which the 

f 
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amount of ReA \{ycosides varied considerab'ly in ""'the differept' 

individuals. These results supported those obtained by'Bansal (1971) 

who showed that the enzyme responsible for the deposition of the HCA 

glycosid~s in the leaves 01' birdsfoot tretoil was 'inherited ln a 

quantitative fashion. 

Among other charatteristics that have'been studied which display 

quantitative inheritance are those of flowering time and stem length 

(Butzell and Wilsie, 1965). Bu~zell and Wilsie found these two 

characters to.be detinite1y quanti~~tively inherited an~ obt~ined 

broad-sense heritability e.stimates of 49 and 73%, respectively, . 

indicating that the former 'contained a modera~e and the latter a 

large genetic component of inher{tance. 

Another important charact~ is seed yierd. "B (1973) 
il:<. , 

'showed tha~ seed yield was directly affected by po hiscence whiçh in 

turn was affectep by changes in light, temperature, an,4 humidity 

regimes. Differences in the variability of this character within a 

single clone of ,cv. «Leo».birdsfoot trefqil indi~at~d that sei~ yield 

was ,a1so under quantitative- genhic èontroi. Sandha and Twam1!ey (1973) 

1 
were able to obtain a broad-sense heritability estimate of 61% for seed 

yield in the cv. «Leo.» Bresciani and Frakes (1973), using clones from 

26 varieties ff ~ .. eorniculatur, obt'ained a mueh wid.er range .. of 
heritabi1ity estimates for seed yield ranging fro~ 40 to.70%. Théir 

findings indicated that heritability for s~ed yield is depen?ent on ~ 

the specifie genome under investigation as weIl as other genetic and . ~'\..... ....-: 

~ 
Sa~dha et' al. (1977), using 144 polycross environmentaf components. 
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progenies from 100 parental lines of cv. «Leo» bi~dsfbot trefoil, 

found that seed yield (broad sense) heritability estimates were 71% 

0!.-_the Pl' generation a~ 64% for the FI, generation, demonstrating a 

high genetic component for the seed yieltl eharaeter. Pankin et al. 

(1977) were aQle ta demonstrate that plant.spaeing had a.signifieant 
'\ "". 

effect CP < 0.05) on seed yiel,d ~w~ll. Khayrallah (1979) obtained a • 

lower heritability estimate for seed yield than did Sandha et al. 

(53% vs ..... 64%) in cv. (Leo,» indicating that genet'ic 
1 

exist within a variety for a ,quantitative 

seed yield. 

The mam interest in L. cornicuiatus. 

quantitative geneties, is in forage yield and rela~êd cornponents as 

, this species is primarily used for forage. 
y 

conducted as ear,ly as th_e-.l9.l0·s (L_esourd, 1928), with later 

being continued by MacDonald (1946). Studies of a genetie 

initiated much later. Miller '(1968) grew four clones irdsfoot 

'trefoil fOT three yeat~ ~nd found that the forage yie1d components nad 

mean squares f,or gene,.ral and specifie combining abilities' t:hat were 

.highl~ significant CP < 0.001). The evidenee indicated that forage 

yield was,a quantitatively in~erited trait with â 1ar e genetie 

eomponent of inheritance. Conje and Carlson (1973) fou cl that forage , 
yie1d components were stable from parent ta progeny. two 

~ 

different lines of birdsfoot )2refoil, name1y cv. «Leo» a type .. 
from the U.S.S.R., they found that forage yield eould be 

increased 0p < 0.05) ln the hybrid; thus heterosis for forage yield 

. 

i 
~ 
l ~ 
J':~ 

~ 

17 ~ 
1 

" 

-., 

r 

" 

1-



\ 

\ 

1 

1 ,... 

\ ----- • 

was, observed. 
\ 

Keoghan and Tossell (1974) used a large number of 

diverse sources of L. co,rniculatus in forage breeding experiments and 

found the yi~lds of individual l~nes to va~y greatly, ranging in mean 
f 

value from 11,950 ta 18,780 kg/ha dry matter. They determined that, , 

fOFage yield was dependent on the specific genotypic ba~kground of the 

particular li~~ and ta be under considerable environmen~al influence. 

Sandha etlle.l. (1977) conducted forage )rie1d experiments on cv. «Leo» 

birdsfoot 'trefoil and obtained heri tability estimates ,(broad sen-se) of 

76% and 68% for the P~ and FI generations, respectively, indicating 

that this character had a large genetic c<Jmponent. Khayrallah (1979) 

using clones of cv. «Leol and «Mi~abel» birdsfoot trefoil, obtained .. 
mean squares for general combining ability (GCA) that wer~ significant 

1 

at P < 0.05 for forage yield. A broad sense heritability estimate of 

53%, was obtained, indicating that fôrage yield was under moderate 

genetie' influence. 

• 
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II. MUTAGENESIS AND MUTATION,BREEDING 

A. Hi..story. 

\ 
.Jllè first' individual ta induce mutations artificially was 

C, . , 
H. J. Mulle.r who, in 1927 irradiated male Drosophila with X-rays and 

obtained recessive lethal mutations in the progeny of the treated 

nies. The fo1J,,~wing year. L. J. Stadler succeeded in producing ,fi 

mutations in a higher plant, namely, barley CHordeum vulgare L.) 

a~ter irradiation ~ the pollen wit:h both X-rays and y-rays. He 

obtained chlorophyll-deficient mutants ~n the progeny of plants 
, 

fertilized with the irradiated pollen. The pioneering work cE these 
Î 

two '{~dividuals fo~med the basis for the study of mutagen~~is an! ' 

mutation breeding. 

Knowledge on mutagenesis and the mutation process began ta 

expand quickly. Stadler, in 1929, continued his experime~tation on the 
. 

- irradiation of higher plants. Working with barley, oats (~vena sativa 

L.) and wheat (Triticum vulgare L.), he demonstrated that an increase 

in ploidy level leads to a subsequent decrease in mutation rate per-

unit dose of radiation, and that the relationship is approxim~te ly 
-J 

linear. _He termed the phenomenon «buffering capacity» and stated Ehat 

the-buffering capacity in a polyploid was greater than ~n a diploid 

owing to' the increase in genomes present in the polyp1oid. This wQrk 

wa$ confirmed independently by Sapehin Ct930) and De Launay (1930). '-
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Effects of irradiation on chromosomes had been studied Slnce the 

, 
. 1920's and 1930's with ear1y studies by Strangeways et al.. (1923, 1925) --. 

and Marshak (1937) working·on choroid tissue of chick embryos and .. 
Gasteria, respective1y. These workers observed chromosome breakage ln 

ce11s irractiated with X-rays. The chromosome~brèaking properties of 

. 1 
X-rays and other radiatifns were a1so noted by Sax (1940) in mitotie . ~ 

and meiotic ce11s of Tradescantia. Gelin (194,1);- using barley seeds 

treated with 5 kR X-rays, demonstrated that increased seed moisture 
, 

content 1ed to an inerease in mitotic aberration rate. The cyto1ogica1 

effeets of radiation on po1yp1oidy 1evel were first shown by Fraier 
" 

et al. (1941). Trradiating seeds of ~riticum monoçoccum (2~), 

T. durum (4~), and T. vu1gare (6~) with 5 kR X-rays" ~hey found that 

an increase\ in p10idy 1evel resulted in an increase ,in the mitotic 

aberration rate. They â1so found that a dosage of 25 kR of X-ray 
t ' 

caused massive cel1 disruptions which were independent of p10idy level. 

The types' of ch~omosome and chromatid aberrations as a resuit of 

physical and chemica1 mutagen treatment are weIl doeumented and have 

been il1ustrated and discussed by several authors (Evans, 196r; 

Kih1man, 1966; Hedd1e and Bodycote, 1970; Auerbach, 1976). 

Until the ear1y 1940's only ionizing radiations were known ~o 

cause mutations ln higher organisms. ' It was not until 1944 that a 

chemiea1' substance was also shown to be~U~genic, name1y, mustard gas, 

a nerve gas used as a weapon of war durin~he First apd Second Woild 

Wars. I~s mutagenic properties were.fir~t demonstrated 

Robson (1944) who treated eggs and 1arvae of DrosopJila 

hy Au~rbach and 

melanogaster 
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with a water-solublè'derivative of mustard gas, allyl isothiocyanate, 
~ 

1 and 'foun'd sex-link~d recessive lethals in thè progeny. In a subs·equent 
",' 

experiment, Auerbach and Robson (1947) found ln the progeny of treated 

individuals domi~ant and receSSlve lethals, visible mutants, as weIl as 

nu~erous~hromosomal translocations: Auerbach (1947) f~rther 
demonstrated that th~ translocations produced in Drosophila chromosomes 

by mustard gas and its de'rivatives persisted to at Ieast the F, .. 
generation. It was discovered also that these chemicals caus~? 

cellular mosaicis~. Thus, athe mutagens caused related cellular, and 
/ 

genetic damag'e: 

While work was progressing on Drosophila mutagene.sis. 'Gustafsson 
1 

(1947) treated seeds of sorne ten different agricultural species with 

v~ri~6 forrns of ionizing radiations. He found that the mutation rate 

in the X3 (F 2), gener~tion could be pre~icted by examining the chromo-

.p -
somai aberration rates in the Xl (Pl) and X2 '(FI) of Xo (PO) treat:d 

seed, as weIl as from the number.of lethals obtained in the X
2 

{Ft) 

generation. He found that the mutation rates of the different species 

at the same ploidy level were not constant, and that each species had 
( 

its own unique mutation rate for the sam~ dosage of a specifie 

Thus; the dosage effect of a partic~lar mutagen was specifie \ 

organism (Gustafsson, 1944). 

The first' induc~d mutation involving a reversaI of a naturally 

qccurring mutant ~as demonstrated by Stadler and Roman (1948). 

Studying the naturally-occurring gene A which contraIs the deposition 
! ,-

of the aleurone pigment Ln the seed coat of Zea' mays, ,Stadler and Roman, 
-- --- ~I 

.. 
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irradiated\po~len with 900 to' 1102 kR and screened for A in Jhe FJ and 

FI generations. They obtained segregation ratios o~her than that 
4 , 

expected 'for the known/genotypes, thus showing that the mutagen had 
\ 

" reversed a specific trait. D'Amato and Gustafsson (1948) confirmed 

this observation by producing simi1ar results ln barley as that which 

had been obtained by Stadler and Roman in corn. Thus, it was' firmly , ' 

established that ionizing radi~tions caused reverseornutational events. 

However, the mô'lecular basis for this phenomenon was not .known 

unti~'\ Schüfes et al. (1949) reported the action of ioniiing radiations .. 
on nucleic acids. They iso1a'ted nuc1eotides, from irradiated nuc1eic 

,acids in vitro' which were 'iopized by the action of the radiations aqd 

subsequent1y lost (rom the main mo1ecule. It was not until the 

discovery 'of 'the struc!;)jre of nucleic acids, s-pecificall! deoxyribo

nucleic acid (DNA) by Watson and Crick ,~~953), that a satisfactory 

exp1anation of, the or gain Qf one or more relationship qf the loss 
( , 

/ 
nucleotides in the process of gene mutation could be 7xv1ained. 

By, the time the mechanisms DE 'mutagenesis via ionizing ~ 

radiations were established in the early 1~,5o"s l:I!..utage:nesis and 

mutation-,breeding were aI"ready in widespread use for the improvement 
/ -...., . 

of crop' species (TQrsell, 1954). However, the limi,ts of this approach 

tyere quickly ascertained., Mac,Key (1954) using diploid bar1ey ahd 

.'hexaploid wheat CTriiicum aest~vum L.) showed that a given species has 

a maximum inducible rnutatio? rate for a given dose, and that no furtner , .' ' l' 
mutants will be produced b~ exceeding the maximum. He also noted that 

beyond a'tertain dosè 
, / -

lev~l the deleterious effects of the m(ttagens 
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became prohibitive to the development of the treated individual. The 

• maximum mutation rate which cou1d be achieved was fo.und: .to be 

independent,of trre ploidy level. 

Hi th the. discovery by Auerbach and Robson (1947) tha ta. chemical 

was capable,of causing mutations, a new avenue of research was made 
<f" 

possible: that of chemical mutagenesis. Am?ngst the first to 

demonst,rate that an alkylating agent was capable of causing mutations 
Q 0 

in a higher plant Has Gi~son ~ al. (1950) who treated seeds of Zea ,--

mays with ~ustard gas and obtained mutant plants. 

In 1958, Loveless demônstrated that ethyl methanesu1phonate 

(EMS), an a'lkylating agent, produced mutations in bacte;~oP?'I:~ge ,T
4

. 
, 

The potential mutagenicity of this compound had been shown previous1y 
" 

by Reiner and Zamenhof (1957) from in vitro experi.ments in which EMS' , 

in solution with DNA caused the removal of adenine, thymine and cyto
\ 

, ~ 

sine residues from the TINA molecu1e as a1kyl esters. The process they 

had observed, termed "alkylation," ~ccurred when an alkyl group ,Jas 

o removed from EMS and added to a nucleotide which had been severed from 

the DNA,parent mo1ecu1e. This reaction was similar to the effect of 

ionizing radiations on DNA, i.e., the dissimilation and 10ss of 

23 

nucleotides from the D~A parent molecule
J 

involving different mechanisms " 

(Gustafsson, 1944; Auérbach, 1976). 
~ 

Moutschen (1965) showed that ~MS-induced meiotic aberrations 
, . 

in barley cou1d persist for severai generations, and t~dt the 

add~tion of the heavy metallic ions, copper and zinc, enhanced bath 

',the cytotaxic and the mutageni€ effects of EMS. Kak and K~u1 (1973) 



) 

• 

Ji 

. 
'" achieved similar, results after 'subjecting several ·species to EMS 

~reatment supplemented with the'additio~ of heavy met~lliè 'ions. 
, . 

Tessman et al. (1964) identifiecl, the altered 'ba~e' pairs~ in a small' 
./ 
1 

strand of DNA which was mutated by th'n alkyl'ating agE;!nts EHS, hydroxy~-
,Q , 

amine anp. nit~ous acid iu an in vitro assay. Their work conEirmed the 

hypothesis oE Brenner et ~." (1961) who showed tha~, mutatioqs were the 

result of 1055' or substitution of bases. 

) . 
Ramanna and Natarajan (1965), showed that alte1?ing treatment 

o • r •• 

conditions changed the eEfects of a given mutagen, and that diffèrent' 
" ,# 

mutagens having a sïn;ilar ,mode of action, for example~ alky1"aü,!g 

agents, ptoduced different mutation rat~s under identical condlti~ns. 

From this, they deyeloped the «rerative mutagenic efficiency» quotient, 

defined as the rnuta;ion, r~te per doS;e of one mutagen divided by the 
, 

mutatlOn rate per\1 dose of a second mutagen used as a standard. This" 

aided in deterrnining which mutagen i,s most effective in p~oducing 
" 

mutattobs in ~ given speCles of treatment parâmeter~ 

and conditions. Nilari et al. the effects of a 

q. ", 
mutagen were dependent oh the kinetics of tpe'mutagen used"pre- and 

~post-:-treatmenu conditiq,ns, and the specïfic genotype 9E tète species. 

As a result, they found that t~ same ,mutagen used on a number of • 

\ , 
s·'pe@.es' qid not produee the same number or type of mutant,s in each 

" species., Thus, a mutagen could be cla.ssified ac~ording to its specifi~:;' 

effects on a given species. Nagaraja and Natarajan (1965) dernonstnrted, 
(". 0 , 

that EMt3-induced 'meiotic aberrations in barley could be d:Î.rect1y cor~~~ 

related ta the mutation rates pbtain'ed in subsequent progeny, 'an~ that 

these aberration:? were stable ln successive generations. 
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uHShevchenko (1968) conducted chromosome' labèlling studies with 

. , ' 
EMS on several species to dete~mine which reg10ns of the chromosomes 

,'were most a:ffected. Using ~ritiate4-labelled EMS, he determined that 
,j 

lb. , 
. the adenine-7hymine rich regi~ns were most affected. An earlier study 

by Moutschen-Dahmen 'et al. (ï965) , using trîtiated-labelled ENS on 

Vicii' faba chromosomes, ,determi~ed that EMS 'did locali-ze ~n certain 

regions of the'chromosomes, but th~1 were unable to identify the 
/ , 

specific sect0li's of the ·DNI\:- affected" 
1 

, 
While ,new types of mutage~s we!e,being discovered, work 

J 
(' . 

continued. on the ,basic princip l'es ,'Of mutagenesis from tseatments with 

ioni~ng radiations. Russell et ai. (1958) showed that mu\a~ion 

frequency was directly proportional to the dose of t~Jmu:agen, 
indicating that th~re existed a{)dose""effec

9

t» for. the mutation rate of 

treated individuals. 0 Using mice~s the test organism, they found that 

the mutation rate rema1ned Ilnear tO,the dose of radiation applied, 

independent of the animal used, the sex of the animal, or the source of 

the radiation ,and whether th~ so~rce was acute (X-rays), or chronic 

radiation (y-rays from a cesium so'Urce). Alexander and Stacey (1958) 

demonstrated that the actions of ionizing rad'iations and alkylating 

agents, which now included EMS and its derivatives, and mustard gas and 

its derivatives, we~~ e~sentially ,he same: namely, the removal of 

nucleotides from the DNA molecule caused the same types of mutations ln 

exposed organisms. Freese (1959) then showed ,that the 1055 of . 
t, 

nucleotides in the DNA molecule, resulting from exposure to mutagens, 
J 

caused erro~s in th~ genetic code by elimination or improper substitu-

tion of a nucleotide which in turn was manifested as a mutation. 
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The mosaic effect of chemical mutagens, first demonstrated in r--
Drosophila by Auerbach ~n 1947, was found to occur ~n plants 'also. 

HeslO't (1959), working with Bordeum vulgare, found sorne mutant ". 
~ \ 

chlorophyll-deficient mosaics. He 8lso found that the segménts of the 

plants affected produced·chlorophyll~deficient offspring. This was 

evidence that a somatie mutation can cause mutational events ~n 

germplasm derived from the mutant somatoplasm. 

l, 

From the initial discovery of X-rays as a mutagenic agent to the 

discovery of EMS and related comp6unds, it was found that aIl mutagenic 
1 

agents studied during this period acted essential1y ~n the same fashion, 

that is, by removal of part of the DNA molecul~ via the severing or 

"_ alt~ration of ch~m:cal bonds (Brenner ~~., 1961). ,With the knowledge 

of the basic physica1 and chemica1 structure of DNA came the knowledge 

26 

l, .. 

that certain chemica1s closeli re1ated to the nucleotides, or DNA bases~ • 

could be incorporated iuto the DNA mole~ulè withnut having the ch~mica1 

1 

0r "biological 'activity of the DNA bases fot which it had substituted. ~ 

Thus~ substituted base~could cause errors ~n the genetic coding 

sequence of the affecteçl DNA strand which~~uld h·aFf to mutationa1 
.' ~.--

/ 
events. These compounds were termed DNA base analogs. Amongst the 
. , 

'iirst of these to be discovered was 2-aminopurine (AP), analogo.us to ... 
,6-aminopurine or adenine. Rudner (1960) found that the addition of 

2-aminopurine cau'sed mutations in Salmonella typhimurium by crèating 

errors in base pairing in the 2-aminopurine süb'stituted regions of" the 
, 

DNA. Danilov et al. (1967) found that AP caused mutations in micro-

organisms by substitution of the DNA base 6-aminopurine 

~ 

" 
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(adenine). Khan ~nd Alderson (1968) found similar results 1n 
.) 

Drosophi,:Fa melan,ogaster by recovering sex-l~nked recessive letha1s "and 

mosaics 1n the progeny of AP-treated flies. 

The comutagenic properties of AP were confirmed by Degraeve 

(1971) who demonstrated that organisms pretreated~with AP would show a 
It. 

marked increase in chromosome aberration rates after exposure to EMS 
:\. 

versus treatment with EMS alone. Mutation induction in viruses by AP 

was conÜrmed by Marcovich and Vigier (972). They used AP-treated 
, " 

Escherichia' coli as the mediator agent and f.aund mutants in the, 

b~cteriophage T4, which 4ad infect~d the hdst E. coli. Tarasenko_ 

(1974) demonstrated tha't post-trcatment of X-irradiated barley seed 

',with AP enhanced the mutation rqt~ in the progeny. Ré;lckwitz and Scheit 
'" 

(1915) detected mutants in Ap1treated cell cultures,of calf thymus 

cells. The first confirmation of the mutag~nic properties of AP 

\ 'without involvernent as a co-rnutagen in a higher plant was by lnoue 
. ~ \~\,\~ 

et al. (1976) who obtained morphological and chloropnyll-deficitent 

mutants in the progeHy from AP-treated ·rice COryza sativa) seeds. 

Further studies with AP dernonstrated its potent mutagenic 

properties i~ bacter~ (Janion> 19~ ~978). She recovered a large 
" - l''\:n ' 

number of error-prone type mutants 1n AP-treated Salmonella typhimurium 

and Escherichia coli. De Serres ~~. (1979~ obtained excision-repair , 
deficient mutants in Neurospora cra&sa after treatment with AP and 

actinomycin D. The mutagenic' properties of AP were su~ed up by Ronen 

(1980) who stated ,that AP was a ~NA base ana log, substituting for sit€s 
~--

'oceupied by 6-aminopu~ine or adenine and being non-f~nctional caused' ~ 
.' ~ 

, " 

.. 
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errors in DNA replication and transc~iption. The effects were seen as 

error-prone m,:,tations in lower 'orgaBisms and as single and camp lex .. 
loci mutants in higher organisms. 

In 1960 Bautz and Freese found a new group of, substances with 

the ability ·to alter DNA by base-pàir removal in a manner similar to 
, 1 

EMS-, namely, «(amines.)}' Freese ~~. (l~l) found 
.. - f 

co~pounds, hydroxyla~i~e, removed nucleot' s from 

that one of these 

nucleic acids 

in, vitrb and caused' mutations ~n several organisms. The process was 

r'eferr~ to as «deaminaiion.» A second group of' mutagenic comp_ounds, 

the acridines, was also found to be mutagenic and reactive with DNA 
, 

(Lerman, 1961). 
\. 1 ~ 

,Le~m\n showed that the addi~lon of ,acridi~es in vitro 

to DNA strands. caused the 19S5' of nucle'Otides froin' the parent lnolecule 

" causing frameshiü mu~ations, and that' the;se compounds were capable of 

,inducing mutations in ,several organisms. ,... 
, 

In an effort to further lncrease the knowledge, of the processes, 

of induced mutagenesis, work, on mutation'induction and mutation 
1 -
. breeding coqtinued..fn ne,,: directions. 'Blix~ (1961) show'ed that not 

,~only cou{d qualitasive mutants be obta~ned by art~f~cial mutage;tesis, 
.' / "il 

but that quantitatiVe variàÙo'ti could be indu~e.Çi as weil. Working' 

r . with the genus Pisum and using X-rays, y-rays and EMS, Blixt induced 

~uantitative variants fo~ chlorophyll in various lipes of peas. 

Zachàrias and Errt.enberg (1962) demonstrated short and long range tOXlC 
'-' 

effects of mut'~genic 'substances by the' induction of leaf ,spo,ts in 

Vicia faba and Trifulium pratense 'L.' ,They . .found both lmmediate and 

delayeél react.~ons, to high levels of X-rays and EMS as regions of dead 

" 
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ce11s in 1eaf tissue with an increase' the area affected wit~ 
~~. 1 

increased dosa~. The concentration 0 a chemica1 mutagen as weIl as 

the treatment temperature were shown affect' the mutation ·rate as was 

first demonstrated in Hordeum vulgare by Froese-Gertzen (1963). Higher 

tempe&.ture' and concentration genera1 y Ln'creased the mutation rate in 
( . 

the progeny for aIl but lethal doses 

" In 1963 ~enqich et al. found group of compounds which 

demonstrated DNA s~,;~esis inhibiti ~,properties. in in vitr.o DNA 

experiments as wel1 as chromosome a errations in several organisms. 

Kihlman et al. (1968) found N-hydr (HU) to be an effective 

arresting agent of Vicia faba chro at mitotic me~aphase. Upon 

furth~r investigatio~, they found that HU in additi.on to being a 
, . 

C-mitotic agent, caused abno:mal ell division, chromosome aberrations, 

and DNA replication errors, al1 f yhich,inhibite4 plant growth and 

deve,lopm~ and made this compou ,d I~ suspected ,mutagen. The plant 

, , / 
growth inhibitory p:operties of U were confirmed by Plyler (197,0), and 

,~_. 
.' 

its inhibition of DNA synthesis was confirmed by Karon and Benedict 

(1970), working on human 1eucoc The cytological effects of ~U were 

.-' <.(1 

further demonstrated by Hussey and Turner (1970), who found abnorma1 cel1 
a. 

division and chromosom~ breaks in treated shoot apices of Lycopersicon 

escu1entum L. In 1971 the mu agenie .properties of HU were confirmed by 

Zimmermann, who induc~d mitot c gene conv7rsio~ in HU-treated,Saccharomyces 

cerevisiae. Kihlman (i97~) c nfi~~d the chromosome alteri~g prop:rties 

of HU, which were first tiote by Bençlich el al. (1963)., Kihlman found 
li , 
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eviderice of chromoso~e breaks in HU-treated root-tips of Vicia' faba 

and All'ium cepa. Masafi et al. (1972) also demonstrated that the DNA 

inhibitory p,roperties of HU wer'e potentially irreversib'le, 
- / -, 

possible long-range damage to the genetic integrity of the , -

CaUSi~g .... ~ 

organ~sm 

exposed to the chemical. Kaul and Kak (1973) found that HU could 
, 

reduce the'number of chromosome aberrations induced by X-rays in barley 

plants by post-irraqiation treatment with HU, Khan and Veeraswamy 

(1974), however, found that post-treatment of coichicine-treated 

Tradescantia pla~ts with HU,enhanced chromatid aberrations in the . ; 

"'pplÜn tubes. WyrOb~k an~ Bruce (1975), and Bruce; and IIeddle ~1ij'?) 
found HU ta be mutagenic in the sperm abnarmalit;y t~st in mi ce (Mus, 

musculus), but ta be non-mutagenic in the Ames Salmonella test. 
! 

latter results were confirmed by jenssen and Ramel (198'0). The 

The 

biOChemical(:ture of-HU was d,eliniated by Tiro,wn (1975), who st~ted 

that HU a~t to suppres,s DNA synthetic enzymes. It was further noted 

that HU had ore than one effect depending on which phase of DNA 

synthesis and the cdl sycle the chemica,l was applied, and whether or 

not DNA damage was already present. Reddy and Miller (1977) found that 
" - , ., 

HU cou1d increase the amount of chromosome and chromatid aberrations 

in organisms exposed to X-rays, via pre-tyeatment with HU ~emonstrating 

its èo-mutagenic properties. Adam and Warr (1979) found HU to be 

; muta'genic caus~ng error-prone type mutations in HU-treatcd Chlamydamonas 

. reinhardii. Raudaskoski 'and Lu (1980) recovered hyphal and spore 

mutations after treati~ Coprinus species wi~h HU. \ 
However, the 

mutagenic properties of HU in highe.r plants is, as yet, undetermined. 
1 -- ; 
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In 1966 the newest type of mutagen to be added' to the li t of 

those already known was the inter,calating agent. Intercalating agents 

were' first studied by Nataraj~n and Ramanna (1966) who observed that 

these chemicais induced breaks in the chromosomes of a number of 

species. They determined that the mechanism causing chromosome ,. 
breakage'~s the chemical~ close binding affinity with the .DNA 

, 

molecule which ca~sed stress points. at the binding site event~ally 

leading to breaks in the structural integrity of the DNA molecule. One 

of,these compounds, 8-ethoxycaffeine CEC) a methylated oxypur1ne 
1 .' 

analogous to guanin:e, was Illutagenic in sev~ral speci'es and caused both 

forward and reverse mutations (Natarajan and Ramanna, 1966). The 

-
~utagenic properties of'EC were confirmed by'Heinz (l973) fr~m treating 

,l 
stem plugs of Saccharum species and by Kihlman (1975) after treatîng 

seeds and shoots of Vicia faba. EC also'enhanced the mutation rate in 

.X-ray treated barley (Kihlman and ~tur~lid) 1975). Malling and' 

Wassom (1977) reported EC acted mainly' as a DNA base analog, in, a 

manner similar to 2-aminopurine (AP). 

Invest)gations on the reactivity and kinetics of chemical 

mutagens were c'o~tinued by Lawley (1966) who studied m vitro reactions 

'of EMS and related compounds wit~ DNA. His findings indicated that 

chemical mutagens did not react immediately'or 'completely with DNA, that" 

the"reaction was graduaI and temperature-depende~t, and th~t the rate ' 
t 

of reactïon was specifie 'ta each compqurid. For example, he demonstrated 

that it took 150 hours at 37°C for one-half of the, EMS present to be 

completely methylated ln ·an in vitro reàction with DNA. This was 

, . 
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termed the «half-life» of the compound at a specifie temperat~re. It 

was further demonstrated that the half,-l,He of a particular cbemical 

mutagen would have, to b~ considered in the calculation of,the exposure - , 
~ 

time of that pàrtic\,i~ar mutagen for a given organism. 

It had been kno~m for sorne time that treatment conditions, by , 

either physical or chemical mutagens, would affect the respon~e of an 

organism, as weIl as the mutation rate in its 'progeny CSparrow et al., 

1958; Smith,_ 1969). Other factors foun~to influence the outcome of 

m&tagenic tre~tment included pH and the physical condition of tHe 

treated material. Hikaelsen et a~. (1968) found that the pH of the 

treatmen,t solution sign:i.t.icantly al tered the mutàtion rate in the 
\' , 

, \. 
progeny of 'Hordeum vlllga~ plants. They: treated barley seeds with EMS 

, , 

and found that a pH above 9 or be10w 4 greatly increased the mutatÎ'on 

rate. ~heir findings showed that the '~utation rate was also affected 

if the seed 'was germinating ,~. dormant at the Lime pf treatment: 

germinating seeds were more sensitive tO,toxic respanses fro~mutagenic 
, , 

treatment than dormant 00'nes. Wickman et al. (1969') confirmed the 

fiQdings of Mikaelsen ~ àl. by obta,ining ,similar results from the same 

type of experim~?t. GranL et al. (1969), working with se~~rpl chemical 

mutagens, studied the effe'ctivene'ss of the rnutagens during various , 

phase; of the ce1l cycle pf'b~rley. ,Their findings show that the 

chemica1s were most clastogeni~ (causing chromosomè aberrations; 

Shaw, 1970) during the S, or DNA synthesi.s.phasè, of the ceÜ cy~le. 

They were thus able to demonstrate that most of the damage caused by 

1 
chemical mutagens on DNA was'during replication.' Mikalsen (1969)' a1so 
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found the maXlmum effectiveness of mutagenic treatment occurred during 

III 1" the SI phase when he treated barley seed lngs wlth EMS. 

, 
In '1969, Kawai classified mutagens according to their effect on

QI 

DNA and this 

According to 

classffication scheme 

this sChe~, mutagens 

iS,most widely used today. 

are of five basic type~: 
1 

(1) physical mutagens, including thermal neul!rons, alpha and bet,a 

particles, ultra-violet, gamma and X radiations; (2) alkylating agents, 

including EMS and aIL other chemicals containing one or more alkyl 

groups capable of bonding to DNA; (3) clastogenic agents, a broad 

category encompassing aIL compounds capable of causing chromosome 

a~d chr,omatid breaks,. including such chemicals as acridines and 

actinomycin D; (4) mitotic poisons \nd DNA inhibito~s; compounds that 

disrupt the normal ce~l cycle resulting in aneuploidy, errors ln DNA 

replication ~nd inter- and intra-chromosomal exchanges; and (5) DNA 

base analogs, which cause missense and non~~ns~ type m~t~tions by 

substituting for the native nucleotides.in DNA';.i 

Sorne of the cytological and related effects of chemical mutagens 

have been studied. S~a (1968) 

physical and chemical mu~gens ln 

, 
investigated the del.!Wed effects of' 

barley JHordeum vulgare) and found 

that the genetic effects of mutagens may not be evident until around 
1 

the F3 ~X4 or M4) generation, since some degr'ee of gene segregation was 
1 

,requÏ,red befor,'e mutagenic effects became evident. 

with continued use of mutagenesis in basic research, greater 

knowledge developed on the basic'processes and relationships in 

mutagenesis and the mutation process. Abrahamsôn et al. (1973-), in 
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looking at a wide range of species from micro~ganisms t~ man, showed 

that a'linear relationship existed between the DNA content per cell and 
l, 

the forward mutati6n rate per locus per 'unit dose of mutagen, and that 

this relationship was ind~pendent of the species tested. Khalatkar and 

Bhatia (1975), using Hordeum vulgare as a test species, showed that one 

'mutagen was capable ?f-enhancing the effect of another. They found 

that post-treatment of X-rayed barley plants with EMS significantly 

- -
incre~sed the mutation rate, and that this rate was greater'than either 

of the two mut.gins US~d ûngly. rhe eHects of mutagene'sis on ploidy 

levels was als~studied. Zut shi and Kaul (1975),-using EMS and other 

alkylating agen~s, did not find any positiv~ relationship between 

ploidy levei and sensitivity to the alkylating mutagens from treatment 

of diptoid, tetraploid, and hexaploid spe:ies of the genus Solanum. 

" In 1978, Lockhart and Shankel~showed that substances not mut~genic 

themselves couid significantly enhance the effects of a known mutagen. 

They found that when caffeine was used 'to pretre~y barley s~eds prior 

.' . ~ to EMS treatment, the mutatLon rate was greatly enhanced compared w1th 

,EMS alone, and that caffeine alone did not cause mutations. Thus, 

caffeine was comutagenic to EMS and was found to bind to the DNA at 

specifie sites allowing for great~r aceessjof the mutagen EMS 

DNA. 

The accumuiated_knowledge ~n artificial mutagenesis in higher ) 

plants has resulted not only in an increased knowle~ge of the basic 

genetics of higher p,lants, 'but has aiso contributed substantially ta 

the development of~~lants of superior qualities tor use Ln crop 
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improvement. From 1929 to 1971 over 93 crop plant varieties have 

resu1ted from inquced mutagenesis and mutat~on breeding. As well, the 

production of over" 8,000 mutants in the 93, species has made a 

substantial cont'ribution to the und~rstanding of the basic genetics of 

these species ,(Sigurbjornsson and Micke, 1974). 
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,III. ARTIFICIAL MUTAGENESIS AND MUTATION BREEDING 
IN THE 'LEGUMINOSAE (FABACEAE) 

'In Sweden in the 1929's, ~ilssen-Ehle andhis co11eagues began 

experimenting with ionizing radiations for the induction of m~tations 
~, '. ( 

Ln agricultura11y usefu1 piants inc1uding sorne pulse and grain legumes. . , 

By 19~3 Herbert Lamprecht, a'col1eague of Ni1ssen-Eh1e, was successful 

i~ recov~ring an artificially-induced ~utation in a legume. us~g 

X-rays, he found a unifoliate 1eaf-typ-e mutant ;in Pisum sativum 1. , 

which seg'regated as a disomic recessive. ~vork Ln legumes was nearly 

" abandoned fram around 1934 to 1950, with the majority of the work on 

artificia1 mutagenesis and breeding being cdncentrated heavily on 

othe,r crop!?, particu1ar1y on ,the cerea1s, and mostly on Hordeum 
/t, 

vutgare (G~stafsson, 1954). 

Work on 1egumes resumed aga in ln 1950 with Stubbe, who selected .. 
4 

X-ray induced mutant~ of agronomie importance in Pisum. Most were high 

séed-yie1ding mutants with changes in stem or reproductive structures 

that allowed f9r higher yields. Similar results were obtained in 

Glycine max L., by Humph~ey (l?5'l) who used ttyrma~ neutrons as a 

mutagen source. The mUtants were morphol~gical types which produced 

higher seed yie1ds. 

