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- •, ^ immmmnm ^

tfc® tte.esry ©f

i» 111.® ettfiiftg to aii5ra:?tl t-bt sfetsr-j' t&© ©^*igi.n

m& m&lMmi Mmme' tasi

tsrif « 1f01, m# ©f SB®^iss'©f

oultivsted aat anl-wla ly ii34«al»i satcvtians

¥lt& s-nife «a •Gtllieiiti tiM® is hwmmm M&mlf

qmrtm of &c^stsff l«t€.r ,lt was suplf iw#i»t3?at@i tlist

jgutatisas -©osilii ^@al3.f la© inSaetd ia euiaia® plm.tB hy

e3£p©siEg: tli©s t# ipMsiag mSMM&m like-^t-i-ays. fiiiller Cl9t?)
wl3il@ aaaeuBoing bis- of tfe® ©fftifieial traxig-Eatstion

0f tM'gwmth9 Mpe tImt.tMs voali b©
usefsl-t-^ plstft br®§i.®M is, tim 'i'fe®

f0lls%? m wmk 9i tHis- fastifia:fciBgf ^
&v&mus ^ 1?-i©losis©3. r©s®srt^ii feet in tfet effeefiv#
•tt-|illsa.t-i©ii of ir3r.i#tt,@-l©mlslsi mii«4oas ®-® mil mm wm&l^

^bMAb is tli« isprwwnt ©f s®ll psllioatea «0p3 ^

fliT'oagfc •mt&ttm^hwmddne, $ti© .:^©1® sf feas. tte@#
. Mmm #l«erly tcfia®#" «4S as netfeoi

9̂i im-pr^^sw^at * . , ' . ' .', • . . . '
' '

itiifii#®' SB -ia p-lfiS-ts 6^3?# feeing

.5@Ma3t®a slaee lit® feefiiiiitmi of tto ?£«®at fsi? #
uBiwttaifitBg nf IM '©f »tl«i of tb® ^esi®as

TilifSical-" s.Bi elic«ie®l sategeB® » tli# system a»i
©f tb# rsaetiuB ©f aifferfnt.pl®st^apeei@s strti|a$t@a ts moh



tjy'

sutagtMe »tr«8S* of ^iffersKt kisi® ©f mnUg&&B

hm hmn rep^s-rtM to i& m:^f,ing '

«ad g©ii.® mrUtimMi fetsl'd®,® affectlog swaM

l>iologi00l 0^mtB m gemijastlei-j, «uxifival.j grdwtfe ftx-tility

ir^ the §&mmMUn^ la thd tl^M ©f 2?®«0®ral'i,

result® Is® t# tl3« .iB.gifljt lato tis© ee^tPTt,

iaduoti^m fsMof' the

mong arep pleats

stttdisd far owr flftf ia ^arle;^ sM wl»0t. •

•fhese Mtu^lm h&m @iisfel©a tfe# of ©4it«ig«iBs f@r

th0 purp©s© of i»iiiei.i3g ^ vej^f Mgfe fr©€;,a©s,ey ©.t aiiefaX aa<3

iE-^esttrslsl© fflwtstioBs. Matigsti®!! .3f©8®ars!li ow 3ri<3® from 'the
r

pef'ist nt ^lew ©f ita l®prw©B®&t- d«t0s hB^'k to 1934 and tea

#ng®f#S tiM att^atisia ©f a, ®f- flsKst mlmtiiBtB-
' • ^

p&a-tieiilaE'lj, isi Asisa mmtTim it foim th.e .3-t®fle

fQGd. .49 p0iit©ci -©ttt h'$ Sv«miii,atfe,ari" i'h^ rim pl»n%

with itB mBmtMllf ammtesa-f polyploifi BSitap®,'with s pertls^

aiasasie and, partlf poljacajic g«s.etic cmstitatl^a' »»«! « atari at-

s®l..f pollimtieg la saltei fe:r

'tlireiiflj, feretilag. ©a. tsfiaCMiA watttisR® in.

rio@ gfiinei •i-sip^tae is tfe© •'imT i964 wl^ea ®

eo-c3rg.lBatsi p'retgirem# wajs tim clireetioa mt tli©

^oiat. FiiO/lA,ii: Bit's,sioa of Atomic .is fooS, aad Agriecilttire.

ii©po.rte ©f earlj ralstiag to th% mutBMmt mBmxot

vlth rioe owtr o.sl^ mmh lo-jiisisg TtiSlM'timm bm X-^-rsya

gasifia rsyn. fii® pot.e-«tieli'ti©s #f feat iieyitjroi5.» howfeirsr, ,h6?@

/"I - •" -
*



nm "tmn fully ©®pl®a?ta, mtil mmMy* A fw stmtiea mmM

oat relst® mostly to tht,>sa©.ssi®eot of its satttafftBielty witli ,

•mS@xmm t© tli© ^hlMTQ^kfll autstloas. Iet« a.

critical mmp&VB:f.iv^ -evaltigtion feotia the epsraelf imi^ing

•m.4.iMiimB itm fast K®ii,trGa© at %ia<i r^mg© ef clese 1,@^.«1©

ist iaaiielsg viable mox'-pSolofieia. eitttatloas,. Leslies emos?t?|>|iyll

,lB hm wM&e,

Isfe-raetion on %%<& yg® ©f oh'&mi-ml\ stttagea© te rlo©

wh©a ©sapar®^ to tfeat'©f SJadipMoas is ®®«gre» velti® of

felghly eftisiaet alkylatisg sooh «s. aiU^phoaates aaS

sitmaasiie® im mmtmtiQn'wmmmok hm eomts t© te® reeogalstd

not ta@a tlieroughl^ iw«stigat€4.

fli.e p2?©seB-t im'%Btigmtlmm''km§' i©.m mim^ '^.t ©MstaiBg-

xmm basld im'orsMl&n, oa. effect© of tli@

i>ls.^®i€a.i.©,ixd eliesieal mutagtos m rim ®«i3 'toward.®

nBTicmlng &mm th® sxlstiBg lasuB®* for tfei® par.pos® thmB

i.-s4,i©t.i©n® gmm. @iii fast acutroias mi&

•fi?# • §uo& se ••fiietfejl etlifl,

8i€tli^;q,ssui,pfaooat®i is@tfefl .®#t!i.iaK®8ttipliofiate,' nttmm sittlsyl

ar«a mnii. setfe^I' ultra 'si.tt»so mm esplsye^ ov®r ©

-mtig® ©f '&omu in ferietjf of laSlss, rioe»

A erltifisl evaliiatioa I'li© efficiese-;^ of tM mutag@Rg

la isfittciag vlafel,© .aerpfeologtcal piitatiea® 1© serio«ely

lacfelB.g ia rle®. ffeis laeiart® is eviMnt in tliitt is rice ©Ely

foar Improved va^'leti^a fesavei. tjtea a&.t&2.0gm&, »b aga-iiiet a



totiil #f ff mk tls® list ©f '

tferstig^ fiMtmtloii 'breeilB.g (•Sigarl'Jeriisssii ®«i Bl©lr©t 1f69)«
ii em-parsfift of giiMS m^Sf tmt ssstmiie, ttlifl

«t.bs.iii-ssil,fli-uast« mM siethfl mm hm^ %mm

to iMimmBtim ta tie ©# sytaffn® tB tlit

leiss'OftaeBt of .yi©-g tisi'eu# isatsti©® l^gsiisg*

Staii®.®. mMtisg to tlw -of tit mte ©f

isiaetiaB 0f wfeatieas ftemigfe eWMmatisa, ai,i-

•#-f -traatetnts mm siii'ta¥i,y tia®

»t-®l5eI4© mn&itim-9f tli© f«fs-tei-Bstttflsl, W
i • ,

saoii Bm fs^seaMsag tetie frlO'S- to- trestisetrt wl-lii

eisc-sleal ©Pt ree«i-:fet mmix im

tfcis sifff . Stieeesfi is mlm cl®p«si«i. m

tilt femowltif®- ef tli@;fa,Qt§ra "itiflttttmiag of ©ttfests.

fl3.t mtem MMnh t. Mtattffia 4s€a®#t'"%' @«®i t^trntea-fc
aif gayfift "©M ti?« tim t® e gsataat'la 'by

fei6t©l'§ ®-© "felti ©f si' 'Ih®

•tfeci mumfefr of priffisMlsE §§lls is ttis

af eaete ps®lel© ©mi ©f :of

ttareagti imii©2?fat «s.ii«i4tBt IstHal ©ffeets.

f&.es@ s.©p@t# •@s't @1®©' gi^^B dse is tte

pras©at Itifsstii-stisa.

It is 'ieslretl© t-@ liaf® ©» typ® .end

€©s!js«e Qf matat^ns ^Msli will %m&mm mMalsilitt

©eott08l6 ©fee,rftot©M- goveraefi §i:ff«freas5€®



•ff"

in e#a#ttivltf 'tetwe®.!! wItM-s tli« sefcsfseiigs .iiiitiL

6f .Qgim gstlm :l«f® ©1«© set ¥#§» .iii'

' ffett®., fstsimt ®laslf witli »i@t' liSi® te««

-'Stettin adAltiaiiiil iMmmtimt c». tit »iati¥© #ff@8tiTOfi©sSv-

saS tffi©i®aef'-of tfe# -of , .

viw «# iii6a'eli0ft ©f tis'tele meirfMtileial wtmli^ss m wtl.l •

sa nieyo-satrntlssB ®:oi oa fei^tmiaiag; t© tli®
/

e,sl3»ief;»at.©f ©fficieiisf ©f" imSm#%i©a ©si '

wtetioiias iet#»iaiag iifftftati'Sl ©©BSiti^itf •

©f 1%® ¥a»i®ti®s ;. , -
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filfiBt Of Msmmm

©f atttattdiis mi- their mtiliss-tlam

In teneitnf mm f0»@ ws® psQp©tei m &&%y m 1-fOI

Ii«' Wie#* ' S® sta.tti stat ©at will "bt efele

pi^Qiae® pmmBM&mily sp^p-im ealtiwrlei flaatt tr4

aaimls ®f mutfjtieiio^ C^t. fisiil,# -I» 1904..#

s® ¥i?t©@ pr0f©@t4: ffet tse ©f for ©xtifioifil proclaetiam

•9f matsti©'» C®f» MMkmlm* W^ktistlea was ©pfli«4

ta •eel.-ls^ eteeposw®® % ('tW$).&n§ 0©gtr >Cl90S)*-

iow©ve», fli® QmoXmi'm p^ssof tiist .ioaiiisg I^atiati9flB laittet

«ltetios® "ma pr^seot®# |sy flull#® (1921) tm ,lro®©pMX®.r He

at that tiM tliat X-^mj mmUM-Qm might

• impofftsst la plBmt hmeilng* Mmmt to the $Mm

^riM mfrnm ©f S«i«r C1'9.» l®^l9y\

a®a !®0.ige, 8gi®» mi aateesle® (1927) m MtMm rntm^mkm

«.sa i&wispttS Ctttt) QB lllo&tiam." tismt ioai^-ittg, ratoti©aa

em :im§mm m^tMMm.8 im »«»v#r, nfter tfee

^ fimUnm tfeia ptrisi «©»t ©f fli«

sl«.ervati©n8 is 'tfet, f@lX©wSBg 15 fesM wmp .tEir««tig8.ti©Big

®f mtum m tfee m&t&tim

•la sfi,t®i of wuj immtigntim&» thm
t

mm& i^trnMMmr of rttleti®®® imimlsg eteni©® in,

teptQlslly-til,©®# tf taoatsts M»ve pot

(-Illas lislt*#



searoli tm QhmlmX matageu,® st«.fte«l ®v«ii Mf©M^
tlie 4i»«39r#nr- &f. th^ isatsgeaie eff^ote, X-rays (Amrbmh, mi).

in thiw s».iitwjr ©toeailoal mat^gtisfsls w®# tr|,©i by
SeMe»®im (.1912), Xatolioti cur »atatioas by m®»i» ©tefsicsal •

wa« agiplf d#®otjeti?«t©a 4ttei''baeli. i.n "Bnglmi. vim ^
mmtmd. ges (A«®rtecls end mwrn.^ 194'2, 1f47) %
Ophite# (1943} la with gwtUsEf.. fh® .iwt0t.i,gffiti©iis
of lapQpoyt (194©),0» tls« effects of ^po^lSea •^pimima were
o.f Q. |>toii««riiig Matjij?©-, -SluQt thrn i.h# of ©iieiRieetia .