ArtHicially-induced mutants wele nO,t confined to high seed 

yie1ding types, ,however. Despande and Jewswani (1952) proquced a 
'c-", 

pigeon péa Cajanus cajan (L.) Mil1sp. mutant with a prostrate growth 

l' 
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habit by means of X~rays. The mutant was a disomic recessive. Tedin 

and ~agberg (1952) obtained a numbe~ of,X-ray ind~ed mutants in 

Lupinus luteus L., an allotetraploid 'species. The mutants were , 

morphologieal and chlorophyll-deficient types which were inherited as 

tetrasomie recessives. These mutants were the first ta have been 

successf'u11y i~duced in a polyploid legume: lnduced mutant's were • 

obtained also in another'polyploid legume,_ namelYI tetraploid ~lfalfa. 

Medicago sativa L., by Torse11 ~~. (1953). A number of morphological', 
"Q ~ 

tetrasomically-inherited recessive mutants, as well~ as a number of 

quantitatively inherited mutants\from X-ray treatments, were obtained. 

Amongst tàe first chemically-induced mutants in a legume was' a 
, .' 

chlorophyll-deficienf mutant of Melilotus a1ba L., obtain?d b~ Scheibe 
, 

and_Hülsmann (1958) from ethyl methanesulphonate (EMS) treatment of 

seeqs. However, mast successful work on artificial mutag~nesis ln 

legumes was 1argely confined to X-ray induced mutants. Sèheibe and 

Bruns (1953) were the first to'successfu11Y'produce a dwarf-type mutant 

in the legume Trifolium pratense L. using X-rays. The fir~ induced ,... , 

cultivated variety of a legume was the cultivar «Strll;. a garden pea 
... . 

(Pisum sativum) produced by Gelin '(1954) using X-rays. 

~ • JI. 
Commercial legujf cultlvars were 

induced mutants of polyp1oids.- Gregory 

also 'obtained from aiti,ficially-

(1955) first successfully 

produced a synthetic variety'from induced mutant types of the tetr~ploid 

peanut Arachis hypogaea L. He found a {(bunchy!) high-seed yielding 

mutant after Chree cycles of selection from a large population of, 

X-irradiated seed. This mutant was, re1eased in 1960 (Gregory, 1960). 

... 
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The initial success by Gelin and Gregory led to the' deV,ylOp~ept ~ of, a 

number of synthetic va~iêties from induced mutant stoGks in a number 
" . 

_of species. Severa1 agricu\t~r~lfy useful mut,ants were' successf'ully 
1 , 

obtained by Lamberts (1955) who obtained ~ighofoTa~e ~ie1ding mutant~ 
~ b 

~ ~ 

. . , 

of yellow sweet lupine (Lupinus luteus 1.) using X-irradiation. ,Kress 
... J ~, 

and Zachow (1956) obtained simi1ar mutants in Luplnus using both X-rays 
L .. 
and y-rays. Down and Anderson (1956) obtained high seed-yielding 

, 
mutant~ of Phaseolus vu1garis L. with X-irrFdiation, whi~e Zach~rias 

1 ~ , 

. (1956)' obtained high see"d-yielding mutants of a similar nature in 

; 
soybeant Glycine ~ L., a1so using X-ray~. 

1 
Thus, by 1960 a number of 

~ , 

·38 

., 

agriculturally useful mutants was obtained in severaI. 'I.e~l,lmino'us species 
" . 

~ f . 1 
Vka t~e use 0 physlcal mutagens. 

The mechanisms invo1ved'~ the inducti~ 'ot' 'mutan,ts' in 

leguminous 'species weré found ta paralleJ those known for othex species. 

Micke, (1958) found that X-ray'" induced qmutations ln sweet claver, 
4 " 

Melilotus a1ba L., were induced and inherited ln.a fashion simi1ar to 

"tbat,in other dipl~ids. Most induced,mutants were single-locus 

recessives. G1adstones (1958) found tha't mutation induction in 

po1yp10id 1egumes was es;~ntia11y the sarne as in other polyploid 
o 1 

species'. Using X-irradi~ted Lu~inu~ digita'tus Forsk., Gladstones found 

that Most of the mutants resulting from ~-iïradiation treatment werê', 

tetrasomical1y inherited recessives, concurring ~ith previous findings. 

Extensive work by B1ixt and colle'agues witn Pisum species f~orn ~960 
'\ ~--

to 1975, (Blixt and Gott!chalk, 1975) prod~èed over 2000 mutant typ~s. 

from~radiations, and chemical mutagens. Their findings on the,~ature 
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of induced mutants in species ~f Pisum were essentially th~ same as 
, 

that found in other species, i.e., that most mut~tio~s affecteà a 

~,~le locus 3' that the mutant alleles. produced were~ larg
/
ely recessives, 

'\ . 
and that,dose-respons~ pattèrns for both physical and chemical mutagens 

were of a similar nature as found for barley (Hord~um vulgare) and 

other diploids. 

, 0 r 
In the 1950'5, mu~ation bree~ers were using inducea mut~nts in 

legu~e qreeding with th~ same frequency and success as ~~ other 

cQ~ercial crop species (Blixt and Gottschalk, 1975)~ In 1960, Reslot 
.., l'" ~ ... 

ore~orted th~t so~e 12 1egumino~s pulse and forage species were qeing 
, , 

used in various mutat\on ,breeding programs wo"rldwide. New mutant 

germpl~sm wa~ being ~~n~ra~ed ~tilizing a. wide range ~f(mutagens in a 

number of species. Zachow (1960), Jorking on "tetraploid Lupinus luteus 

L."obtained a numbe~ of receèsive mutants usefu1 ~n br~e~ing for, 

increased total yie1ds., Cooper and Gregory (1960) bred tor disease ' 

r~sistance in t~ tetraploid pulse ~gum~, the ~eanut (AraChis 
, .. • 1 

'. hypogaea), ~~d obtained strains resistant to leaf spot arter severa1 
'j 

'selection cycles f~am X-irradiated seed. Bilquez and Martin (196.1), 

also working with the peanut, ~emonstrated that the ~espons€-of this 

species to X-~rradiation was genome specifie as they found significant . ' 
1 

differences in treatment sensitivity between var~ous synthetic 
1 

~~rieties. Van der Walt (l962) was unspccessful in -obtaining dis'ease 
" 

r~sistant p~anuts after seed X-irradiation, but Bilquez (1962~ , 

" 'reported that he was successful. Bilquez found that the succes\ of 
-" '{ 

induction of di~eàse resistance was highly dependent on the'specif~c 
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germplasm 
\ 

coutt easily be induced ta produèe used; some varieties .. 
disease resistanee to a number of pathogens, whereas other varieties 

f.a!i.led ta resp~nd. On the diploid lev~l,"Wellensiek (1:961) found that~ 

thermal neutrons induced the same frequency and types of mutants iR 

speeies of Pisum as reported in ather spec~es previously, and Sjëdin 

(1962) observe9 that the Xl st~rility and X2 mutation rates of' 

X-irradiated Vicia faba were comparable ~n responae.to ?ther diploid 

species. 
? 

By 1965, there were 242 new mutants of Lupinus and sorne Il,000 , 
of Araehis (Gustafsson and Gadd, 1965a, 1965b). Amongst th~ most 

usrful mutants up ta this time were those of Lupinus sho~ing low or 

zer~ levels of stem and lea{ alkaloids, and the,. «bunehy top» highly 

product~ve mutant of the peanut Araehis hypogaea (Custafssan and Gadd, 
" ; 

1965a, 1965b). Ashri and Goldin (1965) found that diethyl sulfate 

"(DES) was a' partieularly effe~tive mutagen for leguminous species 

sinee a number of quantitative mutants in the peanut we.re induced of 

high agronomie value. Sharma and Rapoport (1965) were the first ta 
.; 1 

produee suceess~ully .a dominant mutation of agronomie value in a 

legume. Using X-irradiated peas (Pisum sativum), they obtained a 

stem modification<which gave altered seed yielôs~ Their findings 

indicated that dominant mutations of a useful nature could,be obtained 
. 

in some 1eguminous speeies, thus bypassing the ne'ed to obtain progeny 

over several generations in order to recover se~regating recessive 

mutants. 
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~l:.udies on induced qu,antitative variation in legumès ,continued 

with Fierlinger' and Vlk (1966) who studied' quantïtative variants in 
, 

Pisum and other legumes utilizing a number of physical and chemical 

,mutagens. Their findings indicated that a ~arge'variety of mutants 
, 

could"be indueed. with a~iered flowering times and seed yields. 'BÜxt, 
/,,,..,,1 

et al. (1.966) studying induced quantitative variariee in Pisum ,develop.ed 

a method for obtaining optimum levels of indueed variability. Mutant-

lines demonstrating superior seed yie1ds in the peanut were success-

'fully obtained by Patil (1966). High forage yielding mutants were 
, 

obtained in Trifolium and Melilotus speeies; and high seed yielding 

mutants in Pisum arl'd Phaseolus species, (Scheibe 'and Micke, 1967). 

Other induced mutant types of agronomie value included high forage 

yield mutants of -Lupinus ~ (Porsche, 1'967), and qf Lupinus and 

Melilotus speeies (Jashovsky and Go}-ovchenko, 1967) and e'arly flowering 

mutants of Glycine ~ CKawai, 1967; Matsuo ·and Yamaguchi, 1967). 
1 

The aifferential effeets of variou$ types of physical and 

chernica1 mutagens were studied in de~th in Pisum sativum by Blixt anq' 
, ~ 

, c 

Mossberg J~967). They found that equivalent doses of the mutagens . ' 

.' 
tested did -not result in 'simi1ar response,s, even for mutagens of a 

chemieally or physLeally simila'r nature. Responses to treatment ,w~re 

mutagen and dose specifie; they devised a general method for 

determining the optimal dose for thé mast effective mutagen. 

Go,ttscl1a1k (1968a), ,also'work4..ng with Pisum, found that elosely-li~ked 

genes èould und~rgo simu1taneous iriduced mutation after exposure to 

physiéal and chemical mutagens. Genes controlling meiatic pairing and 

J 
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other meiotic processes could also be altered in Pisum VLa mutation 

induction (Gottschalk, 1968b).· Further work on the processes of 

mutagenesis in Pisum continued; wiçh Gelin (1968) who demonstra~ed that 

the pH of the tr~atment solution as we1l as the duration of treatment 

,could significantly affect the mutation rate ln ,the progeny of treated 

plants. This,w0rk was confirrned by Sidorova (1968) in a similar 

experiment with the same species. The effects of X-rays and EMS on 

Pisum were studied with respect to type and frequeney of mutations 
, " 

indueed ln the p'rogeny of plants ,treated as se'id by Tageeva ~~. 

(1968). They found that the most frequent mutations indueed by both 

mutageni~ agents were various chl~roph~ll-deficfent types. These 

mutants qisp1ayed both nuclear and cytoplasmie inhentanee independently, 

a~d tended, to be inherited in a recessive manner. 

Effects from mutagenic treatments simi1ar to those found ln 

Pisurn were a1so eonfirmed in other leguminous speeies. Kleinhofs et al. 

,(1968) recovered ',six different types of ehlorophyll-jefic,ï"ent mutants 
, ~ 

in Melilotus aiba treating seeds witJl __ EMS-:--<~Chopde (1969) also -- --~ 

, --------recovered _ a high fr"equerrcy,of chlorophyll-deficient mutants in 
, ,-

, , 

X-irradiated Cajanus /ajan L., 'and Sharma (1969) obtained similar 

results after treatment of Vigna ~inensis EL.) Savi. seeds with EMS. 
, 1 ---

Along with ehloroph&,L,l:"'defieient mutants, Sharma (1969) recovered 

plants of Vigna which contained a wide range of mutations which 
___ , " , ~ 1 

demonstrated polymerie genetic properties for' totil yields. This 
" 

,polymer:ic' genetic' property was i'nduced in' a number of other leguininous 

, species with varie'us mutagens. A mutant type affecting seed yield was 

r 
, . 
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produced ~n the progeny ,of eeds of Phaseolus aureus Roxb. treated with 

a number of physieal and mical mutagens (Santos, 1969). From Ithese 

same experiments, Santos a number of morphological and 

ehlorophyll-deiicient muta Hoh (1969) sueeessfully obtained a 
,. 

large number of mutants a single character, namely, seed coat color, 

in the eomman bean s vulgaris. These mutants were indueed bÇ 
----t--+-

treating seed with EMS. 

Sigurbjornsson and ieke (1974) ~n reviewing mutation breeding 

ip legumes found that mutants of agronom~e 

value were overed in the following genera: Pisum, 

P~seolus, Medicago, Melil tus, Lupinus, Vigna, Vicia and Arachis, of 

which 21 induced mutant v rieties were catalogued for these genera. , -, 

Sidorova e listed 14 agrieulturally useful mutant 

types 'in a single genus, Pisum. • 
Studies on the effects of induced mutagenesis ~n legumes 

continued with Blixt (1969) who, while working with Pisum,' found that 

responses, to irradiation i fndividual plants arising from treated 

1 

seed were specifie to the enomic background of eae~ individual plant. 

Mutation rates were found to' differ significantly between individuals 
~-

of different genomes that ere completely interfertile. Gottschalk and 

Müller (1970) found that i dueed mutants from a single locus for seed 
j'" 

coat prote in in PiJUm gàv multiple protein types and patterns. Using 

X-rays. as the mutagen, an seed as treated material, they ,found that the 

-- , 
progeny displayed mutant forms, that were pl~iotropic, for t,he deposition 

and conformation of seed coat protein. The non-mutant form of the 
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character had been established as being coutrolled by a single locus. 

Gotts~alk (1970) als~ found that a heterotie effect could be induced 

for seed yield by means_ of X-rays in completely self-fertile clones of 

Pisum whieh previously lacked this cha~acteristic. A sïmilar heterotic 

effect was obtained after X-irraqiation by Shumnyi et al. (1970) and 

independently by Rod ~nd Vagnerova (1970). ' 

Many other mutant types were successfully obtained in other 

leguminous speeies. Boreyko (1970) obtained high-yielding, morphological 
c 

and chlorophyll-defic~ent mutants in the soybean (Glycine max) using 
.... 

various physical and chemical mutagens. Xalchenko (1970) and Gengenbach 
\1 

et al. (1970) obtained similar mutants in Glycine +in'g EMS which 

behaved as mo~ogenic recessive~. Si~ilar ch1orophyll-deficiènt mutants 

were induced by Hackbarth (1970) in Lupinus angusifolius L. using EMS 

and' X-rays. Kaic_ker and Swarup .0971) obtained-similar results in 

Melilotus alba from EMS treatment. De la FIor et al. (1971) found that 
, 

the production of chlorophyll-deficient mutants could be altered by 

applying the mutagen at different stages bf germination when they , 

treateâ seeds of Phaseolus vulgaris. 

Other mutants included ~ number of early-flowering types obtained 

ln Medieago' polymorpha var. polymorpha by Brock et al. (1971) from 

y-ray treatment. ' Blixt (1972) induced si,milar mutants in Pisum using' 

y-rays and EMS. Mutants of a biochemical and quanti taçive nature' were 

aiso obtained for a number of Pisum mutants with altered seed protein ~ 

content. Mehanj iev (1974) obtained sünilar mutant, types in Pisum" and 

Khan and Vee~aswamy (1974) using various IDutagenic agents obtained a 

44 

" 
t 

" 

~ • 

./ 



( 

\ 

" 

large 1l,umber of quali~ative and quartt,itative mutants for seed yield and 

related eharaeters in'gram (Gajanus eajan (L.) Millsp.). One particu-

larly useful mutant was fasciata obtained ln Pisum by Gottschalk and 
fi 

Hussein (197S~. This mutant which was found ~n the progeny of X-ray 

treated plants ,displayed a quantitative moq,e of inheribance. Fasciata 

inereases branehing of the lateral stems of a plant thereby increasing 

the nurnber of flowers and subsequently the number of pods each plant 

bears. The fasciata eharacter was most useful in transforming low 

seed yielding lines of Pisum into higher yielding ones. Sidorova et al. 

(1975) found that by treating a fasciata mutant of Pisum wi,th EMS the 
i 

45 

progeny of the treated mutants would,have the ,fasciata çharacter enhanced. 

J. 
By the late 1970'5 màny different types of mutants were success-

fully induced in a large numbeD of leguminous ~ies from a wide range 

'of physical and chemical mutagens. The most f.requent types were 

chlorophy1l-deficiencies which a number of authors obtained for ~ 

various leguminous sp~cies of agronomie value (Ronnenkamp ~~. (1975) 

in EMS-treated progeny of Melilotu5 alba; Kiang and Halloran (1977) ~n 
fi, 

EMS-treated Glycine ~ progeny; Nerkar (1976) in Lathyrus sativus 

progeny treated with various physical and chemical mutagens). AlI 

mutants induced were monogenic recessives, and in the case of Glycine 
.. ' 

~, the mutants arose in~ependent' of dose effects . 

• 6') 

Aside from chlorophyll-deficient mutants, a number of other 

mutant types wer~induced with relatively high frequency in leguminous 

sped,es. Many of these could be classified as morphological mutants 

inherited either in a qualitative or quantitative fashion, and a number 
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were of agronomie value. These ineluded an EMS-indueed multiearpa1ate 

condition in Cajanus eajan (Venkateswar1u et al., 1976), seed-coat 
----- " ---

color variations in Phaseolus induced by a number of physica1 and 

chemical !Ilutagens (Moh, 197'6), and a number of high seed yielding 

mutants in Glycine ~ induced by X-rays, y-rays, and EMS (Kotvics,-

1976i. High seed yi~lding mutants were a1so obtained from seed in the 

progeny of jEMS-tr,eated Vicia faba (lsmai1 ~~., 1976) an~ a high seed 

i -
yielding mutant of Pisum was a~so obtained from y-irradiated plants 

(Jaranowski, 1976). '. 

Mutants demonstrating detrimental effects on Yfld,S and.other 
".r"'-

agronomie components were also produced. A number of these mutants 

,were studied in detail; these included an X-ray induced plasmon variant 

o'f Arachis hypogaea o~tained by Ashri and Levy 0977) which was', 

inherited in a ~qntJ}ative fashion. This mutant ~~tarded growth rate, 

_thereby decreasing the overall seed yield. Kiang and Halloran (1977) 

found a somewhat similar mutant in-Glycine max which exhibited slow 

growth and dwarf characteristics, as weIl as early f1owering. Unlike 

the Arachis mutant of Ashri and Levy (1977), the dwarf mutant of 

Glycine was ih~erited as a monogenic recessive and was linked to the 

early flowering character. 

A number of superior seed yielding mutants were produced also at 

this time nn several,leguminous species. Amongst these was an X-ray 

indu~ed Arachis hypogaea mu!=ant which showed an aÙered stem g~owth 

habit (Pat il and Mouli, 1978). The stems of these plants were' heavily 

branched, had shortened internodes, and were termed «bunchy top.» The 
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( 
altered stem morphology allowed for s~ed yields that greatly surpassed 

,1 

those ôbtained from untreated plants of the same variety and pedigr,ee. 

Sharma qnd Sharma (1978) reported X-ray induced mutants of the lentil 

- Lens culinaris Medic. The mutants demonstrated a quantitatively 

inherited alteration of pod and seed size, with greater seed number 

\ 
and seed and pod size than untreated plants resulting ln superior seed 

and pod yields. 

One specifie type of morpho1ogica1 abnormality induced ln 

severa! leguminous species was the floral" mutant. Male-sterile mutant 

lines have been produced in Glycine max by Chaudhari and Davis (1977), 
, 

in Vigna sinensis by Reçldy ~ al. (1978), and a shrivelled floret type 

mutant of Glycine max by Singh and Jha (1978). 

Cytologicàl abnormalities accompanying mutational events were 

also noted in a,number of 1eguminous species. Gottschalk and Baquar 

(1971) obtained a mutant in Pisum sativum after X-irradiation in which 

'. desynapsis was observed at metaphase 1. The condition was inherited 

over severa1 generations' and appeared to be a recessive character. 

Multivalent associations, translocations ànd bridges were observed in 

• ttneiotic cells ôf the progeny qf the mutant plants. 

Cytological irregularities resulting from X~irradiation were 

noted ~n a number of other species. Shaikh and Godward (1972) observed 

numerous meiotic irregul~rities afte'r X- and y-irradiation of Lathyrus 

- sativus and Vicia ervila. These includ~d micronuclei, fragments and 

bridges; they persisted over several generations and were proportional 
" 

to the mutation rates obtained. Similar effects have been observed for 

, . 
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a wide range of leguminous and non-leguminous species (Shevchenko, 

196$) . 

Other cytologica1 and cytomolecu1ar phenomena were observed in 

severa1 leg,uminous species accompanying mutagenic treatment and 

\ -subsequent mutational events. Nagy-Porpaczy (1974), after treating 

seed of Pisum sativu~ with various physical and chemical mutagens, 

found a linear relationship between mitotic and meiotic aberrâtion 

rates. Reiger et aL (1975) noted. that specifie regions of the 

t')êhromosom~s of Vlicia raba were aff~c ted by, the action of X:-rays, EMS, 
~, 

and other chemical mutagens. This indicated that the cHromosomes of 

'this species had regions which were mpe sensitive to c1astogenes. 

Schubert and Reiger (~977)~howed that ~here breakag~ of the chromosomes 

occurred they were near l1gions which contained mutant loci. Following 

microb.ia1 geneticists,~ the y termed these affected regions «hot spotS» 

48 

and demonstrated that, for this species, clasto'genic effects from • " 
o U'.,l 

exposure:~o mutagens was the cyto1ogica1 expression of' a mutational 

" 
event. This work was confirm~d ·by Rekhmatulla and Gostimskii (1976)., 

who obtained similar results lin Pisum sativum from EMS treatment. ' ' 
; 

Narsinghani and Kumar (1976) ,found that the application,of the plant 

"hormone gibberellic add (GA) after exposure of actively dividing 

plant tissue to the mutagen EMS.' effec tively reverse~ the c1astoge'nic 

effects of the mutagen. They believed the nullification of the 

c'lastogenic" effects of EMS'was caused by the alt~ration of the cell 

cycle, via prolongation of the cycle by GA. 
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The greatest number or in~ed mutants resulting from exposure 

to various physica1 and chemical mutagens has been visible mutants with 

altered morphblogy (Sigurbjornsson and Micke, '1968; Broek, 1969). In 

legum~nous sp~èies, ~~me 1733 mutants affecting morphologieal eharaeters 

have been indueed in six speeies between the period 1930 and 1974 

(Blixt and Gottschalk, 1975). Sinee that time, further studies on 

indueed mutagenesis in legumes have produced additioUétl mutant types / 

Ln a number of species, ineluding' sorne novel mutants, which has helped 

to fu'rthep. the knowledge on rnutagenesis in legumes. Narsinghani (1976) 

produeed a de ~ leaf mutation in Pisum, utilizing EMS and MMS 

(methyl methânesulfonate) as mutagens. The mu~ant displayed fused 

leaflets and the character was inherited as a monogenic reeessive. 

Motto e,t al. (1975) found ehimaerie stem formation in the Ml or 

EMS~treated Phaseolus vulgaris. The abnormal stèms produced seed that 
( 

~ave rise to progeny with a high mutation rate. The greatest number of 

mutants were chlorophyll-defieiencies. None of the progeny displayed 

the chirnaeral stem characteristies of the parents. Similar results 

were obtained by Kaul and Mat,ta (1976) in Pisum from EMS seed treatment 

~ 

in whie~ the progeny of morphologieal variants in the Ml had a higher 

mutation rate than progeny' obtained rrom avariant types. Tai et al. 
\ 

(1977) found that three different types of chlorophyl1-defieient 

mutants, produced ,in the progeny of EMS-treated Araehis hypogaea, were 

on the same linkage group. L,inked mutant 'genes with similar phenotypie 

expressions were also,obtained in EMS-treated Pisum sativum by 

-Kleinhofs et al. (1968) and Gottschalk (1979). These results were 

l , 
.{ 0 
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sirnilar ta those obtained by Prasad and Prasad (1977) in EMS-treated , 

Phaseolus species. Yankulov et al. (1979) found that the expressivity 
) 

of induced, linked mutant genes in Phaseolûs species was dependent on 

the specifie genome of the plants involved. They found that a 

substantïal difference exîsted for differen; varieties of Phaseolus 
1 .< '1 

vulgaris, the different varieties producing dissimilar nurnbers of 

j 
linked mutant characters. 

1 
~ 

The knowledge on induced mutagenesis Ln leguminous species is , 

fairly extensive, particularly in diploid taxa' (Blixt and Gottschalk, 
, , 

1975). Extensive work on mutation genetic~ and breeding of 1eguminous 

species has been accomplished in fhe genera Pisurn CBlixt, 1972), 
, "-."\ 

Lupinus (Gustajsson and Gadd, 1965a), Glycine (ZachaTias, 1967), Vigna 
~. 

, 
(Sharma and Bansal, 1972), Melilotus (Mieke, 1958), Trifolium (Scheibe. 

and Micke, 1967) and Arachis (Gusta~sson and Gadd, 1965b). Of thesè, 

the most successful and extensive work has been condueted on the genus 

Pisum, prirnarily by B1ixt and Gottschalk (1975). They obtained sorne; 

1040 qualitative mutants of Pisum from a long-range study using a large ---
1 

number of physical and chemiea1 .mutagens, and' from whieh they were 
, 

able to eonstruct a fairly detailed gen; map of the 'species by 

selective breeding techniques. They a1so obtained sorne 200 rnutant~ of 

agronomie value, whose inheritance was largely quantitative. A fairly 
l , 

large nurnber of genetically -and agronornically useful mutants have been 

obtained in a number of other 1egumes. They ine1ude sorne 690 rnutan~s 

'in Me1ilotus alba (Schiibe ~nd Micke, 1967); 650 mutants. in Glycine 

max (Zacharias, 1967); 164 mutants in Lupinus a1bus (Porsche, 1967); 

.' 
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132 ln Lupi~us digitatus (Gladstones, 1958); and 97 mutants ln 

Trifoiium subterraneum CCarpenter, 1958). These mutants were 1arge1y 

morpho1ogica1 and were inherited disomica11y or as monogenic recessives,' 

or displayed indet~rminate quantitative modes of inheritance. The,' 

exceptions were mutants for Lupinus albus and L. digitatus, which were . ' 
either tetrasomica11y inherited recessives or displayed quantitative 

i nhe ri tance. In' a.ddr ion to the two Lup inu s s peci es. two 0 the, 

po1yploid species have been studied.tair1y extensive1y, name1y the 
, ., 

peanut Arqchis hypogaea and alfa1fa Medicago sativa, both of which ar~ 
/1 

tetrap1oid. Most, of the induced m'utants' obtained in thes'e two species , , 

, 
segregated in a comp1ex fashion, inGicating a quantitative mode of 

inheritance; the few ,qua1itatively inherited characters we;e 1arge1y 

recessive (Gregory, 1955, 1960; Ashri and Galdin, 1965; Gustafsson and 

Gadd, 1965a, 1965b; Brack et al., 1971). 

l' 
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IV. MATERJALS AND METHODS 

,. 
A. Mutagenic treatments 

" Fresh seeq was obtained from, the 1975 collection of cultivar 

«Mirabel» birdsfoot trefoi!. (Lotus corniculat-us' L.) from a single line ---- ~ 

licensed for cultivar breedêr seed unde'C the na1lle «Apollo»; l~cen&.e 

no.1688 and 'certified May 6, 1976 under Dr. N. C. Làwson.(Macdon'ald 
'" . 

College). Due to ;he 'previou~ u~e of «Apollo), as .a name for a forage 

cultivar, t~e name «Apollo» was changed to «Mirabel» :Ln Febru'ary, 1978. 

The ,f~ed was cerÜfied as Breeder seed of cul tivàr «Mirabel» by '; 

li 
Dr. N. C. Lawson and th~ De~artment of Agronomy, Ma~do,nald CoUege '. 

Quebec. (1 afu gratefut ta Dr, N. C. Lawson Èor lproviding the history 

1> 

of this cultivar.) From a 500 gram- sampie, lots of 100.'sëeds were 

• <# 

'placed in 5 x 10 cm paper ~n~elopes; 75 envelopes were prepared. The 
" " , 

envelopes were placed in a d~cator at 30°C until ready .for use. 

... Q 

A speéies 
\ 1 

Lotus tenuis Wald~t. seeond was a1so studied, namely, 

et Kit. One kilogram of L. tenuis (2n = 12) s~ed was obtained from" -

Dr: R. R. Seaney (Cornell Un:i;yersity) fI;'om plants which had unde'tgone 
o ' 

two cycles 'of selection in varietal trials at t]:le U:n~ver~ity of 

California Field Experimental Statiop, Davis •• California. From this , 
\,'" 

acce&sion, 15 sarnples of 100 seeds were taken at random, and stored in 

the 'same manner as g~yen for L. corniculatus. 

One mutagen, ethyl methanesulfonate, was used in the 'treat'men't 

of s eecl s 0 f' both, Lo tus cornic u la ~u~ and L, ~ enuis • ~ ase~ 'on t his 

'" 
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mutage,n 1 S knoWn etfeé:ts, -pote;:tcy". and widespr~ad use in treating legumes 

(B'lixt a~d Gottschalk, 1975) and other cr op speçies (~igurbjorn~son and 

Micke, 1974). Four other mutagens were selected for treatment of seed , 

of~. corniculatus,'based on thejr effectiveness and representing fo~r 

l ' \ 
major classes of mutagens, according to the classifications of Briggs 

, 

(1970)' and Heslot (1970h They included unfil tered X-rays, 8-ethoxy-, 

'caffeine, 'n-hydl'oxyurea, a~d 2-aminopur,ine. .Treatme~t of seed by' eacn .. 
mutagen was car'ried out as follows.' 

1. X-rays 

, 
53 

Fifceen en~elopes, ~ach contain~ng 100 seeds, wer~ rémovêd ~ 

random from a desiècator and pl~ced in five lot'~ of three envelopes ~ 1 
! (, • 

cl Each enve lope, y-ithin each lot \.Vas labelled rep licate l, 2 y·and 3, 

respect'ively. The first set of three envelopes was labelled «0» aIld' l 'Q 

) ,~" 

~e~~ed'as controls. Seeds in'the seêond through fifth s~ts of three 

envelopes were subject~d 'to x~rJys at 15 cm from an/X-ray unit.' Acut,e . . } ~ , 

1. \ 

X-'r~ys were used (unfiltered) àt 490 rads/min, until do'sa~es of 3, ô\ 9, . ~ 

ana 12 Kilo.a~s*' wer~ obtained.. Seed tre~tment was carried out '.by ,Dr. 
g ~ ~ 1 

Beatrice L. M4rray, Resëarch Branch, Central Experimental Far~, Ottawa, 
" l ' t...,! 

, " 

'On.tario. Each lot of 100 seeds was· planted. according to trecitment and 

re~licate in 50 x 75 cm flats filled' to a depth or 4 cm wiéh)a peat: 
\ 

perllte:humus mixtu5e, in a 1:1:2 ratio. Individual flat;ls were 1abelled 

"according to treatmene and replica.te, 8;Il.5Lplaced o.!!....stanga7"d 10 x 2 meter_ 
, 

bench'es in a randomized :omplete blo,ck design, (St'eel and Torrie~>' 1960). 
, • D 

Seéded flats were maintained in the gre~qhouse at a temperature of 12°C .. 
night ~nd 25 Oc day and a l2-hour photoperiod until !=mergin,g seedlings 

$ere at' the four-leaf stage. 
~'\~----------------------------------------------------r---------~~--~" \.. 5 • 

v *Kilorad = 1 x 10 ergs/g absorbed dose; the equivalent trans-
mitted dose in Kiloroentgens (kR) 9.8 x-lOS 'ergs/g fo~ hard X-rays 
(Bqcq and Alexander, 196\). 
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2. Ethyl methanesulfonate 

, ! ' 
Ethyl methanè'sulfonate (EMS) was bbtained .in liquid form from 

the Eastman Kodak Company 'as a~;re reagent. Ten ml of EMS wete placed 

in 90 ml of glass-distilled 
6 

solution. The solution was 

water, "forming a 

•• adj';Isted to a pH 

. 
10% (volume:volume) 

of 6:9, using 1 N sodium 

hydroxide. Th~ solution was k~pt in a bro~_glass-stoppered bot~~e at 

20°C, for no more than one-half hour from initial mixing to final use,. , 

From this initial solution, l ml was extracted with a 1 ml graduated 
, ( , 

û yipette and pla~ed in a 20 ml square culture jar with a plastic screw-
'< 

cap. Ta th'is was' added 9 ml of glass-distilled water. The, procedure 
\ 

o -
was repeated' three times ta complete the ~ntire seed treatmen~. Using 

the original 10% sol~tion, lots of l ml were extracted with a graduated . , ' , 

1 ml pipette and p1aced in 100 ml and 1,000 ml volumëtri~,flasks; the 

'" flasks were then fiIled ta" volume with glass-distilled water. Each 

• 
solution was adjusted ta a pH of 6.0, using l N sod.ium hydroxide. Ten 

) 

ml were then extracted from the 1,000 ml solutian~ using a graduated • 
l~ml pipette, and placed'in al 100 ml volumetrie flask. The fla~k was 

then fi1led ta volume wîth glass-distil1ed water and the pH adjusted 

~o 6.0. Ten ml aliquots were extracted from eaeh volumetrie flask 9 and 

placed-4n-20 ml squar~ culture bottles with screw caps. Tne procedure 
1 J 

was repeÇl.tea three -tTriies. Thus there were 12 bottles in ~ots of three t 

containing'solutions with eoncentrat~ons of 1.0, O.l~-O.Qll and 0.001%' 

"f f 
EMS (volume:vo1ume), respectively. Three battles were filled wi,th 10 ml 

of, glass-distilled water, adjusted ta a pH of 6:0, and.,lserved as, 
qc 

controls. Each of the three bottles for each conceRJ:ration was labe'11ed 
• f, 

f 
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"replicate l, 2 and 3, respectively. Fifteeu, e;velopes were removed 

from the desiccator and 100 seeds from each envelope Were placed in 

one of 15' bott les.' 'The bott les were capped. and p laced in the dark a t 

30 0 e fo~ six hours. The bottles were then removed, the solutions 
, ' 

~xtracted, and the séeds ri~sed "in continuou~ly r~nning tap wate~ for 

two periods lasting 15 minutes each. 
, 

The tap water was adju~~ed to a , 
ternperature of 20°C ± 3°e. Seed"s were then removed from the bottles' 

o , 

and p1aced in individually labelled 'la cm petri dishes ~ontainin~ 9 cm 

no.3 Whatman fiiter paper. After one-half hour of drying at ~Obm 
0' 

temperaturè, _seeds were transferred acc.ording ta treatmen,t and 

replicate ta flats and grown in~ conditions !ls given for the X:"ray 

treated seed until the emergi~g ~eedlings were at the four-leaf stage. 

" Treatment of Lotus tenuis seeds proceeded ,'fiS fol1ows .. , Nine 

s'olutions 'Of ethyl methanesulfonate we.e prepared in the manner as 
0" 

(J 

g±ven earlier for ~. corniculatus. The concentrat L'ons used were O. 001, . ' 

0.005, 0.01,0.05, 0.1, 0.5, LO, 1.5, and 2:0% (volume:vo1ume). The 

solu-tions were ildjusted to a pH of 6.0 usu?-g ,1 N NaOH; thiee '10 ml 

aliquots were extracted from each solution. ,Eac~ aliqu~t was ~hen 
, 

, p1aced in a 20 ml capacity culture bot~le and labelled accordlng ta 

. concentration and tepli~ate 1, 2 or 3. 

A total 'of 30 bottles was placed for'six'hours in the clark at 

n 2~e-;-----A-H-bottles w~re then removed. and the liquîd: portions extrac ted. 

Bottles and contents were rin~éd twice Eor 15 min~tes each in running' 
J 

tap water. The séeds fr~m eath-bdttte-were plac~cl i~ lQ cm petri 

disryes, fitted with 9 cm whatman no.3 filter raper. Seeds were , 

; 
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air dried for one-half 'hour and transferréd into envelopes labelled 

with the appropriate reatment and replicate. Seeds were then surface 

broad~ast in,flats. Flats were kept under nylon mesh ta isolate plants 

from pollinating insects. Plants were allo~ed to mature, flower, and 

produce pods from selfing for a peri'od of six months. ',,, During this 

period, nq selfed pods were produced~ and the plants were transferred 

ta the field (sunur.er of 1979) for one mOllth until pod production from 

eross-pollination was established. Mature pods were harvested and 

storeo in envelopes in a dessiea~t-equipped cabinet at approximately 

25°C until ready for use. 

3. 8-ethoxycaffeine, n-hydroxyurea, and 2~aminopurine 

Solutions of 10Z aql!eous 8-ethoxyC'affeine (Et), n-hydroxyurea 
, , 

(HU), and 2-aminopurine (AP) were prepared by dissolving 10 g of each 

compound' into 100 ml volumetrie flasks containing glass-distilled water, 

w~ieh were filled to ~olume after the addition of each chernical. 

Aliquots of 10, ml were extrac~ed from eaeh flask and transferred into 

100 ml volumetrie flasks which were filled to volume with glass-distilled 

water. This yielded a 1% (weight:volume), solution of each compound . . 
From each flask eont~ining a 1% solution, 10 ml aliquots were removed 

and individually ~laced into 100 ml volumetrie flasks. Another 10 ml 

was rémoved from e4ch of the 1% flasks of EC, HU and AP solutions, and 

p1aeed into 1000 ml volumetrie flasks. Bath th~ 100 and 1000 ml gr6ups 

-of f1asks, were filled to volume with glass-distilled water to give 

so1utions of 0.1 and 0.01% (weight :volume) for eaeh ehemical. From 
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each of the 1000 ml flasks containing O.~l% solutions, 10 ml aliquots 
<--- .<;> 

were removed and individually placed into'lOa ml volumetrie flasks, 
, 

~hich were filled to volume, giving solutions of 0.001% (weight:volume) 

~f each,chemical. The 101. solutions were ?iscarded, and the remainlng 

solutions of 1.0, 0.1, 0.01, and 0.001% EC, HU, and AP were ~ppropriately 

la~elled and adjJsted to a pH of'~.O For each concentration of each 

solution, three 20 ml square culture bottles with screw caps, were 

filled with 10 ml aliquots of the individual solution and labelled with ; 

chemical and concentration. As weIl, each of' the three bottles per 

concentration for each chemical was labelled repli.ca~e l,' 2 ,,or 3. For 

each chemical, an additional three battles were filled with glass-

distilled water (pH 6.0) which served as control replicates. Thus, 

for each_ chemical~ there were 12 bottles containing solutions of 1.0, 

. 0.1, 0.01, 0.001% (weight:volume), replicated three times per concentra-

tion and three bottles containing glass-distilled (pH 6.0) water which 

served as contraIs. 
~ 

The remaining 45 envelopes each containing 100 seeds 'were 

r~moved from the desiccator, the seeds were placed ~n the battles of' 

sol~tions and each bottle was capped. The bottles were then placed in 

the dark at 30 6 C ~nd incubated for six hours. After incubation, the 

individual solutions were remove~ and the seeds rinsed twice in 

. t t t 20° +- 3° for 15 . th' runn~ng ap wa ~r a mlnu es eac r~nse. The seeds 

were then removed, from the bottres and placed on filter paper in 

petri dishes. The seeds wêre air-dried for one-half" l}our at ra am 

tempera'ture, after which each lot of seeds was sown,by broadcasting on 

... 
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individual flats. Th~germinating seeds 'were maintained under growlng 

conditions as described for the X-ray treated seeds unril the emèrging 

seedlings reached the four-leaf stage. 

B. Propagation and breeding of treated material 

Flats containing the treated seedlings were screened at the, 

four-leaf stage for the number o,f seedlings per 100 seeds sown per 

fIat. Values obtained were tabulated accarding ta treatment and 

~eplicate and statistically analyzed. The methods used for the 

stat~stical analyses are described in Section O. 

After determining the number of seedlings ln each fIat, the 

seedlings we!e, transplanted, four per pot ta standarJ 15 cm pots 

containing 2:1:1:1 humus:peat:vermicuHte:sand. Each pot was plac'ed 

in a randomized, complete b lock design on benches in a gI'-€enhouse, with 
.-/"' ' 

,a day/~ght ~emperature of 25/12°C ana a photaperiod of 16 hours. 

Plants w~re' fe~tilized regularly at two-week intervals 'with water- , 

soluble c~mmercial fertilizet with an NPK value of 20-20-20 until , , 1 

,-

mature. At this time, each bench' was çompletely enclosed ,in 'nylon' 
, 

netting with a mesh size o'f 2 mm ,~o thai: planty could be excluded from 

pollinating insects. Then a~ application of fertilizer with an NPK 

value of 0-30-30 was 'applied ,at two-r...reek intervals to assist ln 

.,initiation and maintenance of flowering. The plants were designated 
" " . 

as belonging to the ~l generation, according ta the convention proposed 
, , 

in' the Manup.} on Mutatiolil Bre'e,ding (1970) for mutagenically treated 

parental lines and,progeny. 

.~ ... 
, '.~, , 
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AlI Ml plants were allowed ta flower under nylon enclosures for 

six rnonths tQ allow for self-seed set. AlI handling of plants was 

kept at a minimum in order to prevent mechanical selfing. During the 
D 

six'rnonths of flowering, aIl tipe pads were harvested and placed ln 

1 ~ 'I 

5 x 10 cm paper,envelopes labelled with treatment, replicate and plant 

number. Data were collected on n~~ber of pods per p'lant, numoer'of 

seeds per p~d, and total number of seeds and pods produced per plant 

per treatment for aIl treatments for each mutagen and 

analyzed. Pods and seeds were placed in a desiccator 

statistically 
~ 

at 30°C and 

59 

dried for SiX hours after harvest, and then stored in a cabinet \ ~ 
J' 

equipped with a-de~c~ant at 20°C until ready for use. Seeds obtained' 

in this fashion were designated MIS seed and the progenies from ~his 

seed were designated M
2
S. 

1 

1. Selfed progeny 

\ 
Ml~ seed formed the first selfed progeny of the Ml or,th~ 

initially treated parentai line. Only the control Ml generation and, 

the EMS-treated lines produced enough vlable seed to prbvide sufficient 
" 

; 

mature progeny for stàtistical testing. ,The~efore, M1S'control and 

EMS-treated seeds were sown in flats in a ~nner and under'enviro~mental 

conditions as described for the X-ray:treated seed'until the seedlings 

were at the four-Ieaf stage. Flats were individually screened for the 

total number of emerging seedlings per 100 seeds sown per fIat, and the 

nurnber of variants for 

according ta treatment 

leaf anomaly and.chlorophyll de~iciency per f~ 

and replicate apd the ~ata statistically analyzed 

~ 

as describ~d in Section O. 

: 
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Seedlings of the M
2

S gene~ation were transferred Ln groups of 

four from flats to 15- cm pots which were placed on benches 1n the 

greenhouse,under nylon netting in a randomized cornp1ete block design. L 

Plants were subjected to a day/night temperature of 25/l2°C with a 

'photoper~od ~f 16 bours to promote flowering. Water soluDle fertilizer 

~ith an NrK value of 20-20-20 ~as applied. When plants were mature, 

the fertilizer was changed to an N?K value 'of 0-30-0 to stirnulate and 

maintain flowering. Flowering was maintained for six months during 

which cime f:.he IRat~re ,pods Qbtained from spontaneous s~lfing were 

harvested and plaèed in 5 x 10 cm paper envelopes. During'the period 

of flowering;' manipulation of the plants,was, minimized'"in order ,to', 

a~oid obtaini~ mechanically self-pol1inated seed set. Data collected 

on plants producing'pods included number of pods per plant, nurnber of, 

pods pe~ treatment, and number of seeds per pod in each treatment of 

the EMS-derived M2S seed~ ~nd contro1s. 
\ 

analyzed as for the MIS generation~ 

Pods or seeds of M
2

S 

respect~vé controls were placed in 5 

fo~ six hours, and then stored at 20°C 

until ready for use. 

removed from the pods 

accordin[ t~ treatment and repl cate. 

Data were statistically-

plants, plus those of their 

cm envelopes, dried at 30 o€ 

a deslccant-equipped cabinet , \ 

as ~ompleted, seeds weye 

in lofs of ~OO seeds, 

This seed was designited as M2S 

gener~tion seed, and the subsequent progeny was design~ted ~3S, Each 

-lot- of' 100 seeds was surface broadcast on flats 1n/a man'ner and under 

environmental condi tions as des'cribed for the' X-ray treated seed. 
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When the seedlings reached the four-leaf stage, they were screened for 

the number of emerging seedlings per 100 seeds sown per flat,'and for 
-1 
any morphologic~l or chlorophyll-deficient mutants, and the data were . 

• ~ statisttcally analyzed as for the MIS generation. 
\ 

M
3

S plants at the four-Ieaf stage w,ere then transplanted :Ln 

groups of four into lS cm pots except thoSe plants suspected of being 

mutants which were placed in single pots. The pots were labelled 

according to generation, treatment, replicate and parental type and 

returned to a bench in the gr~enhouse, under~nylon netting, with 
'1 

temperature, photoperiod and fertilizer treatments as for the earlier 

generati~ms. Plants were allowed to flower for six rnonth's.. During 

this period mature pods were harvested and placed in enyelopes labelled 

with treatmen~,'replicate, generation (M3~)' and a number,correspopd:Lng 

to thè parent plant. Data collected, on pod production included number 

of~1bds per plant per treatment an~ number of s(5fs per pod. M3S 

,plants di~ n?t produce enough seed to yield an adequate number of 

prog~ny,thqt wquld produce valid stacistical comparisons; therefore, 

experime~tation was terminated at the M3S generation. 

" 

Plant;s from the Ml' X2S and M3S generations were grown 'together: 

under identical conditions in a greenhouse, in a randomized,compl~te 

black desfgn. Treatments for aIl three ~generations were 'screened for 

leaf, stern, and floret anomalies, as weIl as number of plants'surviving 

to maturity vs. initial number of ,100' seeds sown, for each replica,te ' 
, 

and treatment in.all three generations. The data were then statistic-

ally analyzed. ·f 

61 

'...--- ., 

\ " 



"\ 

\ 

f 

, . 
\, 

, (' 

In ,the sprLng of 1978 all plants Ln the greenhouse were eut -, 
back ta a height of 15 cm and placed out of doors ln 5 x 5 meter cold 

frames. Temperature~ ranged from app~oximately 7 ta ZO°C. Plants in 

the M
2

S and M
3
S generations ~uspected of being mutants were maintained 

in the greenhouse,until furtber experimentation cou}d be cond~cted. 

~Plants placed Ln the 'cold frames were maintained for approximate1y two 

weeks until acc1imatized. AlI plants were then transp lanted ,ta the 
, ' 

field in a heavy clay loam sail. Plants were placed in plots 3 x t? 

meters with 30 cm between plan~s and 60' cm between rows. One hundred 
,~ 

plants per plot were replicàted for a total of three r.eplic~tes per 

treatment. There were five treatments 'per mutagen per generation, , , 

which inclûdEfd three replicates of cO,ntrols, Ml' M2'S and H3S plants, . 
... 

aIl planted Ln adjacent areas in the field; in each area plgnts were , . 
. 
placed in a randomized complete black design with each replicate' 

\, 

labelled according to generatio~, treatment (or control), and replicate 

number. 

The total number of plants in the field for all three generations, 
f 

including controls, -'was 7,500 for ,the Ml generation (3 repll.cates of 

ioo plants each for 5 dosages, and for 5 mutagens), 1,200 for the MZS 

generation (3 replicate.s of 100 plants each for 4 dosages of ENS-derived 

- ( , 
and control progeny), and 900 for the M

3
S generation (3,repl!cates of 

100 plants per re~licate for 3 dosages of EMS-derived and control 

progeny). M2S and M
3

S generation~ were screened for plants exhibiting 

chlorophyll,deficiencies, and floret and stem anomalies. The number of 
, 

anom~ous plants was recorded for each replicate of eqch treatment and 

the data were statist~cally analyzed. 
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2. ~ ~. Crossed progelly 

a. Lotus cornlculatus 

{ 

Ml' M2S, and M
3
S plants which wer~ transp1anted to the fielq .in 

the spr,ing of 1978 were ailowed to grow ta maturity over a period of 

two and one-half months. At the onset of flowering, aIl pYants within 

each plot were eut back ta a height of 30 cm weekly, except for control 

plQts and the plants for one treatment for each generation which were 

allowed to flower. This procedure was repeated for each treatment, 

thus allowing only the replicates of each treatment ta be in flower 

simultaneously. No control of insect visitations was attempted. 

Mature pods were harvested in bulk on a plot basis four weeks after 

the beginning of flo~ering, ln each plot. This time frame was partially 

based on the time required for p~d maturity from initial pollination 

ta the development of mature pods as had been determined for Lo~us , 

corniculatus (MacDonald, 1946). Pods were thres.hed in a circular hand 

thresher with a 75.cm dïaroeter screen with a pore size of 4 mm. EdCh 

lot of threshed material was placed individually in envelopes and each 
,... 

envelope was labelled with the corresponding generatlon, treacment and 
'1, 

replicate. The pods from each envelope were finely threshed on a 

standard 50 x 50 cm gra"lity table. Seeds of unlform weight, 1'.0 ± 0.05 

mg, were returned ta their respective ehvelo·pes. AlI ot,her seeds and 
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extraneous matter were discarded. Envelopes containing seeds were dried ) 

at 30 DC for six hours and ihen placed in a cabinet equipped with a 

desiccant at 20 D C until ready for use.' 
\ 
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S~~ectively cross-polli~?te? seeds of the Ml' M2S, M3S 

gen:rations were ide~tified aS,MI , M2S and M3S osee~, respectively, and 

piants grown, from these seeds formed the M2X', M3X and M4X generations, 
0, 

~ respectively. A total of 100 .seeds was sel.ected at random from each 

Feplicate.of each treatment for each generation, and surface broadcast. 

in flats in a manner and under environmental conditions as described 
':'1' 

for th~ X-ray treatment.\ After two weeks the number of germinated 

seedlings was counted, the number of sutviving seedlings counted again 

at the fout-leaf stage, and the data statistically a~alyzed. 

At the age of six week~ (a~proximately the eight-leaf stage) 

aIl M
2

X, M
3
X and M

4
X plants were cut back ta a height of '15 cm and 

placed. in cold frames out of doors for two weeks to allow plants ta; 
(' 

harden before being transplanted ta the field. During this period, the 

temperature ranged from 5 to lSoC. Plants of aIl three generations 

were transplanted to the field in the late sprlng (May 30) of 1979 in 

-
plots adjacent ta the Ml' M

2
S atld M

3
S plants ,already present. Plants 

of each, replicate for eaèh treatmant were placed in 3 x 6 meter plots 

~n a randQmized complete block design. The plants were placed within 

each plot in rows 30 cm between plants .anq 60 cm between rows. A 
1 

total of 100 plants was initially planted.per plot. The M
2
X generation 

had a total of 7,500 plants with three replicates of 100 plants per 

replicate, for five dosages each of the five mutagens, including 

contrais. The M
3
X generation had a total of 900 plants with three 

replicates of 100 plants per replicate, for three dosages of one 
( 

mutagen, EMS, inc1uding contraIs. The M
4
X-generation did not surv~ve 

to the tr,ansplanting stage and, therefore, was discounted. 

'1-

r Î 
, 
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."; !1~\At t~e onset of maturity,.one month after transplanting, ~1:l 

M~X a~d M3X plants were screened for number of survivors to maturity 

, ,1 ' 

pel' I!P/lot (from 100 plants initia~ly plan.ted per plot), number of plants 

per'i plot with leaf and floret anomalies, chlorophyll: deficiëncies, and; 

nu~~er of plants demo~strating dwarf growth charact~stics. AlI data 

w~~e statistically analyzed. 

At one-week intervals, after the onset of flowerin~, plqts were 

selectively cut to,a height.of 30 cm, starting with control M2X and 

M3X plots, allowing one treatment for each mutagen, ~1 control, to ,go 

uncut and to flower. AI,I ~ther plots were kept trimmed to a height of 

30 ,cm. 'Plants in each treatment w~re allowed ta flower successively, 

starting with the controls and continuing t.,ith the lowest to highest 
: .. 

dosages of each mutagen in the order of X-rays, EMS, EC, HU.and AP 

'. ( 

derived M
2
X and M3x' plants. This allowed only the three replicates 

within a 'single treatment to flower simultaneously. Plants were 
" 

ailowed to 'be openly pollinated by' indigenous insects. QMature pods 
1 .' 

were harvested one month after,the onset of flowering. Pods were 

harvested on a pel' plot basis, threshed as clescribed for the Ml' 

MaS and M3S generations' and seeds of uniform 1.0 ± 0.05 mg 

were selected and stored~ 

Seeds obtained- from sele2tivelyopen-~Oy/nated M
2
X and M3X 

plants were labell~d according to treatment and plants grown from 

these seeds were labell~d as the M
3
0 and M

4
0 generations, respectively. 

At the same time, non-selectively open-pollinated se~ds were obtained 

, from the M2S and M
3
S generatio~s by harvesting pods in bulk on a 

, , ( 

., 
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mid-August, of ")979 ... , Mature pods 9btairied from each , , per-plot basis, in 
/ 

plot were hand-threshed as p)eviously described and seeds of unif.orm 
,L 
1 ~ 

weight.of 1.0 ± 0.05 mg wereiretaine~. o<lprogeny, res(ilting' from these 

d f d l. . 1 
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see s orme<! the M3I an M
4

I
r
,generatwns, respectlve y. 

Ten 1000-seed s~mPIJ were chosen at random from eac'h, of the -"'" 
1 

M30: M40, 'M3I, and M4I gen11rations and the mea'n weights ,qllcu:hated for," 
l ' 

each generation. These we hts served'as the average lOOO-seed weight. 

each replicate of 

Each lot of 1,560 seeds 

with the aid'of a 1 x 1 

'eeds were saved (by wea7ght' estimate1 'from 

for each of thé four generations. 

broadcasf-surface seeded in the field, 

t~r scre~nr.;z;~-a 4 ~ mesh\ on 1° x 1 meter 

plots. The plots were a ' anged in a randomi~zed ,complete black design. 

Al.! plots were, artificia y irrigated at the rate of approximately'one 
/q 1. , 

liter pepm2 ~er ~inute ior three hours laily fqr.three consecu~ive 
~ t'.I "'-

days after' sowing. See s wer2\initially sown in June 1980, and by 
-. - '. 

July, seedling~ had ~ttained the four-Ieaf stage. At tpis stàge, tHe 

number\of emerging see was counted in each fIat for each ~ 

treatment of each. gene well as the number of chlorophyl,l-.· 

deficient plan'ts, and data were statistically analyzed. , , 

tenuis 

; , 

" 

seeds obtai e~ ;rom crossing Ml EMS-treated Lotus tenuis 

same manner asl L. corniculat~s) were surface broadcast id 

flats at the ra~e ~f Ibo sèeds per fIat. The flaés were pl~c~d'in 
h 

. " ! .. ,' Id . d' .~ '" ..•. ~1 
the green use ,ln::a (~'ai omlZe comPl~~e' bl'oç~ design under temperature,. ''''.~ 

.' 
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.. 
photoperiod and f~rtilizer regimes a~ p~eviously described. At the 

\ 

four-Ieaf ~tage, ~he numbér of,seedlings in.:ac~ fIat ~as co~d and 

again whe'Q the seedlings 'reàched the eight-Ieaf stage (approximat~ly 

, 
one 

'" il ~~; 
month).' AlI seedli~gs were screened for chlorophyll deficiencies 

o 
., 

and 

per 
, \ 

' and 

other anomalies of stem and leàves. The total numbèr of anomalies 

replicate per tre:tment was a'!:1certainecj. .. Wh~n' plants wef\e' -:::;;_/~/ 
~n full flower: each ~eplicate wâ~ screened 'f~~ number a plants ... " • ., > 

with abnorma"l' floret formatibn. AIl, data were statistica'lly- ahalyz~. 

,~ \ , 
, 1 

C. Cytology . ' , 

Lotus cornicula~us . ' 
From a'lf plots in aIl parental and filial generati,~ris,. en 

1 

inflorescences w~re 'èollected at random from ten'full~ mature lants. '. ' . .:\ () 

Individual i~florescen~)were selected"which contained at lea t three 
r t . a 

flcoral buds .with a ma'xÏJnum length of 3 mm. 'Th,e ten infloresce ces for 
" 

each group were p1aced i~ shell vials (5 ml capacity) containi g 3 
;;; 

\ 

parts 9S% ethanol: l part gl-aèial acetÏtc acid '(Carnoy 1 s fixativ 
\ . 

':" , ~ , 
1886). Vials.were stoppere~ with corks and iridivi~ually label1ed 

1\, ~ 'l, ~ .. 

Car:noy, 
~ 

according :to gen~ration, treatment, and repiicate.'" Flo"'rets were, fixed, 
~ ~, ~. . . ' 

C \J \ ~ ~ <IP~ 
'for 24 hours at 2-SoC. ~ftet the~removal or the fixative the contents 

t. ' \) 0 ... ' 

of each~ vial were r"ïnsed under running" tap water fot t:wo lS-minut( . ' , " 

'f ,tl' , 
periods. Four milliliters of 70% aqueous ethano4'were added to éach 

~ ,u, '" t 1\ l rt 

vial.- which was s~aled tightlY'~ith èork stoppers. Vials were stored . 
," 0 

at 2-SoC until . " r:âdy f~r use., A total 6f' 309 vials of' hdrets" was 
• o . 

çoll~cted from nlne generations 
" 

compris,ing 103 treatl1l,rn~s. ,,-
',''" 

" 
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Inflorescences were prepared for staining by removal of the 
, 

ethanol and rinsing for 15 minutes under continuous-flqwing tap water. 

After rinsing, ~ ml of l N hydrochloric acid (HCl) were ~ded ta each 
, , ' 

viàl and pLaced in a thermo~tatically-controlled water bath at 60°C 

f 
. .t 

or a 10-m1nute hydrolys1s. Each vial was then removed f~om the water 

ba~h, 'a~d the hot HCl rapidly evacuated by means of â syringe-fitted . 
suttion,~ump. ~e inflorescences were rinsed for 15 minutes in 

" \" 

èORtinuaus-flowing'tap water, and then stained with leuca-basic fuchsin 

a~t'tPrding to the ,procedure first determined by Feulgen (192,6) fo'r 
" ( 

1 

! 
DNA specifie staining. 

The stain was preparèd by dissolving 5 g Ileuca-basj-c fuchsin 
,1 , 

.. 

(Guf,r, England) in 500 ml~of l N HCl at 60°C, using a magnetic stirrer. 

• The solution was maintained at 60°C for 20 minutes, th en filter~d 
~ il 

through a Buchner funnel (Hl cm diameter) conta'ining activ~ted charcoal 
. 

to a depth of approximately 3.cm. The filt 7red so~ution ~as chil~ed 
r "", 

1n an ice-water bath for-::.-lO minute~ and filtered a.géltin into an 

"" evacuation flask. The Feulgen reagent was stored in a brown glas.s 

. '" . bottle ~ith a plastic screw-type cap at 2-5°C until required. , 

Staining of inflorescences was accomplished by adding 4 ml 

( Feulgen solution to each vial, tight1y fitted with cork stoppers, and 

placing the vials in the dark at 30°C for 30 minutes. The stain was 

.re19oved from each vial by a syringe""fitted suction pump, and vials and 

contents were rinsed for 15 minutes twice' in continuous-flowing tap 

water. After riQsing, 70% ethanol (aqueous)' was added to ea'ch vial 

:" and cork stoppered. 

l ' 
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----------~Fbr cytological ~ination~ florets were individually placed 

o~ ~ standard ,microscope slide and cov~red with two drops of "45% 

aqueous acetic acid. Anthers were dissected.,from each f10ret with the 

é\id, of a dissectirig ,microscope, the remains _ oE' the' Horets were 

discarded, a~d the anthers ~~re macerated with'f}ne need1es. After 

macerat:i.on; one drop,\ of i% -acetp-ca.rIl?-i~e s tain was added and a cover

sÜp p1aced 'on each prepatation" The aceto-carmine stain was pr'epared· " f 

b;y diss~l"ing 2 g carmine (Gurr, England) in 45% aq\.leous acetic acid', 

at 60°C for 15 minutes. 'l;:qe -solution ,aft~r being cooled for five 

minutes in (:ln ,ice-wate-r bath, as fi 1 tered into an evacuat'ion flask 
' ..... 

fitted with a Buch~er funnel.l) 

Further maceration was arried out ~y 'tapping the coverslip 

with a dissecting needle while holding tbe coverslip in place with 
i 

'curved flat-tipped fprceps. ach pr~paration was squashed by placing 
Î~"" 

"'t 
the prepa~ation under a han~- perated spring-type press. Excess fluid 

~ 

was rem;ved' from the coverslip and the coverslip ~a? seaied in paraffin. 

Preparations were individually exa~ined with a'Zeiss photomicroscope 
" 

at a magnification of ,650 X with phase-contrast optics. Scanni?g. 

proceeded {rom the upper left-hand corner of each coverslip, across to' 

the upper right-hand corner, and continued in a series of ~araiiei 

lines until the entire field was scanned., The calibratio);'ls on the 
\ 

'\ 

micr2~cope stage were used as a guide. 'For each slide, the total ",- .... -..... . 
/' ...... () 0 n , 

,/ ~u~ber of met~'phas~ l (MI), 'anaphase, l (AI), and quartet .CQ) cells 

,/ 
/ were scored, along wit~ each celi displaying one or more of. the 

following aberrations: fragments, lagging chrom~som~s, bridges, 

- , 

" , 

1 i 

l' 
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micronuclei, and pairing anomalies. For eacn of the three replicates 
1 

.. ,' for each treatment if each -generatioll, scaIllIing proceeded until 100 

cells for each ~tage had been.~cored. Data ~ere statistically analyzed 

on the basis of number of aberrant cells per total numbeF of cells 

scored. 

2. Lotus tenuis 

• 
One umbel was' removed from each of ten Ml plants 'at 1:àndom from 

al1 replicates growin~ in the fi~ld for each treatmen~' Umbels with , 

florets measuring approximately 3 mm were chosen and fixed individually' 

~n 3:1 95% ethanol:glacial acetic acid for 24 hours at 2-S o C. The 
\ 

I~cedure for staining and ---......./ ' 

Preparations were examined 
i 

examination has been desc~ibed earlier. 

for cells at metaphase l (MI), anaphase l 

(Al), a~d quartet (Q) stages, and cells were scored as normal ore 

aberrant for the following: multivalents, laggards; fragmerits, bridges, 

and micronuclei. A total of 100 cells was scored for each stage in 

each replicate, giving a total of 300' cells scored per replicate,'900 
1 • 

cells scored per treatment, and 9,000 cells scored for the 10 treat-

ments ~n total. The, data were ~xpressed as per cent aberrations per 

replicate per treatment. The statistica1 procedures were described 

'previous 1y. 
'/ 

\ 

\ 
1 
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J 

70 

• 
, , 



D. Pollen stainabil~ty~ studies 

Ten plants were randomly selected from each replicat~ for each 

treatment ~n each generationD~nd one mature floret was removed from 
" 

each plant at random. 'Mature pollen was extracted from each Eloret by 

forcing the pollen through the keel-tip of the floret onto a standard 
., , 

,microscope slide; Slid~s were individually laoelled according ta 

generation, treatment, and rep'licate, a'nd a drop of 5% fast-green 

lactophenol was added ta each slid~t~ stain the pollep. The fast~green 

lactophenol stain was prepared by first disso.lving 5 'g phenol in SOml 

each of lactic acid and glycer~l. To this solution was added 5 mg 

oF f.~st,-green' stàin. 

After the addition of fast-green lactophenol stain to each slide, 

the pollen was vigorously mixed with the stain using a wooden toothpick. 

A new toothpick was used lor each preparation. A coverslip was added . . 

and the pollen was examined with a Zeiss photomicroscope at l2~ X 

'magnification. Stained and unstained pollen gra~ns were scored until a 
\ 

total of 1,000 pollen grains had been scored for each preparation. The 

number of staineJ- pollen was recorded for each replicate of each_~ 
, 

treatment within each generàtion. A total of 309,000 ~ollen gra~ns 

was scored frpm 103 treatments over nine generations. 

Data for each repli~te of each treatment, as per cent unstqined 

pollen, were first transformed by taking the arcsin of ~he square-root 

of t~e percentage values -(Steel and Torrîe; 199D) and the transformed 
1 ( 

data" were 1:\hen statistically analyzed. 

" 
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E. 'Evaluation of a known genetic marker 

Brown floral keel tip color, a tetrasomically inherited domirlant 
, 

character, was round in the Ml' or treated parenta:l generation,. The 

~ mode of inheritance of this character has been previously estab\ish~d 

/-

by Buzzell'and Wilsie (1963) and Bubar and Miri (1965). This charaeter 

- , 
was also found ln s~bsequent progeny of the Ml' specifically, the 

M2S, M
3

S, M
2
X and th~ M3X qenerations. Plants in aIl 0t these genera

tiôfi.'s -were screened individJally for the, brown keel ÙP character. 

The number, of plants having this ~haraete:ç' was recorded, aecording to 

rep~cat~" treatment, and generation. The total number of plant,s per 

replicate was recorded as weIl. The number of plants displaying brown 
• 1 , 

k?el tips per replieate was divided b~ the total number of p'lants 

present in each replicate of each treatment, for aIl generations 

:;; tested. In this ,fashion, the decimal frequency of plants having brown 

~-floral keel tips was obtain~d for eaeh replicate of every treatment 

found,in the five senerations tested. The data were then statistically 

( 

analyzed, after being transformed as lU Section D. 

'.J 

F. Evaluation of mutant types 

, ~lants in aIl g~nerations derived fro~ the Ml generation, but 
\ 

excluding the Ml generation, were screened at the four-Ieaf stage fa, 

the number of plants displaying chlorophyll defieiencies; along with 

abnormal leaves and stems. Those plants displaying these c~aracter- t 

istics were isolated ln the greenhouse within nylon mesh enclosures 

( 
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with a two mm mesh, to keep out pollinating insects. Plants were 

maintained under these enC'losures for one 'year of flowering. As weIl,' 

any plants in the field with abnorrnal florets or a high level of 

sterility or dwarfism, were transferred and also isolated in the 

~' greenhouse within nylon mesh endosures. Ml and M2S par:ènts of plants 

,(in the M
2

S and M
3

S generations, respectively) that were anomalous 

were a,lso removed from the field, transplanted, and isolated in the 

greenhouse. Reciprocal crosses were made between plants in the same 

~ 

generation with the same typ~ of anornaly and between plants :Ln the 

: sa~e gene~ i o.n wi t h di! f er ent anomalie s . 

made betwee~'anomalous and'parental types, 

Also, back-crosses were 

reci~rocally, in aIl 

combinations between plants in all generations. 

AlI crosses were made utilizing the same procedure which 

cpnsisted in emasculation of the fetnale plant and placing pollen from 

the male. pla.n~ onto the stigma of .the female plant. Emasculation was 
. ; 

carried out on immature florets 'about eight mm in length with standards, 

JI -. 
still unopened. With a scalpel, a slit was made lengthwise along the 

base ?f the keel ~f .ne floret with the :LnC:LS:Lon penetrating only the 

petaI portion. A syringe with a l mm bore wail fitted by, rubber tubing 

1 

to a suction pump, and t~.e anthers ta be emasculated were ~spirated by 

means of the syringe-pump meJ:hanisrn via' the opening at tfte pase ,of the 

keel. Emasculated florets were labelled with l cm2 paper tags and 

misted twiçe daily with water ta prevent drying. When standards from 

the emasculated florets had opened, frésh mature pollen was removed 

1 
, , 

from the donar plant, placed at one end of .,a 0.5 x 4 cm strip of fine 
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, sandpaper, and the sandpaper contai~ing the pollen was gently r4bbed' 

on the stigma of 'the floret of the female plant. Except for c~ntin~d 
\ 

misting of the pollinated florets at twice'daily intarvals, the 

florets were left undisturbed until mature pods had devel~ped. The 

mature pods were harvested by hand and placed in envelopes. Seeds were 

surface broadcast in flats which were pla~ed in a greenhouse. 

When:seedlings had ~èached the four-Ieaf stage, each fIat was 
",,' '\' 

screened for the presence of plan~s with chlorophyll-deficiencies, or 
./ a , 

stem or leaf anomalies. The total number of seedlings in each fIat, 

((, 
along with the total number of anomalous seedlings, were recorded 

"1 ' according to parental types, crosses, and the phenoty~s of e~ch 

parent: A ratio of the number of anomalous plants to phenotypically 

normal ones was calculated ~om the data record~ëi~ Indi vidual seed-
, " 

transplanted into pots and allowed to grow to maturity 

flower. When the seedlings were mature, they were examined for 

the presénce of abnormal florets,-complete st,erility', and dwarf types. 

Each plant was recorded either as bei~g phenotypically normal or as ' 

having one of the ab~ve abnormalities. A ratio was calculated between 

plants w~th floral anomalies, sterility, and dwarf types and ~hen~-

typically normal ones. ,Calculated ratios for anomalous progeny were 
- Ji. , 

compared with kno~ ratios for reciprocal and back-crosses of 
, , 

'disomically and tetras9lllically inherited characters according -to" 

, 74 
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Allard (1960). A Chi-square test was performed to de termine if ratios 

, 
experimentally obtained differed significantly from known calculated 

or expected values. 
,1 



( 

,'" 

( 

" 

-,~~~-----------------------

" 

G. Hydtocyanic acid glycoside content 

AlI parent~l plants and progeny for all getterations were 
l ' 

/screened [or the quantitative presence of "glycosides of hydrocyanic 

acid in the leaves as follows. From each replicate of,each treatment 

for' the nine generations, ten plants were chosen at random. Leaves 
, 

located at the third ta fifth nodes from the shoot apex'were harvested 

and placed in 5 x 10 cm paper envelopes, which were labelled according 

to generation, treatment and re~licate. 
. :"'1 

Each envelopB constltuted one 

sample, and a total of' 3,090 samples was obt'ained from 309 plots, 

comprising 103 treatmènts. From each sample 0.05 ± 0.005 g fresh 

weight of leaves was weighed and individual samples were, placed in 5 

ml capacity shell vials labe lied wi th the ",correspon,ding generation, 

treatment and replucate. 

For the hydrocyanic acid glycoside (HeA) analyses, filter paper 

strips and sodium picrate solutions were prepared in'the followi~g 

manner. No.2 Whatman filter paper was èut inta l x 4 cm strips. The 

picrate solution was prepared by the additron of 50~0 g sodium 

carbonate and 5.0 g of picric acid (Trinitrophenol) to lbo ml of , ' 

distilled water, and filtered through No.l Whatman filter paper. 

Strips of filter papers were le~t in solution for 5 minutes and air-
1 

~ried for one-half h~ur. 

Ta each vial, three drops of reagent-grade toluene were added, 

foll~wed by the addition ~f a 1 x 4 cm strip of filter pape(,saturated 
f 

with sodium picrate solution as described above. The vials werre 
0, ( 
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tightly _s1t0ppered with new corks and incub,ated for 24 hours i)1 the 

dark at 25°C. After incubation, the filter paper strips were'removed 

from each vial, and air-dried for one-half hour. After drying, the 

ind~vidual strips were placed in paper envelopes, according to 

,generation, treatmept, and replicate. Strips from each replicate 

were placed ln 5 ml shel! vials containing 4.0 ml of 1:1 distilled 

water:acetone. Vials were tightly stoppered with new corks, and left 

stan,ding for one-half hour at 25°C ta allow for the dissolution of the 
f ' 

che~icals from the filter-paper strips, after which -they were removed. 

Tne solutions which remained were, placed individually in.? ml capacity 
\ 

colorimeter tubes which were read individually in a Spectronic 20 

Colorimeter (Bausch and Lomb Optical Co.) at the spectral ~bsorbance 

of 600 nanometers. 