Bkmn t-o p0©®®aK 'pS'Opgrt.t«-a tea imoTmrni.

m&, th«r®fey'the ladtictiom ot imtEtioaa'wl-lfe ofeeisleal siateg«a®"
li.®e m&B gr@mt pjrogrea^viia. s^mmt •tits®-®*

Amm tl3« •Btimejfoufj. r®di©-si.ffi«tio clswl©®l§ bow kumn, •
tSie ©lleylating a^tnts to«- hmn foaM t® li© the isomt ©fflcieat

iM m.-wid® mmm t^m feaeteM® to ^«wl0 .

, 1f6l)« Wi.tiin tfe® aUcylatlsf-group, tioaofunetloisal

«.f#ata In mi wthyl m§thBMmulph0M^t0 in pm*tiaular,
' - '—•. =

®pp®ti» tO' ia ®©ir#ral ©rgafitesMi Inoludlug

fei#«r plfints CSw®ffiimi5te®a et 196t)» The mutrngmia

of mm timt

.% litslot £t'-®a, (1919) esa mm-Qh&r$. (imo),

A wide mnge ot hath pijyaisal ma &hmio&.l mmt&gms'

la new a^iilafel© mn& tt- igj, ''nrntrnm^l. tf^at ©efea?®!

iavestiga-tor® have probed th« i-^lativ© sSvaBtag#® ©kS

diaadveatagee of the ilffgrent muttgeas (SwafiiRmtJsau.^ 1969a

and fe)» In mxMl^ p3?ope.«t©a ©r©ps olttiaical •mt^.gme
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tiiti 'lilM -siii 19S1| 1965®|
A., 1f«f» 1ffe5, tWi

Gm®t«f.89®a IfiSf* fee;-19SS| il@sl®t» 1965s
•M^hm. m& mm,'mm ifiti rnmrm&m mi %m^, •:
tfifi tsifl S»^s©4®«lliigiiss«i* 19«tl ,tot^*fc|®ar Itifi
§mmimmn, imm &BiW* ffc© fk©iw«s is me ispyowmfiat
@f eref flsat® ipA-wti .natatioais ^utliset

,8lg»fe|OT»i©B :«ii:4 iwm} mm&r^m v«itti#ii
' wlessii wlaM-®^ hrmMm* t.b® Joim.t ^

fAO/IJiSI. ©t¥t.si©a sf ia ii-griQultaa?# . ,-
mm ©oi^ilet sM.fam.i:4ei # '•fefiwi ©» mmtstisB •
is 0mQh-, m. -mmh^mrn mwim &i.mUUm mB0»mh i& mt
a*t«-^t©4t 'Sm&mT-^ imm0U§»Umm m iiidis©®^ mtfm&m&lB .
is-3ei®t e» witwei •

- mil0 .Clt5B) '©air 2f pamieetioiip

f-&p fij® -iitit'ty y^airs fe#®'1896 t© 19S5» C1965 5
py©ati.t^€ a ir®¥l#w ^w^fiag ®ai;iti@asl 101'

f© #w@wiias eiffct f®®?® 1$Sfi to I963f

• sBi-'SMd ii0$) is 1to®ti? '©©wfsternsiT«- »iritw of

«i m&p is. tiw listed a'btat 180

fh^ :@b tli© l.r^edi®tlQ8, isf #i@t vitii

imiMMg wr»- Cl91t) t
: (tftS) Somar# Clt19:)' vith. mm effmtm

I

'-•Sif I-W® » CtfM) to-til® first

ti» tte# mtsitioa© la -^rie®' If X-ra^© e-si ultr®¥i«>l©t*
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Almost ..IB 1954, mirnmi mA. hm mmQvTsMm iaitiat^d

ra^iogeaetleal mmmmh im iMmmM Bn4. fa3?tfe.®asra1;te3r, 19%,
1950) mt Q^lrnmime* lUmrer^ t%« mMmm mmmnt of m 3?l©e.

r®ai®tio.Q, g&mtim €«?iPg tist mvtf ftriti. to® ia Japam.
j

Ut& in t'h® tinim'tlmm m»^ of Interest ^ia

Elee ®atmtl©3B mmmmh. M& m misM, t>»r« t^d h@m a steady

gmwth of kBOwXefig© leoaooifiiiiag tto« 'isiuetloa ot mut&ti&m with
•diff©i?«si,t ffitttfigaiis* fh#'iiRve»ti'gati'M8 jjelas^tlng to th© isaedlate

©ffeet® of tskmmnt&f • m& speotmsa of

mutailMit »iit#iTOi©-eifeetiwaeea t%&

•attfiPptfi fOT €i}0.^neiMg autageaie sfH&lency, the foruatiori ©f
@M®ier®@ amfi ©eettrs# «i©3e©®«it®tioa@ mdlo-

mmiMTfil!f wt 3p#vi#wf.t- pr«»»atei belw,

I, Mfmta of Rii'tgggfw ia tM, Ml .gmww0tiQm

1.0, matstioii ©®t®gTOi» sfissl.tivity ®f -plsat#

i® taeas«0i. fej #a«]b.'fitrwtt^8 priioeti©®# swlwlf pX«?Kit

ga^Qwth, fertility:, mtiotie ^eMirUm «at cm&ropfeyll i«flQleat
aljiitiiras.

s." §ity®li3^tion

.ti#€is. reyo®'"!©^ t#' XittJif affeetet ^

tliop^. d&mge mam&d sMortif Mit®rwm'4&
.(Hyttenaere at t965.| ¥eiaag©ta M .
1967? ' Sidili, 19671 &&m.8h&n, 197©).,' H (1965)

. Md iotai, Si ®1-* (1%7) 3j©po3rted c^asitoaM® d«lE^ im -.
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gtmlaation of at high &Qsm of rail^tloa, Qxi tl-se -other

fmM g&mim^im. vm imM % oli«ai©sl,

.Ktttagcjis m&ti et» siilp&ftte (Mm md Ij^sgar, 1964)#

etfcyl®ne imlm 1965), «t)af1 m®tfe©ii«8ialfto.ii«it@.

(Taffisg©t«5 j|t i9&3s ^mmhm» 1970} ©ai aitroa© lattjiiyl
ur«a-(SMai% t96r$ mMMlq md Bmmimtkm, tSiS®),.

• ^ Sig}irfe;|.®riss#©Q: aM Fri«a if$6£)g E«w©4 uM- Sato (1966)

asd-iidSltl-'(196^) .:ptpi33ete4 tliat f©nWirjf astd iwmAlmtion

th€m ms frwt«r wiiiaotiOT ie grwtfe.-of &hmt fh&n of priwir^'

rest®. Oa fh® otfeej?K®wel (1963®) wim Si-aoa (1965)

witk m$. et (ms) witk tom&

tfe© d®irelop««ttt Qt m9:t -wa® m0m s%rlm&lf mffeeted then

thtt ©f th0 Bhmt» • f©Hewing .W2?r©ai®tl,o:a, Mkmdm (1961)

Qls-siified ate^s ®t g®Mim'li©s list© §mmw$ fia.,,

(i) S-emlnftteft witli »M root a#-?«lop©d

iii) §9vmtmitw& m&4B with aw»I' ©®i©-0|>tilt tet

ro0t8' i®v©Iopt4 ©r Mt mt all.^ «ii,d (iii) Seeds tMat iia ^

a.ot g«rgii-B:®t©-,

'b»-Stt^viycii

. ssiwival, ©f a©t^liBgs nfffi-s g0mml%f imM t© 4®or«©,s®

wit^ iaciroaalaf €Qmm of sraiintlms and otenicsiil uiatageiajB

CKa© a»d, Ayeisg®j?» 1964? Te^gata ft t965| Sta^isi, 1967}

BMlq; aM: SMmimthMu, t968iL| Sm^wAmthm ®t ®i.» 1970;

.Q<m8«lia.n,3, 1970)» Hesj-Sroinia @®0iig xsSiatiQM {BlMiq, 1967}

1970) aai •isetiias2taalpl3.oii®t@ mmmg, ohmlmil
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•atageajs CS¥@i?i3Sfitto ^ A,19fO) mm fomA te r^cluc©

surrivaX mt^ uligMlj, •Bftkiato (1961) rtportefi ttet

foil,owing X-^irrsiiatiem. all plsmt® t&at «nir9i*ei'

up to traafplantlng (6 w#«I:s) liv«a to tlj© wrr of

gestrfttion,. Th@ nmbm'w^ ©f plants mmlTing t©'

w®« fousi to ^d-er «• fel^, ©orrelatlfR. wltij; t.&« isamfeer of seeSg

a.G2?»l ©ol©optili& aisS y®.©t

0,, Pl&Rt gUGMtfe • .

Bmdllns ±m$mw mmam-i hf the -rate ©f 3?#iuotioa iii

*feo©t $m^th hm 'hem mm m ® of darage 1»

several-txpuaflMeB-ta. KitiaQtiOB, in liei^t J^es

been »03r@ ^eatic ^taerally iB- treftteicint wltla 3?tdi®.t,i©K» tliaa •

witfe ©h©«ic®l® CSiMii|> 1f6?| , BimBh, 1970)• MiHh gmmm

a llis«ar r^ls^tiOEafel^ h&tmm doa« bM redaotlTO In sJioot

,growtli was r«pp0ed,;'- Hststio al ©1 (1956) ♦ ©M

K«wai C1959) ©ni'̂ YasagttoM (1964) fouad that Bmd%iM$9 w®r®

X«0s- ¥ai*ial)l« iii ^eiglit sfter irrisiiatiSB witli fi'SKtS'OB® tli©s

witli X-rs.5'13-# ^Apssg Qhfimimlm mitroso wetliirl mmfk'Mim fo«iii3 t© "foe

JiighXy im m-kmim of 8«etli.Bg© . •

197^0)#' Ht fvssthviT th®t tie K<| r«-eoir®r®i in
gmvth i?at« ©ftei? 45 Sti® wa« «*plal?)ted m Am t@ fife©

growth ©f usiiijii3?«si »«3?,i8t«ffi«itio o®ll» mpXao&d tM '

in^ur^i oi3«s»

d. Ffrtilltj ' . .

A timgit €a:!^mAmQB ef ^^sreasss^ pellttt ©mi seed
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' V'

on Iby U3^th

Qhmm Bm.m immK le-nafsoM Ct964), SMdi-^ (mi) m^ •

BiisgJi .Cl9tO)» 3«:leemtem Cltfil}* lendersoss. (1963) i$:r4,-leli SBd

(1963) laiiofited ® is with

imvmniw «pto © owtsia lev®!.- btjou^ whltsh fiitre wsq

hmsGvert © estaretl©®, Bimon (1f63)#. I«i3L ana

(1963)4 T«.®8.grti ClfS4) ©M Siiaif (1967) fe®i4 that neiatrsBt

reSaoei- fejrtility mtx't .newireli' tfess Sprays aa^S'gsMm re.|'s»

Ghe^ical iK,ijitag:fas m diiittoyl aiAphat© (Hao -mM Aj«3agar»

„1964) nitvmo a^tbfl we® afi.a 9thfl mtMmml-phmBtai-

(Siddif m& Smmim'thm, 1§68a) mrt repert^il to induce- kkoIi

l6S» '^imxility tM;R rsfilst lona. •

ffee sstas?®; a,fH| ateriXitir was J.iite3?pr#t«i t© Ij® •

•to Qbromsjsoml (196-3) r©f©rt«i tbef

stt3?ility iadused is wim #ppi?ox,i»t«lf• eownf©M#-i •

to ijlie '©f Sirngfe (19701 @^gerv«i tli®t-

rs:ys tiiaa©«<a « Mgife frs^'W.«t5e|r #t t^aaloea.tiooa tits.