'A reference standard was obtained by disso~ving 0.0001, 0.005, 

'0.001,0.025,0._05,'0.10,0.25,0.50,0.75, and 1.0 g potassium 

cyanide, respectively, in each of 10 volumetrie flasks with a 1.0 

liter capacity with glass-distilled water ta volume. This produced 

5, 10, 25, 50, 100, 250, 500, 750, and 1,000 mg/liter concentrations of 

,potassium cyanide, respectively. Four ml of each Rolutlon were placed 

'in 5 ml capacity' .• 'shell vials, ta which were added single 1 x 4 cm 

strips of filter paper saturated with sodium picrate solution. Vials 

were tightly stoppered with new corks, and incubated in the dark at 

2SoC for 24 hours. after incubat~on, the filter-pape;,strips ~er~ 

removed and individ'ual solutions were "transferred ta 7 ml capacity 

- Î 
colorimeter_tubes and a spectral reading with. an absorbance at 600 

\ 
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Figure 1., Plot of mean vlllues (.) and regression curve 
( -) ob-tained for' absorbance vs. mg CN- and mg hydrocyanoglyco-, 
side (RCA) per Kg fresh leaf weight. 
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nanometers was made and recorded for each concentraeion. From these 

readings, an absorbance vs. concentration graph was constructed with 

absorbance in decimal units and concentration in milligrams per liter 
') 

(mg/l) of potassium cyanide. Values obtained from experimental. 
, ( , 

material in absorbance units were compared against the valuès 0btained 

for the standard concentrations. The values extracted in this man:ner 

were used to estimate the amount of millig~ams of free cyanide, as 

hydrocya~ic acid (ReA), present in each sample-per k!19gram of fresh 
, 

leaf weight. Regression analyses were perfôrmed on the data for the 

standard values, utilizing the régression analysis technique of Steel 

and Torrie (1960). Ana1ysis yielded the linear model X = 6825.94 Y, 

where X' ls the concentration of HCA in mg per kg of fresh leaves, and 
1-

Y is the decimal ~bsorbance value (Figure 1). This formula Wps , ~ 

utilized in obtaining estimated concentrations of free ReA in the 

leaves. The values were converted to mg HCA per kg of fresh weight of 

,leaves, tabu~ated for each replicate, and both individual values and 

means were statistical1y analyzed. , 
R. Forage yield 
\ 

The Ml parental generation, ai weIl as aIl selfed and crossed 

progeny, was cut for forage when fully 
"-

exceptions were the final fourv~roups, 

mature in the second yeat. The 

" that is, the M3I, M4I, M30, and 

_ M40 &enetations. Forage for thes~ groups w~s cut when f}owering nad 

terminated at the end of the first growing season. For the Ml' M2S, M
3

S, 

generations, aIl plants were cut to ,the crown, and each plant was placed 

'" 

1 
\ 
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in an individual 50 x 75 x 3 cm screened drying tray, and labelled 
• • _., 1> 

according to generatiQn, treatment and replicate, as weIl as plant 

number. Trays were ,placed in forced-air drying avens at 80 c e for 1'2, 

hours. The driéd forage samples were weighed ta the nearest gram and 

the individuai weights,were recotded acçording to generation, replicate" 

. and plant number. 

Forage yields for the M
2
X and M

3
X generations were obtained by 

o q 

cutting ten plants, at random, to the crown, from each r~plicate of 

each treatment for bath generations. Each plant was individually 
-",' 

placed in a 50 x 75 x 3 cm screened-type drying tray, and each tray 

, was labelled according to gene.!..aÙon, treatm~nt, and replicate. Trays ,. 
were pl!iced in forced-air drying ovèns at 80°C for 12 hours. After 

{ 

rem~val fram the avens and cooled, the contents of each tr,ay were 

weighed indivî~ually ta the nearest gram. ,Individual weights were 
\ 

recorded acc'ording ta generation, treatment, and replicate. 
, , 

r Q ., 

M30, ,M4\ M/, M~I f,ora,ie 

~.each replicate of each 

yields were obtained by c~tting aIl 

plants treatment to the crown. Plants from 

, each repli~e-;"er~ .driedand wei~hed as for previous g)enerations. 

The total Weight for ~Pl~t of dry 

by the total number of plants in each 

forage was determined and divid.& 
~. 

plot to give the average weight .. 
per plant per' plot. Data from all generations were~then statistically 

. '\. . 
analyzed. 
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o ~. I. Seed yield 
" 

... 
1. Lotus corniculatus 

each replicate of each treatment for eactl generation were harvest~d at 

randam when the plants were fully mature in their second growing , , 

~eas .... an,--. Individ,ual plants were placed iIl,;J50 x 75 x 3 cm screened 

drying trays~ labelled accordihg to generation, treatrnént, anq---

replicate and placed in forced-air drying ovens at 80°C for 12 hours. " 

After the trays were remaved, the contents were hand-sifte.d and placed 

in 10 x 15 cm paper envelopes whi~h were labelled accarding ta 
. 

generation, treatment, and replicate. Contents of each envelape were 

" ,placed on a 50 cm2 gravit y table and seeds of approximately 1.0 ± 0.05 

mg were separated. Seeds were then returned to their envelopes, 

placed in a desiccator for one-half ho~r at 30°C, and weighed ta the 

nearest.O.OOI g. 
. ~ 

The approximate total number ~ seeds for each 

envelope wàs determined by obtaining ten 1,OOO-seed samp1es at randam 

fram the encire collection and weighing each sample ta the nearest 
'1 

0.001 g. An average value obtained for the 10 samples was dèt~rmined 

Q n 
as 0.997 ± 0.006 grams per 1000 seeds. {This value ~as œsed as the 

, ' 
lOOO-seed weight reference from which the approxi~ate number of seeds 

. 
was determine~ for each envelope. 

1 

!) , 

In the M3I, M4I, M30. and ~40 generations, aIL plants from ~v~ry 

~eplic8te were harvested {n their first year' and treated in the same 

'J 

manner as described above. . . .. , 

/ 

" 

'1 
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Data as number of seeds per plant for the Mt, M2S, M3S, M2X, 

and M
3
X generations, and as average num~er of seeds ,per plant for ,the 

M3I, M41, M30, and M40 generations were then statistically analyzea . 

, -
2'. Lotust'enuis 

\ I~ i\ugust o()979, mature pods were hand-collected frpm all Ml 

Lotus tenuis plants in·the field and placed in'lO x 15 cm envelopes, 

\ ) 
according .to treatment and replicater AlI envelopes were placed in a 

desiçcato~ at 30°C for 48 hours after which they were removed and the 

contents of each envelope placed individually on ~ cm~diameter pans. 

The number of pods per env~lope was counted and re orded, and seeds 
l , 

wer,e hand-separated from individual pods., The seeds from eaSh enve10pe 
" , 

were thre~hed on a 50 ~m2 gravit y table, and seeds of uniform weight 

and size Cl.? ± 0.05 mg~ ~ mm diameter) ~e separated from extraneous 

material. Each lot of seed was ret,urned to its respective envelope, 
a 

and the extraneous material discarded. 

Ten 1000 lot seed samples were obtained, at random, from the Ml 

r ~'seed collection, .n~ e>ch s.mple w.s weighed to the ne.rest fuilligr.m . 

\The average .weight of ,the 't~n sam~les was obtained, and served as the 

,> , , 
,1 

o 

. '''l 

aver,a.,ge 'wei.ght per 1000, &,eeds. 
\ ... 

then weighed ta the nearest 1.0 

The. contents of each envelop~were 

mg, ànd the number of seeds per 

'envelope calculated" using the average lOOü s'eed weight. Data wer.e 

recorded according ta treatment~and replicate, for the number~of seeds 
~, i 

per .prot, nurnber of pods per plQt, and the number qf seeds per'pod per 

plot. Data werê then stat.istically analy'zed. 

" 
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J. Flowering frequency 

The,flowering frequeneies in each generat~on were determined by 
/' ' 

daily recording/the numb'er 
1 

aIl treatments. RetorcÜng 

~ 

of plants in Flower in each r~plic~te for Q ~ 
of ~he data started when the first.plant 

comm;nced flowering. Flowlring was ~corded in the first seas~n for 

the M3I , M4 I(M30 and M
4
0 generations, and ln the second se~son for 

th~ Ml' M2S, M3S, M
2
X and M3X gener~tions. ]eeording ceased when the 

~ last plant had flowered for aIl treatments. The mean number bf days 

maximum flowering and the mean ;umbér of,days to 50% flowerirtg were .. 
calculated for aIl treatments, within each generation, based on the 

illumber or plants in flower on a daily basis over a fixed number of 
,~ , . 
days for each generation. The ~ixed number of days was set by the 

to 

in~erval between the first and last day of flowering, inclusively. \ 

These values were then statistieally analyzed.'. , 

K. ' Pod dehiBcencé 

On Oetober 2-1, 1979, under conditions of fros-t and·low humidity 

,(-lo.ooe, relative humidity·of 35%), the totyl numb~'r or p'~d'S per plant 
~ 

i~ the Ml' MZS, ~3S, M2X and
P

M3X,generattons was recorded, as wel~ a~ 

the number of dehisced pods P:} plant. for each replicat~ of each treat-

• ment within each generation. An av~rage per cent dehiscence value was 

determined for each replicate by ~ividing the numoer of dehisced ~ods 

per ~epiic~te into t,e total number of pods per replieate, and dividing 
, 

this value by the number of plan~s in eacq replicate. The average 

\ 
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per c~nt dehiscence per plant was recorded according to generatLon, 

treatment, and rep~icate, transf~rmed numericalry; using the arcs~n 
, l ' ,-

a square, t'oot per cent transformation (Steel and\ Torrie, 1960), and 

st,atistically analyzed.·' 1 

1. Studies on wintlrhardiness 

1. Lotus corniculatus 

AlI plan~s fro~ the Ml' M2S, ~3S, M2X, ~nd M3X generations were 

counted l.n the' field at the 'end of thei\ first and second growing, 

seasons, September, 1979 and September, 1980, 'resp€ctively. Counts , 

• were made on the basis of the number of plants in each plot over bath 

sea"sons. Values obtained in the '.second season wer~ sUDtracted from 

'vàlues obtaiged in the first season, giving the numerical value of 
CIl' 

, plants that ~d not survive the winter of 1979-80 l.n each plot. This 

value was divided by the number of plants presént in each plot during 

the first season. The resulting decimal vaLue obtained was the .. 
fraitional portion of plants that did not survive the,winter of 

1979-8Q- l.n each p~ot. This value .was sU9tracted from 1.0Q, giving 

that fraction of those plants that had overwintered in each plot. 
~ 

fi' 

Data obtained on the fractional portion of overwintering plants were 
"-

tabulated bn the basis of treatment and replicate for each generation. 

The data were then transformed numerically, using the arcsin of thë 

square root of each value according to procedures outlined in Steel 
\ 

and Torrie (1960) for statistical analysis of decimal values. 

\ 

84 

1 
~ 
t ,-Ir 

1 
:l 
,j 

~ 1~ _. 
l 
,~ 
" 

1 , 

.. 

.: 

, 
i 



( 

- i 

" 

, .. 

f-_ 

.2. Lotus tenuis 

v 
Ml plants were allowed to overw~nter. during the winter of 

1979-80. The number of plants per plot was recorded in ~ugust of 1979, 

"-
and again ~n August of 1980. Values obtained for ,each plot in 1980 

were divide~ by the 1979 values obtdined for each respective plot. 

The resulting values were the decimal fraction of plants ~urvfving 
" 

the 1979-80 winter. 
\ . 

These data were recorded according to" treatment 

and re'plic'atè. The indivi,dual .}1~lues were tran5.fonned u$mg; the 
, 

arcsin of the square-root of each value to allow for statistical , 

analysis of decimal values as specified ln Steel and Torrie'CI960). " 
~~':. 

Data were thèn ~tatistically analyzed. 

M. Parent-progeny correlations 

Parent prog~ny correlations were calculated ·for comparisons of 

significantly high an~ low'yielding tines, parental lines, and progeny 
, . . 

of significant1y high and low yieltling 1ines. 'i lested were }ines showing 
1 • 

significant v~lu~s obtained in linèi wifh high'or low ReA content 

(Section G, Table XI), forage yield (Section H, Table XII), and see~ 

yield (Section l, Table XIII). 

Cor~elation c01fficiants 

of a greater r calculated, using , 

.... 

t~ined, and a probability 

eXpla±ned in Steel and 

Torrie (1960), and utilizing the applieatipns of correlation 
\ ( . 

coefficients (r) on parent progeny comparisons as explained by Allard 

(1960). The procedure «corr» was utpized on McGill University 1 s 
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IBM 36Q, interactive computer tO,analyze the data. i The «cori» procedJre: 

is part of the Mct,i-ll Uni ver, i ty computer' library' s Sta t is tical. AnalY~iS 
3'ystems (SAS), developed by Goo'dnight et~. (1976) of the SAS Inst~t~te, 
Raleigh, North Çarolina. Thê prpcepure was imp1emented as stated in . , 

the SAS '76 manual (Goodnight ~ al., 1976). 

,. 
A total of 19 correlations was pe.rformed, with two correlations 

having r,yalues greater ~han 0.9000 or less than -0.9000 and havirig a 
" 1 

calculated probability of a great~r r of less than 0.2009. These 

.~values are given in Table XX, along with the generations being 

" 
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correlated and thé mutàgen and dosage 'responsib~e for significant 

increases or dècreases in seed an'd forage yields:and HCA content. 

correlati~n coritàined 18 observations. 

Each\' 

N. Mutagenic efficiency ratios' 

The mutagenic efficiency coefficients of the five selected 
"tt ' . 

mutagens as weIl as~control valu~, were determined over eight 

generations us{ng the method of KJrrzak et al. (1965). This &ethod 

exJ.esses :th~ mutagenic efficiency of any given physical or chemical 

mutagen as th~ ratio of the number of mutants obtained (xn the'p~ogeny 
)..'-., : 

of treatèd organisms) ,to the number of parental individuals not 
, .... 

surviving mutagenic·treat~ent. This ratio, expressed as a decimal, 

~s given ~n Table XXI for the five selected mutagens and controis for 

each of the eight generations along with their average ratios. 

\ 
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O. Statistica1 ana1ysis procedures 

(! 
l' 

/ 

Statis~ica1«analysis for aIl data w~s performed bo/ means of a 

McGill University" IBM %0 computer, using the Statistical Analysis 
> 
! 

Systems (SAS) computer library tape package dev~loped by the SAS 
, ,~ J 

Institute, Raleigh, North Caro1ina. AlI data from the randomized , " 

1 (-" • 0 ~ 
complete bloSk deslgns werEF analyzed uSl.ng the ~(Gener<;tl Llnear Models» 

, ". (G1M) procedtire from t~e SAS package. Thé l GLM procedure pe~formed an 

analysis of variance on treatment and replicate valües, and computed 
, \ 

4. • ,.. , 
an F-stathstlc to determine statistical signj.ficance between treatments 

, ... 'l!, of 

and between replicates 0 • Added to thlS was a «Duncan» procedure, WhlCh " 

1't1 • 
perfo~ed a Duncan's New Multiple Rartge Test on the means of thei:' 

treatments a~d __ re~licates on each set of d~ta testlng for statist ca~ 

si~nificance between the ~eans generated/for e;ch set of data. ,he 
! 

«GLM» and «DuncAn» procedureq' were used from ·'the SMS package, as • 

outlined in the SAS '76 and SAS '79 mànuals (Goodnight ~~., 1976~ 

1979), and in accordance with standard statistica1 procedures. (Steel 

and Torr~e, 1960; Duncan, 1975). 

} 

Certain data were not analyzed in the manner previously' stated. 
, 

These include the data obtained tn Section F, wh~h were analyzed 

using th~ «Freq» procedure in the SAS package. The «Freq. procedure 
,1 , • i 

.contél;lns a «chsq» option, which ,was usel to per:Éorm a Chi-square t'est 

(Steel and Tarrie, 1960) on the data. Chi:square and Probability of a 

greater Chi-square statistics generated'were used ta determine·if 

ratios' obtained were statistically signif'icant from e1<pected values • ... 

AIso, no statistical methods were applled to the data genera~~'d in 
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Section N. on \mutants 
, 1 

Data obtained in S~ction F, part l, were 

statistica11y analyzed using Friedman's rated Ch0'- quare analysis 

(Friedman, 1937) as given in Steel anŒ Torrie (19 0). '~11 ~at~ 
generating deci~a1 or percen~age values were tra sformed using the 

JI. 14 / Il 

1 .. 

arcsin square-root transformation tas given by ~l::e~\l and Torrie (1960), 

/ 

and aIl data are' expressed as values transformed back to t~e original 

decimal or per .cent equivalent after analysis, -in the tables, where 
, . 

applicable. AlI statistica~ly signific~t values are significant wi~h 

respect ta control values for each .set of data, . 

or 

,r 

• 
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V. RESULTS 

A. Seed germination rates 

\ 1. Lotus eornieulatus 

the toxie effeèts of the routagenie treatments on seed germinat:éon 
. 

were conf ined' to two mutagens in the inidally treated or_ Ml generation. 

As may be seen' from Table l,- th:ere ~ere signif,icant decreases' in 'seed 

g,ermination rates for bath EMS and EC (see Appendix I, Tables 1\ and 2) 

treated. Ml seed at doses of O. 01, O. f, and 1. 0%. F~gures 2 <}.nd 3 show 
, , 

a sharp deerease between the dose r~nge of 0.01 ta 1.0% for EMS a~d EC 

treatments, respectively. Conv~rsely, significant increases in seed 

germination rates were obtained,for three1mutagens in the M2X generation. 
, 

Table l refers ta a 12 kR line from X-ray tre,atment, a 0.001% an~% 

EMS Hne, and a a.Olio-HU line;' aIl show a significant enhaneement of 

• 
seed germination with an increase of at least' 50% over the average value 

obtained for the M2X control (s~e Appendix I, Tables 3, 4 and 5). No 

• 
significant effec.ts were obtained bet'ween control and tré~tment values 

for a11 other. generation's tested. 

2. Lotus tenuis 

Seeds treated w~~h ,nine dosages of EMS in the M
2
X,.ghowed a. 

significantly lower germination rate in five of the nine dosages 

(Table II). Significant values were confined to dos~es 
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TABLE 1. Seed germination rates expressed as ~r cent of total 
germinated seed for values significant from contraIs , -

GeneratLon . Treatment Dosage Experimental value 
(%)a (%) 

Control ... 0 54.9 

EMS 0.01 38.7* 
,.. 

O.t 25.7* 
1.0 4.3* 

,EC 0.01 32.0* 
0.1 18.7* 
1.0 7.0* 

Control 0 12.0 NS 

Control 0 68.5 NS 

Control 0 22.2 

X-rays 12 52.9* 

EMS 0.001 46.1* 
1.0 46.2* 

jiU 0.001 
'" 

46.7* 
.' . 

M
3
X Control 0 22.2 

0 26.0 

\. 0 34.0 

Control 

Control ' ~ 
0 47.8 Control 0 

M3I .\ 

M
4

0 Control 0 35.0 

0 42.0 Co~rol 

\ 
M 1, 

4 

a~xc~Pt X-rays, Whi~1ar:-expressed in Kilorads (kR). 

NS: ~o significance from controls. 

*Significant at the 5% level . 
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Figure 2. 'liistogram of pèr cent seed germination vs. 
d~sage for EMS-treated Ml seeds, along with staFdard ~eviations 
(bars) 'for each value. 
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TABLE II. Germi~ati~ rate inrLotu~ tenuis 
with EMS for the Ml generation expressed as 

seeds germinated· 

after various treatments 
the .percentage of tocal 

1 . 
Tr~atment 

(%) • 
'0 

Percent germma_t ion 
"'-

'Control 

t'l.aa! 1 
70.0 

j 

66.3 
\ 0.005 69.7 

... 0.01 ~ 65.3 

0.05 61:-D* 

0.1' 60.0* 

0.5 63.4*, 

1.0 .. 63.2* 

1.5 65.0 

2.0 50.6* 

*Significant ab- the 5% level. 
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0.01% EMS, with the exce~tion of the 1.5% EMS treatment which was not 

significantly different from the control (~e~ Appendix l, Table 6). 

The 'germination rate of initi~lly treated Ml seed did not differ 

sign~ from the ~ontrol germination rate whose\,w.ean value was 

67.5%. 

B. Seedling survival rates 

'1. Lotus corniculatus 

f 

Effects on the survival of'seedlings to the four leai stage 

after EC and X-ray treatment were confined.to two of the nine genera 
~ 

tions (Table ln). ,In the MZS generation, two lines derived from X-r l-
treatment (6 and 12 kR), and (wo lines derived from EC treatment 1 

(0.001 and 1.9%) had a oomplete killing effect on the Iseedlings with l 

0% survival. These values ~ere significant
l 
~rom the mean control value 

1 

of.8.7% (see Append~x l, Table 7). 

Significant decreases ln seedlin~su~vival occurred for one 
h, 

treatment :i.n the M30 generation, namely 0.1% EC, which showedo a drop ln 

survival rate to 9.0% (see Appendix l, Tab~e 8). No significant 

differences were obperved in ahy of thè other generations between 
, , 

control and treatment values for seedling survival rate. 1he control 

values for each generation were found ta vary considerab1y with values 
, ~, 

ranging from 97.8% ln the Ml generation ta a low of 8.7% in the M2S 

generation. 
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TABLE III. Survival rates of seedlings to the four-leaf stage, 
expressed as the percentage of total surviving, for value~ significant 

from controls 

Generation" Treatment 
1 Dosage 

(%)a 
Experimental value 

(%) 

1 • 

Control 
.f' 

Contro)f'" , 

X-rays 

EC 

Co~trol 

Control 

Control 

Control 

EC 

Control \ 

Contro'l 

Control 

\ 

o 

o 

6 
12 

0.001 
l.0 

o 

o 

o 

o 

0.1 

o 

o 0 

97.8 NS 

8.7 NS 

0.0* 
0.0* 

0':0* 
0.0* 

12.6 NS 

56.8 NS 

59.0 NS 

34.0 

9.0* 

35.0 NS 

47.8 N5 

.. 42.0 NS., 

aEx~ept X-rays, which are expressed in ki10rads (kR). 

NS: No significance between controls and ail treatments. 

*Significant at the 5% level. ~ 
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2. Lotus tenuis 1 

Mean values obtained for survival rates to the fbur leaf stage 

varied ~tween 59.6 ~n~ 87.8% of the initiall~.germinated sèedlings 

(Table IV). The total range of values varied from 52 to 94%, with two 

values which were significantly different, namely ~he 0.1 and 2.0% EMS 

treatments (see Appendix l, Table 9). / 

C. Cytology , 

l.~ Lotus corniculatus 

'L 
An analysis of the data Eor the Pollen Mother Celis (PMCs) of 

the control and treated plants for aberrant cells dernonstrated that 

there weie pignificant increases in the mean percent aberration rate 

i~ the Ml' M31 and M41 generations (Table V; see Appendix I, Tables 

10-15). In the Ml generation a significant increase in aberration rate 

occurred for aIl four doses in the EMS and the AP treated plants. , 
From Figure 4, it may be seen that there were no dose effects due to 

the EMS treatments, whereas AP treatments (Figure 7) show a steady 
~ 

,increase in the 0.001-0.1% dose range, followed by a decrease at the 

1.0% dose Ievelo EC treatment (Figure 5) shows a sharp increase in 

~ meiotic abe~ration rate at the 0.01% dose level. HU treatment 

(Figure 6) demonstrates a bimodal response to the dosage applied with 
, . 

sharp increases at the 0.001 and ~O% dose leveis. Signift~ant 

increases in aberration rates were also found in the M31 and M4! 

gen~rations for~plants derived from treatment with 0.01% EMS. 
1 

Signîficant effects were confined to tne single doses in each case. 
p 
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T~LE IV. Survival rates after EMS treatment of Ml Lotus tenuis 
plants, expressed as the number ~f plants surviving to the four

leaf stage as percent of tota~ 

Treatment 
(%) 

Control 

0.001 

" 
0.005 

0.01 

0.05 

0.1 
\ 

0.5 

-~ 
. 1.0 

1.5 

2.0 

*Significant "at 

/ 

'1. 

Survival 
on ~ 

87.4 

83.4 

t'87 • 8 

82.2 

79.2 

74.8* 

79.6 

79.4 ;, 
82.0 

59.6* 

the 5% level. 

Range 
(%) 

75-94 
".. 

73-91 

83-91 
• e, 

77-91 

72-86 

6'7-83 

67-87 

73-87 

78-87 ~""";' 

52-66 
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TABLE V. Meiotic chromosome aberrations in Pollen Mother Cells / 
expressed as percent aberrant cells for values significant from / , 

i controls I.".A \ , 
~ 

" 
> 

Generation Treatment Dosaj?;e 
(%) Mean pèrcentage aberrancy 

" 
Ml Control 0 3.33 

, , 

0.001 " 
, 

EMS 13.00* 
0.01 14.67*' 

~ 0.1 16.67* ;' 
,1.0 18.00* . 

EC 0.01 
"-

15.33* 
0.1 22.00* 
1.0 22'.67* 

HU 0.001 9.00* 

• 1.0 9.67* 

AP O~Oql 6.00* 
Q.Ol 7.33* 1 

'. 
0.1 9.00* 
1.0 13.33* 

M2S Control 0 0.33 NS 

M3S Control 0 1.00 NS 

M2X Control a 5.45 NS 
\ i ~ .. 

/ 
M3X Control 0 1.33 NS 

, 
/ 

M
3
0 Control / 0 2.33 NS 

1 
1 

M31 Control 1 0 3.00 , 
j 

EMS 1 0.01 15.33* 
1 

M
4
0 Control 0 2.33 NS 

M4 1 Cort'trol 0 '2.00 
1 

EMS 0.01 8.00* 0 

, 
/ ~ 

NS: No signific~ance betNeen controls and all treatments. 
0 

*S,ig~if icant at the 5% level. 
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Figure 4. Hist~gram of meiotic ·'aberration.rrate vs .. dose 
for Pollen Mother Cells derived from treatment with EMS'In thé 
Ml generation. Standard deviations for each treatment are . " represented as baFs, 
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Figure 5. Histogram of meiotic aberration rate vs. dose 
for Pollen Mother Cells derived from treatment with EC in the 
Ml generation. Standard deviations for eaèh'treatment are 
represented as bars. 
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Figure 6. Histogram of meiotic aberration rate vs. dose 
for Pollen Mother CeUs derived fro'm treatment with HU in the 
Ml generation. Standard deviations Jor e'ach treatlllent a:re 
represented as bars . .. 
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Figure 7. Histogram of meiotic abe~ratiori rate vs. dOS~ ~ 
for Poll~ Mother ~ells derived fro~ treatment with AP in the 
~l genetations. S~andard dev~ations for-each treatm~nt'a~e 
represented as bars . 
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Figure 8. Types of meiotic aberrations scored ln PMCs: 

Ca) Two laggards aJ: Anaphase l, ca., 960 X; (b) Micronucleus 
at Interphase, ca. 420 X; Cc) Bridge at Anaphase I, ca. 960 X; 
(d) Early Metapn.ase l 'showing ten figures, inc1uding two 
quadrivalentJ-(arrows), ca. 420 X. 
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There were no significant differences between control and treatment 
1 

values for the average percent aberrant cells.in any of,the other~ 

generat,ions. &xamples of the types of )lleiotic aberrations obtained 
} 

are glven in Figure 8. 

2. Lotus tenuis 
( . 

There were a significantly high number of meiotic aberrations 

induced in plants of L. tenuis derived from EMS treated seed in aIl • 
but two tréatments (Table VI). No relationship could be demonstrated 

"between level of -dosage and meiotic' aberration rate. The types of 

anomalies induced did differ with respect to dosage with different 

proportions of the three types of meiotic aberrations and anomalies . 
resulting from different dosages. L The types of meiotic aberration 

~ 

encountered were quartet micronuclei (range between 0 and 18 per ' 300 
) 

cells scored), fallawed by quadrivalents in metaphase l (MI) (range 

b to 14 per 300- cells scored) and lastly, ii few anaphase.I (AI) bridges 

and laggards were noted for aIl treatments, with a maximum of nine 

obServed in the 1.5% EMS line. lndividual treatments did ~ot differ 

significantly fram one another,-with tqe exception of the 0.005% EMS 
" 

and the,0.5% EMS lînes (see Appendix l, Table 16). 

_ 'f 

... 

L 

" 

111 

1 " 

" 

! 
; 
1 
\ 

1 
j 
j . 
\ 
J , 



, , 

( 



L \ 

, ' 

.. 

\iN' 

4> 

, , 113 

\ D. Pollen stainabirity studies .) . 

F~om Table VII it may be see~ that there were significant 

increases in the aborted pollen rate for 

. treatments in the Ml' M30, M40, 

Tables 17-25). The most extensive eff~cts wère fa 

tïon where aIl five mutagens, namely, X-rays, EMS, , HU and 

effective in significantly incJeasing the aborted pollen rate. Plants 
, 

derived from X-ray treatments demonstrated a sharp and significant 

incre~se in aborted pollen rates at doses of 3 and 6 kR followed by a 

return to levels at or be10w control for the higher doses of 9 and 12 

kR (Figure 9). The EMS and EC treated M plants dernonstrated a response 

for pollen abartian which was significant aIl dosages. In EMS 

treated plants, there Wa4i a 'sharp increasé rate of pollen 
~ 

~abortion which occurred with the 0.01% tr ente This was fo11owed by 

'0 

a levelling off in pollen abortiori at around 30% for the 0.1 and 1.0% 

tr~atments (Figure 10). In the EC treated Ml 
\ 

average increase in pollen abort'ion from 5 to 

plants, there was an 

35% WhiÇh occurred 
, 

between contraIs and ttle 0.01% treatment, with a slight (not significant) 

decrease between the 0.001 and 1.0% treatments (Figure Il). The HU 

and AP 

dosage. 

treated Ml plants did not show a significant response 

Both HU and AP treatments showed an overaÏ11rate of 
'\ . pollen 

abortion which was lower than X-ray, EMS or EC treatments. Within the 

HU treatments there was a hgnifi~ant increase, in pO,Hen abortion jI, 

\ 

between the 0.001 and 0.1% levels" ~with a return to nonsignificant 
, ~ \ 

\. 
levels at 1.0% (Figu~e 12). The AP Lreatments produced significant 
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TABLE VII. Aborted pollen rate expressed af percent aborted pollen 
for all treatments showing significance tram controls 

Generation 

~2S 
M

3
S 

M2X 

M
3
X 

M
3
0 

\ 

Treatment 

Control 

X-rays 

EMS 

EC 

HU 

AP 

Control 

Control 

~ontrol 

Control 

Control 
EMS 

tontrol 
EMS 

Control 
EMS 

\ 

Control 
ÉMS 

\ 

Dosage 
(%)a 

o 
3 
6 

o .,QOl 
0.01 

.~~I" l 
1.0 

0.001 
0.0 
0.1 
1.0 

0.001 
0.01 
0.1 

0.1 
1.0 

o 
o 

-0 

o 

o 
0.01 

o 
• O. 001 

0.1 

o 
0.001 
0.01 
0.1 

o 
0.001 

Aborted pollen rate 
(%) 

14.6 

19.3* 
24.7* 

28.3* 
44.3* 
32.3* 
36.4* 

36.9* 

4.1* 

2.0 
4.7* 
5.2* 

.1.9 
5:8* 
4.2* 
4.5* 

1.7 
4.3* 

a Except X-rays, which are expressed as kilorads (kR). 

NS: No significance between controls ~nd all treatment values. 

*Significant at 5% level. 
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Figure 9. Histogram of percent aborted pollen vs. dose' 
rate for X-ray treatment in the Ml géneration, along with ' 
standard deviation (bars). 
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Figure 10. Histogram of percent aborted pollen vs. clo,se 
rate fo~ EMS treatments i~ the Ml generation, along wit~ 
standard deviations for each treatment (bars). 
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Fig~re Il. Histog~a~ of percent abdrted pollen vs .. dose 
rate for EC "treatments in the Ml generation, along withthe 
standard deviations for each' treatment (bars). 
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Figure 12. Histogram of "Pe~c'e'~t aborted pol en ~s. 
rate for HU treatments in the. 'Ml generation) along!;ith-
standard deviéltions for each treatment (bars) " 
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Figure 13. Bistogram of peréent aborted pollen vs,dose 
rate for AP treatments in the Ml ,generation, a10ng withthe 
standard deviations for each treatment (bars). 
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Figure 14'. Histogram of percent aborted"pollen vs. dose 
rate fo~EMS treatments in the M3I generation, ~long with 
standard deviations for, each treatment (bars). 
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effect;s at the two highest dosages,' namely at 0.1 and 1.0%. There was 

a high level of variability-with the latter dose which gave a ~tandard 

deviation of approxirna~ely 36 (Figure 13). 

rIants derived from treatments with EMS in the M
3
0, M

4
0, M31 

and M41 generations a1so showed significant, increases in aborted pollen 

rate for several dosages (Table VII). Thase pl~nts in the M
4

0 and M31 

generations ,dernonstrated significant' increases in pollen abortion rate 

for mo~e than a single dose. M31 EMS treated plants demonstrated an 

approximate two-f9ld increase between control and 0.001% treatrnent 

values, with thiS ,leveb- of increa$e being rnaintained for the other 

doses tested (Figure 14). M~O EMS treat~d plants de~onstrated an 

approximate two-fold increase in p~llen abortion rate, as weIL, for the 
, -

two dose lèvels available for testing, that is ~he 0.001% and 0.1%. 

Thefe ere no significànt differences between control and treatment 

val s for aIL other generations. 
, 

E. Evaluation of a genetie rnarker; 
brown tip color 

Gene frequencies-were obtained for the browri floral keel-tip 

color character as shown in Table VIII. The ~ene frequencies ,in each 
~ 

generation were carculated for aIL plants in aIL five generations. 
"'t 

~/ 

The Ml' M2S and generations had few as?ayable plants in each 

generation, due to the plants which were also weak flowering. From 
'\ 

analysis~t was c~ncluded that there was a high level the statistical 

of variability in gene frequency for the brown keel tip color for these 

~ 1 

" 
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TABLE VIII. 

Ge'Û~ ~ -;; t/Ï. on 
f 
.> 

,Ml 

M2S 

M3S 

M2X 

M
3

X 

--

(f 

" ..., 

to 
~ 

--

Gene frequencies of brown keel tip for five populations Jf Lotus corniculatus 
with five treatments ,per population 

Control 
X-rays 

0.185 0..400 

0.286 cO.286 

0.286 

0.074 0.089 

0.-160 

EMS 

.Q.381 

0.636 

0.353 

0.058 

0.151 

Treatment 

Ee 

0.330 

1 

) . '" 

0.088 

HU AP 
Ave..rage 

Number 
of plants 

0.136 0.200 0.270 125 

0.400 25 

0.320 24 

~ 

0.081 0.063 0.076 3098 

0.156 448 

!li 

--

. 
Q 

- ~~-



, ;> 

(. 

Y. l' 

\ 

three generations; coefficients of variability ranged from approximately 
.) 

45 ta 145.5. An analysis of variance indicatèd ,no statis~ically signifi- ~~ 

cant differences between control and treated lines!, 

" In con~rast, the M2X and M
3
X generations had considerably 1arger 
B 

sample sizes and showed lower gene frequencies for the brown keel tip 

character in contrast to those obtained in the Ml' M2S and M3S 

generations. Coefficients of variabiliÈY rang~d from 34 to 55% in"the 

M2X generation toua value of approximately"70% in the M3X generation. 

No statistically significant differences were obtained between contraIs 

and treatments in éither'the M2X or M3X generations. 

F. Evaluati.on of mutant types 

1. MU,tation rate 

a. Lotus corniculatus 

Friedman's (1937) rankecl Chi-square test of the average numb~r 

of ,qual~tative mutants per 100 plants' s~ored, indicated that signific~nt 

incre~ses in mutation rate vs. control occurred ~nly in the M30 genera

tion (Table IX). Two types of'muta~ts were scored, namely, the chlorotica 

(ct) and v~stigial floret (~) ty~es (Figure 15). The highest mutation 

rates were found ~n X-ray and EMS treated lines ofothe M30 g~neratio~, 

followed by EC ~nd AP t~eatments, and lastly from HU treated progeny in 
) 

the M30 generation. ALI treatmftnts were significant; a probability of a 

greater Chi-square valJ~ of 0.005 was calculated for X-ray and EMS 

treated lines, and a value of 0.05 for EC, HU and AP treated lines. No 

do.se effects were observed in any of t;he lines of the-MiO generation. 

f 

\ ' 

\ 
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; 

~I 
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TABLE IX. Mutation rate, e~pressed as the mean number of mutants per 

Î 
100 plants for contraIs and five mutagens over eight generations 

Generation Friedman 1 s' Probability of 

and Number of mutants ranked greater Chi-square 
per 100 plants value Ü degr~es treatment Chi -square value 

of freedorp) 

M2X JI. 

6 

. Control / 0.78 
X-rays 0.86 0.001 0.95 
EMS 1. 38 0.001 0.95 
EC 0.47 0.001 0.95 
HU' 0.45 0.001 0.95 
AP 0.97 0.001 0.95 

M3X 

Control 0.00 
EMS 0.67 0.001 0.95 

" M2S 

Control 0.00 
EMS 0.33 0.001 0.95 

M3S 

Control 0.00 
EMS 0.00 < 0.001 > 0.99 

M
3
0 

Control 0.33 -~ 

X-rays 1.08 34.1 0.005 
EMS 1.08 25.5 0.005 
EC 0.75 10.8 0~05 
HU 0.67 10'.4 0.05 
AP 0.75 10.7 0.05 

M3 I 

Control î 0.00 
X-rays 0.33 0.001 0.9.5 
EMS " 1.00 0.001 0.95 
HU 0.00 0;001 0.95 \ 

M40 

ControJ 0.33 0.001 0.95 
EMS· _ 0.50 0.001 0.95 

M4 I 
, 

Cont.rol 0.33 0.001 0.95 

( 
EMS 0.67 0.001 0.95 
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Figure fsJ_The two most frequently occurring mutants 
induced by mutag esis in Lotus cornicul~tus: (a) Chlorotica 
(right), shown with a phenotypically normal plant (left)~ 

\ ' 
(b) Ves,tigial floret (top), wit,h a phen0j=ypically normal~ 
floret (bottom). -
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-!he qualitative mutation-rates differed numerically from their 

re_spective contrals ~n all generations by as wide a margin as '0 ta 1.0%. 

None of these values,was significan:t from each other' owing to a pre-
,/ , 

base. ponderance of zeroes in the data and ta a rel-atively small data 

The exceptions were the M30 generation which was significant and the 

M2X generation which, ~ithough containing a large data base, tbere was 

'no stat'istical significance between treatments and control rates. The_ 

highest overall mutation rates were obtained in the M2X Cx=O.82~) and 
, 

M}O (i"-0.78%) generat'i0ItS, wherea~ Ithe lowest values wert obtained in '1 

the M2S and M3S genei:ations with 'respec~ive values of 0.17% and 0%. 

The samp1e size of the treat~d and control lines vari~d from 600 to 

900 plants ~n the M2S, ~3S' M3X,' M3I, M40, an? M4I generations, ta 1800 

,~lants in the M2X and M30 generations. Background (control) mutation 

rates, for the two mutant characters Cct and vf), ranged from 0% ta 

• 0.?8%, being highest in the open-pollinated progeny and lowest in the 
~ , 

selfed and out~rossed progeny derived from the selfed M2S and M
3

S 

generations. 

b. Lotus tenuis 

In-the H2X generation of L. tenuis only 137 plants were produced, 

the-m~jority of which were derived fro~he,0.05% and 0.1% EMS tr~at

ments,; , A total of 17 a~omalo~s plants (chlorophyll d~ficient and, 

morphological abnormalities) were obtained fram two Unes derived from 

E~S treatments. Eleven of these «mutants» were derived from treatment 

with 0.95'%' EMS and six from the 0.1% treatment. None of the other 

seven treatments resulted in the production "of any mutants. From the 
,,-1 
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1 
statistical analysis, no, significant increase in mutation rate cou1d be , 

t 

determined for the two line~ containing andmalous plants whèn compared 
; " 

with contraIs or other treatments. 

2. Segregation ratios of mutant types 

Segregation ratios from parent-progenY'crosses for putative, 
" ... 

qualitative mutants were obta~ned from M3 ~rogeny deri~ed from various" 

treated lines .(Table X). Although parent-progeny crosses and selfïngs 

, " 
~n every combination Were attempted, only three typés of crosses and' 

, . 
selfings wete successful, in the productidn of progeny. These were 

\ " 

(1) parent X mutant (M2S X M3sh (2) parent-selfed (M2S), and 
, 

(3) mutant selfed (M3S). Three putative mutant ty~es were studied, 

namely, chlorotica (ct), ves'tigial' floret (v'f) ~ and dwar,f (d). ®e ct 0 

and vf typeswere derived from ~-ray and EMS treatme~ts, whi1e the d 

type arose in P70geay from aIl mutagen treaiments r except from the Et 

treatments. 

The EMS derived ct type has'a .20:1 segregatfen ratio for 

normal:ct from a p~rent X mutant,backcross~ This ratio approxima~es 

the exp'ected 27:1 ratio'-far a triplex X nu1Iiplex cross, aS,suming 

'. 

random chro~tid assortme~t (Chi-square probability = 0.1966). Seifing 
" . 

the parent,. however, did 'not result in the expected no-rmal;~ ratio', , t 

and no progeny were p,roduced upon selfing -'the ~ type. The X-ray 

" 

derived ~ type produced a norma1:~ ratio of 6.1:1, up~n selfing th~ 

parent. 'This c10sely approached,the expected rafio of 3:1 for a selfed 
j 

simplex (Chi-square, probabili):y of 0.0782). Cro~sing the pa~ent with 

" 
'1> • 

, , 

" 
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TABLE X. Segregation ratios for pa~ent-progeny crosses and selfedinduced mutant types 
~ , 

Mutant Cross or selfing Mutagen type 

Chlorotfca H,2S (selfed) a EMS 
(ct) 

" 
~ 

M2S X M3S (mutant) 

,,' 
M

3
S (selféd mutant) 

Chlorot{ça ~2S (selfed)' .X-rays 
(ct) 

HZS ~ M3S (mutant) 

M
3

S (selfed) 
Q. 

1 

Vest1g ia1 M2 S (se1fed) 
floret (vf? 

! 
X-:çays 

\ 
• M2S ·X M3S (Inutant) , ' 

M
3

S (selfed) 

--~ 

.' 

" ~ ..... ..,.."....1: ... ,.,.....1 :-,.... ..." ...... --.. ... ~ • ,., :c-< ~- _~...,_ ... ~ 'f~ 'I.! 
\ 

Ratio 
observed 

normal: 
mutant 

700:3 
(233.3:1) 

60:3 
(20: 1) 

No progeny 

'"' 412:fit 
(6.1:1) 

660 :92 
0.1:0 

ft 

No progeny

~40f':'2 ' 

(ZO:l) 

No progeny 

~ 

No progeny 

RaJtio 
expected 
normal: 
mutant 

1:0 

27:1 

0:1 

3: 1 0 

1: l' 

... 
Spl 

( 

" 0: 1 

20.8:1 

3.7:1 

.'..' 0: 1 

Expected 
genotype 

, Q a 
Triplex 

Triplex X 
nulliplexb 

Nulliplex 

Simplex a 

Simplex X 
nulliplexa, 

Duplex X 
nulliplexa 

Nullip1ex 

, b 
D<-!pl~x 

';;> • 

Dup!ex _X 
nulliplexb 

'Nullip1ex 

Chi-square 

161936.3 

"'" 
10.815 

'ro .:... 

3.203 

~ 

37 .,~1 

0.882é-'~ 

0.0308 

Probability 
of greater 
Chi-square 

value 

<0 0.005 

0.1966 

0.0782 

< 0.005 • 

" 0.4006-
., -----

: - ," 
t. • -

0.~:Y39" 

-. 

table continued, 
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TA~LE X (contïnued) 
"-

Mutant Cross or s~lJing Mutagen type 

Ratio 
observed 
normal: 
mutant 

'? 

Vestigial M2S (selfed) _.> EMS 
floret (vO 

73:4 
(18d:l)' 

• ..-;. M2S X M3S (mutant) 1 'No progeny 

... 
M3S (seHed) , No progeny 

Dwarf (d) M
2

S (selfed) 
/ 

X-rays 155:2 
(77:5:1) 

~3S (mutant-selfed) No progeny 

M2S X M
3

S (mutant) 81:2 
(40.5:1) 

. 
D\\<arf (d) MZS (selfed) EMS 198:4 

(49.5:1) 

'" M3S (mutant) 161:0 

\-
.?S x...M~ (mutant) 

\ 

106:0 

...... \- .. .1<" .. 

Ratio 
expected .. Expected 

r normal: genotype 
mutant 

' '20.8; l . Duplexb 

3.7:1 Duplex X 
, ~ nulliplexb 

... 0:1 Nullip1èx 
'ij , 

35:1 Duplex a 

0'0: l Nullipléx 

5:1 Duplex X 

" 
nulliplexa 

.---. a 35:1 Duplex 

,0: 1 Nullip1ex 

5:1 Duplex X 
nullip1ex 

~ 

-. 

J--> : ProbabUity 
,of greater Chi-square ·Chi-square 

value 

0.3005 0.6261 

51. 6071 < 0.005 

2,52.05 < 0.005 

6.007 0.0158 

25921.0 < 0.005 

2040.2 < 0.005 

table con.tinued 
t-' 
W 
0' 
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, TABLE X (continued) 
'0 

Ratio Ratio Mutant 
Cross. or selfing Mutagen observed expected type normal: normal: 

"- mutant mutant. 

Dwarf (~) °M2S (selfed) HU 111:4 3\: 1 
(27.8:1)-

<) 

20.8:1 

M3S (mutant selfed) 84:0 0:1 ,,; 

H
2

S X M
3S (mutant) No progeny 5:1 

nwârf' (d) MZS {selfed) AP 95:5 20. Sr. 1 .. (19:1) 

M3S (mutant selfed) No progeny~ 0:1 

M
2S X M

3
S (mutant) No progeny 3.7:1 

., 
dRandom chromosome assor-tmerit. 

, 
b " 

Random chromatid assortment. 