^ o<arrel®t«d with poW,®^ wh^rtas %?lth sfeesRis®!.

vm^Bgistm swell m methasesslphenat® nitroso' saetlii'I sii?eii

w®« e f@toti©E Im fQttm tetilitr tfeoug^i

til# eiiteiit of e&poasffiowl ws-a nfgligiM®.
V, •

• -ft.-, Misietic fethavioo:?

?arlo«« •tsfpe® iMiS'ced- lelirssoso®®.! a-ls'3a©jB'mali-tlt®' w«t»«

r®fortei i® tij? »amf (QUmg-, 1933f Oftyp@» s^ii

Sreiriss, If601 Oha©-aaa Ohei, If61} Shanstry and Esminb, 196li

S©Fia®?>» 19611 B&i&h ^ 19^2; lW).
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(196?), SlSdit mn& Bimmi'mthm (l96Sa,) mm&. Qingh (1970)

ofes®rv®«3' ti?©T!!®losatlons in radiatioa trt^tmeeta and repor-t^d

tMt tls«ir trmmmj wm dos® ehtsiaals life.® ©tfejl

mttliaB@'salplio.tiat© •t-ofi Bitmm methyl tii-t©. €id mt produce

©srteasive 'bismkagm,' 'BsiAgm lag^aris ofes@i?fed

f ©Hewing psiM ir3?Q.diatl9a Mt wme rmm In Qhsmiokl

treetBiSTita.

f •. Gklaierais

<l©fi©i0at 8@otor^. on %M- pleat® ©f rio©

follpwlng i»a.aiati«>n olsserved by Siiastsj sad (1961),

Hewat (l§61) and (19^7) • S®.i^aka, (19?G) r©cord<&d auch

fieeters in plas.ts foll^wiag efererde l3?i'.eiiatioE«

Biit tlie fr«0a©iie|r ©f plsat® with »@@t©2?« mt shm a olear

d®p«Ri®ae« m dm®*, flaat® with eliloroplg^ll ^%ioTmttiea "w«r«

observed foXiawing with aheiilisel ©atageas,^ sacli ea

is®ttoajae.®«il.fb0a@,t@ mn€ sifro#© wstiiji 'mm l?f Slddit (196*?)

®nd Siagli (IWO). Hsieh (lUff) suggests^, tls.at tht ^

iisdiaotd bi- iu tlm ¥.^ gm^r&tim. -wer© dm to plsstid

i8atati0B?>. Sidiii^ (196?) tlit® f© Ise meheritsbl© m&

i»dleat«d th# posgitoillty of tlitir feeing aitber laqiriollGSI

'eM»rfts or exlsiiig frow .m pib,y»i,0logj.0al

(1970) alao 0bse'r¥®4 (§lfl®i4-like sector® oa

haploiS. plant®, subjeeted to Qhrnni^ gmm& irmSiatioB. Tb©

frsiistney of |},afl©ia. pleni-© witto seeto.»

iiiici?e®8ed witlj iB0're@.8iag d©s«.
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It, mmUmB in t-ke mmmum.

a.*: dalwofiiflX ffintstisme

i) . ' - • • .

Ja i»©r©afe In tM fap©t»a©f ©'tiS.©»Ffefi3- mmMtlmB

with 4#ses ©f mrlegtss wai w|?©rt#i a-iveml.

i.ii^®®tif®-|.©ri 1» S®.t© inm) t&llmmB
m ismmmm is Mt®tt©a with

•m Mcwmm 1p M. ,iB|aw. Wlfli. X-w® ast ©aw riifs the-
T'

" . mmMhei. mmmi-mm S-t ©sfl.

:liigb ^mm- (Sfetsae IfStl UmMim sat tawai.,.

Ifffi Os#»©# i#6ei la.sega©M» I:9i4| 1f?0)«
Oa til# feaaif » is wttn

na is ws %y (l§6l)t

SMiif (ifif) sat SlM-lq mml- SwmiM3:Mm Clf6i®)+ ^ lia#sr
• ;.;• • yfiatitasMp Iffenees i©st ©f

iisi gBwms. mys ws# rtp»ttt im&g&aM. miiA 111^. Cl§€4)
ami Sin#. (1910).. mtkmim mntw^n m# frnxtmrn^
®f mtttetifft® fmn§ t® .te@i?eage witli a©s®

' (l&tse^gt^., t9fS:l XBwai, 19Sfl ^MmgmM, 1964)

i ftere »s &6W©TOii't ii# #iittifi©sBt. difference ia
©f aatatieas 6»fi fa®m ssy®^ (Imw-gaefei aaS •
Mim, 1-964). Oa tfe® to,a# i^@r@ TOf#,rtea,to

' •jieli » lilgtor ®f ©til^ropii^rll aBtetieai tliaa sgwsalf
i©Bt®img- ifer Mstaa^ •• C1956) ^ -Mealma
mmi Cl-f59) j Irlsm© Qmmmm law@i Cl9fe@-5»-
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inm) MiEli £| (1:970). .Sorlaao (196$)
molt mgber tmqmmim with tmt .neatroas

tMa tfeat wporUed pTmiomlj ia ifio® witfe tli©rMl ;w®atron8,

Sws.B5lKath«i® jd». (1970) ©Is© sreperted hi^h

•irmmmi%@ irradieitiori £mt mmtwQm,

Sm&mX eiiesii@al 'siat-^ftas wem f©uRCl b© MgJaly

effeetive ia Mee* Blgfe. ©felwepiiyll. natatiom war©

rsf/'autet wltli ©tbyleiif imm «i al',* 19-65? laifal

and S®t®, 1965), tiittftyx Csop&vsyeasar £t al,, 1969),.

ffl^tfeaacsulpMmt® CSwaislmtlimaj 1$fi6ag limll, 1969}»
-iiiiToao KttJsyl ^rta (SmBmimthrn-if 196-6bs SiMif, t967) «iii

nltro aitrono gaaciiiae (Sw^mlr^stfefm ©t 19S8, 1970),

11) Spcsetrsm

m tb& ^prnt^m &f mututiom in&umS •

IJlisrsiQiil end mm reported .fisvtral

ljiireatigatO]r®. MMlM was ge.s®y®l.lj tk@ pmdmiMmt ty%m of

matmat «tt wit.h. ffeis slight fe® cla.@ to ves-y laug© n,a®^©r of

lool foirsruiKf tMs pkemotjp© (Bwmin^h&n 1970).

Moag tJie yafiis-ti.©®©, fast neutroiss imtacs®^ tlit

sp®@tr«s ©f ^lerop%ll isiat©ti©ns iBmmimmm 1970).

.Stfefl mthmnmulfhomit^ mm tmni. tp ind.a#® m wi^^r spfictaris®.

©f ratstieffls. ttosia, tilt rsdiatloaa CS'««iii)5®ttoai3 .1966b).

BslceMen Cl'961.) , 0.imo aad ©Mi (i9®1}t l©.t8sa:!suya mSi M&hmhi

(19€4)# lawi (1^66) 0wd Basi'ia «a<3. '^sia (lf69) tMt •

foli^wlsg the RlMaias aMl©rophjll
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aat«itlo» #,pec'l:ria8 followed -virMia aM mmttea wMyes® ia

trestsent witfe ^jhewieftX mtmgmm i«ali"®« '110 tfeM@salpMoa0.to

©mi gaBtlift »M vlTim». wr#: tom& to

imorfse® witfe..8 deemmm la a.lMna!i (Satu, 1f6€).

B0if«vf3r, tlie sfeetra® of Qblmo^hjH wm repoa?t®<l t©

,%». Qf the^a«M 'Kmmt-mA Sat© (196.5 )♦ .

SiMit Cl96t) wil.Sislii.^ aa4 Bmrnimthm Cl96®a.)» &M»i end

Siito (If6^ I «ii. met fiscS mf €ltfmmm Wtwtm tiit • ®f .

iiffftseemt- 4mm- ©f fh® #»iie wmMmm*

111)- Hiatlpl® mtat-ieiip-

• SiMlq Umi) mwmteA. mm M f« mmt Qt ttee «®i?. '

pmgmim ipegraffttid im. tlte g^istrntiam Q!a.y for om tjp« ®f

«iit®.tloa f©H©¥.iBf irmcliatlom® wlffe gmmm mys mA seatroaa#

Qn th® 0th»r X«e« tMs 9© p®r ©«at ntgiJtgattS for typ©

f©ll®wing tff'efttiwat with ohtslesl ©ttcli as ©tfeyl

metlaRSWiialflii^astt aitro^© metJifi «iP«a* thwmhf lm®lc®tliig

-tli« ©o»p®pativ©ly liigfe effieleaey oi. tlx® 'aatagene .

to iiiiiie# .worfi tfesu ©ne watatioB,#! ta 'Wm fflM til®?

•®i? • •

%♦ fl«sfel« i8U:tfiti©m0

i) Iveqmmy Sp^ofwi®

A, %l^. tsteqmmf vl'iim© m%m%imB in tim

'm» hf Bimgh <#70)f (1|67)

•ohmi^9€ flia^ tlie fmmmmim &lmxlf luilcttttd ® s®tur®Eti®fi.

.^o©©i'4iu® to iawml ClfSia) t!i»' freqsffjQoy was
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Clfitl-# M sat Bm^rn smi

Clf6t|» 'A®mMm t# WmM» (iffO) mwiml tff®» «Aa©i?i%

a«©i3i tlii irialfi®' Mtei-I® ftM Ctfiil.

®lii« m0 m tw& ©it &t W§ iiataat®

migM be 0f V8l«i®_ia fla-at "brnMlng:*

Mmkm Clfi-f) tto.% tft@ a®@ #f, muteti®!® rim

ms mtmmtily A awte #f fto^g.i;»g

tff«« wtr# «ir©l.iF«t la «r^f»R. m€ fMmn mad •

mm alre^iy for

ant 1ISf)>

it) ffft® sitftti0iii(. • . '. ,

Xs ^#tr :8iia«^a|ffet ««i fti# CifS?)

«3.1 0»s®« @f &fmimmm aat iMmm€' is .rl@@ •

wpt© tl»t' tiiit. -mmt'l&m mttmtim 9m m mwvmi:

a©^li9l0gi@©l fewt bteo r«slt@ei ia wmim^ .attiiits

vit'E iMtoa* sfi4 MlMM vai?l©ti®« ®ef »y

Itt fetsailf grtiipfii, •int® -Ito#® typis l®®©i s® tis# s^toEs ef •

leaties fef Sw«lsstta (1964) «aal asi

CD i2}- fisim# Mfatiosp, mM- (3)

iilltiitiSW* • . ' . ^ •

1) 'K»®F®«itei%a'li«s. ..