J 

~~~' -

' 0 

" 
Expected 

Chi-square genotype 

Duplex a 
1.4811 -:. 

Duplex 
b 

,J 2.3558 

Nulliplex 7056.0 

Duplex X 
nulliple'xa 

,. 
' Q Duplex 1.1571 

Nu1lip-1'ex 

\ 

Duplex X 
nulliplexh 

.. 

4' 

,,-.... 

~ 

Probability 
of greater 
Chi-square 

value 

0.2326 

.. 
0.1382 

< 0.005 

,~ 

~~ 
0.2676 

.- . 

-
...... 
W 
'-1 

C' 

of 

• 

/ 
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the ct type' pr~duced a 7.1:1 ratio of normal':ct:pro,geny. ,This ratio 

does not fit the expedted 1:1 ratio for i siro~lex X"nullip1ex crosé 

~assuming random chromosomE? assortment, but it does fit an expeC7ted 5:1 
, 

ratio for a dup1ex-X nul1iplex cross as~uming'random chromosome assort-
I 

ment, with a Chi:-square probability of 0'.4006. ,The ct type did not 

produce progeny upon se1fing. , 

1. 

Upon se1fing the parents of the vestigial floret (vf) ~put~tive 

mutant type for both X-ray and EMS derived lines, a norma1:vf ratio of 

138 

1 ~ • f 

20:1 and 18.3:1" r,espectively, were obtal.ned. T,his c1pse1y approximates 

the expected 20.8:1 ratio for a selxed duplex assuming random chromatid 

assortment\. Chi-square probab'ility val1,1es of 0.8739 and 0.6261 were 

o~tained for ,the r~tios of 20:1 and 18.2:1, '~,e'spectively. The vf type 
, , 

was foun~ to be completely sterile and the~efore cou1d not be selfèd· or 

crossed. 

The clwarf (cl) pùtative mutant type was obtained in progeny from 
) 

... 
X-ray, EMS, HU"and AP treatments. Selfing ef. HU and AP d,erived ,parent's 

produ~ed progeny with ratios of ncrmal;d of'27.S:1 and 19:1"respecti'vel-y. 
\ -

This approximates the 35:1'and 10'.S-;1 segregation'ratio~ for a selfed 

,\' 
duplex for randoPl chromosome and chromatid assortment, "respecti vely. , 

However, upon selfing ~he HU d type, ~4 phenotyJically norm~~ 'progeny 
, ' 

were obtained, which is contrary ta expected values ~or a selfed 

nul11p1ex. Furthermore, X-ray and'EMS derived d types did riot conform' 
-, ' 

1:0 expectedpratios fC?r progeny obtained from parent X~, selfed parent, 
( 

or seHed ~, types. The ct- and vf mutants are shawn in Figure 15. 
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G. Hydrocyanoglycoside content 

,The deposition of hydrocyanoglycosides (ReA) in the leaves of 

Lotus corniculatus cultivàr ~~Mi~abe'h was found to be inherited in a 
i 

quantitative fashion ÇFigure 16). Significant chang,es in HCA cpntent ' 

were obtained lnthree gene;.,rations, namely the M2X" M30 and M31 

(see Appendix l, Tables 26-30) with ,no significant changes in HeA 

content between control and treatment values for any other generation 
• 

(Table XI). Significant increases in ReA coptent'were obtained from 

X-ray and AP treatments in the, M2X generation as fwell as for plants 

derived from HU treatments in the M31 generation. One EMS treatment ln 

the MiX generation, as weIL a~ two EC tr~stments in the M
3

0 generàtion 
1 

d~monstrated' a significant decreas~ in HCA content. 

,Three groups of treatments, ln three generations, demonstrated 

significant increases or d~~r~a~es over two or more dosages. These 

were the Ap treated lines in the M2X generation, EC treated lines in' 
\ -----~\ 

'th,e M30 g,eneration. and HU treated l~in-----th; M3i generation. An 
~ , 

_______ ' , 1 

increase in HeA content~was-lnduced in the AP-treated M2X and the RU-

~----------- -
t~éated M ~ generations. 

3 
AIl dosages were effec,tive in inducing a 

quantum increase in HeA content for AP-treated M2~ plants, with aIL 

dosages demonstrating a significant increase wi~h respect to control 

levels, but not'with ~espect ta each other (Figure 17). Plants 

deri ved fr,om treat'm~nt with }IU' in the M31 ~eneration demons trated 

induced increases in HeA content 'for the q.OOl and 0.01% treated lines, 
.... l, ..., ~ , _ ~ , .... 

land ret~rning to control levels for the 0.1% treated +ine (Figure 19). 
~ " 

No progeny were obtained for 1.0% treatment with HU in the M3I, 

,. ' 

" 
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Figure 16. Frequency po1ygon for hydrocyanoglycoside 
(HCA) content in leaves of,L~tus corniculatus, superirnposed 
on a histogram, for each of three consecutive, open-po1linated . , . ~ 

generatlons, sampled at random. Each generatlon represented 
inc1udes (a) RCA content in the Ml (parental) generation, 
(b) RCA sontent in the M2X generation, and (c) ReA content in 
the M30 generation. Plotted are frequen~y ~! mg ReA per kg 
of =resh leaf. N = the number of plants tested. 
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TABLE XI. Hydrocyanic glycoside (HCA) content, expressed as the mean 
,value in_ mg hydrocyanic acid per, kg f'resh leaf matter, for all treat

o ments showing significance with respect to controls 

Generation 

Ml 

M
2

S 

M
3

S 

Ml 

Treatment 

Control 

Control 

Control 

Control 
X-rays 
EMS 
AP 

C~ntrol 

Control 
EC 

Control 

Control 
HU 

Control, 

Dosage 
(% , except 

X-rays, kR) 

0 

0 

0 

0 
3 
0.1 
0.001 
0.01 
0.1 
1.0 

0 

..... 0 
0.1 
1.0 

0 

0 
0.001 
o .0.1 

0 "'" 

HCA content 
(mg/kg) 

86.2 NS 

182.2 NS 

134.2 NS 

74.0 
131.3* 
29.5* 
99.3* 

104.4* 
110.6* 
96.8* 

177 .1 NS 

208.2 
36.4* 
14.7* 

168.3 NS_ 

114.8 
326'.0* 
301.5* 

230.9 NS 

NS: No significance between contraIs and all other treatments. 

*Significant at the 5% level • 
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Figure 17. Ristogram of hydrocyanoglycoside (ReA) 
cop.tent (as mg HCA per Kg fresh leaf) vs. dose levels _~or 
plants derived from treatment with AP in the M2X gene4tion, 

, along with plots of the standard deviation for values 
obtained 'oat each dose, indicated as bars. 

. . 

, c, 

-



1,4 4 1 

350 r-

300 1-

, <6 

250 1-

Ll.. 200 « .... 
UJ 

0 
.J 

l 
C/)-
W 
0:, 150 l-Ll.. 

Cl 
.::s:. 
.......... 
oC( r" 

, 6 

0 
JI / :r: 

100 
Cl 1-

E L 
... 

, 

50 1-

o L-____________ ~~~~----~----~---

o ' 0.001 0.01 0 1 1.0 

DOSE PERCENT 

( 

Î ' 



Figure 18. Histogram of 'hydrocyanog1ycoside (HCA) 
content (as mg RCA per Kg fresh leaf)' vs. dose levels for 
plants derived from treatment~ith EC in the M30 generation, 
along with plots of the stan~ard deviation ror values 
obtained at each d,ose. indicated as bars. 
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Figure 19. Ristogram of hydroc~anoglycoside (ReA) 
content Ces ~g ReA per Kg fresh leaf) vs. dose levels fo~ 
plants deri~ed from treatment with RU in the M3I generation, 
along with plots of the standard deviat~on for values . 
obtained at eaéh dose, indicated as' b~rs. 
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genera tion. E~ treated plants in the M30 generation demons trated a 

siarp decrease in !J?A canotent for the two highest doses, na~ely, 0.1 

artd 1.0% (Figure 1'8). A third dose, the 0.01%, also showed a sharp 

"decrease in me an value, but a large standard deviation of greater than 
rf 

100 indica ted a high degree of variation at this dose. From a ' 
l , 

statistical analysiso it was found that this value was not s,ignificant 

from control leve1s.' 

Sign~ficant eff\ect? in the"MzX generation obtained in X-ray, 

EMS ~nd AP treated progeny were not transmltt~d to th~ M30 prog'eny, and 
; 

no signific;:tnt differences between control and' treatment values were 

obtain~d for any of the other six generations tested. 

( 

ij.. Forage yield 

There was a significant increas'e in the mean forâge yield over 

control values in one, open-pollina~ed gen~ration: namely the M
3
0 gen~ra

tian (Table XII). A mean dry for,lge yie1d of 41. 3, grams per plant "/aS 

obtained for the 0.1% EC-treated line, a si~ificant incr'ease of more than 

twice the mean control value of 16.0 gr;ms (see Appendix l, Table 31). , 

/ The 0.1% EC-treated parental line in the M
2
X generation ~id not show any 
, , 

significant- increase. Likewise, there were no significant difference3 

in me an forage yie'lds between control plants and treatments for any of 

the other eight generations. An overall d:ncrease in mean forage y,ield 

"was noted fO\ the M2S and M3S. gene'rAtions vs. the NI (initl:.:f.ally treated 

generation) and aIl 'other generations.' Ân average 3. 5 ~nd 7.0 faid 

increase in yields occurred in· the MZS 

0, 

generationS', respectively, 
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TABLE XII. Forage yie1d, express~d as the mean dry weight (in grams) 
per plant, for a1l values that are significant from contro1~' , 

? 

Generation Tr~at'illent Dosage (%) Dry weïght 
(g/p1ant) 

~ 

M{ Control 0 35.5 NS 

M2S Control '0 124.7'" NS 

M
3

S Control '0' ,253.7 NS 
Ir .. 

~' M
2
X' Control 0 ? 21.6 NS 

M
3
X 'Control 0' 17.1 NS 

M
3
0 Control a 16.0. 

~ EC 0.1 .. ,. 41:J* 

M40 Control 0) 14.3 NS 
fi 

M3 I éontrol 0 • 20.3 NS 

150 

,. 
f) M4I ! ~ 

Control 0 13. ~~ 
~ . ~ • ~ 

NS': No s{gnifiCQnCe/b~tf'en 'controls 1 and al1 treatmeÏl.ts,. 

*Significant at the 5% level. 
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, d when rtleasured against yields ln the Mi" and later generationp. The 

iricreased jields were an overall effect andOnot due to a~y mutagenic 

treatments, since no.significant differences were found between control 

and treatment values for M2S and.M
3

S plants; these increases in yieltl 
( ~) ,1 

were not transmitted ta thë prog-e,.ny"of t:~e M2S or M3S generations. 

1. Se~ yield 

1. Lotus éorniculatus 

l 
t 

Statistical analysis of the mean number of seeds per pod per 

plant inqicated that the values were signific~~IY different from those 

of the contrhl for three treated line~ (Table XIII). The first line, " 

1·51 

derived from treatment with 0.1% EMS in the M
3

S generation, had a two- Q 

fold increase in seeQ yield aver the M2S control v~lues. A similar 

effect was found [or plants derived from treatment with O.dOl% ÉHS ih 

the M3X generation which sh~wed a two-fold,increâse in seed yield when 

compared wi th M3X 'Control v.alues. A third line, deri ved from treatment 
~ , 

with 0.01% EC in the M2X generation, showed a significant and drastic 

drop of 92.6% ln seed yield when compared with the values obtained for 

the M2X control (see Appendix 1, Tables 32-34). No significant ~hanges 

~in seed yield were fo~nd for the parents or the progeny of ,these three 

lines or in'any of the other-lines.-
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TABLE XIII. Seed yield, expresse~as tqe average number of seeds per, 
-pod per plant, for aIl values that'are significant from contraIs 

Generation Treatment DOEiage '(%) 
Mean number of 
seeds /pod/plant 

Ml Control 0 Il. 9 NS 

MZS Control 0 15.9 NS 

M3S Control 0 4.0 
EMS 0.1 ~1f1 9.6* 

\ 

M2X Control 0 6.8 
EC ,0.01 0.5* 

M
3
X ControL 0 5.4 

8' EMS b.OOI 12.9* 

M30 Control à 26.0 NS 

M40 C<;mtrol 0 28.3 NS 

M l, 
3 

Control 0 27.4 NS 

M41 Control 0 16.6 NS 

NS: No signHicance between controIs and aH treatments. 

*Significant at the, -5% level. 
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2. Lotus tenuis 

Seed yield vàried great1y for the treated and untreated lines of 

L. tenuis, as:may be seen in Table XIV. The total number of seed 

obtained from cross-pollination vari,ed from a low of 44 'seeds from 7 

pods after a treatment with 0.001% EMS, to ~ h~gh of 1975 seeds from 

286 pods from treatment with:O.005% EMS. No significant differences 

were obtained between controls and treatments for thé total number of 

153 

seeds or the total pumber of pods. Average seed yield, expressed as the 

mean 'number of seeds' produced per pod per plant, was found ta vary from 

~.6 ta ~.O, and no significant differences were obtained b~tween treat-

'ment and control values. 

3. Selfed seed production 

Values obtain~d for selfed seed production are, given ln Table XV 

for 20 mutagenic treatments and contraIs in the Ml' and for four 

mutagenic treatments ar;,d contraIs in the M2S generatio,n. AU Ml seed 

treated with AP., as weIL as th'ose treated with 1. 0% EMS, did not 

produce any seited progeny after one flowed:'ng cy~.le.- _ AlI other' 
'., 

treatments ln the Ml showed reduce,d selfed seed set over control Ml 

values with the exception of the 9 kR treated 'line which produced a 

lD-fold increase in the number of seHed se~d set per plant. However, 

the total number of selfed seed produced was lower in the 9 kR treated 

li~e in compari~on with the Ml ~ontrol. Viable (germinating) seeds 

were recovered ~n aIl selfed seed producing Ml lines, with ~he greatest 

prôd,uction in the control Ml line, followed by HU, EC, X-ray and EMS 

lines, in decreasing arder. Aftev one cycle of selfing, M2S derived 
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, 
control plants showed a reduced selfing capacity Ln comparison with the 

paren:al Ml controJs, but the number of seeds per pod in the, M2,S 

generation (3.1. seed(pod) was not significantly different from the Ml 

co~trol group (4.9 seeds/pod). 0 In contrast, EMS derived'M
2S plants 

did show a numerical increase in total number of selfed seed, number of 

• 
pl'ants selfed per 100 plants, number of se,lfècl seeds per p,lant, and the 

J 

'percentage viable (germinating) seeds in comparison with the parental 

There were no statistically significant 
\ 

Ml EMS treated plants. 
\ 

differences bet~een any values in the Ml and MZS lines derived, from 

treatment with E~S. 

Flowering frequéncy 

.. 

The two methods utilized l.n asseSSl.ng j:he flowering fr,equencies 

of the 103 treated and control lines of Lotus corniculatus c~. «Mirabel,» "'---
o';er the nine generations ~vere the mean numbe,r of days to p.eak, or 

, . 
,maximum flowering for control and signi~~cant values, 'and seço~dJy,_ the 

mean number of days to 50% flowering (Table XVI). Only the 0.0~1% and 

0.01% EMS treated lines in the M40 generations l.~ which the peaK 
- , ( 

flowering cycles occurred about 2 ta 3 days earlier than the contràls 

were ~ignificant (Appendix l, Table 3~). Lines in ,~sc:ndi~g parental 

arder in the M3x', M2S and Ml generations, did not show signific:ant 

changes in their flowering cycle. 

Significant changes l.n flowering cycle were also found-in the M30 
r-

generations ,(see Appendix l, Table 35). There was a late flOW{ffjg 
-line derive~ from treatment with 0.1% te. These 1a~e flowering .1% 
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TABLE XVI. Flowering frequency. expressed as the ~ean n~mber of d~ys ta maximum 
or peak flowering and the mean number of days ta 50% flowering, for aH' 

significant values, along with the "ranges for non-~ignific~nt yalues 

Generation 

Ml 

M2S 

M
3

S 

M2X 

M
3

X 

M
3
0 

M40 ~ 

M3I 

M4 I 

" 

Treatment 

Control 

" Control 

Control 

Control 

Control 

Control 
EC 

Control 
EMS 

Control 

Contr~l 

Dosage 
(%) 

o 

o 

o 

o -; 

o 

o 
0.1 

o 
0.001 
0.01 

o 

o 

Mean days to 
maxiA flowering 

(Range) 

9.2(8.3- 9.7)NS 

9.5(9.5- 9.6)NS 

9.0(9.0-1~.0)NS 

9.0(8.5- 9.5)NS 

9.7C9.5-10.2)NS 

5.1(3.5- 7.7)NS 

8.3 
5.5* 
6.1* 

4.8 (3 .1- 7.6) NS 

6.0(4.4- 6.4)NS 

NS: No significance between contraIs and aIl treatments. 

*Significant at the 5% level. 

'" 

Mean days to 
50% flowering 

(Range) 

6.4<3.0- 9.0)NS" 

9.0(4.0-15.0)NS 

8.0(8.0-14.0)NS 

10.~(S.0-11.O)NS· 

8.8(9.0-10.0)NS 

11.9 
18.8* 

9.2 (7 .0-10.0) NS 

,9.6(9.0-13.0)NS 

Il.7(11.0-13.0)NS 

.- -

'~ 

t-' 
lJ1 
'-.1 



\ 

( 

EC derived plants in the M
3
0 did not contain late flowering types in 

the parental M2X EC lines. No significant differences were noted for 

aIl other generations. 

K. Pod dehiscence 

Pod dehiscence was highly vàriable, with the percentage of 

158 

dehisced pods per plant rangin~ between 0 and 75.8% with a mean of 34.5% 

for five generations. An analysis of variance further confirmeà the 

1 

variabi1ity of this character; a standard deviation of 21.28 and a 

coefficient of "variability of 68.26 we~e obtained for the combined 

data over five generations. From Table XVII it may b~ seen thât there 
( 

, 
were no significant ~ifferences between treatments and control values 

in each generation. Likewise, no significant differences were found 

,ev~n after the data had been transformed using toe arcsin of the square 

root of the percent dehisced values. 

U 
L. Winter hardlness 

1. Lotus corniculatus 

, 
Winter hardiness, expressed ~s ~he'percentage of plants bver-

1 • wintering the 1979-80 season, varied from 72.8 to 100% in the different 

treatments ove,r five generations ('Fable XVIII) . .From the '~tatistical 

analyses there were no significant differences between control and 

treated 1ines in any generation from the minimum of 300 plari~s Éested Ln 

the M3X and M3S gene~ations ta the 1800 plants tested in the Ml ~nd 

M2X generations. Mean v~lues of treated and untreated lines per 

.. 
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TABLE XVII. Pod dehisc:ence expressed as the mean dehisced pods per 
plant for values tested, along with the range of each value 

Generation Treatment 
Mean percent Range a 
dehisced pods 

Ml Contr,ol 39.2 6:1-63.4 
," 

M2S <Zontrol 17 ... 9 9.7~3S.7 

M3S Control 24.2 12.9-38.1 

M2X Control 31. 3 0.0-64.7 
l 

M3X Control 30.7 14.4-75.8 
~ 

{ 

" , , 
aNa significance found between contraIs and aIl treatménts. 
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TABLE XVIII. Winter hardiness expressed as the pereentage of plants overwintering 
two successîve seasons for five mutagens over {ive generations 

Mutagen 
Generation Control Mean 

X-rays EMS 'Ee HU AP 
-
--C'L , 

Ml 93.3 '9:7; 7 • 95.6 ~7.6 96.1 96.0 96.3 

MZS 97.1 98 .• 0 97.8 99.9 99.3 100.0 98.7 

M
3

S' 95.0 96.5 96.3 

93.1 sa.,. 6 84.4 -M
2
X 91.0 89.0 92.4 89.7 

<1> 

M3}f 16.4 72.8 74.6 
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generation were used for statisti~l ~nalysis; the coefficients of 

variability for the winter hardiness character ranged from approximately , 

26.6 to 51.4. 'Only_ t?e M
3
X generation 'showed any substantial reduction 

ln winter hardiuèss with·an average 15.1% decrease over the next lowest 

level in the M
2
X generation. The average level in the M3X generation . 

was not statistically d.iffer~nt from any other gE;neration. 

2. Lotus tenuis 

Winter hardiness of Lotus tenuis was fourrd to be very low in the 

Ml generation. The total number of plants which survive~ through ohe 

winter ranged between 2.5 and 15.4%' (Table XIX). There.were no 

significant ~differences between. control and treatment values, as weIl 

as between individual treatments. No dose effe~t relationsliip could 

be determined between dosage and winter hardlness. 

M. PareJ;lt-progèny correlations 

The correlation coefficients (r), obtained 1n Table XX for a 

comparison of Hnes containing significantly high or low levels of BeA 

content, forage aqd seed yields, and their respective parental and 

filial,lines, ranged greatly in values obtained, with respect to 

probability values for a greater r. A total of four parent-progeny 

correlations demonstrated stroug or significant correlations (probably 

of a greater r less than or equa1 ta 0.0500), ~hile two correlations 

'vere found to be reoderate (probability of a greater r bet,,,een 0.0501 

and 0.3000). The remaining 13 correlations' (of the 19 performed) did 
c, 

not exhibit any moderate or stroug levels . 
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TABLE XIX. Winter h~rdiness in Lotus 
1ines, expressed as the percentage 0 

two 

enuis EMS-tre&ted and ,untreated 
the total nurnher overwintering 

Treatrnent Su~vival Range 
EMS (%) 1 (%) , (%) 

Control 15.4 0' 0.0-23.1 "', 
0.001 15.4 rs.4 

0.005 10.2 7.7-15.4 

0.01 10.2 7.7-15.4 

0.05 10.2 0.0-15.4 

0.1 7.7 0.0-23.1 
~ 

0.5 . 10.2 7.7-15~4 

1.0 7.7 0.0-15.4 
.. 

1.5- 2.5 0.0- 7.7 

2.0 , 10.2 7.7-15.4 '., 
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Two paJent-progeny comp~risons were found to be highly 

\ ,1 

negatively correlated. These inc1ude (1) a high se~d yielding line 

deT~,ved from 0.1% EMS treatment in the ~3S genera'tion and its M4 ~ 
ijt 

filial 1ine, and (Z) à low seed yielding line derived from 0.01% 
, ~ l 

EC treatment in the MZX gèneration and its M
3
0 filial line. 

" 

Only two parent-progeny Gom~a\-isons were'-,found to be strongly 
o ' 

positively correlated. Th~se w~re two high HCAccont?ining lines in 
( . 'î ft,' ' 

, ,1 .... 

th,e MiX gener<3;,tion, derived from treatment with 0.1 and 1. 0% AP and 

theiJ:' respect~ve' M30 fïlial lines. Both lines and their Pf~geny 
\ 

n ~ 11 

demons~rated a pr9ba~ili~y of a greater coefflcient of less than 
~ Q • 

0.05. A third parent-progeny ,comparisonowas found to be modetately 
, ~ , 

r correlated, tha t, bëin.g a 0.01% HU-treated lin'e in the M3 l generation 

and its MZS pare~al 1ine . 

. , 
o ' 

Mutagenic'eff1ciency ratios 

.. • --- 0 iJ 

Muta~en~c,efficien~y ratiâs were lowest in the control, groups 

of each genet;:atlq,p . .II(Ta,?le XXI). The ex~~Pti6ns were in the M~X and 

. 
M30 gena-rations with cogtrol vé!lues of a .111 and "O. 013, respeFt~vely'. 

, . 
'Th~ M2X gene,radon ,co~lrQbl ~atio w,as ~çtually<l hig~er .. tlra~haf of the 

1+ ) , l ;) 

X-ray.· ~MS or ot~e EC progeny. In ~he ~ase -of ~~_ M30 ,cont~ols, 
'1 -, , '. " " 

hpw!,!ver", a11 :mutâgehic treatmen ts had higher mutage~i~ 'efficiency 

ratios thari thy control value uf 0.OY3. 
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When averaged '\ver t'he eight 'geneJ'ations, the most efficient 
c ;. 

~ ____ ~mwl!~tagen was EMS, foLlowed-by HU, AP, X-rays, and 'EC, Ln decreasing 

-orde'r. [The generat'ions demonstrating the l;lighest mutagenic efficiency 

ratios (averaged over five mutagens, plu$ one control group) were the 

These were followed by, the M3I, ,M4~' M2S, MjK' M40 and 

M.3S g~n~rations Ln order of deéreasing va-l'ûes.' 

',' ''â: ' 

, , 

" --""" . .. '\ 

\ 

, 
~, 

., . 

\ ' 

• 
... 

1 , 
z 

166 

r 

/ 



. ' 

J 
, \ 

} 
<... / 

. , 

.-.:-

.. 
VI. DISCUSSION 

1 
1 

, ! A. Seed germination ratej 

i. Lotus corniculatus 

IÎ'he poS'itive relationship between plant injury and lethality in 
l, 

t,he Ml ~~nerati, following mutagenic treat,ment has been, known f.or ,some 

<"tim,e (Gaul, 1959)-•. One met'lwd for estimating plant ~eth~lity has been 

determiring ttle germination tate after seed treatment., Gaul (1963) ,', 

using barley ,(Hor,deum vu'l,gare L.) as the test organi&ln, determined the 
j..... ~ 1 ---,-

effests,~f X-rays and EMS on seed germination rate and its relationship 

to mutation production. He determined that, for both X-rays (0-40 kR 

do~range) and EMS (0-1.0% dose range) there was a direct co~re1ation 
,"~ 
between increase in dosage and decrease' in germination rate. This 

-
deerease in germinati~n rate simu1taneously resulted in an increase ~n 

mutation rate. This re1ationship between dosage, germination rate, and 
, 

mutation rate cou Id be graphica11y represented in the form of a sigmoid 

curve. Gaul found also that EMS had a more drastic effect on germina-

tian rate than did X-rays and that X-rays had a higher degree of 

1ethality when the treated plants were at the seed1ing stage. Blixt 

(1976) found a less drastic but similar effect after gamma-ir~àdiation 

" . (0-60 kR range) of, hexaplold Ph1eum pratense L. (2~ = 6~ = 42), and a 

mueh redueed effect after treàtment with EMS (0 to 1.0% dose range). 

B1ixt found the(mutation frequeney to be h~ghest at the 10west dose 

, , 

l , 
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(~kR) for gamma-rays with a ten-fold increase over control levels, 

whereas .EMS failed to produce a significant lncrease in mutation 
( 

frequency. Thus, prediction of mutation frequency ~ dose-r~sponse 

effects from the germination rates was possible for diploid barley 

(G~ul, 1963), butnot possible for hexaploid Phleum (Blixt, 1~76). 

Treated plants of Lotus corniculatus show a decrease in ' 

germination rate per increÂse in dosage for the Ml generation'after 

treatment with EMS and EC. Both mutagens,gave a response similar ta 

that obt~ined by Gaul (1963) for EMS-tre~ed barley, and by Blixt 

(1976) for gamma-r~y treated Phleum. 
, 

In the present study, there was 
, 

a sharp drop in germina~ion rates at the highest dosage (1.0%). 

EMS-treated Phleum (JÜixt, 1976) did not give the same\ 'response as was 

found for ~. cornicuJatus for either EMS or EC treatments. A 

comparison of seed germination ratès in Lotus ta mutation rates 

indicated that the inverse relationship suggested by Gaul (1963) for 

germination rates and mutation rates does not apply tOl this species, 

nor do the dose-effect relationships found by Blixt (1976) in garnma-
.~ ~ 

irradiated Phleum. The mutation rates obtained in the prêsent stuay 

for aIL treatments were dose-indèpendent and could not be preèicted 

from effects o~ germination ,rates obtained for the-Ml generation. 
1 

Therefore, in ,this species;' effec ts on seed germination are not 

necessarily related to any lethal effects which may reflect the level 

or predictability of rnutational Events. 

the result of toxicity. 

1 
l, 

Such lethal effects may be 
'JI. 
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Unexpecte~ results were obtained for X-ray, EMS,. and HU~treatea 

seed in the M2K generation, where diff,erent dosages of the se mutagens 

significantly e~hanced the ge~mination rates. 
l ' 

The progeny, of these . 
affected lines, ,in the M30 generation, did not have 'the inq:eases in 

seed germination rates found- in the parental line,s. This increase in 

seed germination rate was ndt transmitted and,conseque~tly the eflects 
/ 

do not appear ta be-aue ta any mutationa1 events. 

" 

2. " Lotus tenuis 

'The de0rease in seed germination rate in L. tenuis with 
/ 

increasing dosage of EMS was similar to the observations' of Gaul 
\ 

(1963'), for EMS-treated barleYlseed, and Blixt and Gottschalk (1975)/,1, 

169 

• i for EMS-treated peas (Pisum species). These auth8rs'found a corre~po?d-, , 

l , 
ing increase in mutation rate'w~th an increase in dosage and dec~ease 

f 
in germination rate. In L. tenuis, no selfed progeny we~e prod~ecl, as 

'11ad been the case for barley and peas. The prog"eny that were fOduce-d 
./ ' 

from op~n-pollination were 50 few in nùmber that an accurat~estimate 

of the number and' typ,es of, segregating ~ariaI").ts was not possible. ,Any 

variants that were obt~d were either complete1y, sterile or died 

-before reaching maturity. As a result, these variants cou1d not be 

asse~sed as to whether or not ,they were actua11y mutants. Therefore, 
, 

no conclusions èan be drawn.~ the relationship between seed ger~ina-

tian and'mutation rates in this species. 

". 
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B. Seedling survival rate 

1. Lotus corniculatus 

Gustafsson (1954) found for a number of erop spee~es treated 

with var~ous physieal and ehemiea~ mut~gehs, that a deerease in 

vi~bility of the treated plants was dose-dependent. This dose-

dependent effeet was also related to mutation rate in the progeny, 

/ with an increase in dosage usual1:y produeing an inerease in, mutation 

r~te. Gregory (1955) found that:X~irradiation of gro~ndnuts (Arachis 

hypogaea L.) pr'oduced effects similar to that observed by Gustafsson. 

This was among\t the f-Ïrst 'reports on, the relationship between viability 

f . \ '. d 1 d . . h ff . • f o mutagen~cally~reate p ants an mutat~on rate ln t e 0 spr~ng or' 

a polyploid (tetraploid) legume. Van der Wa1t (1962) found that a 
\ 

deerease ln viability, resulting from irradiation of Arachis, was not 
( , 
confi~ed ta the treated generation; but extended to the progeny as 

weIl. Blixt' (1976), using gamma-irradiated hexaploid Phleum pratens,e; 
, 

reported that there was a marked decrease in the numbers of M3 sel~ed 
JI 

progeny which ,vere dose-dependent, and thaJ: the decrease in viability 

was assosiated with a e~responding increase in mutation rate which 

was also dose-dependent. In~. eorniculatus, X-irradiation resulted 

in a decrease in seedlin~ survival rate which was a fairly aeeurate 

'measure of viability sinee aIl pla'nts which grew beyond the seedling 
,', , 

stage survived to maturity. The observed decreases in seedling survival 

rate did not, however, eorrespdnd to increases in mutation rate at the 

same d~ages, and both seedling sunvival tate and mutation rate were 

independent of dosage. Therefore, the decrease in viability obsery,ed 

( 

J 
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from X-frradiated L. cornic~latus could not be used in predicting 

mutational events ln the progeny of lines displaying reduced viabiliiy. 

No previous study has' been carried out '01) the effects pf ÉC, on 

seedling survival rate as has been carried out in this st..u~ with , 

L. corniculatus. W~th EC treatment the effects were siIIiilar to th~t 

obtained for X-irradiated L. corniculatus with decreases ~n seedling 

surviva1 rate not corr,e.sponding to any increase in mutation rate, a~d 

neither rates being dependent on dos·age. The oÏ'le exception was found\. 

in two t~eated ,llines in the M
3

0 generation. A significant decrease in 

1 

seedling 'survi val rate in these two lines corresponded to 'a s~gniHcant 

increase in mutation rate in the same generation. These observed , 
, " 1..... . 

cohanges were not dose-dependent. Therefore" as with X-rays, EC-induced 

decreases in seed1ing surviva1 rate are independent of dosage and do 

not effectively predict the mutation rate nor the most 'effective dosage 

found in tHe progeny. " 

2. Lotus tenuis 

Seedling survival was significantly reduced for two lines of 

L. tenuis d\ri ved from EMS treatment in the M
2

' generation hom c:pen \ 
\~"4 

po llination. No signifi.ca~t changes in seedling surviyal rate were 

found in th\ }JI generation. These findings do not agree with those, 

reported by Gau1 (1970a) 'i.Ild Konzak et~. (1971), studying barley, 

B1ixt and Gottschalk (1975), ~" Fowler and Stefansson (1975), 

Brassica, and B1ixt (1976), Phleum. These authors found that decreases 
» .. 

in seedling survival rate or viability in these diploid self-fert'ilizing 

species were confided to the Ml generation, or to the M2 generation \ 
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upon selfing. Fur~h~r, seedling survival or viability was dosage 

dependent which was not the case in L. tenuis. The actual presence 

of mutants in the progeny of treated L. tenuis plants" could not be 
·1 -

de~'trated aue ta insufficient numbers in. the progeny and the death 

of putative mutants prior to maturity before any breeding could be 

attempted. Therefore, no re1ationship betweendosage, seed1ing 

survival and mutation rates cou1d be determined for t.his' species. 

C. Cyeo 10gy 

1. Lotus cornicu1atus 
g 

Heiotic aberrations have been reported in a number of spec~es 

after exposure to physica1 and chemica1 mutagens (Delaunay, 1930; 

Sapehin, 1930; Catcheside, 1945; Tsuchiya, 1960; Sparrow, 1961; Evans, 

1962; Gaud, 1967). An increase in meiotic aberration ra~~ 'has been 

found to correspond t'a an' increase ln mutation rate with' increasing 

dosage (Gustafsson and von Wettstein, 1.958; Nagara)a and Natarajan, 

1965). No previous work has been done, on the meiotic effects of 

physical and chemica1 mutagens with~. corniculatus,.· However; S9me 1 

resu1ts obtained in this species were found ta have simi1arities ta 

those which have been re'ported in other species. In a number ot 

po1yp1oid species it has been observed that a non-linear re1ation?hip 

between dosage and 'l11itotic aberration rate resu1ts from EHS treatment 

and that the re1ationship between mitotic aberration and mutation 

rates is non-linear and comp1ex (Moutschen ~ al., 1964; Gau1, 1970b; 

Auerbach and Ki1by" 1971; Wanj ari and Kutarekar 1 1977). In L. cornicu1q.tus, 
j 
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treâtment with EMS gave a non-1inear response ta increasing meiotië' 

aberration rate with increasing dosage. Mutation rate was independent 

of increasing meiotic,aberration rate or dosage. 

Treatment of L. corni~u1atus wi th X-rays likewise did not 

respbnd in a manner E?~milar to that reported in other species. 

Delaunay (1930) and Froier ~~. (1941) found' that X-ray dosages 

between 5 and 25 kR produced as much as 96% aberrant cells in hexaploid 

wheat (Triticum aestiv~m L.). Significant increases 'in chromosome 

aberration? from X-irradiation have been reported in many other species 

as well (Gaul,' 1970a). In/,contras~,.!:. corniculatus did not r-espond 

with a significant ïncrease in meiotic aberration rate, after 

X-irradiation with 3 ta 12 kR dosages. The amount of radiation 

required to elicit a response is known to vary for a number of 

,agricultura1 species, with some species, such as Brassica campes tris , 

. 
tolerating dosages in excess of 100 kR without any noticeable 

detrimenta1 effects (Gustafsson" .1944). A similar situation may exist-
!'{', .,'i 

in L. corniculatus, with dos~ges -~f X-rays exceeding the upper dosage 
1 

range of 12 kR being required before any meiotic effects can be 

datected. Despite the lack of meiotic effects, a significa~t number 

of mutants was recovered in the progeny of X-irradiated plants of 
j, 1 ) 

L. corniculatus. Therefore, mutations were induced without ~ny 

chromosome rearrangements or any other chromosomal changes béing 

evident. The Jack of meiotic disturbances after X-irradiation does 

not, therefore, mean that mutational events have not taken place. It 
, 

is recommended that meiotic aberration rate not be used as the sole 
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criterion for determining the presence of induced mutations iri 

t. corniculatus from X-irradiation. 

, No previous stt.ldY"has beèn carried out on the meiotic effects 
Î, 

of EC in a higher plant.: Cytologically-related effects of EC have 

been shoWT,! in mi totic _cèlls of barley and Vicia faba by a number of 

inv~sti~at~rs, where EC has been reported to be c~astogenic 

(Natarajan and Ramanna, 1966; Sturelid and Kihlman, 1975; Hartley-Asp, 

1976). The clastogenic properties of ,EC are evident in ~. corniculatus, 

and the response to meiotic aberration rate w.ith increasing dosage is 

similar to that qbtairted in L. corniculatus for EMS treatments. As 
Jlo 

with EMS treatment, there i,s a non-linear relationship -between dosage 
( 

'and meiotic 'aberrat'ion rate, and an increase in meiotic, aberl;'ation, 

rate or ~ncrease ~n dosage does,not result in a subsequent increase 
- , 

in mutation rate: Therefore, ,mutation rate cannot be predicted from 

meiotic aberration rates after EC treatment ~n L. cdrniculatus, astis 

the case after t EMS treatment., 

! 
Of ,the s.? remaining mutagens studied, HU and AP, HU ts known 

to cause chromosome ~berrations in a number of species (Kihlman ~ al., 

1968; Timson, 1975). In this study, HU caused meiotic anomalies ~n < 
II~ 

L. corniculat~s at a relatively low_ but significant level. Th€ .' 
relationship between meiotic aberra"tion rate, dosage, and mutation 

rate has not been studied previously, and, in L. corniculatus, meiotic 
• 

. aberration rate has been found to be independent of dose or mutation 

rate. Therefore~ meiotic aberration rat~ cannot be used to prediet th~ 

mutation rate ~n the progeny of HU-treated L. corniculatus plants. 
i 

" 
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_ No ?reYLouS work has been done on the meiotie effeets of AP in 

L. corniculatu's. This mutagen disp l~ys sorne çlastogenie properties, 
-, 

but largely affects meiotie pairing. AP appears to increase the level 

of multivalent associations without e~using desynapsis. This LS Ln 

contrast to EMS, EC, ~or ,HU, _which aIl in.duce a higher level of elasto-

g,enesis and other chromosomal anomalies. There is a non-linear dose 
( 

effect for meiotiq aberration rate resulting from AP treatment, but 

this does not-correspond ta a similar increase in mutation rate. Therê 

i8 a'significant increase Ln mutation rate as a result of AP tr~atment, 

since this increase is dose-independent, thus the dose cannat be used 
-... - , 

to prediet mutation rate on "the basis 6f the meiotic aberration rate'as 
.~ 

has been found for X-ray, EMS, EC, and HU treatments. 

1. 

2. Lotus tenuis 

'-- ----- ""r 

The meiotic effeets of EMS-treated Ml _plants of L. tenuis were -
.' 1 -

demonstrated for the first time in this species. EMS treatments Ln 
, 1 

"\ ether dip laid spec ies have shown that ,an increase Ln dosage re/sul ts 
.. 
.' 

, / 

in a generally linear increase Ln meiot~e or mitotie aberration 

" 1 

rates with,dosages ~rou~d 1.0% EMS having [airly drastic effects. 
1 

This increase in aberration rate with ~nereasing dosage was usually 
, , 

associated with a proportional. increase in mutation rate in the 

'progeny CHoutschen et al. ~964; Shevehenko, 1968; Nagy-Porpaczy, .. 
1974; Rehmatulla and Gostimskii, 1976). Lotus.tenuis disp1ayed a ,-------
quantum increase in meiltic aberration rate which was not dependent on 

dosage .' 
# tt ' 

No mutation rate data were available f0r comparison with 

meiotic aberration rate or dosage. 
,1 

" 
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( 
A comparison of L. tenuis with L. corniculatus showed that the 

diplo~dt. 1:. tenuis has a lower rate of EMS-induced meiotic aberrations 

, than 1:.. corniculatus. Similarly, Froier, ~t, al. (1941) found that a 

-10 kR dosage of X-rays applied to diploid Triticum monococcum L. and 

tetraploid !. dicoccum L. induced a lower chromosome ab~rration rate 

in the dip loid T. monococcum. In bath studies, the chromosomes of the 

tetraploids were more sensitive to mutageni'C effects than their 

, f re.spect;ive related diploid species. However, this incrè"ase,in 

sensitivity did not correspond ta a proportional increase in mutation 

rate. ... 

-, 
D. Pollen stainability studies 

r 
< r 1 

Sterility: caused by exposure to mutagens can be the result of a 

number of factors. The most important of these 1.8 disruption of the 