Sti%ati»® mtfeiuttiig •«#» -©iJ® tte

flsmt ¥«.» .immii§i.tiQm, m.wm

almiilt«s«©ti». ©leiigem m a siftgl# wait ©f

»«c©ffiteteatisii» ®i® ffitst mi tte#
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mtt^ th% mmetoMm smMnta sbS wtE-e Qtearsettrisei

Qhor't ststare* ©tiff Btwm., teo®i sM iark-gi^®®®- 1®®,?®®,

«0®pi.e1? eer asi at,all, grsius* ooaivj, fee witli

»i,iat4omg! in iBdiQ^ ®M vasiefi^s CM @-t"al *»

19fi6a), ,'ga?©etcfi<lt8 Bsstitast® w@re mlm TOparted "by

Has-lM Clf58)t iitt ^ (1960), lUtsm- aad Qnmmm

f 19-61)« t-i £t {ifSf) and Istwi {-it60to)« mm f^aBiS

ts f^Qm ©m in msay niiior- cfefftraciter® sous®

r • p£ tlfctm WBm higher ylmMlsg th&nk'tl'm oistgin&l msi^tlm

fM BirnultmBQm m © s.iisbei' «>i Qb&xmM&m in.

attribnt^a te tl^,® ijl^iotro.ple fiQtion of a,,

©iiigle mtetated gea© 196SSi-i 1«jTO|

^fgatea et al*. 1970) • l'i#w#Wt iWlO) this'to

*• fee iaf to -ttee o^mpaimi eff^ot tw- i5.©r® a®i,sfe'fe05»iag» ,

li,ak®€ gmm wblefe, efeagget si®alt«ne®u$Xr

tht wta^ea

fimeM&m ©fftetlag plm% ^hmTmstem hm% bees

iMaotcl witli e =©f rcidis.tlsM

' '• mim i<aa.igt>vi witfe. hBight w®.» repo^e<l

to-. h& ©f mor® eo,®i®©E eoeiiajr^ao® tfesa ttea® with ,in,Gr«a«©d

• , .Might ."b:^ Eavnl Clf62) mi TMmtm Cl9€8}, €®3s.et,ia a¥$,rfa®pB ,

vayioQ- iP, ssppesras©© froffi'tk® mmt mtmmm ®t-aRtea,ai?»s t@

C©ii.»taf.80©B aJSt SaM, •19I6)* Sssi-twsM#

^ • • • •
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»

• iutrnt -siftii) ©.Hi. €wmwiB Mm %#«8- KtpOTtti % ai^eusHS ^ •

imwmtigm'b&m sne^ as 'fcsii^ SAWi Cl|5S)# liwai .g;|
^Ctfill# Clffil}# ami Ctf6l), leltfe

Ief©li«ri a»4 Itra'Ctti|l'». Stes'ttf

Cf96?)# SMsW ®si (1f6'5)# BmmtmMm. (Ifilt)#.
' SiMlf Clt6t)» itfiiif ls»i3. '{I9if)»

iiaito CiOT)» ®a« 0»®ste» CifieK

. .Matygityi -Ctfili •

• mm. im- mtml%y mn vm m mrn^lrnma tot

a«,TOW l#ei m$.gWs' %® t4®e. tB. tto©'
•otlit®'' iisai* ia»&fee'ClfiS) QhrnwrnS. thB% mu^mnta- tm Mmtim
0&o¥®t -tlj© f»tataeF ©ttta.tlon©.

wms to 'mm® tfeaB

etiaitt®«8 Clwal., 1f6f» IMlai _Sato. 1fS€). fawte CW4)
emi.lstsnt fifift fa,»gsebi Clf6f5 a

©f mmly mmtmmtm wmti Ist iii«iie©i.'i» l®t# varittf

' 'Wim mmm. ilsg^ Clf7©)-f#-niii ®«l.f to is®re

®©«» is iM Inm. rnwmw tte w® tra®.
mmMrnn Clfit) ma©ft fltwettsf mtmt im wltoli

tMt tli@- tmtw- migM mt %t ml^lf %f.
ia»8t» w»# isolat«a

%j tea •©&€ iat ClfiS),, ieMm ClS58)t tmmMrn^ Ctflil)#
M Cifit), tesi CliiSife)#. ®ia« Cl«)# Cl9i4),..

. m%mmm .ij,.^* inmu m'al- Cifsi) mm m&
mmui inm}^ ;
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BatetlOHS affsotlB® lerf _ete«J»etess »iJOb as

• 8i». shepe,.srisaeeMSt. wxtar#, pteewe»e »ni colour wei
iBBXatefl. aaww leaf autaatB'were th® fsetaent eo
Wfortea tiy Haleh .(1962), Siealsry (1965), Slfl4i«i (1967),
y.^.v. (1968), SlBgli (1970) sad Swajslantton ai (197C).

l«af ffiutaats te». rwoBtefl oBflw aiffwent
ltJt« lEOBCTee .iasiina os rslM ieaj b? Swatori ana Sora (1965).

(1968), Sl»^ (1970) asa Sv«i3l!iatli8B si (1970).

• as_SSKt» ®«»«Ue C«®e) fooas Blsort P«iele a»tarts
• to to swe fse«u«a« thm Ism faaiole aatanta, ana «at«Bt8

wMh im .paiieleg' to be aa ®» «5voBe with stfEpoat
ptnifli... SiBgl» (1970) alua tisat Mtatloaa aWeetins
58Blci« toslty, 68 eoBfsot ««a opea types, esewB.

. : troaias -BatetiaaB e'te8eCT«a in the mtug* ef the

gralM were I® relation to Blae, »hase« ooloar* «woi»Si
• • puVesTOBOe eafl W«Btmg. •Stontaft sn® Sawai (19S8), S»wl (1962)

,a« ®8asah»n {1«70) j?8P0e« abort t5fj®8 *e» a?®®
^ ' fjr«?a9!it tto. long gsala tjrfti. with altsrea srsia

918« mH Bh«p« «eE» reosrasd W»»«»»«>« Bora aaS
8eo (1»®) ®n4 SyakaSo ®S, ii.. (1t§9). I8l8!i ,(l962) oi>tBiEea
a twroy glBss autant wfi SiMi^ (1967) JEeeosslea s8*®r«X mitaota
with flarfc tarown glaimei tomsfi Butrats WB» iMpoit«d ty
Sori8so (1961) art a»a te (1965). fip »«>««
»Br« fottna to 'b® nojfa fteetaent than fully BWBea osts
(Siddlq, 1967)V —
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tivt ; fls® m©at diatlset oUmn$% growth •

MMt 0b8«rve^ iii sutSBts 1® ©geotro^isai or lessiness
/

C&wa-l, 1f?©)» tmf §H3tassts mre 't®portea •fei? Eaaia'Bt ®Jit

• Ct93i}» mi A&mi^ Clf58> ®M loitfe (1962).

A siiit®st with ietf wag r«@orae4 If Ioat« (1952) •
\ . "»

Oltt0t»u»d ©ti«tCT0a "by fifeyftud (If50). A

0f istttatiOB® e|iite9i#t Aisuorwllti©® w#2?« .tediieca vith

hf 'aBi fas-tteeaystlij (t93i)e with'sasKtre^iit Isf

IsiriAeri ©ind B0m (1965) ii»4 witfe g^«sia .osijfiroas

«etfesae»iilpte&tt 'C19?0'). llatfeat® ^

ap±l:#l#ts idtfe loag ®t«3?ile glmm (wlBgedS) liav« reaeMei

hy ft ^#~Cl94l)«'Bw#. CiMI), ^mmhm

(W70)' &M Smmismtb&n (iflO). Olta (1965) f©ust a
V

Mteat with inmr glm09 «&orter thm tfee outtr ©a®®*

'mil? oteaoter did aot epp#a^ in eai- tli® of ft.ptiiiol©,

©tea spiMet ustttsmts v#3fe mpovM Ijf md M&m (1§B3)

m^, (196?)« #111 «i ll» Clffef} reeorsi^cl m &p&m sfikelet

'BUtejjt witfe tiro Qf Bpik»l»is tn th® mm pmniQl^ i»e., • ,

op»s, Mii simllft mxA' sptu epikelets with pmwtMXy

a«v«lep«i .ktraelif. hull m.^. tslmg^L&r ^ull -typm Mv®

ftlsa fet«n i?8O0s»iei {Qhrnmrnrntm, 1964)*

Vlafelo oKlQrQBli.irll mmtmtai Sea® of tfeid <?ljl#y0ptjyxx
\

•giitsis'ls »m©b, #11 lirlrta, eKloyiiaa, -ti^riaa m& wiTmemt -

f©aB<l te fee n©2?!Bml imtititf %f t»^mM (I9€i)

*M ?l«d© (196©),



24

•a®8® nats^tieaa* ®ii tMstisg taiEOii m •

mmBMwM- ftee «r©st4©a ©f m mm mit*

.Cttfi) « Mwmti 4a ig»fe mmmyiiMg tim wild

le^SSsSS* SweMaatto Citii'b)' al-a© «... •..

S:l®lle» tfp© aMi mlm a im

Siiiif ©mi MmmimtMn CtfiS®. ftisi %) emt

Swutsittittes ft CifiSi t©©lfrt«4 nataa-t®

tE# -thmt ttsusllf iisttogijisfe Mmmim:- «t

iaii^a Ja m&h&i %h®m tm& gmtxpn mmw&l mtmt&

with &'k&mMtmi»%.im tli© ©tfeaig we®®

laiae©it Sasli «eisrei mlf ia twmlmmM with #t%I

«8i: wM

©• Is* mut&tiwm'

fit fr®taea«f irialM vmtmtimB left® Smmi t©

ftmli®! t@ tte't M «M©»plifil Mttmtm tmmtmmit

with sfsiistiW mBi •-stit»te»l »iitagtE» toy Hi-tsa® &wA Qii©«®wa

CifSi) @ai. S0.t©. (i%$h f#^

sata-llfBS ia tM llg t& fieJ,i visile .
©ftem tteis' ,f^dgeiii®® tt©f'©tpJiistlsi

m&ttktima* SiiAit CtfSt)' lt©wwt, 4ld wt fim4

&nf m^U r®lati»BaMf aitS t®®©|ai-©A tfenf

i»» iiid©|i#»ieiit ffif 0t»li • ' • • ' •

a.' Ilnta^tale mt£mti'w&mm» m§^.

• • SMiit ClM7)»'fMtlt sa€,SwaM:»tMii CIfi@a) aM ,

Swtelsa-timm ClftO) ttet -mmB
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m9 tM, -Qtimtim* I Iffit) imt.

mmiwmm MmM Mghm" muisMm. imqmmim tima-thermi •• -

mmmm* mp sns mitatieii

f»t8t.ii@f uim mm'miM t^»al

Mi §mmm ^&p«a«3« mpmtMlf

mmfismA f&e. Miii ft-ttedf-.of ©ni .

.©'tliflfat ill mm aia#@elf imimm$ ' ' '

®© S'^mya ttimmi «i Sut©, Iffif i

^ ,^*'0 tf6.fI •Bat®, Ifi^f Scttsm© «b^'f««gatM, 13$7h

Om fte« ©ffetf liaaip" •CIf wsi'tiMif m&0. ,'

BmmimthmM ' '$^mA gmmm- »fa 'ts 1st «•- »»

fftfefl - ligte

-astfefl. mm mm »pwi«l %. Clfii®)# •

:SMiit'Clllflt iiiiit «ii .Clffiift) «t iiBfl ClW) •
;®iil -Itoftt -tf mm0 nmm ni%mm W MmMrnmrn

'C1tit* t9W) «« Siiifi Swsi»tt»a 'Witli

. t© •wlfcsst®.iilpL©»«# «8s .fwM t© •,

fe# ffef Mat m'tmm 'pmUMlw -'of tm Imw. irnimimB .

-tff»etai m &miw»l ini fertility ta thi®

• Iwisiif, miMHem vith

to 0iMm fretw»®f

. • iifiAit {i$$fh piMit m^^mAmrnm (tfiSs. afii ©)#

li ii.. Ctfte') m€ Bmm Ciffo) ttet _

aMH!g#al« «» e-f«ei©a@y
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yAyi.aia mtrnt^ seeiat t# tsfifee .g««# <}if@r tb«-

Eiwai Ct'96fte} ©MMaed ®.

larg# of^ |to. pm$mtm oi

j>l®mt8 with. %m fertility. -M© Ctf^t) a.

iis tJi© «egapig8t4€>ii mtio am ia. f«3ptiii,ty.

g. Qea«tl@s #f wifent®

Aa©©Mlisi f® Itw«4 (tf6i^) nQtaata are pi»ti@')al«irly

tiiitaM.® fm tli't <sf g©m# i!itt3?a©l3,l©B« "bmmme

mtlm ©f gmm- ©tatiti i» a@t ljifliatf@«i l&f

Most #f tSi© -ffimtattte i» i»i<30 to tfe« -

mrml tfpm» %1 -Cl9i5, 19i6«, % ^•

M Sl.* (*^^70) mpQT% thsit' tfe# egectoidfea Hntwte

#r« o.daftoll«<l ly th# 'mem gmt m<& tM« lo®ti9 alilit %mv9 &.

wMipl^ all«li0 . ^-iaSiis5©a dwaj?f mtitemt#'

1f€2) m& iiarlsr assitsuta 196#} fea*« toeta

3?«tort«i to 1fe« r«e»8jstird. ®L«w hall (Mafeashl,

tTlrnngulm Mttll 194-3)t. opea

iipik«l«t CQill ^ » 1960) mi CSutaBy

sma- 1962) •sa?® also refosrte^ t© !?«•

A donin^t for^'blast m9 i^eporttd

1>y f^nfeScft (1f69") '6 t®w i3©*fl®t«ly ©i* pm?%tally €©iRi,atat

aatftBta ^isire t^portpd by "(1963I>).