normal cell cycle and the production of chromosome aberrations in the 
, . 

meiocytes of _~re'ated p1aI1ts. These aberrations have, in turn, been \ 

found to &e the cause of reduced ferei1ity or complete ster~lity ~n a 

number of plant species (Auerbach, 1976). Changes in the genes 

governing the meiotic cell cyc~e have also been shawn to be of major 

importance as a cause of induceq sterility in plants expo8ed to va\"ious 
, .. 

mutagens. Eckberg (1969) reported that X-rays caused sterility l.U 
" . " _ -........ il 

barley (Hordeum vulgare) via thE!\Ï induction of trans locations and 

~ 
in;,rers.ions in the meiac;,ytep which could lead to cell death~ .. He further 

noted that ENS worked primarily in the zygot.es of treated reproductive . 
'cells, c~tusing zygotic lethality. However, bo'th muj:agens were sryoWn ta 

" ,~ 
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produce recessive mu~ations ,hich ,induced male sterility or complete 

steri~ity in thè pt'ogeny. Gau1 et al. (1966) and Sato and Gau1 (1967) 

showed that: s terÎli ty caused by induced chrom()somal aberrations 0 and 

gene mutations was pr~sent in the sarne lines of EMS-treated barley. 

Sterility as a result of thes'e causes also has been 'noted for hexaploid 

common wheat, Triticum aes.tivum l by S~sakuma et: al. '(1978). Mu,t~gen
V' 

inauced sterility' is not confined to the Ml generation, but has been 

, shown· ta persist to various degrees for several generations (Gauî and 

Mitte1stenscheici", '1960). 

o ' 

<Il 
In L. corniculatus sterility was estirnated by exarnining stained 

and unstained pollen. This rnethod has been found ta give a reliable 

estimate Qf the degree of pollen ~terility caused by chromos omal 
, 

aberrations' (Swanson, 1957). All ~ive mutagens used in ~his studYf' 

induced significant leveis of ~nstained, pollen in the Ml generation 

indicating a potentia1 reduction in fé;rtility had been brought about. 
r 

~ 

'The tetra'somic mutant, vf, induced in this study from both EMS and 
; ( 

o 

X-ray . t~eat~t, W,41S completely sterile. Thus both partial sterility 

and complete ster~3 have been induced from EMS 

in!:. cornicula,tus, /' as h~~n repor~ed 

barley and wheat in previous studies. 

for EHS-

ard X-ray treatmen'ts 

and X-ray-treat~d 
4' 

... 

The effeçts of EC, HU, ~nd AP on inducing abortedz~ol.len has not 

been previously studied.' The effects of EO are similar ta those of EMS 

'" 
in indu~iJg significant increases in a1:1orted pollen' in L. corniculatus. 

\ ' , !...,. \ 
~. - 1.. ~1 

The mutagens HU arld AP !-rave a significant but l,ess drastic, ~ffect ,on 
• 

the induction of aborted pollen than either EMS or EC and these ,mutagens 
\ '. ,t 

1 • 

diffe.r also. in their r:esponse to dosage. 

. -

'~ 
l 
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E~rlier studi~ on,the relationship between i~duted sterility 

in the Ml and 'mutation rate, in the progeny of treated plants have shmm . . ~ 

that an increase in' the level of sterility with increasing dosage 
. 
~orresponded to an increase in mut~tion rate. This relationship was 

round to be more or rèss linear for diploi.,ds but more eomplex in poly-

plo.i~&-(Gaul, 1975, 1963; Burnh?m et al., 1954; Tsuchiya, 1960). In 
~ --..,. 

L. Gorniculat.ms;- sign'ifiÏ-J;ant. increa~e~ 1D. ·the Jevels o{ aboy.-ted pollen 
.. , ~ ~ r • 

~,f~ r~' 

were not neeessarily corriüated ta inèreasil'llg clos~?e, and I:l,t;~ation rate' 
l .. ~ ~ 

was found to be independent of the aborted pollen rate. This mutUd1 

independence of indueed~terility and mutation rate has been found in 
'Q 

the tomato, Lyccpersfeori esculentum L. (Hildering and van der Veen,1966) 

and in a nomber of oLher species (Rao and Jawa, 1976). Thus, steri1ity, 

as estimated by the lev~l of aborted pollen, is a poor means of 

estimating mutation rate in'L. corniculatus. 
f> 

E. Evaluation of the f1ora1_ genetic marker: brown keel tip 

Sinc,e Stadler and R7 (1948) first used the aleurone gene A in 

Zea mays as a genetie market to study the effeets,of mutagens on a 
o 

single,gene system, the utilization of suco ge?etic,systems to study . , 
o 

the effects ~f,mutagens has been successfully imp1cmented in other 
"-. ~ 

sp.ecies (Hagberg ~ al. 7 1958; Lundqvist et al., 196.8; 5uleen et' al., 
~ 

Single gene systems have been studied in L. corniculatus by 
b 

carrying out specifie crosses, but the effects have not been assayed 

on a population ,level. In L. corniculatus, a floral genetie marker 

brown keel. tip has been shown to be a tetrasomic dominant charncter il 

" .. , , 
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t (Buzze11 ~nd Wilsie, 1963; Buoar and Miri, 1965). In this study, the 

brown keel tïp character did not vary significantly in frequency in 
. . 

the population after treatment with aal five mutagens. Selfing and 
. \ . ~ .' . 

du.tcrossing of treated and untreated lines had a gt:-eate.r effect than-. 
~ 

any of the mutagens in changing the frequency of brown keel cip ~n che 

populaTion. - nlerefor'e-, - conventional, methods of ,selection through 

selfing and outcrossing appeai ~ore efficient in alterlng the keel tip . \ '):0 
color gene frequen~ies than mutagenic treabments ln L. corniculatus. 

The, failure' of the mutagens in\ltering the gene frequencies of -

brown floral keel t.ip color may be ~ue" in part, to the followi?g: .... 

(1) the lack of adequate progeny in selfed lines ta .aGcurately test 

the, effects of each mutagen; F) an insuf:fic,ient number of gerierati0t:\s' 

to allow for full segregation of the keél: 

(3) che lack of controllGd crosses in the 

qe practicall' implemented in the field: 

tip color character; and 

expe~im, which could:not . 

F, Evaluation' of mutant. types 

,. 
.. y. ion rate 

---\:--'---'-;'" 

'"" 'II 

Na. Lotus corpiculatys 
o " . 

A Friedman's ranked Chi-squaré Test (Friedman, 1937) was 
• 

necessary in assessing' the signif±,cance of.'the levels 

frequencies for the 
'; 

\ 
various 'treatments over the e~ght 

i 

of mutation 

generations d;re 

6,0 the' low mutation rates ertcountered }n the treated and untreated 

• lines (5 mutants,' or less, per rep.liëate per, treattnent). .The small .. 
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numerica1 va1ues obtained, inç1~ding the preponderance of zeroes, 

meant thàt the data obtained were not norma11y distributed~ and ~ou1d 
• ... ,4' \ ... _ ~ 

\ - ", 0 ' 1}, 

not be .transfor~ed to confor~ J ta n,ormal ri~td~utiO~ ..... ·Theref6re, _tti~ 

Friedman' s :ranked Chi-sq~are Test was selected, base'd on tlle recom-
4 --' , 

mended use of t,hi"s test for these types of data.F {Steel and Torrie', 

1960).,. 

\ 1-
The mutants induced were la;gely chlor~phy11-defic,ient types 

which fortned att 95% of a~l the mutants that were, re,~:et'ed,,' The. 

1argest proportion 'of these were induced by- X-rays and EMS, which- is ' .' -, 

consistent with previous ,fincfings ~wing that X-rays and EMS produce 

'main~y .~hl6rOPhYll-deticie?t mut~nts in crop plants (Gustafsson, 1947; 
.; 
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Sigurbjornsson and,Micke, 1969, 197!; ,Mitke, 1970; Blixt and Gottschalk, 

~975; B~ixt, 1976). Mutation rateslînduced by,EC, HV, and-AP we-re , 

,consistently lower than"those produced by" either X-r"ay.s Ol< El,1S. This 

would concur with previous findings that ,EC, HU, and AP have wiaker 
, ., 

,mutagenic properties than ~-râys or EMS- (Auerbach, ~S'76). ' , . 

- • 'The mutants were exclusively tetrasomic reèess{ves. No 

disOOlical~y inh~~~d . characters co\,~.rolling any changes in 'morphology 

... -' \ '" P • 

or- groWth habit were found in either 'the' treateâ or untreated lines l.n 
} 

a~y gËm~ration._ T1i.[sP 1U1d indic~t~, th~t di,$omi~ ge~e~ gOV~;~ing 
visible mùtations in L. corniculatus are rare. 1 This contrasts to , ' 

et;lrlier findings by Dawson (1941) and Dbnovan b (,1957) who report€;d 

. 
evidence for both dis~mic and tetrasomic inheritance in this ,species., 

~ , l ' 

Since the 'characters tested by Dawson and Donov,an wer'e dot investigat~d 

in this study, it can on1y be assu~ed that disomic inheritance occurs 

'.' 
\ 
'" 
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, at a very ,lo~ fr~quency ~~. cornicu1atus. This pattern 6f 
, , 

inheritance has al 50 been found for alfalfa (Medic~ga sativa)/·which 

like L. corniculatus is aiso a tetrap10id (Bingh'am, 1980). 1 

The average mutation rate obtained from X~ray and EMS treat-

ment' in L. corniculatus varied ])etwE!en an average of 0.67 and r~B%. 

,This was within 'the range of mutation rates 0itai~ed 

tetrap10id 1egumes, inc1uding a1fa1fa. (Chi1ders and 

1 • 

for two other 

McLennan, 1961) 
'l 

and the péanut Arachis ?YPo&fea (Patil, 1966; Ashri ,and Levy, 1978) . 

b. Lotus tenuis 
\. 

--- " 

" , 
The lack of suffïcient numbers of progeny, along with the lack 

of any statistica1 %ignificance for an- incr~se in the number of 

mutants, indicated that the data obtained did nat provide sufficient 
, L 

,?informatipn to pase any definite conc1usion~ as to whether or not EMS 

~ffective1y induces mu'tàtian in L. tenuis. 

2. Segregation ratios 9~ morpho1og~ca1· 
mutants 

, A total of s~ven types of morpho1ogical ~ùtants~ segrega~~d 1n 
, 

the M3 ~nd M4 generations. Four of these «mutants,» inclu"ding a semi-. ' chlorophyllous ~osaic, an extended internode, and variegated and 
• - " / pinnate-leaved ty~es, did not survive 'ta maturity and, hence, couid not 

be used for determining their inheritance. However, similar types weri 

induced ~y physical and ~hemical mutagens in ather spe~ies and were 

found 'to be true mutants (Kobayashi, 1958; Blixt and Gottschalk, 1975; 
, , 

Fowler and Stefansson, 1975; Blixt, 1976; Mouli and PatH, 1976). 



·c 

, . 

: 

( 

Three pther «mutant~ types survived to.maturify. They include 
,1 

a ch:orophyll-deficient chlorotica (~) type, .fU'st descri~ëd by 
! 

Ro~en (1942), 'a, vestigi~l floret (vf)" and sorne dwarf (d) types. 

von 

These were found to be tetrasomic recessives, although in the case of 

chlorotica and dwarf ~utants, segregation ratios suggested the 

influence of on~ or, more ad~itional genes .• From the limited ~uècess of 

the crosses 'and se~fings carried out the precise natur~ of additional 

genetic factors could·not be determined. ~ Chamberlain (1960), in 

screening large populations of L. corniculatus, reported a chlorophyll-

deficient mutant very simi1ar to the ct mutant fOund in tQe present 
b 

study, and he·det~rmined that it was a recessive .. The chloro~hyll

deficient.mutant described by Chamberlain occurred in'a natüral 

population o,f .!:. corniculatus, as was a chlorophyll-deficient 'mutant 
, 4 

found by Bub,ar and Miri (19'65) which they determined to be a tetrasomic 

recessive. The ch1orophyl1-de~icient mutant df Bubar and Miri was also '. \ 

similar to the one obtained in the present study. Since.such a mutaqt, 

exists in natural popula!:ions of this speci~~, iricludipg' the untreated 

lines in the pr~sent study, ·ft is conside~ed that mutagenic treatments 

applied to.!:.. corniculatus in~~ced a significant increase in, the ct 

mutant. Mutants of.a similar nature have ted in Medicago. 

They have been shawn to have a tetraso~ic mode of ïnheritance 

with one or mère ~odifyer genes (Childers 1961; Buss, 
1 • 

1977). Chlor~phyll-defiéient'muta~s .,have been indu~ed in' other 

tetraploid legumes'also. Gamma and X-irradiation qf Arachis'species 
. , 

hàs produced tetrasomic recessive mutants 'similar to the ct mutant in 
, • ,1 -, 

L. corniculatus (Van der Walt, 1962; Gustafsson and Gadd, '1965b; ~atil, 

182 
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f, 

1966; Tai et a1.·, 1977). Mutagenic treatments applied ta tetrap10id 
'\ 

Ltl?inus s~ecies resulted in genetically similar mutant types as had 

" " 

.. 

.-

b~en produced in Arachis (Gustafsson and Gadd, 1965a; Porsche, 1967) . 
.... 

The vf'mutartt obtained in L. corniculatus has not been 

previously reportei in this species. A natural1y-occurring vestigial 

floret mutant has been reported in the tetraploid legume Medicago 

sativa and has been found to be a recessive character. Unlike the vf 

mutant obtained in~. corniculatus,-the Medicago mutant was not 

completely stèrile, and a more.,complete study was possible. lt was 

rdetermin~d that' the char acter was controlled by two' tetrasomic 
l , . , 

recessrve and two 'disomiG rècessive' genes (Dudley and'Wilsie, 1957). 
\ \ : 

There is no evidence to indicate that any disomic genes are involved 

in the vf mutant in Lotus, but result~ obtained in Medicago suggest the 

posslbility ~~ists for disomic genes being involved in, the inheritanfe 

of the vf mutant in Lotus. Mutants displaying reduçed floral parts 
~ 

have been induced by X-raysf in wheat (Tr.'ticum aestivum) (MacKey, 1954), 

" and in oats (Avena sativa) with EMS (Cummi gs ~~., 1978). These 0 

"mutants werl rece-s-si~es, \ involving genes segregating at the dis~mic, 
tetrasomic, and hexasomic levels. Therefore, at present, it can only 

" 
be stated that the vf mutant in Lotuq is an induced mutant involving 

at 1east one major gene inh~rited as a tetrasomic recessive . 

The d mutant in Lotus demonstrates a mode of inheritance that 

would suggest at least one major gene, inherited as a tetFasomic 
\ 

recessive ~ith the possible addition of one or more modifyer genes . 

Dwarf mutants were also obtained irom natural popu1atiori&, ar1sing 

. ' . 

.. 
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spontan'fusly in Medicago sativ'W.-; Different dwarrs dispiàyed different 
1 • q 

modes p,f inheritance,,' démo~stra~ing a. mixture of ~~somic and tet1i'asomic~ 

inheritance. In aàdition, theLe was sorne evidence of quantitative - " 
'1 
1 0 

inherÎtance (Busbiee, '1965). 
r 

There was no eviqence of disomie 
, 

inqeritanee for the i m~tant 'i~ Lotus, but restrictions on the breeding 
f· 

of the d mutant did not allow its precise mode of inheritanee to ~e 
i 

" l' ~ , 'd h ,. l " ' (estab ~sheu-~~ It lS cons~ ered t at there loS at e"ast Qne major gene 

invo1ved which is inherited as a tetrasomic recessive. Dwarf mutants 
. ,.-

l' have been produced in a number of other cr?p species~ and haJe been 
t>J 

shown to be inherited either as' reeessiv~~ or in a quantitative manner 

(oigurbjornsson and Mieke, 1969, 1974; Wor1aijd ~ ~., 1980). 
1\ 

, . 
, G. Hydroeyanie 'glyeoside contint 

. " 
The 1eaves of Lotuscornicu1atus contain a glycoside comp1ex 

. of hydroeyanic acid (HCA) which has been known ta· display various 
1 

1eve1s of toxieity ta ruminants after the ingestion of the 1eaves of . 
\ " . . 
this fodder erop (Finnemore and' Cooper, 1938; Seaney. and Henson, 197.0). 

Sinee this eharaeteristie is of agronomie importance, genetie s~dies 

have been undertaken to determine its moae of inheritanee with the aim 

of modifying or éliminating the toxie'effects, Dawson (+941) found 
~ i" , #J 1 

this character ta be a tetrasomic dominant, which was confirmed by de 
, "-, ~, ... ~ 

" 
Nettancourt and Grant (1964). In 1967, Grant and Sidhu showed the 

. .. \'" quantltat1ve nature of this eharaeter in Lotus species by demonstrating 

"pth~ presence 'in the 1eaves of various leve1s of'RGA. Th~s qùantitative 

aspect was further e1ueidated by Ogil'vie '(1970) who f~und that the 

" 

) 

" 
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prese~ce\o~ ReA Ln the leav~s ot ~. cornieul.tus was not completely 

determined by a single dominant gene, ând that the mode of inheritance \ \~. 
Y' y \ >"11 

was influenced by enviroumental factolis which were compte~ in nature •. 

B?nsal (1970), ln an independent' study, 'demonstrated that the enzymE:, 

responsible for the deposition of HCÂ in the leaves of L .. corniculatus . - \ 

was quarttitatively inherited. The actual presence of HCA. in the leaves 

. of this species aiso appears to- be quantitatively inherited. A random , 

sampling of three $uccessive'generations reveal~d that variation for 
\ 

this character is continuous and skewed towards the low levels of HCA 

•• content over aIl three generati~ns. Skewness indicated dominance for 

this character for low. HeA levels. This-is in accJrdance with the 
... 

model 'postulated by Allard (1960) for quantitative characters 

demonstrating complete aominance in the fil~l gener~tions with 
\ 

appro'ximately 75% hferitabiHty or a stro~g degree of genetic influence. 
f 

The. skewness for this characte'~ may be due, ta v,,\rietai influence, as 

varietal differenëes within Lotus species are known ta occur (Grant 

and Sidhu, 1967; Urbanska-Worytkiewicz and Wildii, 1975). ather . \ 

synthetic and natural varieties' of this species may not .qisplay the 
,\.,; 

same'.distribution pattern for the HCA character as has been found for 

~he cultivar «Mirabel.» • < 

Treatment of Lotus seed with chemical and physical mutagens 
:) 

altered the mean HCA leveis in several generations. Such changes have 

been ~~cc~~sfully induced for biochemical ,characters in other polyploid 

legumes (Gustafsson and Gadd, 196.5a; Ved Brat' and Col1~ns, 1~76; Ripa 

and Orbidane, , 1978; Hussein and Abdalla, 1979). However, ,in the case , 
~ L. corniculatus, changes in RCA content occurred as early as'the M2 

. ' 

,. 
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, \ 

generation, wtereas the segregation.of ind~ced 'qu~ntitative variants 

in' polyp1oid species norma11i occur:s in the M3 generation or b'eyond 
, ~ 

(Gregory"1965; Gustafsson and Gadd, 1965a; Blixt, 1976). Also, 'the , ' 

high and low HCA leveis induced l.n the' parental lines in the p~,esEmt 

stud~were not'rgcover~d per ~ in the progeny of'these 1ines, a1though 

par,ent-pr6'g-eny co-r:relatiorts point to a high degre.e of transmission of 

, , , ' 

this character. Since experimentation was 1imited to ~he M4 generations. 

by practica1 limitations, complete segregation for induced quantitative 

variation ruay not-have taken place to that point and may l'equire further 

segregation for'clearly segregating high 'or 10w ReA containing lines to 
, 

appear. This has been shown in other polyploid 1egumes for the, 

'character 'disp1aying' induceâ quantitativ~ ,variation (Gregory, 1955, 

1960;, Gustafsson and' 'Gadd, 1965a, 1965b?, 'The' evid'ence sugge'st~ 'that 

inheritance 'of induced quantitative changes,'in HCA content for 
"~ 

L. corniculatus was 'at least partially successful, and the successful 
~ , 

'utilizatîon of induced mutant ReA Hnes îs ,possibl'e, in this /Pecies.\ 
\ 

H. Forage yield 

" ", 
Forage rield in L. corniculatus ~s a q~antitatively inberited, 

41 
, 

highly variable charact~t (Seaney ?nd Re~son, 1970; Keoghan and' Tospell, 
... ' ., 1 ~ ... 

, , J ' 

1974) with a ,fairly 'h1gh ~egree of heritability (broàd sense)..'J~t about 
.. p 

68% (Sandha et~., 1977)~ ana good general éombining ability (Miller, 

- 1968; Keàgban and Tosse11, 1974; Khayrallah, 1979). Therefore, .forage 

, " 
'y,i~üd h8:1S been improyed in L,' corniculatus by conv_entional breeding 

" 
1 

1 -

.methods. 
, " 

Indoction of i~creased fo~ag~ yie~d v~a exposure to ~utage~s 
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has not been previously attempted in L. cornlcutatus.' One line dreated, 

, with EC in the; M3 ge~eratiàn did p~oq'~~e, a -significant increase in 

forage yield that'wéj.s more tl}an 2:5 time's greater than'the control. 

An, increase of this magnitude has nO,t been'''previously rep:o~tèd in this 

. "" 
species·, but mutant lines demonstrating superior' forage yi~lds have 

, ~ 

been succ.essfully induced in othe'r forage crops with phys,ical and . -

'chemical mutagens (Gustafsson, . .ami Gàdd, 1965a, 1965b; Sigurbj ornsson 

~md Micke, 1969; Scossiroli, 1~70). The mutant lines obtained ,1n 

other speciés did no~ fully segregate until the M4 generation, or later, 
~", ... $' " 

usually in irtbred lirt-és:' Since the «routant» line obtained in Lotus 

was from .opeh-poÙina.~ progeny, co!,!, lete segregation of this line, as 

weIl as th~ evaluation ~f t~eOheritability, could not be accomplis~ed 
at, the samè rate as was found for inbred mutant lines in other studies. 

Therefore, "the exact nature. of the hig~ f.orage yielding line in "-

~. cornicu~~tus, \ould,no~ be f~11y 

it is suggested t~aluation of 

evaluated in the M3 'generation, and 

this line be ,carried out to the M4 
", , 

or later generations. 
o 

'. 
I. Seed y'ield .. 

- ~' 

1. Lotus co~niculatus 

The 'agrO~Om~lçharacte~ , 
seed yield has ,been found to be 'highly " 

o variable in L. corniculatus with yields varying by mdre than 50% in 
" . , 

~atural and synthetic varieties (Bresc.iani and Frake~, 1973). Se'ed 

yield has been shown to be a q~antitative character demonstrating a .-

~broad 3ense heritabili~y e~imate of 64%, indicati~gi moderate g~netic' 
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1. ' 

, . 

influenCè CSa,rtdha et' âL, 1~!7) ,/ Convention'al methods of pre'eding..... ' 

have increased seed yield in L. corniculatus cv. ';(Leo,. by as much, as 
-; '. 

15~% a'fte_r 2, cyc~s of recurrent' sèlection (Sandna and TY1.:\m~ey, 1973). 

, ~ , 

~ncreasing seed ;rie,ld (by the induckion of qU,antitati ve 
J ' 

v~riation has not béen attempted prevtously in L. corniculatus. Lînes 
, 1 -

, 1 

,~ith bo~h induced increases and decreases in seed yie19 were prpduced . 
.. 

'R,equced seed yield 'was reported in the M
Z 

and <M3 generation's in 'oats 
, <: , ,~ 

(Avena sat[va) !after EMS treatments (Jalani ~ al., 1979), and, 1ikewise, 

<# 

:reduced seed yie12s occurred in the 'M2 generatism of L. cornicu1atus 1;.n 

this, study. Rowever, the reduced yields in Lotus were induced by EC 
1 , 

and' ]lot EMS. This, Yj.Ould ind.icâte t'hat EC has tl1e same effec t of-

reducing seed yields i~ ~ as EMS c;loes in oa,ts. 
{II> , 

Th~ exception is that . , , 
the induced seed yield reduc'~i~n in oats was ,transmi tted to the prQgeny, 

wliereas in the 'case of Lotus it was no't. Therdore', the indùced 
, C 

reduction Ln see~ yièld in.!:. corniculatus f~om', EC treatment appea:rs ta 

be 'a transient effect and not,nec~ssarily the effect of thé treatment. 

EMS did not induce any r.eduction' Ln seed ,yield, as was 'found Ln 

Al though i~c.reased sli!ed ~ie id l.n 1. Gorniculatus does' not agree 
B , , 

, 1 

with the findings o~ J~lani et al: (1979) for EMS-treated oats, high 

seed~yielding lines have been reported, to be inducetl from EMS treatII1ent 

1 
for pearl millet CPenn~setum americanum, Singh ~ al~, 1976) and wheat, 

Triticum aestivum (Raina 'et al., '1978; S~ddiqui et al., 1980). These 

"Ohigh seed-yielding mutant li~es ,of, millet and,' whea,t resulted àfter 

inbreeding, and the high seed~ielding ~haracter was' tr~nsmitted to 
, \ . , , 

the se l'fed, p~ogeny of mutant l~nes. The high ~eed-yielding line'S of ,... 

. ' 
, . 
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'L. cbrnicul~tu$ which were nct transmitted were dérived through open-, 

po111ÎÏ1~tiotl. _It~ ha& been shawn that induced inèreases in seed yields 

in o~en.,.pollinat:ed crop~ may not he apparent -for ten genera1tions. 

Th~s may be due to , the 1 increase in heterozygosity resu1tiI)-g from open-
0' 

pollination and subsequent reassortment of mutant> genes involyed in 

the control, of the- seed yie,l'd\character (Gregory, 1965 ; Gardner, 1969). 

An evaluatio~ q,f the high-seed' yielding lines iN.!:. cornicu1atus for 

many succe~:sive gen~r~tions may be re~uired betore ~u'tan~ Ùnes ,o~, -any 

practica1 val~e can be obtained. This approach does not, appear ta 

,have 'any adv~ntage 'in producing improvements in seed yie1d Over 

conventionàl metliods' ,in terms of, the -number of generations required. .." ~ , 

. - .t 
• Howeve;r, i t, may prove adva~t'ageous ovel! convent lonal methods in terms-

, of ~he magnit'ude of increq.se: - For exaIpplte, Sandha 'and Twam1ey (197?) 

obtained a 153% impro'yement in seed yield, after two generations, . 
, ,'J'" ',' 

whereas in this s-tu~y 'an increase ln seed yield of approximat~1y 260%.' 

was obtained in L. corriicu1atus after two generations. . . 
2. Lotus tenuîs 

In dip10id crop species the use of EMS has generally been 

, 1;1 • 

successfu1 in producing mutant lines' that are superior in séed yield 

(bustafsson, 1947;,Gel,in, 1954; Gaul, 1965; Sc,?ssiroli, 19-70; 

- '.. . Sigurbjërnsson and Micke, 1969). ln.!:. tenuis, seed yields w~re very 

poor, and independeht of any mutagenic treatment with EMS. The cause 

of tèl-e poot' seed set could not be determined, but both treateâ and ' 
, ' 

\ 

, uritreated plants of .!:. t~nui's' had reduced vigor.' - Therefore, the effects 

of EMS Oh seed yield in L: tenuis cou1d not be ascertained. , , 

,~ 

• 

i 
\ 

1 
- 1 

( 

} 
1 
~ 
1 

,1 

, ,. 



. , 

fJ, " 

, t 

,0 \ ~', 
", 

1 
1 

, 1 
, 

, ' 

./ 

. '. 
. 

,,, .. " 
... 

190 

3. Selfed-seed production. is. 
Lotus corniculatus .' \ 

~ 1 

, 
" 

" 
1 , . 

1 , " 

Lotus corniculatus loS ap. almost exclus,ively' outcrossing species 

as ~ first demons:rated ~j, Sil;w (1931), who obtaine,d on1y a few seed's 

, 

, 
per hundred florets in plants isolated from i.ioSects' and other pollinat~pg 

• 
o 

: vect'ors\ Giles (1949) confirm~d that the self-sterili~y fo'und" in this 
, , 

speC1.es was the re~ult of an S-allele self-incom-eatibifity sySltem.. The 

,:.S ... all.ele incompatibility system allo'~ for a wide variety of, :~se1fÉ~êf-
t 1 • 0 

seed set, ranging from 8.~ to 49.l70·pod set, and a range ot 0.9 ta· 

4.8 seeds per pod, as was shawn by, Brandenbur~ (l96~), for th~, cUltiva,rL 
, . 

, 

«Manden» and «Granger,») 'ftle cu1êival'·«Mirabe1)~ uS'ed 1n the present study'~ ., 
" ' likewise showed a èonsiderable varia~ion with, 0 ta 44 seeds. per plant. 

, Reduced vigor~ assoc.!,iate~ ~ith inbreeding in this species (Seaney, 1967? 
~ 0 ~ 

w~s, .also observed in se,lfed plants in the present study.: An attempt ta 

induce increased self fe.rtility by producing S-locus mutations in 
, ,(7 I~ • 

, • Q - 'J" ~ __ J '1 

.!:. cornicu1oitus was unsucc:essful, despite an, apparently sJccess'fu1 

• • - 1 -.1) 1 

l.nç:rease- in seHed-seed set ,for a ~. kR X-ray treated, line. 'l'his line 

did not produce any mature progeny', anq i\ could not be e,stab ~is'hed if 

'" 
an induced increase f'n s~lf-fertility had occurred. RaJrtulu (1980) 

o 

al~o was tinabreÇincreas~ se~f-fertÙit~ i: Nicotiana alata by 

failing ta induc'e S-locus mutatioJ).s with EMS. Many other mutant types , , 

~ ~ 

were produ~etl in~. a1ata, b~t S-locus mutants were not obtained. c The 
• 1 1 ~ 

o ' 'lJ .J ' .., .... .., 

S-allele 'self-ïncompatibility :system of L. 'corn;Lcu1atus does not, .,. 
tl}erefore, appear to be effectively altered by mutagenib e'reatment's • 
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Flowering frequency is a quantitatively-inperit~d character Ln 
'. 0 

L. corniculatus with a modèrate genetic compone~t (broad sense 

heritabili~y estimate of 48%), and which di~plays heterosis (Buzzell 

ànd Wilsie, 1965). Conventional methods' o~ breeding have produced 

early flowering line's of ,~. corniculatus" but. -these show a wide 

,variation for floweripg time (Miller, 1968). This wide variation for . , 
• 

f,1?wering time has aiso been ~ound in this study _in which two ear1y and4t 

one-late flowering lines we~e induced'from mutagenic treatments. No 

previous·work'has been done on the induction of flowering fr~quency in 

o • 

Lotus. The early and late flowering lines obtained flowered between 
" [) 1 f 

1 

2 and 7 days earlier or later than the. u~treated lines. The maximum 
, 

range of days for early or late flowering obtained by this method is 

less t~n that obtain~~ by Miller (1968), from conventional methods. 

These conventional~y-bred progeny flowered two to three weeks earlier 
1.,;-

.~-:' 
than control.lines. 'oGannna-ray induc,ed early flowering mutants of 

" -

Medicago were" also found to f~àri two to three weeks ea~ier than 
... J .: "-l • .,.,:r ~ 

........ t\ ... ~~.~L. 

untreated lines, although, in this case, 'breeding and selection were 

contïnued to the M7 generation ta obtain complete gegr~gation1of the 

mutants (Brock ~ ~., 1971). X-rays and 'EMS have aiso b~n shawn to , 

'~ induce changes in-flowering ~ime by a factor of two to three weeks in 

a numbe~-of speçies eWe1lensiek, 1961; Brock~ 1976; R~akanth ~~., 

o 1977;-Ahmed and Ahmad; 1979). 
/.." 

Early flowering 
W 

lines in this study of 

only two FO three days were induced with EMS. This would indicate that 

.early f10wering induced by EMS 

"\ 
treatments 'in this species W?S not as 
~ .--<: ,/ 

" --=-~ 

J 
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( r 
effective\~s conventional methods in producing .early-flowerJng lines 

~ 

in otBer·species. 

\- " l' t 

There have been no previous reports of EC inducing late 

flowering in higher plants as has been carried out i~ this study with 

~. corniculatus. c The EC-induced late f10wering line f10wered seven 

days later than the control lines, which is similar ta ~t obtained ., . 

192 

in Medicago (Brock ~ al., 1971) after three generations of conventiona1 
1 

o breeding. Eàrly flowering mutant's'of Medicago were evident in the M3 

'1 '.('. J. 
generatio~, and continued ta segregat~ ~ntil the M7 gen-erat·10h. 'Like-

'wise, late f10wering mutants of L. cor~icu1atus were also evident in 

the M3"îeneration. However, it was not possible to continue breeding 

of the late-flowering L. corniculatus to the M7 ge~eration as was done 

in Medicago. AIse, the conventional methods of Miller (1968) preduced 
1 

lines of L. corniculatus for ear1y f10wering within four generations 

that showed a greater level of improvement than that obtained from EC ---treatmen~~r 1ate-flowering. Therefore, although early and late 
/ 

flOWeri~g Unes can be produced from mutagenic treatments .in 
1 

(> 

L. corniculatus, tb,ese lÏnes do nat disp1ay the magnitude of change 

f10wering time obtained by other investigators nor r,educe the number 

~ of gene~ations :eq~ired to obta~n early fr late flowering lines that 

would prove useful in agricultura1 applications. 

~n 
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K. Porl dehiscence 

Under conttolled environmental conditions, Metcalf~ et al. 

(1957) reported'pod dehiscence to va;y betw~en 8 and 100% for a single 
~ 

vegetative clone of 1. cornic-ulatus cv. «Empire.» They found pod 

dehiscence to be influenced'to a great ext~nt by, relative humidity. 

Peacock and Wilsie' (1957) showed pod dehiscence to be a quaqtitative 

~) 

character, and that there was a wide range of yariation for pod 
" ( 

dehis~ence in a large number of clones of L. corniculatus. They 
• _ 4 

.' 
selected an F

1 
clone with 17% enhanced indehiscence over non~sêlected 

plants. In utiliiing clonaI and open-pollinated plants of 
.. . 

L. corniculatus, Gershon (1961) also found ,wide variation ~r the pod 
/' ' Jo 

dehiscence charac~er, but he was unable to select for increased 
\ 

i~dehiscence in open-pollinated' lines. Hood (1964) .found thât the ,~ 

lefgthy flowering cycle in certain-clones of L. cornicùlatus aiso 

contributed to the degree of pod d,ehiscence, along with the relative 
.. 

humîdity. Pod dehiscence ~s also repor~ed to vary gréatly betwften 

different lines within a s-ingle cultivar (Badcock; 1973). 

The induction of increased pod indehiscence with physical' and 

j' 
chemica1 -mutagens ln L. corniculatus has not been studied pr~viqusly. 

-\ 

A high degree of var{ability was encountered'for po~ dehiscence in 
• • 1 ~ 

this study as has b~p. f~u~d in p~evious studies. Neithe~ mutage~i~ 

! ' 

treatments nor breeding methods'were found to significantly enhance , ~ , -

pod_ indehiscence ln treated~~ untreated Iines of L. c6~nicuIatt.is .. , 
... 

Therefore, mutage~ic treatment,s do not appe~r to be an effective 

met~od of increasing pod i~dehisce~ce irt this ~p~cies. ,. .. ' 

The mèthod of 
1 

, -
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" . 
Peacock and Wilsie' (1957), using selections from vegetative clones, 

, 

appears'to be the method qf choice for breeding increased indehiscenc~ 
" ' 

in L. corniculatus due to the If.ict that it is the most success"ful 

methèd that has been attempted to date, in this species. 

~. , Winter hardiness 
' - /""- -, '\ 

J 

-1 •. Lotus corniculatus 

, 
The cold-resistance or winter hardinéss char acter has been 

shawn t? be a quantitatïvely inherite~ character~~n·L. corniculatus, 

aùd', varied great ly for different strains and "varietîes. Mass and 
\ ' 

recurrent S'eiection' techniques, were found ta be effective breed~ng 
'!. 

'materials in, L. corniculatus for increased 'winter har'd.iness as w~1'l 

(Rachie and Schmidt, 1955). :rn the present study, at 'least 73% of 

, -
all pla,nt lines tested survived tèmper?tures l.U 'the field of -20°C. 

~ 1 • ,-' 

Mast lines of cultivar «Mirabel» had over-wintering survi,val ra):es of, 

85% or· 'better. Therefore; this ' cultivar of ~. carniculatus ,.~a); 
.J -, 

,alrea'dy well-suited, ,ta winter conditions of this regi~n (St;e-Anne de 

- -
,Bellevue, Québec). Mutagenic treatments were,ineffec~ive in increasing 

w~nter hardiness, presumably due ta' a high level of winter'hardiness 

already present in thi~ cultivar. It is sugge~ted that non-winter , , ,» ' 
"hardy fines be utilizèd in .an~ future attempts at evaluating the 

, 
affects of mutagen'esis on the winter hardiness charac~er' in this 

• species. ' 

, , ~ 
,~ 
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2. Lotus tehuis 

Narrow-leaf' treroil (Lotus tenuis Waldst. et Kit.) is ganerally 
i 

, less winter har~y than bi~dsfoot t~efoil (Lotus cqrniculatus) under: 

_ ,fiel,d cond'itions -ÇSe,aney and l;lenson, ,1970). In this' study, .~. tenuis 

~ was much le'ss winter hardy than ~. corniculatus' under' the same field 

conditions. Inèreased cold-tole~ance has been induced successfully 

with various mutagens in Pisum 'spe~i:es, ind~cating tha,t this cp?racte.;r, 
i • 

, .".. 1 1 ' • 

can be altered by mut~gen1c treatments ~n a diploid leguminous species 

(Andeweg and Kooistra, 1962). ' Treatments with EMS were nOt: succesosful , " 

,i,n i,nereas~ng the level ~f hard~ess i!l 1. tenuis. Ml plants did, not 

show any sigtlificant increase in winter ha.rdiness and M
2

X p'la~ts did 

not' survive' overwintering. This would indicate that winter condltions , " 
, in the areà df Ste-Anne de Bellevue, ~uébec, were too severe fo} this 

species, and'lines from ather sources of L. tenuis shbuld be tested.' 
1 

,M. Parent-progeny corr~lations 

The varying degrèes of transmission of induced qu~nt~tàtive 
/Â , , 

changes J, as, a r-esult of gkeri.ot~pe, envirol;lment, selection of mutagen 

and spécifie treatmèntocopdi~ions on quantitative characters' have beeu ',,, ' , 

observed in studies' involving a number of cr op species (Gregory, 1960; 

S{gu~bjorrisson éind Micke, 1969, ,1974; Blixt and Gottschalk, 1975;,_Kau~ 

and Mat~a, 1976). As olt m.~ans ,o~ assessing the d~gree' of tr,anslIlissi"on 

of induced quantitative changes for quantitative characters in, thi~ 
, , 

Study, a parent-progèny' 'correla'tion', '<:Falcor;ë~, 196D; 'Steel ah,d 'TÇJrrie, 

1960) was performed, ta' estimate the degree of 'trarismission of induced 
p 

r 

• 
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changes. As was found in other species, induced quantitat,ive changes 

i~~. cornicu1atus were transmitte,d .~ varying degree's, ranging from 

nU to nearly complete transmission as estimated by' cQrreiation ~ 

coef~icients on,parent-progeny comparisons. The variability in the 

transmission of induce1 quantitative changes di,splayed in . 

L. corniculatus has also been found in a number' of outcrossing and 

polyploid species (G~rdner, 1969; Larik ~t al., 1980). Par7nt-progeny 

correlations 1n the present study ~ere able to identify a number of . . 
mutant lines that demonstrated a high level of transmission of 

quantitative mutant characters. The application of parent-progeny " 
... 

corrèlati9ns in the identification ~uantitative mutant characters that 
~ 

, , 

May be transmitted'has,' therefore, been shown to ,be of potentia1' 
. 

practical use 1n the mut'ation breeding of L. corniculatus' .. 

N. Mutagenic eff·iciency ratios 

As a. tneans of assessing' which mutagen produced the highes't lever 

of iÏ1u~ations with the least detrimental eft:ects in s,tudies inyolying a 
, , 

'number of mutagens; Konzak ~ al·. (1965) devised the Relative Mutagenic 

Efficiency Ratio (RME). This ratio ,'is é'j. measure of mutation rate p)r 

level of leth~lity induced by a given mutagen. Nilan et al. (1965) 
l ' '--

• 1 •• "') ., ' , J 

reported that RME values in b~r1èY were, gene7"ally high~r' f,or phys1cal 

mutagens than for chemical mutagens. The muta,gens EMS and ethylené 
, 

imine were found to have the highest.&~ values of a:number of alkylating 

mutagens 'tes~ed in barleY' (R~m'ilnna 'and Natar~j~n, Ù65). "'In Lycopersicon 
- ,,, 

species, Maj id 09751 found that .vario~s radiations ~ ~ncluding gamma 
". 

• ~I 

, , 
1 
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Il ~ 
and X-rays, were more efficient than EMS. 

" / 
Conger and Carabia/(1977) 

showed that EMS had a relatively high RME value compared wilh other 
...... ~ 

chemica1 mutagenp in treated corn, Zea mays L. RME ratios were a1so 

determined for the effects of gamma-rays, EMS, and hydrazine on 

quantitative characters in Phaseo1us aureus. ALI three mutagens 

• 
attained highest RME va1ues,-depending on which quantitative character 

f 

was being analysed.,·Haynes and Eckardt (1979), ~n summarizing prev~ous 
, , 

studies invo1ving the calcu1ation of RME rat'ios, stated that physica1 

mutagens were genera11y found to be more efficient than chemica1 

mutagens, and that different test organ{sms gave different RME va1ües 

for the same group o~ mutagens tested at t~e same dosages. 

197 

" 

RME values have not been e,stimated previous1y l.n 1. cornic;,ulatus, 
"-

,no~ are there any reports on RME values for EC, HU, and AP for any 