27
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Ct»i6a) la« afstet -ttot iiiiAea

li®v@ tfeta 0fl@ g«ttt gmmmim mmsml' tmits m€ iw asi@li "

mmm mmmmut immrnrnim hm'm,mmmkim m m©

ma$mtl«A %f AuptiQsM

.. icwi^isr# S;liil^ aai'Swasimttosa CiSiSi) hm» foimi m '

&p «t#g«ai© .

tmw^mm ia «#fi« f©i.i@i#iag

l,a weter m» %jr «iiy C%atei9 mi -

liffi IfIfI itiii './

Yssagata ©ai ifetena,®# ff€©f 19it|

.'iawtl eai Sat®, Clfli) foami tliat

fMssifciKf ©f s@:t 8©»sit4vi%"

m it 4M if4,tli X-^mye* tmmgmM ii9$9h) #lss#»¥#i ttotnl

mUming gmmm &weviml mm tetiiity ^6.a«ellf

mp U §& 'kmm &i mmirng m& -tfrnn

Ca tm mMT litti, m$m& Fm (W70)- t&mA tfeat smillme Might

mMh of

f»®« ter® t# f# tars, \ -•

WM ,sref@rted t0 ia«^e©.^ ©fRSitivity t@ ^

awtagta# •a«^- a« ilethyl

;iitt^.S€> mthfl. iire® AM& (ifiS), -

{196t)» §QBal^.yei^»-"et » 'SwsmiBatSiBS at ^el,

Cl9?0).» H'(t3W) .m€ §h&m Is# iWW)* 4 r#iaefio»
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ija etediliig feelgHt foilswiiag tipto 56 'hoiijea piristr

t9 traalwttt wLi^h mtphmt^ mi. ttbyl aitlMataiuXpli^mat® .

i#s» ©fe8«3?v«at beyoR<i wfeioh m& a i^n^u&X apt©

72 iiQurfi'' CSfesiia lao# 1970), Th9 m.U ptmmUi hy "

• #dfal-l2r@i5g6r et .^1, (1969) 'tlmt smwiml 4BolimA

wita- immming peri&is ©f pm-wmklng ispto 40' toay®,

la ieJiulXei 3«#d«,. ^ (mo) fmM e aj|p®8ti©

immsm tm'after ^©8©»teiag- for 16 t© 22 feewra*

Isi^il (t9€9) r«f03Pttd tJiat tfe#'points ©f s^aeitiyitf peafea-

rtaeined mm ®ir 1#®» l^eEtlee^l houm ®f pmmMm tli#

©-s«e #f ftraiBatioa,. survi*®! m4 «»eClimg bu,t w«ire

dlffemmt is tht-cas® ,of

Eai^i (19it) ftisM ttoe. mutetion., frtquejjcio® tQ feifl

wlj©ia seeds w#r« soak^:# prlot -Ks' irmdi&tim X«ra:ys 0^

gftiasgi rej»» laieftgaetit (196$« «M tj) Qhm3^e4. m §m&u^

imvema. la ma.tatio.m imq.mmf wiiih immmim making 'tim

vfi-m, a ®63Gi»iiffi m 3B f© 60 &t B0min$ md «

a«€s^«a,0e Qa th& ©'llst.r Mad# 0@pal-«4fei:^iir j5;t. «!•

'(19^9) :3P®po2^«i thmt the mut&tlm ».te %m9 mom laeis ooastemt
\

^pto 24 li.s»ur« 0f fr®it©6king with a oh«rp^ riat toiiig 24 t@

5t. teiir aad « fartier 4nor#as« itmMMm

9. ftt 48> hommt, In wm s

8ea4»ii immmm la .sitttatiaia fxn^usaef at- 12 to 1® hmm of

wi'fjfc tmrnhm im&m&m tfeew-afttr r«iieM®.f si mmimm

at 24 liour®. lmsim.i% (lfi9) f©tiM in ««®as preaoak,®^ ""lieyojiA

to hmm a b,igli»r m tation wlth^ ftota^mnt feaks at

x/
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ft ts Slitlt .sS-CitTO), kmewmf 3r#®#ri#t imt'

^-ali® ®t :tl', .fSt M «i i6 Hates ©f fmmmkim* '

t&mgmm ClMfa) •iftfsirt.ti mm mm "raii©- •

Im. B| hmm&h, mm tf. , is ftofi- pti-iti ©f

•--4® t# 7i kws %t»f thB imitiml

.mlt e£ •%# mw hmktmh MM_ ®l»a% IM0 tw®. '

Stttiiw vi'tii jfefitiatei tkyeiiia# .®yafk«»is ®f WA^

im #©3.1 tres wMiili. g&mimX %lmm mem^

SO horns 4£tm Wm a®ed , ,

a« fssk ia^ stssiflfitf @s -fj?w

ai- Mtsfi@ii f3?efwssf 'itt •SS %&mB eftti? 'pm&ml£i.mg

•wm •#^1.8ia«i. ly ClfiW t©' to®'to td tl» timt

©f MA i^. ©ella at tfeaf 'Mm*,

0Mf} h&m- ' -•
MA. »ymhmm: i# l5©fw#m. 24 aM 'h^m9'

ia e@«a» ©f ,feal:l mi, tmtmm-. 1Z ml 1i

wEtfe^ttt •feftl.l aai My&M. 46 ^swb €84:.t4 toars ia tlie

tv# 0mm mm^ -im h&th ^ ' '

"tU0' atwltifltjr a® Jaig^i firute ll^ sumiml mnA. Ilg M.tatl#ii
fr#ta#,»y sfB©fer©tti@«-© wlffe »' nyathesia.# Im se@«a wi'li©et

liii3..J,^IS8i!e.41 Clfif) sai-Sitfiit ®|,* (tft©) als®

tUst tfc© ti •«©!,»&W#« tJj#

•feeglMiiii of $ ©f M& , •

is tlie USA ®ytttfe©0i» pt^ioi# !»• f&© »psrt® "

©f tl, Clfif) sai faa®i«^l -migkt Is®

tii« t# mMfmim Mftmm&m &iii&mmm in:
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Auvlm trsstusest tim sStmting 3?®.te.

«f Kctafcali® aotivltf is seeta m-inMrntit,^ % mm |lfTO)»

fh«- repos»t9 ^f. ^ Cf968) tk« •©as«t of Mh

j^yftt&eais in - >es:^ ««<& m

mt saf Qm&- ej| tl,» {iflit) iMicft g^ra^n^^i, fa»t@r
I ' ,

iMiMSi? support to this mtrntmBnt,

ftm msultB 3?©f®rfeei %f lewil Ctfi-f) ttet

fxetoaOci'^g ttf' £m varyiaf p®rioi» ter^i^tigfet a^sjit k

aiBtimat ia tfe« afeotafw of eliltTOtfejll

Ei ClW) al®® tfcat %thfl.
iad[-yio«d elfeims sitroso iset^l urm' irigA.dis matastg

with fj'ecifieaeies puri^is of fr$«i©stiiag,. uhmmm

t^,f sfe0»ie.sl« xmthM miteti,®# #t leager

Gt prf©o®^l®g» fhem .results wer« Im «ieff©rt of •th#'-'ri«w of

and Bhrnrm (1968) ftest by witfe matrngmm

diiriijg' ^iit&mnt mtm$m ia th® .8 M-A sifn^mlUt fli«.

r«lstlYa pmpQVtlm 9t type# aouli 'be
i '

a. Effect of tiall

Qhmiml hw-m ti« efftotiir® iaa

t>wl#y mi whmt %»'l mt la aMe®, ipr<?8e«feljr' hmmmiS' of -tlit

p]»««R«>e cj-f lii.0 hall or tii# inalility «f; tte® 6fetmlo@l to

tlie wat«r ^orlr|f 1-uftm ©f fer@.a

CMilfcs«1.8®i5 IfaTSsmtB-a, 196iK SlStliQ et si • (196-8) ,aad

@0^al«Ayeagar «t- (1969) 3?«.poj?te(6 tfe«t Mttmion of th«

etoemioal wsi® isltw is vdtte. li«ll a^. ffe«t tiae- feiili
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«®af, &M UlMiq ®ai S%?8i®imtMa '

Clfii®)'^si laisrA Brimmer iWWb) MmM. tMf i@l&al.liag .

.fteeeleffitei tfee ©f ®st«i#a- mtfrnim* Swt®lsatta®s C196€e>,
gf- «.!*- Ci'fif)-* .it. ll.« (ifTO).

Stsgl CiffCJ) hat :»ferti?4 tlimt aelmllisi: -#f nrn^B tft©r®«8»t.

m.& tffi@ies@f ©f mataits® fef asteftstug tit-

tmqmm&f sa'l®t4©sia, - ' ' ^ ,-

It «s ©liitrfti tkm JiA ftsk fla©e im ®@ti»

witlieiit .fesa,!- If t@ M' feemw t%« l» s@©i« '.

Ii.!ia.l«. fh« iiiiw^as tfest tfc.® laitte-lioa

®f iitisitii .la #©ti@ w'lttoist limll. Cl6 fetmt® .

tliTO lii ai@i» wim'l«ll'-C32 tents -twarifl) % .

16C0#tal^4|tiiw ,g| t Ifif)*' ;

If* OkiiiegR

la inftatlgfttltiis. #a tli«' ©f tia® aat

@f flust ©irgiiis ttot-

m fhm e®Il©» •'

• .... - . • . /' ' •

l»i iiHi IwMm CtfS?) a-etieei'lilit'of

pissta mi TOforlei ttet ©11 f®jsi.©l«s tf- fea M| fiwi weap@ •

a@t hssWwmf§i»m £m.m matfiti©ii.* flie •lai#ftii»ee of t&t-

, #TOii»sBe©-©C 8iteti®s@ to »me rntuAim fef Si»liii«^»

mfi'Iairatemi ti Cl»)*

Wrntsmmrn .Clfitt 19i3»-)t tg&a® (1961),
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'Sliiif mi iiidif mi -Smmlmiikm .CitiS®)-* fb# 2?@3slts

§f tfete® t&at tfc® ts*® @f frimisi'f

®® im «» 'til® fIftil %l® Immt ®l#t muMtm

fl# ear sf tli« »ala #%©«# M&m -&£ ffisaff

.feoft ttff©-ir lli® ,©ar #f 'tlit »iii. 9'l®« ^ftm'

Biimei- f^.e #f rn&tsMm.* tiMmm mre

mmlty f ©aai W -gim tfe,® sen# Mm& #f witsti#®® a.® tiif

"tiXlmm imm 'whMh th&j a^©s«. flii# vm im mmtmMif ulth. th®

oom@«ft @f ®«t€l.i0a&l ptopmM'fm 'tey

^m0%0m C'ifii)# Sw»lii.eflia'Clffii®) iMewmi tfcet tli:# d©a»fmt

riisn',ii@td" wli«E •%© trmtrn^m ^-q 10 '

liiittiii« w&M-'gim Ttm/t^ %itl%XQ* ,C'1t€3a)

ireftirlti ffeat Mmf 4®@#s. @f

tfet ®ame wm -iifliteiMttefi mm, tit the mm i&

mrt&im flMta, liiii©stiiiff ttet ail tfee %&b f^g®

e ilB#@ irlisiriiss. It ws ttet «3.X «.i:eept

©s® li.air@ 1mm Mllei fey mM&tim isjary*- , ' • .

. • ©#®®® (ifil) ami ItMtttew C-if6i) iliaf tfe©

'irat« was-1® tte-® <s» »ia. s%» em&.

4e©re«®®i l®f#r ®f tillti?# Oatef ClfiS)' 'tmthm

l#t 'tlst sa. memg^ fl» natetic^a raft wltfe

t&e ©f tillew m€ tM 0Mm #f m&m&my •

fli©' MlImB g&m tmm' mtm- t&ia tb# ©©ri-^sf^siiag

ani EB»feffi!6i "ClfSg) "fmmsmhi- (1959)
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ffe® ^fata§le« ©f 1r nata^ei M| mr '
pr§fta4®a wsm mmM%m tl«a" t|

•tkm. rnxmmm tmqyim&y tm wgrngl^-mmmim mtmilmm* " $mm

Clfilt 1$6J) SmmX

•^uti©' alt® tta® ©rttir" :mxi wmi&- wiie

swllegt itt, •ffet #®3f pp^gtrnf ©f tlie mia att»- «t

ia tfe® f0li©wteg orfler I.#*, •^immy

pttmxfmmrnixmy

• . . 4«©0tit!s« t@ ImmrnM 11964) 3eati©«-

%m§%k wifii, with

Emti mi Smt# llfil)-»peift®t .tfcst -tk^-mti® was'

••»;i;i i». wlvfte. mim'iata# tto-'

witl I»»f8*, ii.Mtt CffiS) ClfSio)'

-tlas Wltii'.§©,©»• w®f»# "Ittt iiiiif'wA Sita»i*ftea .Cfff0«s) '

tm^ iiitt'getita ^ftti©8 -f#liwimg ti?®6toaf -witfe

sit^t ^Mmmm,. ititalastteB ^.i|-#. -'

Clif0) ted-©es-elai«i- tiig,t mem.mX mtrngmm fimmi, •

.a lomm ««gwtati#tt ^ti$ •mst' mMMtimBf fw^hwitj. Am© ^

dftratiem, ;M ® Xms Miptow ®iwt>

• '• , lfe»g««ili.Clt6gm) i©si6M'tofM tilt i#f«rf#tt©t ©f- ,

e©g2?efati@a mtim ©a tMe dt®# of 'felltwimg gamiaa- ''

tfee mMm^ witte A»3*t:«Mag

a^net# .lawai- m6 i#t# Clf65) mM lai$ (iffiS)'••

nil. ia #«g»©fati©a rati©«. with imsmminjg &m@"
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0# Sia© ©f liuteteS stotora •

mm ths ««£•» mm •gm&islmltf the Mg
m±tm mm u^raal'ly ©xpt^tefi to "fe» wqmml t© th»

s®ir#f§i-lio3a 3?ati©s ©f lai«e©d mtrniom, fh« low

X'atios iiadloat® t-liat the ,iadua®i sni$stl©ii- <>©cs3ps oiily lu a

stetor ©f t&@ «a4,tfe» »i«e ©f t^e satrntefl Beotor- '

h9 wrn^^Umtkl t® the mgsQmUon aretip. ffeg gr««tfr nanfetr

&t seta®- per- ^-le# a tmvom&hlB mtv^Ul jfor th« study
•0f •s«etoiss (f^i».gia®fe:l ama Hiali, 1964).

Bekeaia© ClfSl) end ©sose (1963) tfet si«® of

tfe# witatefi atotof ©f m® 1| eaa? "iiviiiag tlit '
ratio ¥lt!i 20 p®i? aeiat, tfet 0Mpmfe€ mem.g'd mgreg&.tion .ratio

of r©etssiv@-B&.'mw-mtM by M&k m$ BmAth (1951)»

• Clt68) on tfe® ©tfe®' lisiii ttee va3.«« &£ B5 f©r
eaat tli® uxpsotei apatia -oalesalettog th§- Mine gf the

rnm&Ud lawai tea Smt® (1969) mM9 tfe@ ^«sit

©f tttttated etetoJF siis^ % tiirliiaf tli® Mg rstio '
with tii® 0«yf«f®8il8g mti&» .ffee- ©stimeti^as wtare essHfia^di

tt- pTogmim tb® nunfesr #f >®®#8siir© siataata ms nmi^Xf

Qm hmlt of -he.t»ro®yg©t®® ia' tisi Mg gmem.Um^

law®! ®iai -Set© (1965): siiaA ssadit C-19.€®) obaei?Vft4 that

tM fIs# ©f atttatti itetor® in 'ISi «ia»» w®# BmXl^r 1» tstntgitBt
Wim 3?®4iati-0Si®-. A a«f®!i,afae® @f

mitftted »«ot0^ 0.1®« oa th© dose ot tk® n&t&geu waa reported

(1961),- TeiwgttsM (1968®.), atom (1963.),

ami iato- (ifiS), SMi%-. (tfiS)- Sia^ (ig?©)., il^® «#©toif
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w® i©m<& t©' Seaes of sfetiBioel

amtagenii ©M i?aaiati@sa» S!b.i@' iaertssaea 8«'©tQr @i«« s&t •felgJifJ?

i98«»" me pwQi^mhty tet to •», wtotioa in the

o«»l3« of imtlml mil® la ihe ©f tlit •

psaleit*' ffee tMtlaX ©©Us in & g^oup dlatiiJ'feea

iaiep«ad«atl.3r ^tucmmom afeftrration® w#ll as poiat

If tite TOtfitei ©«1| el#© ©©utaJLwt.n ohmmmoml

alitrratioa ItsJiUf to deustbt it got tliisim'ted# If 'Os tSit-

©"Ifeer hm^tf isoms oi!' nQjimutateS e»lla eo'ntai^sd tht

@liermti0?s the 0ijs» ©f tli® isiitsted s«ottr (0»@,s#» 19§5}*

d# Sttstmi? of isitisl @®11« . ' '

ffo,t ®altl«!«llala3?. mstiii*® ©f stmisal iifee '£««s

rtporle^ fey »tv©r®l iweatlgetor® In rle# CSfa®st!ae3r aafl

•,1f6-1{ lekendmrn, 1961f tuffiagae&i,- t9,i2as ©»©ae 1963f K®wai, 19S|fej

Iwai and i«to» 19€5| tfes)/ Tm mw^T ®f isltlsl

etlls t# -t.Jj® gewiael Mmm • « peaiale in

. twe.r«#l3r psopgnrtloaml-t® sis® tfe.® ' stetor e®t

Iki fs*OT. thm g«,g3?egi^ti©3!i (lawai 19i3fe|

•tosi ami S®.t©,, 19S5). Itt'eate (1961) t.»a-iSMi^

#isti®st«a tMt the' generative tissae of «:• aiagi® prr1®1« msy

i«2?iw fro® ©lit to fear Aeoar^iiig t© 'Osqm (lf65) tb®

mamfeti? oftlls in mhts^ ijiitiala immim •

•faniol# le fiv# t© o?i ass- «¥03fag«.

OsQiae (1965) ©d!i«fl.ja<a«d t-b,® ^emmtim f,iBQm of

tke lat€r iQmsA t lilts?.# waa from a -siBall,er nualscr

of lntt.l©l o«ll's thaa tMt of %h@ mala at«»« fte® later
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m^mt gmm.* By eritieai mtimii&mf fmmi. s&to (if6$5

fdoai tiittt la mmmi'^^ homosygetts

, ' mm Mes thm ©s® ©f f fee h^%Bwm^gom ©nm»'

iiiimtimf 0£.p^@©«fe2y« tllirtustlm. . • • -

Iswal "©at %•!© ClS6^) I«.w®i smt Imssliita (1965) '

Im tfee ll^ gea^miitii :j|eg»©^tiem yatl« witis, sti?#,
•fliea @«at @f tie »ti08 in eeytaii. ^aa@®'

• • • • vm^ mi kf# «# i§ sai--|i*S fm'-mM't Bim^tummB

/ - . 0f tw® ®r ««if# aiite'litii-s Ito® ®s» ife©ti©%p® .fes#

%#«s &» tht ^fssfiM© mmm.

•wm%im %f K&mi mmi. InmHtd ClfSI)# ' ^ - . ' , •

.empwm»£m. IB ts waa mtmtmm

la $&tyg0m& g&mmimg qm&titmtiw tmMm Itailsg t©. ©asll

• '• ia flif eii#iy«ls &i luiiwiiii

^ _ • - f« t»atltstto telfs' Im rlet was fey Cta • -
• S ' , " '

ClffS)» ^B^mml 3r#p©»t«4 the'M«
- ' , - • "

\ _ wAum im, mBwmt- of vartsms' tmalifstit® w©r« sot

fellcwiag t3?©st»»t wl*l&-3eiiilsti«s a» _ •

"'̂ #11. mm: {©left 'Iflil fetsii©. Cls®.gg«i •

•' • ifsti. tt® rnmm^Mt i§mt ui^ m^

aiattii IfiSf, Sfet3?» tai.iaimij Iff©}* . "Qm lite

, • •• lataa©.et il964) femsi, iiffewiieee is »esB

^ iwT Imgth. @f^̂ mMle aM- ©6ii-|if®i .

/M^emm (i93$) «!«#, f©iBf©ttli'mwm vbm

•A " • to Sakai gafi



Saga^i (1964) ytforteS t-lwt tli© mmm tf treat«^ piapul&tless

•in -is# gmmtim ieptmae4 m tli© oliaraet^r* Klah &n^

ikaafttoM foimt tlis.t M.l'tt to gmlB Bim tm •

irr64iat«^ fi>pal®,ti©s liaS i^h'$.mm mm m f^e oentroi,

wlierees tm eaifj»p@3?®. <311011ty the seas wa® Mglwr,

(1970) oMewM tiiet tlt« ®«» ei,m0r r«.salaed

tfe® saa®- 62? wm shlftti. ftewith.

•r®«p@©t to k©tgij:t ©eS fl©wffirii3g 4mm.tioa tttt Mgfeer for .

•mate ©f till®^e ©Hi pleat- jteli* ' , -

Xmmme I'n fQllmiMg sH'tageale tyeatssfMii

mB m mmmu feittwa?# -o^stFsrwi-ia ^asmtilsatiir®

m reportei mmml immtig&tms (Oka i93Bi

Mtew, 19591 lao £| iW>i B®tsuo' «ma Quomi^a,.

19611 Iswai.,' 1fi25 'Ch&ri, l^ill Matsa#^el;», If64t

•Brnmi Slid SasttM# 19i4| 'faTOgsit** -tf64s fi&i»siiefei, 1f64|

Kieli. misl. Y®,ffi®g-a©hl, 1965? FdA Btetti, 1968?

aaa mmi, mOt Bimght 1f70). Mli95B) .stated

--f&st f0a? e. eomstaat is»® ®f sfa.ii®41-9» tM gsaetl© ¥©r:i®:i5««

is^s-0€^. mm fo^ #f fw Mailsg-

Ms.tBtt© aiid. OiiogBws CIffit) report®^, tfeat t!i« iijoreas©

in v^rimm wa« wor® Ib tfe» .e«»@ ®f rmftiatioaa ii^itii

• Mmrnvm,.' mmtvmm ¥«©

largei? variaaoe thm l^-rsjr®. Ok®, jt (1958.) smd Ot« £t gl.

•(1962) repsii'tefl inereaee is f-siriM©® with iasreiRSiag desss

of til© mutag^m bst ¥ffi,MgM©lal (1960) sj'fesex-^ei m satiiratleii



• -yj

kl

effect* t&mgmhi Cl9S4)' aoBfixu^d >-afieaet iii aot

iaorease llnrntlj mM the, r®aiati©a §Qmm Ga -tht' ot-^ea? Imna# •

ISO Si, ClfiO) nai Clf68) rep®i?t®^l tMf tfa® .