test organism 't'o the knowledge of the author. RME values' in 

~. corniculatus varied considerably, depending on the generation 

being tested. In aver~ging the RME values for each mutagen over aIL 

,etght generations tefited, it wa~ found that EMS was the most efficient 

mutagen in this spéc~es. However, only one,generation, the MiO, gave 

significaD;t 1y l}igh mùtation rates, and ~ therefore, the most' accurate, 
...... 

RME values. 'In the M30 generation, X-rays we;re slight1y; more 

efficienv than EMS; placing it as the, most efficient mutagen,for the 

induct~on of qualitative mutants in L. corniculatus. These findings 
-) .1 

genérally agree with previous ones which show X-rays to be'more 
, 7 

tha~ EMS. "EC aiso had a ,re1ative1y high RME value, in efficient . , . 
co~parïson ~ith X-rays and EMS,' and cou Id , therefore, pro~ve useful ~n 

. , 

( 
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" inducing qualitative mutants ~n L. _corniculat~s. HU and AP were not 

efficient mutagens and their use in inducing qualitative mutants ~n .. 
L. corniculatus is not recommended. 
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VII~ SUMMARY AND CONCLUSIONS 

Th~ tetraploid ôutcrossin~ nature of Lotus corniculatus has 

made genetic studies and improvement of agronoml.C aharacters' difficult, 

,in'this specl.es. As a result, a study of induced mutagenesis was 
? , 

u~dertakén in an, effort to determine if qualitative m~tants eould be, 
,\ 

produced for use as genetic markers and to determine if quantitative 

characters of agronomie value could ,be improved by the recovery of 

"" 
superior mutant lines. Effects of the mutagens on, the cyt.ology, 

" 1 

survival, and related Raramet~rs on the mutant plants or lines and 

their respectiv~ parents were also stud~ed. This was done in order to 

determine if changes observed for thèse characteristics could be' used 
,-

ta predic~ the raté of linduced qlla'litative and quàntitative mutants in 

this speCles. 

Germination, seed~ing su~vival, meiotic aberration, and aborted 

pollen 'rates could not be used'to predict the m~st effective dose that 

would produce a significàntly"high rate of quaJ:it.ative and quânt.ifative, 

mutation', 
1 

Si'gnifiCé;mt dia~ges in the rate of germination, seedling 

survi vat, meiotic~ations, and aborted po~ len were rel,ated to 
',' 

, . \ 

significant l.ncrease~ ln qualitative mutation rat~: This relationship 

was found to be· independent of dosage, and was not always consistent 

~r, com,pIete ly reliab le as a means of detecting potential qualitative 

or', quantitative mutants, 
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Inheri'tance studies of three gual.itative mutants indicated that 

all were tetrasomic recessives. Only'one- mutant, chlorotica (ct), was 
, " ,. -.- , 

produced ln a high frequency ~ No di5?mically-inh'er'ited characters' 

were detected 

stuliies which 

in ~e 22,000 progeny. This would support previous 

have s~ that Lotu~ cOllnïculatus displays' largely 

tetrasomic inheritance for qualitati~e characters. The mutatl0n 

spècturm, , that is ~he' variety of mutant types produced, was also found 

ta be narrow for tJ:lÎs species,. An attempt to increa~e homozygosity ~n 

L. corniculatus by sélfing did not res~lt in an increase ~n the 

mut~tion frequency over that which r~sulted from open-pollination~ 

This was due ta, detrimentai effects, resulting' from ,selfing, that lS 

aecreased size and fitness of the ~elfed populations. Ther~f9re, ln 

orde~ to increase the mùtatlon freq~en~y' in this species, it is 

~ , ~ 
necessary to utilize much larger population sizes than for,an 

inbreeding species. ThUS, a populat~on size of at ,least an arder 

gre~ter than that used in this study is considered necessary, and this ' 

may prove i,mpriictical.- \ 
" ' 

The induction of quantitative variation was more successful 

than for quaI i tati ve 'mutants. Of the 'six agronomic Chép::a"cters studied, 

namely cyanoglycoside content (HeA), seed yield, forage yield, 

_ flowe-ring time, ,pod dehiscence, and wint'er hardiness, four of the,se 

responded to mutagenic tLeatments. The ReA character ,responded 

favorably, yielding ,mast of the mutant lines obtained in this study, 
- ' , \ 

with SOrne lines displaying a high level ~f inheritance for the indu~ed 
.. 

changes in ReA cp~tent. 
l 
Flowering f'requ~n'cy, seed yield, and farage 

. , 

-, 
, " 
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yield ~espo~deJ ,ta a limited exteqt. .Thé two r~maining agronomie 

eharacters, pod, de~iscence an~winter hardines~, ~ere not.responsive 
, 

.t'o mutagenic trea,tments., 'Most; indueed quantitative changes occurred 

Ln the 'M3 or M4 gener~tions,'which did not allow for the testing 'of 

tqe progenies> of, t~ese' genetations of plants, since this study was 

te-r:minated at the M4 generation. Other studies have shawn that seven 

or more generations may be required after initial mutagen treatments 
Ij 

before any independen~ly-seg~egating mutant 1ines could be recovered. 

Sorne lines i~ L. corniculatus displayed ~, fair degree'.of transmission 

of induced quantitative charaCters to their progeny, indic~ting that " , ' , 

continued segregation' of these liries could prove worthwh~le fa+, 
~ ~~ \ 

9btélining sta,ble mutant' Enes f\;'r u~e Ln plant breed-.41g· app lications. 
\ , ' 
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APPENDIX l 
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Analysis of' Vari'pnce and Duncan' s New M1.fltiple Range Test 
Tables for Significant Treatments 
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TABLE 1. ~Analysis of varianc~ ,for ~l EMS ~ermination rate 

• .. 
Soutce SS q F ,PR.GR~ F '. 

, ' (J~ 
DF 

Model \ 75'90.13 

Error 8 1199.20 
" 

'Total 14 8789.3'3 

, Rep. .180.13 

Treatment 7410.00 

R2 = 0.8636 C. V. = 31.66 

DF Degrees of freedom 
MS ~ean squaFe 
PR.GR.F Probability of a greater F 
C.V. Coefficient of variability 

1265.02 8.441 0.004L 

149.90 

. , 10;,:'_ .. 

0.6-0 0.5713 
, ~ 

12.36 0.0017 

Mean = 38.97 SD -= l~. 24 

SS SUl!l"bf the squares 
F ~alculated F 'statistic 
'R·z' Residual mean square 
,SD Standard deviation 

! 

Duncan' s Mul ciple R~n'ge Test on the means of the above data 
, .,. . 

Means with the same 1etter are not significantly different 

Alpha level = 0.05 

Grouping 

A 
A 
A B 

13 
B 
B 
B 

C 
C 

"C D, 
D 

D~ 

Mean 

63~33, 

61.33 

38.67 

25.67 

4.33 

MS =,1'49.9 

. Dose (%), l' 

Control' 

0.001 

0.'.01 
(" , 

0.1 

1.0 

... ' . 

.-

\ . 
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TABLE 2. Analysrs ,of vari~~e for Ml EC germination rate 
~""~. • ~ • ...7 

;4 

Source DF SS MS 'C~, F PR.GR.F 

1 Madel '6 5777.00 962.83 7.03 
. 

,.0.0106 

Error 
/ 

7 958.50 136.93 

Total 13 6735.50 _ ... -
,~ 

\, 

\,,' 

,Rep. 2, 

l Treatment "4 

R2 '" 0.8577 C.V. 
.)~lf) 

DF, Degrees o~;freedom 
MS Me.;ln squa're 

6.,78.75 , 

5098.25 
~ 

32.06 

" PRo GR. F Probability of a greater F 
C;V. Coefficient of variability 

4' • 
\ 

Duncan~s Multiple Range ,Test 
0 

on 

, 
2.48 0.1'535, 

9.31 0.0062 
'" 

~ea'n 36.50 SD = il. io 

the 

ss .sum of the squares . 
F Calculated F statistic ' 
R2 Residual' mean square 

, .SD Standard devia'tiGn 
, • r 

l ' 

means of 1!>ne above d3;ta 
'\, 

j, 
significantly difFerent Means wi th the same letter are not 

Alpha level = 0.05 /, DF =; 7 MS' = 136.93 

Grouping Mean Dose (7.) 

" r • 
A 60.00 

, . , 
'0.001 

A .. A 55.00 \ Control 
'1 

B 32.00 0.01 l 
Db, 

" 
B " 18.67 0.1 
B f -~ • B 7.00 ," 1.0 

.)- 1 

" 
, 

J 
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TABLE '3. Analysis of variance 

" So~rce \ 
\" $1 

DF SS, 

, 
Model 8 3146 .• 57 

Error 16 1~t7.52 

Total <p24 4664.09. 

, Rep. 4 978.00 

Treatment 4 2168.57 

" ",0 

0 

for M2X 

~ MS 

" o 

X-ray 

393.~2' 

94.85 

. 

germination rate 

~ 

'{:J PR.GR.F 

4.15 0.0075 

~ 
<> 

2.58 0.0773 

5.72 0.0047 

. ~2 =,0.6746 C. V. = 
( 

27.q4 Mean = 35.23 5D :;:: 9.74 

DF Degrees of freedom "" SS Sum 9f the squares 
MS Mean square~ F Calct.üa~ed:F statistiè 
PR.GRAF Proba~i1ity of a great R2 ~sidua1 mean square 
C.V. Coeffici.ent of variabi1ity SD Standard deviation 

,(. 

Duncan' Multiple Range Test on ,the means of the above data 

Means withothe same 

Alpha le~el = 0.05 

Grouping \ 

(1 

A 
A 

.'" A i3 
A· :B 
A B 

B 
B C 

C 
C 

tter are not 

DF =1·16 

Mean 

4'6.66 

41.56 

• 
·38.~0 

'27.96 

21.18 

. . 

o , 

significantly different 

MS = 94.85 

Dose (klt) 
l> ~ 

1 ' 12 
.. 

9 

6 
... 

Control 

"'\ 3 

.. 
) 
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TABLE·4. Ana1ysis of variance ,for -M2X EMS germination rate 

Source 

Madel 8 

Errpr 16 

Total 24 

Rep. 4 

Treatment 4 

R~ = 0.6374 C.V. 

DF .Degrees of freedom 
MS Mean square 

ss 

4166.77 

2370.80 

.6537.57 

1046.01 

3120.75 
"-

= 3p.03 
0 .. 

PR.GR.F Probabi1ity of a greater F 
C.V. Coefficient of variabi1ity 

MS F' PR.GR.F 

520.85 3.52 0.0155 

148.17 

Mean = 33.79 
.. 

.1. 76 . 

5.27 

0.1853 

-----0.006T 

SD = 12.17 

SS Sum of the squares 
F Ca1cu1ated F statistic 
R2 Residu~l mean square 
SD Standard deviation 

. ' . 

,Duncan's Multip~e Rangé Test on the means of the above data 

Means 

Alpha 

, ! 

with the same, let ter are not' significant1y diffet;ent 

1eve1 = 0.05' DF = 16 'MS-= 148.18 
'\- . 

Grouping Mean Dose (%) 
J'l' 

A 46.68 0.001 
A 
A 46.22 1.0 
A 

~ 

.A B 
B 

30.3~ 0.01 

). B 27.96 Control 
,B 

B 17.74 0.1 

/' 

~ 
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TABLE 5. AnalysIs· pt sariance' for M2.x: HU germination rate 

Sourçe DF SS MS F PR.GR.F 

Madel 8 2361. 98 295.25 4.57 -0.0066 

Error 14 904.71, 64.62 
~ 

Total 22 32-66.69 

Rep. 4 438.60 l. 70 o ',20.é\ 

Treatment 4 1923.39 7.44 0.0020 
') 

R2 =-, 0.7231 C.V. .:: 27.0S' Mean = 29.68 SD = 8.04' 

DF Degrees of freedom 
. MS Meal). square 

-ss Sum of the squares 
F Calculated F statistic 
R2: Residual m'ean ~quare PR.GR.F Probabi1ity of- a-greater F 

C.V.Coefficient of variabi1ity SD Standard deviation 

. , ' 

" 

, 
Duncan's Multiple Range Test on the means of the above data 1 

M~a'ns ~ith the saÏn~ leÙer are 'not significantly d~ffe~~nt ~ 
~lpha léye1 = 0.05 DF = 16 'MS = 64.62 

Group,ing 

A 
,A 

A 
A 
A 

'A 
A' 

B 
B 
B 
B 
B 
B 

, B 

Mean 

35.48 

31.28 

31.00 

29.65 

22.16 

Dose (i.) 
1 

0:001 

Control 

0.1 

0.01 -- ' 

1.0 

" 

, ' J 
, L 

'I-

, ' 

," 
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TABLE 6. Analysis of variance for ~. tenuis germination rate 
~ .r 

Source DF' ., ss MS' F_ PR.GR.F 

Model 13 1403.06 107.93. 5.65 0.0001 

Error 36 687.16 .19.09 

Total 49 2090.22 

Rep. 4 34.48 .0.45 0.7705 

Treatment ~ 1368.58 7.97 - 0,0001 

- R2 = 0.67l3 C.V~ = 9.86 Mean = 63.65- sn = 4.37 

DF Degrees of freedorn 
MS Mean square 
PR.GR.F Probability of a gr~éi.ter . 
C.V. Coefficient -of variability 

" , 

, , 

F 

), . 

ss Su~ of the squares 
F Calculated F statistic 
R2 Residuà1 mean square 
S~ ?tandard deviation 

,,," 

, ' 

DunCàn's Mu1t~p1e'Range Test OR the.means of the above data 
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D~egrees'of freedom 
MS Mean squ~re 
PR.GR.F Probability of a greater F 

'C.V. Coefficient of variability 

f 

, SS Sum of" the SqU~' 
F Calculât~d F s~atistic 
R2 Residual mean square 

,SD Standard deviatio~ 

• 
• - /-' Düncan's Multiple Rapge Test on the means 'of the above ~at,a 

. ~. t 

Means with the' same ,1etter fire not significantly different' 

Alpha level = 0.05 

-
Gt:ouping 

. A 
A 

'A 
B 
B 
®.
B 
B 

, " 

C 
C 
C 
C 
C 
c 
C 

DF = 56 

Mean' 

'7.50 
6.25 
3.75 
t.75 
~OO 
d'. 50 
0.00 1 

0.00 ';- .J-
;.;I~5-l • O.DO 

0.00 

,;. 

1t1,_ .. 

MS == 2.96' 

Dose 

O.oq HU 
Control -

9 kI{ X-~ays 1 

3 kR X-rays -, 
1.0% HU .. 

'0.001% HU 
1. 0% Et 
0.001% Eè 

,12 kR X-rays 
6 kR X-days '" 

, " 

" 

J 
.;! 

'J 
~ 
! 
1 

~ 'I 
1 

1 

" 

/ 

" 

,1 
" , 
'; 

, 
'1 
e 
f 
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,. TABLE 8. ~alysis of varianca for M30 survival rate , 

Source DF SS MS F PR.GR.F 

Model . ' 6 2372.70 395.45 7.12 

,Error la 555.30 55.53 

Total 16 2928.00 

Rep. ;3 893.20 
, 

5.36 0.0185 

Treatmènt 1 1365.70· 24.59 0.0006 
(T2) . ' 

J--
R2 = 0.8i03 C'. V. = 26~61 Mean, = 28.00 ' , SD ';: -7.45 

DF Degrees of"freedom 5S Sum'of the squares 
MS Mean square F Calculated F statistic 
PR.GR.F Probabi1ity of a greâter F R2 mean square 
C.V. Coefficient of va.t~ability , SD deviatlon 

,Duncan's Multiple Range',Test on the'Means of the,above data 

Means 'wi,tl) the same lettèr are not significantly diff,erent . ' 
Alpha level = 0.05 

~, " 

Groupiq.g 

A 
A 

'k 
A 
A 
A 
A 

B 

/ , 

DF = 10 

Mean 
t \ 

37.00 

32.00 

30.75-

29.75 

9.00 

~S = 5t.53 
Dose ~(%) 

,/ 0.01 

1.0 
... 

Control. 

0.001 

0.1 

), , 

• 
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TABLE 9. 'Analysis of var1ance for Ml L. tenuis surviva1 rate 

Source' DF, 5S MS F PR.GR.F 

Madel 13 56.54 4.35 2.23 0~0290 

Error '36 --. W.28 1..95 

Total 49 ... .l126.82 
( " 

Rep. 4 8.92 L 14 0.3523 

Treatment 9 47.62 0.0161 

R2 = 0.4458 C.V. = 72.02 Mean = 1. 94 

DF Degrees of freedom e squares 
,MS Me'an square ~F Calcu at cl F sta . stic 
PR.G~.F Probability of a greater 
C.V. Coefficient of variability 

F R2 Residua1 
SD Standard 

-
DU1)can's Multiple Range Test on the means of 

- ' 

, . 

Means with the saÏhe 1etter are not significant1y d' 

Alpha level = 0.05 DF = 36' MS' = 70.28 , 
" 

Grouping Mean Dose (%) 

A 87.80 0.05 
A 87.40 Cont'rol 
A B 83.40 -0.001 

~ 
A B \82.20, 0.01 
A B 82.00 '1.5 
A B 

\ 
79.60 - ,0.5' 

A B 79.40 1'.0 
A B 7'9.20 0.05' 

B 74.80 0.1 
,/ C ,- 59.60 2.0 

( .. 

\ 

1 -, 
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TABLE 10. Analysis of var1ance for Ml EMS meiotic aberrations 

Source DF SS 
t" 

Model 4 .. 403.73 

Etror 10 154.bo 

Total '14 457.73 

~ Rep. 2 .' 0.00 

Treatment" 4 403'.73 

R2 = 0.8820 C.V. = 17.69 

DF Degrees 'of freedom 
MS Mean square 

~ 

'PR.GR.F Probability of a greater F 
C.V. Coefficient of variability, 

MS 

100.93 

5.40 

'F 

f' 
, 18.69 

. ' 
PR.GR.1i' 

, 0.0001 

18.69, 0.0001 

-
Mean = 13.13' SD = 2.32 

5S Sum ot: the squares 
F Calculated, ~ statistic, 
R2 Residua1 mean squar,e 
sn Standard déviation 

Duncan's Multiple/Range Test on the means of the above data 

• 

- " 

Means with the same 1etter are not significant'ly different 

Alpha level = 0.05 

Group~ng 

A 
A 
A 
A 
A. 

B 
B 
B 

,B 
, B 

C 

DF = 10 

Mean 

18.00 

16.67 

, 14.67 

13.DO 
----- " 

3.33 

,',1 

MS = 5.40 

Dose (%) 

1.0 

O. al 

0.1 

O. Dai 

Control 

, , 
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'" TABLE 11. Analysis of variance for Ml EC meiotic aberrations 

Source DF 

Mode) ',4 
"" 

\ 
Error - la , .. , 

-. J'" \ 
" ,ç"', Total 14 
" 

R~p. 2 

Treatment 4 

R2 = 0.857,7 C.V. 

DF Degrees pf freedom 
MS Mean sctuare 

SS 

671.07 

111. 33 

782.40 

0.00 

671.07 

= 2L95 

PR.G,R.F PreJ'lbab1.l1ty of a greater F 
C.V. Coeffici~nt of ~ariability 

) 

MS 

167.77 

'll.13 

-

F 

15.07 

15.07 

, - .,.~ 

PR.GR.F 

0.0003 
?'I 

0.0003 

Mean = 15.20 SD = 3.-34 

SS Sum of the-squares 
F Calculated F statistic 
R'2 'Residual mean square 
sn Standard deviation 

1. 

J ~ 

21 3 <CI' 

Dunéan' s Multiple Range, Test on the means of the above data , 

Means with the same letter are not significantly differe,nt 

Alpha level = 0.05 DF = la 'MS = u'.n 
Grouping Mean ~ose (%) 

A 22.6} 0.01 
A 
A 22.00 0.1 

0, 

B 15.33 1.0 
~ ) 

,B 11.00 0.001 

C 5:00 Control 
( , 

, ' 

, ( 

.1' 

., 

, \' 

. ; 
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TABLE 12,' Ana-lys,is of variance for Ml HU meiotic aberrations 

Source 
, 

DF SS· MS F PR.GR.F 

Model 4 127.60 
' .. 

31. 9 12.59 0.0006 
~~ 

Evror 10 25.33 ,2.53 -

Total' 14 152.93 

Rep-. -' 2 1 
a~: 00 

Trea,tment 4 127.60 '12,.59 ' '0.0006 

1 

R2 = 0.8343 C.V. 25.f+0 Me'aù = 6.26 SD 1.59 
, 

DF Deg["ees of freedom 
" 

S8 Sum of the squilres 
,M~ Mean 'square, ~ F Calcùlated F statistiç. . 
PR.GR.F ,Probability of a gre'ater F ~ R2 Residuai. mean square 
C. V. C;oefficient of' variability SD Standard deviation 

- , 

l/i' 

Duncan's Multiple Range Test on the means of the above data 

Means with the same letter are not· significantly different 
..1 • 

Alpha level = 0~05 DF = 10 MS = 2.53 

Grouping- Mean Dose (%) 

A 9.67 ' . 1:0 
A " 

A 9.00 0.001 
A 
A B 6.67 0.1 , 

B 
B C 4.00 0.01 

C " r • '" 
c ,.t.00~- Control 

-; 

~ 

( 

/ 
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TABLE 13. Analysis of variance for Ml AP meiotic aberrations 

Source DF 

Model 4 

Er·ror '\ la 

Total 14 

. Rep. 2 

_Treatment 4 

R2 = 0.8514 C.V. 

DF Degrees of freedom 
MS Mean square 

SS 

217.73 

38.00 

255.73 

0.00 

217.73 

= '2li.11 

PR.GR.F Probability of a greater F 
C.V. Coefficient of variability 

t· 
t 

MS F 

54.43 14.32 . 

3.80 

PR.GR.F , 

0.0004 
1 

0.0004 

Mean =,7.47 SD = 1. 95 

SS Sum of, the 's,quares 
F Ca1cu1ated. F statistic 
R2 Residua1 mean sq~are 
SD Standard deviation 

~ 
Duncan's Multiple Range Tèst on th~ means of the-above data 

Means with the same let ter are not significant'ly different 

. Alpha 1evel = 0.05 DF = 10 MS = 3.80 

Grouping Mean Dose (%) 

A ( 13.33 ' 0.1 
~ ,Go B 9.00 

'B 
B 7.33 ' 0.01 
B 
B 6.00 0.001 

: C 
, 

1.67 ,Control . ' 

~ 1 

-,., -. 

, " 
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TABLE 14. Analysis of varianc~ for M3I EMS meiotic aberrltion~ 

• 
Source DF SS MS F PRo GR.'F 

Model 5 314.08 62.82 16.51 ,0.0019 
~ 

Er~or p 22.83 3.81 

Total .11 336.92 
, , 

Rep. 2 1 5.'17 0.68 0.5423 

" Trea,tment 1 290.71 76.39 0.0001 
(T2) 

" 

R2 = 0.9322 c.v. = 29.63 Mean ~ 6:.58 . S.D = 1.95 

i 
DF Degrees of fréedom SS,Sum of the squares 
MS Mean square F Ca1culated F statistic 

, PR.GR.F Prdbab'i1ity of' a, grèater: F .R2 Residual mean square 
C.V. Coefficient of'variability SD Standard deviqtion 

'\' 

'l' \.. 
Duncan'& Mu1tipl~ Rang~ TeSt on the means of the above data 

-' , 

Means wit'h the sfime let ter are not significant1y different 
1 

Alpha level = 0.05 DF = 6 MS = 3.81 

Grouping Mean' DOSé ~%) 

-~ • 1 

A 15.33 0.01 . 
'{ , , 

B 4.33 '1 0 ... 001 
.- B (./ ....... 

B ,3.67 0.1 
B 
B 3.00 0 Control 

~, ' 

J. 
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TABLE 15. Analysis of variance for M4 l,EMS meiotic aberràtions 

Source DF " S8 MS F PR.GR.F 

Model 5 87.75 17.55 6.38 O. 0215 

Error '" 6 16.50 2.75 1 
r -1 '--

'Total . 11 104.25 

Rep. 2 1.50 0.27 0.7703 

Treatment 1 60.22 21. 90 0.0034 
(T2 ) 

R2 ::; 0.8417 C.V. ::; 44.22 Mean ::; 3.75 SD = 1.66 
: 

DF Degrees of freedom SS Sum of the squares 
MS Mean square F Ca1culated ~ statistic 
PR.GR.F Probabi1ity of a greater F R2 Residual mean square • C.V. Coefficient of variability SD Standard deviation 

Duncan's Multiple Range Test on the means of the above 'data 

~Means with the same 1etter are not significant-ly different 

. Alpha level ::; 0.05 

Grouping 

A 

B 
B 
B 
B 
B " .. 

DF =·6 

Mean 

8.00 

4.00 

2.00 

1.00 >( 

MS = 2.75 

Dose (%) 

0.01 

0.001 " 

Control 

0.1 

.. 
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TABLE 16. Ana1ys is of variance for 1. tpenuis Ml méiotic' aberration,.s > 

Source. DF SS _-'" 
"MS> .F PR.GR. F 

. ., -.;;:;; ....... . 
104.9'6 Model 9 Il.66 3.16 0.0265 

[J 

00 

Error 14 51.6L 3.69 

Total 23 156.63 

Rep. 2 1.00 o'! 14 J).8744 

Treatment .. ,7 103.96 4.02 0,,;0128 
• 

0 

R2 = 0.6701 C.V. = 46.57 ( Mean '~ 4.13 SD = 1:.92 
~ 

DF Degrees of freedom 0 ' 

MS Mean square 
. PR.GR.F P'Jrobability of a greater F 

C.V. ICoeffi'cient of variabilit,y 
" . 

? ' , 

SS Sum of t~e squé;lres 
F Calculated oF statistic 
R2 Residua1 mean squarè . 
sn Standard deviation 

Il> p 0 

Duncan' s Mu1t.iple Range Te?t on' 'the means of the above data 

, \ 

Means with the' same 1etter are 

Aiph~ levèl = 0. 05 

Grouping 

B 
B 
B 

DF = 14 

Mean 

9·67 --
6. 00 
5.33 
5.00 
q..67 
4.33 
4.33 
3.33 
2. 00, 0 

~),OO 

'. 

o 

, 
different 

MS = 3.69 

Dose, (%) 

0.10 
1.0 
0;05 
O.dl 

, 0.001 
·1.5 
2.0 
O.S' 
0.005 

Control 

.. 
.... 

i 

• 0 

.. 
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Analysis Qf, X-rays aborted pollen rate , ( 

Source 'DF SS MS F PR.GR.F 

Madel 13 

36 

Total 49 

Rep. 9 

4, 

R2 = 0.7419_ c.v. 

DF Degrees of freedom 
MS Mean square 

1514.95 

527.00 

2041.95 

86.71 

1428.24 
/)' 

= 23.77 
l' 

PR.CR.F Probability of a greater V 
C.V. Coefficient of variability 

116.53 

14.64 

7.96 

0.66 

0.001 

0.7402 

24.39 l 0.0001 " 

Il> 
. M~an = 16.10 SD = 3.83 

J 
\ " Îf 

J 5S Sum of the squares 
iF Ca1culated F statistic 

R2.Residual me~n square 
SD Standard deviation 

Dùncan's Multiple Rang& Test on the means of the.above data 

Means with the same 1etter are not significantly different 

Alpha level = 0.05 

, Grouping 

~-

, A 

B 

c 
C 
C D 
C D 

, . -C----------- D 
------ -~ 

~---

DF = 36 MS = 14.64 

Mean Dose (kR) 

24.68 6 

19.33 3 

14.61 --Control 

12.20 12 

9.67 ~ 

" 
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TABLE 18. Ana1ysis of variârtce for Ml EMS aborted pollen rate 
1 

Source DF SS 

Madel 13 64p1.99 

36 3~85.57 

Total 49 \ 102~7. 56 

Rep. 9 1583.36 

Treatment 4 4818.64 

R2 ::: 0.6223 C. V. ::: 33.36 
/ 

DF Degrees of freedom 
MS Mean square 

/ 

PR~GR.F Probability-of a greater F 
C.V. Coefficient of variability 

o 

\ 

MS F PR.GR.F 
::=:=-..-

492.46 4.56 \ 0.0001 

'~07. 9,3 -

1. 63 

11.16 

Mean = 31.14 

0 •• 1437 

0.0001 

sn = 10.40 

SS Sum of the squares 
F Calculated F statistic' 
R2 R~sidual Mean square 
SD Standard deviation 

, 
Duncan's Multiple Range Test on the means of the above data ~ 

! 1 

/ 

. Means with" the same 1etter are not significant1y different 

Alpha 1evel = 0.05 DF = 36 

Grouping /~ea,n 
A 
A 
A B 

B 
B· 
B
B 

C 

44.25 

36.35 

32.26 

28.25 

14.61 

MS ::: 107. 9,~ 

Dose (%) 

0.01 

1.0 

"-0.1 

..0.001 

'Control 

, , 
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1ABLE' 19. Analy~is 
, 

of variance for ~l EC aborted pollen rate 
e 

Source DF SS' MS F PR.GR.F 

Madel 13 4621.56 335.50 1.,82 0.0787 
0 

Error 36 7Q51.14 195.86 

Total 
or. 

49 11612.69 
," 

Rep. 9 1237.40 0.10 0.70t8 

Treatment 4 3384.16 ~ , 4.32 0.0059 
1 

. , 

" R2 = 0.3959 C. V. = 4J .25 Mean :: 29:62 - . SD :: 14.00 

1 
, DF Degrees of f1:'eedom SS Sum of the squ?res • 

MS Méan square F Calculated F s'tatistic 
PR.GR.F Probabi1ity of a greater F R2 R~sid,ual mean square 
C:V. Co~fficient of ~ariabi1ity sn Standard deviation 

t .. 

, 
Duncan's Multiple Range Test on the means of the' above data 

1 

Means w:i,th -trie same letter ar,e, not 
, \~\\'i ' 

significantly different if; 

Alpha 1evel = 0.05. 

,Grouping 

, 

A _5 ~ 

A 
A-..,A 

A 
A 
A 
A 

DF'= 36 

Mean 

36.90 

''..36.'07 

33:09 

27.33 
,~ 

~4.61 

If'" 

.--------

1 

'\,~ 

v· \ 

, " 

MS, =- 195,.87 

"Dose (%)' 

,0.001 
, f 

0.01 

1.0 

0.1 " 

Control 
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TABLE 20. _ Analysis, of variance' for ~l,HU aborted p011en rate . " 
, Source DF SS MS" F PR.GR.F 

Madel 13 -6-75.5.5> 51. 97. . " 2.02 0.0475 

Error 36 924.19 ,25.67, 

Total 49 1~99.74 

? 
1 --

" 
, 

Rep. . /9 201.44 0.87 0.5584 
l' , 

Treatment 4 474.11 
, 

4.62 0.0041 

R2 '= 0.4228 ' C. V; = 28.18 Meatl = 17'.98 SD == ,5.07 
'\ 

DF Degr~s of f~eedom SS Sum of the squares 
liS Mean square F Calcula~ed F ,stat'istic 
BR~GR.F Probabili~y of iil greater F ~~' Residual mealn; square 
C.V. Coefficiént o~ variability sn Standard deviatiort 

l 

Du~cart's'Multip1e R~ge Test on the means of the above data 

Means with the same letter- are' ,~ot significant1y diff~r~nt 

A1pha'level = 0.05 DF = 36 MS = 25.67 ' 

1 , Grouping .. Meari Dose (7.) 

'1 A , 21.37 '1r ~ 

0.1 
A 
A 
A 

20.36 / 0.01 

., 
A r' . ,19.61 . , 0.001 

B 14.61 ,Control 
v- 'B 

- B 13.95 1.0 

. , 
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'l'ABLE 21. Analysi.s of variance for Ml AP aborted pollen rate 

tp 
Source DF 

, Madel 13 

Error 36 

Total 49 

Rep. \ 9 

Treatment 4 

R2 = 0~3082 c.v. 

DF Degree~ of fteedom 
MS Mean sqùare . 

SS 

1752.60 

3934.719 

5687.39 
~ 

534.89 

l2l7~,71 

= 45.49 

PR.GR.F Probability of'a greater F 
C.V. Coefficient of v.~riability 

MS F PR-.GR.F 

134.82 1.23 0.2972 

109.30 

2.79 0.0410 a 

.. 
Mean. = 22.98 SD lQ.45 

SS Sum of the squares 
F Calculated F statistic 
R2 Residual mean square 
SD Standard de~iation . 

Dunc~ Multiple Rax:ge Test on\, the means ~f the above data 
, 

" Means with the same let ter are not significantly di~ferflTIt 

Alpha level 0.05 DF = 3.6 MS = 109.30' 

Grouping Mean Dose GO 

A 29.16 1.0' 
A 
A· a. '26.47 0.1 
A 

·A B 22.84 0.01 
DA B 

A B 21.83 0.001 
B 
B 14.61 Con'tro1 

.... 
• 

() 
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TABLE 22. Ana1ysis of variance... for M
3
0 EMS abo.rted pollen rate 

" Source 

Model 

Error 

Total 

Rep. 

Treatment 
(T3) , 

R2 ~ 0.5~9Z 

'" 

Dt' 

5 

9 

14 

2 

1 

DF Degrees of freedom 
MS Mean square 

S8 • 

29.00' 

23 .. 75 

52:.74 

, 1.81 

19.45 

PR.GR.F Probabi1ity of a greater,'F 
C.V. Coefficient of variabi1ity 

• 

MS 

{. 
5.80 

, 

F 

2.20 

, j 

0.34 

7.37 

" t 

0.1439 

, q. 7183 

0.0238 

Mean = 9.48 sn == 1.62, 

SS Sum of the $quares 
F Calculated F stati?tic 
R2 Residua~ mean square 
sn Standar~ deviation 

Dunca Multiple Range Test on the means of the above data 

Means with the same 1etter are not significant1y different 

Alpha ievel = 0.05 DF = 9 MS = 2.64 

Grouping Mean . 
" 

Dose (i.) , 

A 11. 63 - 0.01 
A 
A 'B 10.20 0,.1 

B 
f: 

B ~0.17 0.001 
B 
B 8.20 1.0 
B 
B 7.20 ,Control 

.- i 
" 

,.. 
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TABLE 23. Analysis of var~ance for M40 EMS 

Source DF SS 

Madel 4 25.86 

Error 4- 1.86 
• 

Total '8 27.72 
..... '1 

,t 

Rep.' i 2 8.23 

Treatment 1 rO.52 
(1'2) , 

R2 "" 0.9330' C.V~ 17.23 

DF Degrees of freedom 
MS Mean square' . v 

PR.GR.F- Probabili1y of a greater F' 
C.V. Coefficient ôf variability, 

MS 

6.47 

0.46 

_Mean 

F PR.GR. F 

13.92 
\ 

0.0129 -
, , ' 

,. 
" , 

8.86 0.0339 

22.64 , 0,.00$-9 

"" 3.96 SD ""'0.68 

SS Sum of t~e squares , 
F Calculateg F statistïc 
R2 Residual mea~ square 
SD Standard deviation 

Duncan's Multïple Range Test on the means of the above data 

Means 'ytitb the same letter are not signiÜcantly 'diff~rent 

~lpha level '= 0.05 

Grouping 

A 
,A 
'A 

B 

DF = 4 

Mean 

5.20 

4.67 

2.00 

Dose (%) 

0.1 

O.Odl 

Control 
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TÂBLE 24. Analysis of variance for M3 1 EMS aborteej. pollen r'at~ 
'l' 

Source: -hF ~S 
'-tI'" 

, " 
~ 

, Model 5 f 29.56 

Er-ror 6 3.11 

'Total 11 32.67 ' 

Rep. 2 5.73 

Treatment 1 22.04, 
(T3) 
" , 

R2 = 0.9049 C.y: = 17.59 ' 

DF Degrees of freedom 
MS Mean squar~ _ 
PR.GR.F Probability of a greater F 
C. V. Coèfficient bf \variabÙity 

MS F PR.GR.F 

5.-91 11.'41 0.0051 

0.52 

, -. 
5.53 0.0435 

42.54 0.0006-

Mean - 4.09 SD ;;: 0.7198 

5S Sum of the' squ'ares 
F Calculated F statistic 

• R2 Residual mean square 
SD. Standard deyiation 

., 
Duncan's Multiple Range Test on the means of the above d~ta 

1 

M~ails' with the' sal).1e letter' are not significantly different 
" , 

A~pha-Ievel = Q.05' 

Grouping 

, A 

A 
A B 

B 
B 

c 

DF = 6-
\ 

Meaf1-

5.77 

A.50 

4.23 

1.87, .J 

" -

, , 

I!i MS = 0:52 

Dos~ (%) 

0.001 

0.1 

, 0.01' 

Control 

- 1 
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TABLE 25. 'Analysis of variance for M41 EMS aborted pollen rate 

Source DF " SS 

Model 
;t-

5 40.39 

Error • 6 /14.33 

Tota-l 11 54.73 

Rep. 2 ,0.41 

Treatment 1 30.52, 
(T3) • 

R2 0.7381 C.V. = 11 .63 

DF Degrees' of freedom' 
'MS Mean square 

- ER.GR.F ProbabïlLty of a·greater F 
Ic. V. Coefficient of variability , .. 

SS Su~'of the squares , 
F Calculated F statisti~ 
R2 Residual mean square 
SD Standard deviation 

Duncan's Multiple Range Test on the means of the above data 

Means with the same let ter are not significantly different 

Alpha level = 0.05 

Grouping 

A 

B 
B 
B 
B 
B 

1 

,1 

DF = 6 

Mean 

11.83 

8.47 

7.43 

/ 

7.33 

MS = 2.39 

Dose (%) 

0.00). 

0.01 

Control 

0'.1 

, 

" 

" 
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TABLE 26. Analysis o'f variance for M2X X-rax::-~rei:lted RCA line 

Source DF 

Model 38 

Error 56 

94 

Rep. 34 " 

Treatment 4 

~' 

= }O.4334 

SS 

125112,25 

163566.04 

. 288678.19 

56686.08 

69426~07 

c.v. = 68.94 

l Degrees of freedom 
MS Mean ~quare 
PR.GR.F Probahility of a greater F 
C.V. Coefficient of variability 

, ' 

3292.42 

2920.82 

Mean 

F 

1.13 

0.57 

5.86 

= 78.39 

PR.GR.F 

0.3368 

0.9589 

0.0005 

SD = 54.04 

SS Sum of the squares 
F Caleu1ated F statistie 
R2 Residual' mean square 
SD Standard deviation 

Duncan's Multiple Range Test on the means of the above data 

Means with the same letter are not signifie,antly different 

Alpha l~vel = 0.05 DF = 56 MS = 2920.82 

Grouping Mean Dose (kR) 

A 131.34 3 

B 91.45 
1 

B. j 

'B 76.03 
B 

" 
13 61.85 
B 
B 50.67 12 
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TABLE 27. 'Analysis of variance for ~2X EMS-treated HCA line 
--, 

Source DF ~~ \ SS 

Madel 38 50525.2-5 

Error 56 .40570.22 

Total 94 9l095.46 

RE;!p . 34 35452.'42 

. Treatment / 4 15099-.82 , 

. R2 == 0.5546 c.v. 55:45 

,DF Degrees of freedom 
MS Mean square -
PR.GR.F Probability of a 'gr~ater F 
C.V. Coefficient of variability 

MS F PR.GR.F· 

1329.61 1.84 0.0190 

724.47 

'.' 

1..44 0.1122 

5.21 0.0012 , 

Mean = 48.54 SD. = 26.92 

SS Sum of the square-s 
F Calculated F statisti~ 
R2 Residual mean.square 
SD Standard deviation , . 

~ 

Duncan's Multiple-Rangè Test on the means of the ahove data. 
4. • 1 

Means with the same letter are not significantly di~ferent 

Alpha level = 0.05 DF = 56 MS == 724.47 

Grouping Mean Dose (%) 

A- 61.85 
A 

"- .c0ntr.ol 

A B 55.08 1.0 
B 

B· C 42.09 0.001 
B C 
B c· 36.39 0.01 

, C 
C 29.53 0.1 

f r"", " 

t 

, " . 
229 

., 
" 



" 

1 
" 

- ' 

TABLE 28. Analysis of variance ,for M2X AP-treated ReA line 

,Source DF SS MS F 

Madel 38 8~n'04. 47 2344.85 1.56 0.0637 

• 
Error 56 84128.80 ,1592.30 

Total 1 94 173233.2,7 

Rep. 34 50324.15' 0.99 0.5091 
, 

Treatment '4 38'780, .. 32 6.45 0.0002 

R2 = 0.5144 c.v . = 44.21 Mean = 87.66 SD =,ts.76 .. 
-J 

DF Degre~s of freedom 
MS Mean square , 
PR.GR.F Probabi1ity of'a greater F 
C.V. Coefficient of variabi1~ty 

'1 

Duncan 's Multïp1e Range Test on the 

Me;ms wïth the 'same 1etter are not 

Alpha leve1 '=,0.05 IDF = 56 .. 
Grouping Mean 

A' llQ.57 
A 

o;c 

A 104.40 
A 
A '99.29 
A 
A ,96.'76 

B 61. 79, ' 

'c-" , 

SS\Sum of the squares 
.~ Calculated F statistic 

,R2 Residùal mean square 
SD Standard deviation 

means of the above data 
! 

~ 'f' 1 sl.gnl. l.cant y different 

MS = 1502.,30 

Dose (%) 

'"Û.1 
-

0.01 

~ '0'., 001 

1.09 

Control 

, 0, 

2)0 

\ 

1 
i , 

')' 
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TABlE 29. Ana1ysis of var Lance for M
3
0 EC-treated RCA line 

;; 
,Source DF SS MS F PR.GR.F 

Mode1 5 152088.03, 30417.61 5.20 0.0161 
'or' 

Error 9 52636.57 5848.51 

Total 14 204724.60 

Rep. 2 8503.S9 0.73 0.5097 
~, 

Treatment 1 57988.83 9\.92 0.0118 

R2 = 0.7429 c.v. = ,60.24 Mean = 126.95 S\ = 76.48 

DF Degrees of freedom 
MS Mean square 

\ 

PR.GR.F Probabi1ity of a greater F 0 
C.V. Coefficient of variapility 

, ' 

55 Sum of ,the squares 
F Calcu1ated F statistic 
R2 Residua1 'mean square 
5D ~tandard deviation 

'.- Duncan' s Mu1 t ip le Range Tes t on the means of the abo'l"e data 

Means with the same lette!' are not signif~cantly different, 

Alpha leve1 = 0.05 

Grouping 

A "" 
A 
A B 

'B 
B 

, , . 

C 
C, 

C 
C 
C 

DF = 9 

Méan 

279.87 

208.20 
. 
95.57 

36.40 

14.70 

, 
) 

" , . 
\ 

MS = 5848.51 
'C.. 

Dose Ci.) 

0.001 • 

Control, 

0.01 

O:~ 

1.0 

" 

.' 

.. 
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TABLE 30. Ana1ysis of variance for M31 RU-trëate~ RCA +ine? ... 

f 

Source DF SS MS ...::F ~ PR.GR.F. 

. , 
Madel 5 11211~.ol 22431.01 15.56 0.0046 

Error 5 7210.52 1142.10 " , 

Total 10 119365.59 
--'--

Rep. 2 14800.21 5.13 0.0614-

Treatment 1 37426.1"4 25.95 0.0038 
CP) 1 0 

~ 

R2 =" 0.9396 C. V.' = 18.64 Mean = 203.69 SD == 37.98 
~ ~ 

<, 

DF Deg~e~s of freedom SS Sum ~f the squares 
t1S Mean square F Calcu1at,d F statistic 
PR.GR.F Probabi1ity of a greater F R2 Residua1 me an square 
C. V. Coef-ficient bf variability SD Standard devration 

'" 

~ ~. 
Duncan-' s Multiple' Range Test on the means of the ab ove d><lta 

~ 

Means with the 

Alpha 1eve1 = 

Grôuping 

A 
A 
A 

B 
B 
B 

same lett"er are ~ot 

°Ch~F~a: 

, , 

325.95 

301.47 

114.77 

113:33 

significantly 

c 
o 

.. 

MS 

different 

= 1442.10 

Dose (%) 

O.QO). ., 
0.01 

Control 

0.\1 
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TABLE 31. Ana1ysis of variance for forage yie1d of M30 EC-tr~atèd 1ine 

Source DF _ SS MS F ' PR.GR.F 

Mode1 6 2045 . .85 340.97 1. 76 ' 0.2053 -( 

Error 10 1939.71 

Total 16 3985.56 

Rep. 3 333.37 

Treatment 1 1641. 7S 
(T2) 

R2 Oj5133 C.V. = 70.11 
.. 

DF Degrees of freedom 
MS Meàn square 
PR.GR.F·Probability· of.a greater F 
C. V. Coefficient of va"riab;ility 

t 

1 

IV 

193.97 

0.57 0.6456 
, 

8.46 0.0156 

Mean = 19.86 SD = 13.93 

. 
88 Sum of the squares 
F Ca1cu1ated F stati~tic 
R2 Residua1 mean square 
SD Standard~d~viation 

. ( . . 
Duncarr's Multiple Range Test on the means of the abo,!,e data 

\ ,\ 

, 1 • i 

Me\fn~ with tHe same let ter are ~t s,ignificant1y diffe,-:ent 

Alpha 1evel = 0.05 DF = 10 MS = 193.97 . \ ,. 
" Group~ng 
f 

",' 

A 

B 
B 
B 
B 
B, 
B 
B 

.. 
Mean 

41.30 

16.03 

15.63 

15.03 
J 

14.03 

", 

( 

Dose (%) 

0.1 
~ 

Control' 

0.001 

0.01 

1.0 

,. 

~' 
/' 

, 

\ 
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TABLE 32. Analysis of varlance for seed yield in M

3
S EMS-treated lin~ 

• 
Source DF SS 

, Model 24 247.99 

Error 44 248.65 

Total 496.64 

Rep. 2 16.61 

Treatment 22 231.37 

R2 = 0.4993 c.v. = 41.92 
, . 

DF De~ees of freedom 
MS Mean aquare 
PR .. GR. F Probability 
C.V. Coefficient of 

of a greater F 
variability 

'\ 

MS 

10.33 

5.65 

F 

1.83 

1.'Li,7 

1.86 

. , 

PR.GR.'F 

0.0407 

0.2410 

0.0395 

Mean ;= 5.67 SD = 2.38 

SS Sum of the squares . 
F Calcufated F statistic 
R2 Re~idudl mean square 
SD Standard deviation 

1 

f 

Duncan's Multiple Range Test on the means of the above data 

Means with the S'Âme letter are not significantly different 

Alpha level = 0.05 DF = 44 MS = 5.65 

Grouping Mean Dose (%) 
j-

A 9.55 0.01 

B 4.69 0.001 
B 
B 4.61 Control 
B ~ 

B 1.39 D.l, 

\ -
\ 
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Duncan's Multiple Range Test- on,the means, of the above data 

\ 
Means wi,th the, same let ter are not s{gnificant.1y_ 4ifferent 

'. 

A1ph'a level = 0.05 DF = 17 ,MS ::= 0.51 

Grouping Mean, ~ 
Dose .(%) 

. 

A , . 7.60 0.1 
A , 

A 7.60 0.001 
- A 

A B 6.88 Cont<i"ol .' 
l' 

B 
.',B, 6.23, 1.0 , , 

~. 

0,.01 
\ 

c 4.04 
, 
, -

" ' --
; " 
" 

" 
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TABLE 34. Analysi~ df variance for seed yield in M
3
X EMS-treated lines 

Source DF ss 

Madel i 2 4145112.02 

Error 5 1703056.36 

Total 7 5848168.38 

Rep. 2 '1138521. 90 

Treatment 1 3006590.13 
(T2) 

R2 = 0.7088 c.v. = 53.24 

~F Degrees of freedom 
MS Mean square 
PR.GR.F Probability of a greater F 
C.V. Coefficient of variability 

-\\ 
;; 

MS F PR.GR.F 

2072556. 01 6.08 '0.0458 

340611.27 

3.34 0.1270 

8.83 0.0311 

= 1096.2 SD = 583.62 

,SS SUffi of the squares 
1/ f .. F Cal~u1ated F stat~st~c 

R2 R~sidual mean square 
SD Standard deviation 

Durtca~'s Multiple Range rest'on the means of the ab ove data 

Means with the same let ter are not significant1y dÜferent 
~\ 

, Alpha level ,= O. O~ DF = 5 _____ ---- MS'=' 340611 
~ 

- ~~ 
~. ean 

. 232~.75 ), 
Grouping Dose' (%) 

0.001 
j 

828.23 
, \ 

Control 

545.13 0.01 

" .. \' 1 

.~ . 
1 

, . 
" 

J 1 J, , 

. \ 

,\ , 1 

" 
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TABLE 35. Ana1ysis of variance for 50.% flowering frequency - M30 EC 
1 

Source DF 

Mode1 6 
/ ,-, 

Error 9 

Total 15 

. Rep. 3 

Treatment 1 
(T2) 

R2 = 0.6930 C.V. 

DF Degrees of freedom 
MS Mean square 

SS 

101.44 

;:095 
1 6.40 

4.66 

80.53 

=; 17.76 

PR.GR.F Probabi1ity of a greater 
C.V. Coefficient of variability 

.. 

MS F PR.GR.F 

16.91 3.38 0.0496 

4.99 

" F 

0.31 0.8171 

16.12 0.0030 

-Mean = 12.59 SD = 2.23 

SS Sum of the squares 
F Ca1cu1ated F statistic 

F R2 Residua1 mean square 
sn Standard deviation 

Duncan's Multiple Range Test on the means of the above data 

Means with the same let ter are not significant1y different 

Alpha 1eve11 = 0.05 DF = 9 MS = 4.99 
.1 

Grouping Mean Dose (%) 
«. 

A 18.75 0.1 

B 12.68 , 0.001 
B, 
B 11.93 Control 
B 

~~ 11.60 0.01 

B 10.23 1.0 

r , 

f 

1 
"j 

l 
1 

1 

1 . 

l, 

1 

1 
l 
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'TABLE 36. AIl.alysis of variance for p~ak f,lowering frequency - M40 EMS 

Source. DF SS MS F PR.GR.F 

Madel '5, 0.13 , '0.03 7.24 0.0159 

Error 6 0.02 0.003 

Total 11 0.15 .. 
Rep. 3 0.08 7,.13 ' 0.0210 

Treatment 1 0.05 12.74 0.0118 
(T2) 

R2 0.8579 C. V. " 16.45 Mean = 0.37 SD 0.06 = = = 

DF Degrees of freedom SS Sum of th~ squares 
MS Mean square F Calcu1ated F statistic 
PR.GR.F Probability of a greater F R2, Residual, mean square 
C.V. Coefficient of variability \ SD Standard deviation 

Duncan's Multiple Range Test on the means of the above data 

Means with the .same let ter are not significantly different 

Alpha level = 0.05 -

Grouping 

A 

B 
B, 
B 

DF = 6 

Mean 

0.46 

0.34 

0:30 

\ 

MS = 0.004 

Dose (%) 0 

Contr.ol 
, 
0.01 

0.001 

--------------~--~----------------------------------,-------------~-

" 
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