-mrieac® at liigfew-

the e3fffi»«ti?ioaX teeireate of; t^riaMllty wiHioiat

ariptfieiiat dlfftr®me« ia th^ mmn v^Mm-OJca (195#),

te-tiii© ma Qmmm0^ Clf6l)» YaM®aeW Clf64) asS SMtm

Sslui (1970) anggftst ,th?it ^tationa iieg«ti;ire

«ff©Qt» oaeurfti wltfe eqsel fre.(|utsey, 0^ tla»

0tte tai, Brnirni mm. (1P4) and 'im&kB. (IMS) tom^'\

_that tlW' -@f iFB3?iaiiGf 'fer mHBiim Qhmmtssm' m» •

»k®wea thsmtmtig ®t®tea ttet tfe® ©mtatiom polyg«a«« '

_ oeoaa?#^ aostly im- ®. iieg«tiv« diffeetlou, 0wa«tofetfeai» (19€6^). •

/ . ofspliBiOB ifest the ilrcotioiis ©f inoiatm# mi^vQ"'

m^taUm wm atrtsngly intlmnmi hy m& pmHm&

feiatojyy of tli# viarietj- • ' '• - -

oaaiagltiyity > ,

Ftillii (196^) ttet th« ^ll^fpolyploM speeieM •

Smm MMIMiSf ifSliE S«SISBS1# ilpXoli a^ei^a

• msm iiiAiv

Eatio'aeKBitiYitjr in, aocojediug -fee »p«oi#»,
-»u¥9ptoi®8^ mrMim, lm&l_ of pl©i% $motym6.

fb# tteee rnuhmwmlem of S-IBMSS. via*» iadiea jTOoaloa-

. in. ©ejaMtiiritf to reatetlons

m mix es efeiffiio®! aiat«g«a«, aa »«(s«ar«a hf groifo*tte
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rat# imi .1^ t^e M| .gen®,ratios..- ifwltivitf we© the

ia io%lmm4 Mmnim e®.i jMioa# Keiiy

. mxmBsA the imiesmn^ of

iaponicfe. ¥iia?i«tiei3 in r#latte;to IMieaa Cllsstsuo $t gl,, 1^581

isgeiBatstt aisi. Iat®yai!Sp 1959$ Mn m& Mmmg, If6©'|'f«»gsisM

mM Mmymhit 19i0| Fiilii, ffiff lawai,, 1:962,

t964i J0afeii.a ft 1965? lAr©liR»i,. I9€f 5

Swgaiiwthen gt ©1., I9t0| Sis#, 1f?0). Il0¥»t®r, 3fe-a©iisstlma

CIf66a)# SMdlf (1967) ®M SM4i^ liM• Sw®©tmi;ltea (1968®)

f©uisd t&a*!: t'h® immioB.

.f8icJittEg'»69tei^ a l©wer tmqmmj timm th.0 LMlm

fsi'ditBit iiati¥««t« MUigk (i9?05 oa tfet ®tb.tr

r0p©3?tea tMt lsfr®0|)eotivt •®f 0»ii tese or ii5;itag«ias

.1®isQa;i'Ca ir®rieti©«..sli©wtA » lilgJto-r «atiiti©!i

tli.®a tfe® iBiioaa# Mmm imtimimM mm relatlwXy mnm wato-

tfeaB indie^a. fb# isutetian 'tn

Mmnlmp^ ms sUUi. to' tee (^ait© po«Ml3l« daa to the

mim&Mmt effmta of jsatagem m Injury aM Mg ©WoropSiyXl

mre..mmr&0d % Katsuo ^,^. 11958)* fu^ii (tiga),'

Bilqwte-ClfiSK i'tei (If67), Ilitela^E md tovamtsa

(1968) (1970)* l&tmsw^rMUl

-mm r©pos»t«d withija imanig^ by l'a»iuchi inm) ant

Mytt#aa©r« ai,®!* (nm) amd MltUn tndioa- (1970).

I3if£«3r#n%ial ifiaiieseiisitivitf of Mc' toeen

tmQ9d to thft geaotyp® toy MjB.tsao {l9Sa)., Ch«o md Qhel
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(t96t)» Fajii (1^2), BiaJi &M. B-femtti (iffiS) mt&. C1970a).

^Steftsfe &m m& Bora (i9i1) tMt 4iffitr&nt ali©l®s «st tfe«

- • . sm0 1mm ar# Mtfew^ntiBlly •rmMpsiemitim, , 9®.©ii# -(1959) ©si

^ C195-9) tomi byferMa't© be moa?® "fe-as
thelsr p&mnt0, whejc^m Jmhm ^ (1966) t&md'h^hMsf to b#

s©3?t mmiUv00 famgmkl bM Mbmymhi ( W€0) Qhmrw^^ ttet

tb,@ byfelie in r@cipr©e®l GTOssm tn-. tMimeminvii^

Ctf64) rteteA t!i«t la aMitlOB't© a n^m or gem

^ tie isajr ais@ te isvQlvtd ,la iRt«2rv®ri®t®l
aiffereaeo of a^adiogenwitivity.

Saai©@esslti¥ity plmtm '¥m f§m& to fee

lilifetr thm ttet of hj fnmkm (t9tO|» th# .aii^I.oi^s

.is, tBjm mm irtpox'tei to fe« ®we tto tJias jpfspeetlv#

autotetr^i^loMs and''Aafi©, 19591 mi.

Iobafa#fei, 196©! l«i5gigii©M»- 1f64 aaS Bre# %J8g®g®sj^ 1f70).,^

•' ' _ ' CiSfif) .oaald sot Aiffweseeg ia'

of vsr-i-eties to cfe®r®et#r« m

grelB &iz& ^irnmm UikmlBm. m€ lUmmtm. (1968}

ia tws ieets, ©f ®^j^©3?iiBettta tlmt tlit ,vm3rl®ti®« tiie

grata w«r@ th® .met i?ailor®0ist®^» Slsgfe (I9f0)

reportfd. tiMit tli# eo^rtlattoa- fettwtaai aa.olear rol&m

tsm pollea aiaa ?e&dtostasl'-tivitj va® aot 'Ifet.

varietal ^Siffere-BOta. In mm Am mfortM

t©,%# aw® to i4ff©^eac«a in oli-wl©®l ©o®|»0®ition

(Myttwaere gt: 1965) -ow ^h« to dtffex®BOf« la

levfils oi mMin &nS. aaaorMo- acid {Goad ft «1,., 1967).
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72 ?.6 1t5

11. ftt® - • t* •iia •. at ,3
It. • '?© • 3.3 23.5
1S» t f * # •m • T.0 3.4
14* Ko3?in«i? ' «» f,» , i9- ; 1^1 • f.5 IS.O

11* SIK^H-UI f i ## if $»T ' - 3.4, m*7
tip feiolissg '&arf • '

1.1 t5..1imtiw-I SmiiM t # m -t.t
It, 2.»a.s • •

tlil
102 f.1 I.f -fO.I

ii. 94 , i.f •. , • t?,1
" |®f@iii©6 '

^.S • m.719. # M- •f f @S t.. 1
• ft ff t..t ^ -J.i • is*i

'«• ©,t
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10 to 60 w«s?« X-ia®iidiatioB w«e hj ming

ft Biilipe X-^ap-a^ gememt-er op®rat«4 at ,50 .k? mi' 2 M i^ustallea .

at th« Agriealti^irai Ooliege aM Mems^oh Institute, eaimfetoi'®*

-Tw»lv© 4iff©r#at in tii® jeawg© ©JT 5,to 40 teafi wftr®

«ttployed« fast aeatroa iiradietioii was &Qm at the iSTBA

•wlwJBlag-pool-ti'pt renetor in .the at®iidiir<i Mutyon

fAollitS' (SilF) dmoMe^ fey Burt«@te«i? aed Oasta Cl96?) witfe th,«

li«lp .©f iar.»E,MHi:a©1.eea ©f tla® latermtloaal Atanie' ^i«8ey»

Tienaa# light 'aifferfBt io'®e» in raog# .of W5 t© Stm

v«r© it«plo3f^a *

• b. CheteleaX mtitageimi^

ftoe particuiliprij of »iitageEa m& tfe© rasg#

•ffiplofed-are.giwe Iki fftbl# XI. ., ' '

"B. Mmmss '

^ * jgtfeods ©t.. gatai^eEio traatmesta .

S«®da wer« ©olleotn^ a pofulatiaa ©f

tow teedei?*# a«ea at t&e PMfiy lr©©itof Stu^loa^

Ooileg© ®aa. aelsbato^e. Hstm'e mm mm-

liRrv««te4 ©Ei tencl ttoegfetd to frevent to m&hmiml

iajiiry. W«ll filled a««r40 of «ise w@r®- km§. piokaa to

ototein th® aaiapln for lautagemio trtata«ats, $m&.B ¥«r« usiforaOLy

.dri«€ «a,d for »oistar« «®n;fe«at of 10- to 12 per ctat#

Kola tor© eonteist ms d«t«r»iBe« by t&e kot air ©veia ssetjisa

»ug§«58tfia in tfee proo*©aiag© of tli© latera&tleitt®! S®«i festlsg'

AasocBtfttioia iAnm»f 19i6a). Is nil e3Eperl*®iit«, «t9dQ with
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hull were . In the »sia esuptieiiitats# 40'0 aeeia wtr#

tr^eteig, witfe nmh. of ttmx^ mutages*

ft» a«4l8tiOB»

fhf gmma mmm mm» mi iTm^Mion wm

a©n« at ® mt& 0i 2500 pttr mtmtm by mmlng ft •

eylistoeel gfis&tt 0®2f5?yl3a,g me&w* X-i3?ra.iimti0K w»ii d©s.«

1» air with®at tiltm mt teirgst itataasn® q$ 4 &m fmm the' ,

soiire® at « ioee rat®^ ©f 500 rM por sedoaS* feet mutmm

ms'^om Mltli the iilf located. .l*i wmitim M-at

« Platens® @f 6t.5 ©« fmn tfe« e©3?« wJbtr# 490t rat®- wea

1.49 2r«<i pew secoM. fJi# 2?#®®to3e was opairatefi at ® po's^er ltv«l

@f S.O fh® ffemffi© mdiB.tlm m& thevml wmtrem

e©iit»»laeti(»mii to 2^ «ii4 0.3^ ^ifp«@tiirely, of tte .

total do8« given. -®i0 «B«©rbei dos# £qv the w®« eosapateS

by tfci© •»«l:]^Qi3? pellet iseasai'^mtata Clllk«#lsen aai Bi?aim«rf 1966;

Mifeftelaeai 1968e),

is. .£JJi,»iRi©«l ffittt©g®ag

prootaar® f®y tre®t!a«Et witto.-ohessioal" was

l30»ed m tli% th© tljird flO/IABl ms^msQh

mmtlng ob, tli® «»© lnd?3S#i''tfi:uteti@B®. Ie Tim

Se®^« mm eostlEad f©r 1-6 tetariii %"

satJuerBlo® In aistlllecl water# . -Sje ailfer^ut ^ofieeijtra'tiQia-S

of «"!»£««: wfeye pyepe-re^ is dlstille'# water#

th© presoaket ®®ed8 w©re p3?««i#@i 'Mtmm folds ©f ^lottiag

paper to remove tJie auperfiel'tl w©.t©r aM trestsd Ijy -keepiiig

ii3 tlie ©elation, f^s? .«if&t feoa'j?,» ¥dtli '
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iBterttittftat sbufeltag. Th^ Tolasa® ©f tin,® solutios

-iis««a 23 ml f«r 10©' aetde (.spprtarlieat®!^ 10 tineas tlm

YQlam of B90ia) wM&k facilitate# «lis©rpti©B &i th@

fey the seeds-0 ^9 of th<s sol^utloa w©«

«t8iat®la«a at t3 t t*F. throughettt the- pwioi ©f trtatitnt.

Ik with IMS# mB, SOT mi mMe mm

sobM mnt-immmlf fm hmm vitkQut oMngimg tb&

mtagmn solatios* But in th« e«»e of 3)M^ the of
1

tr®ati9«at wa« onljf foui? hoaaro* . fht MB aolutioa wa» ehmig««l

one# im «v«iy 4©' laiaiit-ea with, faramhlj pi-eperei. aolatioa to

aaintniQ th#' notivitr of th# ;sat«ig«K, « high eiii

o®ii»taBt l«irel throughoat the p0ri&& of tmBtmmt &inm the

half llf«' of im Bit 77*F (m^C) ie 1.77 howa (KoaKalr M

t9€l). At th»- highest ooTOsjitTOti©! of MB' 57 i^t « fart' .

of the <she»ieal i*effiaim®d, «8 m oilf freslpitate withettt going

i»to 8©lutlsii« fhia i.® lii with the report of

EoBaals: ©t (1961) that the mKimm ©oluMli'tf of DM ia

ia 4f 68*t The aee<SI» after tif«a1is#nt mm

washed ia water for oie hoar,

a. CoffiMastioa^ treatment'®

fwo coffiM«eti0^i5 treatteeata of raiia.ti0aa bM ehsiiioal

®iat0ge.iiB were .esifl9^®i. mm.&rnw £imt* ' fhe needis

were thea eoafee^i In ilstilltd water aad 'treateii with th@ ohemioal

ffititegeii.

i) faat uetttroas + M&Xit ftoee doaee of fmt neutron®

705» 96-9 1170 m& ®ei focir «o®©® 'of wm irl«., 0^.97,

• />
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S.f1 «Bt 1*88 im all fattl'bl#

|.i-) H&mm: 'myn ^ WfiUs Mme ®f gamm mfm

tCi asi $Q imi is«a tw&'€mm ©f SW ©4S i^ai

0*fT-1^. w®?# ©apl;0|'tt" ia al3. pmrnihlm mMmtimn* ' r

i# I«@ii»r«iit «i tea-taeats ' , . •

0fi« ^Tirnm^ mn wm mlmtei. frm »mh &£ • -

100 floats" im 0mTf m&'- ©f tli® to®© 10* 20 m& I© ^at ©f

gsffiitt- wMym ®s4 -fTO®, tfe® isBtwe/fetd t© m •

_©©atr#X« Hire® m^m iwm emh tU%m. mm

mnt&mAim tt imm- m let of ^'0

fkmt #f 5C3§ ®t#is #s©l %f#3?© mi® nf in ^m% ©f ttot

imie gmmfM t© f©» tte TOti mRftri®!. •©##©»€ SfSlt ©f

ai^tagta ©t tUt Bmm l-ot# ia eaaM gttaf,

•®i« WHS iaft tfcrte wti?# 0«fe:|«@tei tp- l-wadtatieii,

at t-lie ths?#-® fi.#s«8 @f fssiffla rays ia •tfe®

m& the mmtmMm '^^sm witl thmm- 4mm of SIU

i:B tM 'tttaffitaf.* la tk® -jpeeewtrnt ' tte

§mm- of e»fl«f84 ^tw Sd'etsl- .30 im4:

ia mltenps-l# 'tm^tmmt mm 'imm of i» mm

0*9%

' e* Pmsfmking M tmBtmmt with -

In -IMS 0wpeMmmt tktip® .wJfe tto® serlm, mmh

®©M©sfoadiBft t© ts'igatmest wltk- oae -Sf tte®#

@fi>»biaatloa« ©f III -fi®.# ©.f? "te fosir Umm, a»91 a# tm •

%m- 'M&m aifti f©^ f©^r Mmt-s. Moh a'mlm eofisist«t

-23
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11 pr#®©sWiig la mm^ «Agfct to

4i ist«rval» ©f fespf feQas-flf tkas* e©agti!tttisg a

tefffil-i^f M tMstse-ists liieliiSiif

ffejes# liEiii^t; actdij mm 8«fe|©®t®4 to m^h tmsMmmt*

:Se«4s mm. soAftfi fey in w®%«

i0T thm mppmpe-Mt0 • Is h,mi!ng msm item

24 hmm -.mpmme^ ia im 24 lidass

«,iii. la mwemM. f«trliiib.00 Itae# with, wl fw,

til® tmh nf "iie- f«r4#« t© -fr®t«©% ««e#i tir@® iryiag itf ©Hi

•to, «it«}i3f© ©xfg#» w«ilal3llltf' f« ,»@tabol,l,e a@ti¥ity of
r

tt#8oaki»g tttatssat® ^

at sfyTOtristely tim©s E»i ell sittt«g©»" •

w%m «a% •elma^tMumm'lw mMm ,ii.eati©el ,

.mMltmm., $©^©#111®:" *11 tifeat^iit' wi.® tfee s»t as

tftftt Btttmfea# Itt tkst

•th0 iii tMis 0s.i# m» fym t-t ##.«. , •

CS0- & 2^1) &m4 •wm ^ml^' fo^ pewiMs^ mi tm mi fym UsmB*.
I

II# Iffiiiiiliajg of atmtegiala mttm mutmrnmla tmBtmmts

iiat#gea tsftatseat-t, tM w.t«|,ttl wa# .

In ©mi. 9«bs©^si^at geaeratio^-

mmmm^^Mm ©f fkt- fm&A m&timg m #.f

•mm&Mmh m tim m^ Mf'mmtmM.m.m is rim ferteiisg

tfii%). •. ; '- . :• . . , . • '

wltli aM wltfe-ohwisal •

iiiit#ges0 mm mm imm^trntmls-, ^immm smdm i«aii«t©4 with



18"^ ' 50

- g©i»R« mi, fait -Matr^a#- mwe mw&. tkree .Mi foar w#©.k8

t ffeejr mm Bm-n pmttly^ to

pttridiife.®.®- aa€ -pmtty is m iSmM ^ seei® tmm

«®@ii toiittttat mm mm: in ©a® pttrMisli liaai witti.

wMefe .w® 3Ptpai©«t®i ttel^t f0:r

#m? 'iBsaswieg tb© itBgtfea o#

ap©©t., Iia, flit fi©ii nmBm^ liO fe©ts fmm moM

tm&tmmt M§m-mwn .i» m» mmll, fl.m. w£ .tis# $0 k 40- m '

®M mm Mm ftfll-eet®# teln## ».*-««€» mm

mm1mA im M Mmm ii»laig# ukemBm tfe# ti'@at$.i •

vltk ahmlml mutBgmn w^m mm m wmh*' MmU

flm ©a thi# mil smMm-t wrmmhw^® m %M m mitesm

. fkiwtf -iey© ©3.i a^.eiliag© wt» is

eaia-fltli i.a m-i a' spaeiag c?f .i§ si 10- sesdliag®

©i@®@'t© reiee®'. li| •flaat®, beoemst

with mmmim wald 0 ®f

wMtmiQm i» l»ter £&m&€ pml^lm im't# .8el®etl©»# •

ffe© -f©lining .©1»9«ir?a:ti©ae tli.# .M,^ g«,fi©r®ti©B« •'• ,

1} : §0mlmB:M meda ia

w€» ©Uttnt-ei- toilf fmm tie ammi. to tl® iif«

of'Mth mi'&&%mptiM wm Mkm a®

\ . . .

• iij o.f mni pwlmmy mmti ffees® .

®easiireffi#iit» mm teie ©n- im . tlfteisa

f«wia»tea. s««€# «s.si&. w-fliestiou t»«atwat

@®lt©tt<l at jeaaioffi, rnttm ft iboew m^klmg ©st •

iB#©®t«ed. t©. tte tip #f '•tit# ©©Itoffii© aai, »©t..
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iii) Swfviml-s • • Ife# ©eefiliaf®. Is. tls®-

rnmBeTy- mm mmteM. m tfe# IItit mi' 30%%. te-fs# ffa® £im%

«®iia% w®t at tfe# ©f tlmmlng.* ..Ml, flaatg

' witli @oXoii3? w«3?e-@«st®d

mwm±9Mg^ ' _ . • '. • ',.
. • • ' • 1- <• '

• • • liclgMs ^ fetigW. wm m

tfm Bth €mf-m ®ai- m tli« tftta «a4

©a @m€lMm i« (figw?@ I)#- ^ight

flaate »a mammi. im t'lie ©sia m &i

ilmmim* MmBummrnm at .all Mtmgm mm ©ait #a^19 flaat#
1 ,

sel«otci a*! mMm iwmmQh @.f tv«rf tietstaesit.

tr) tofieitat ©MiB@TO.a8 Ss«' is

til© MMery »M tfe@ mS&, fieM sett iov

tfe® ©f oft .

..411 ©Mwtiie tm' mm wmmi

®.ai-i®@s:ri^4. ' tfe® w&m mrM

to^, tim iifimmtrni

vi) #f' tl| plmntBs . At'tM tim ©f

tlmmiMQ, fO t® It© fl.ftat8 ia ©f #.© ioa® ireaf® w«:r#

•stle^tei M- fh« mjital »i ftlimrf psai©!®®

qif -Ifettt fl«t® wem mi 'tefgii^ t# @rii«»

At •we.rt "©ai

"eepe»:l@Xr is .pa,te3P tegii- ...

til) fei-tilltirs hf

muntiMg grain dhmti on .fr&». i©, M-| fliiatii

.itt m&U dmm* .



1 . ^ mMlingB in field

1 -Control

mm nt .mm, 30', 40, 50 aiii 60 tot

figar© a f0r tlie stuiy ©f iua-aeei
veristioja for-fuantitatiire,

h.- •

y-
t- f?.

V -



Figure 1

PROCEDURE ADOPTED FOR THE STUDY OF INDUCED
VARIATION FOR QUANTITATIVE CHARACTERS

•HZ-

-dih,

'te
* ^ 1

'hih

Ml SPIKES MZ PROGENIES

(SO NOS./DOSE ^ (SO PLANTS / PR.)

Figure 2

Fvf==t n'h,
===

M3 PROGENIES

(30 PLANTS/RER)
M 4 PROGENIES

(30 PLANTS/REP)
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i

b. Mg generation ' : • <

- ffee ««edii ®f Fi^ plant®, mm-^mmm In EU»®ify«

All' tfeif edtSs fi-om emh «®r- mm »©vm- iam i®far©.t© 'fe^a©.

On the 56tti .day «., i®s1»ubi of SO @««<lli'isgs p»r tar wtre

• tyasgflantfi iB. tbt 'miiim ti«M m mm*' Slsgle

' #«ftaiisifs ¥«r« plant^a at m ®ymeii3g^ef 20 a? 1© o®,

fli© foll©wiag ofenervatioap were' m©3©-iis tfe© Mg, ge.«a«3?e.ti,®)ri.*

i) ®at®ti0ssis f&e mai>r®«y -beia w#if#

«3c«i®lRt<S ®:t lat«rv®Lle of tferu-e t© fiv® -aairs d«i?.l8,g thu psriod

@f «i^l5't® to iaf® follQwlisg rnm'iMg t© ©pot Ottt .©iilorQpkjrlX

deficient the es2?rp2i3g«i3.i«» atg3f«gt.t|.Bg • •-.

©U.©2?©pfeyll stttaati wert ' fiaret t© ealcalatt ^atiitiQn

f3fe<|tteRey fer'100 M^.:plmt» m& pee 1CJ© imm)*
••'Hi

fhe total ®f' mutmtrn -Bor®^ aetdlii^® w@a aleo
)

eolMted t'©- t2i©, ®utot Irtfueaey -pm WO plasta. •

In the &©gy®®atis5g progenieas tlie 'sutartt® ead atedlings

• WQT& &omt<§i separately to / ihsi aefiregstioa r«ti09 •

C'pesroeatag# of- isa-fc&at® im mte-teS mr-'pmgmim) *

•-4^ ' Tf •Qhl&p0phf 11-muimta mm &lmmlf-M aoowilog to tSie

• »ttfge»t«a Sq#t&fs«0R Clf4©") e^epmded hy

Kom^k gl* Cl968)» ffet iS'iff@r«at wej?e'seoi-ei

sefSTOtelf fm oslealafcisf the af/estru® Cr«l0.ti,ir« pemmtsg*

©f type«) 0f

« fh© in.fl®reffieeae# iis, im © paml.©!#.. ffee t<?3p»
»iR«tatlO!3» p«r 100 M-t »plk<Si©« ia b®iisg freqweBtly •
aifed. seveusl inmailgatm-^ t© t® tis® ©s^tiaat©
of- •jsatatl©® ©» e®r in c».re®l» iael«filag
rioe. For ttsifoMlty.in terMsology tbt® tern ia tt««d
herein to m&m .auatstioas ptr 1C!0 eare*.
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• ii) rnQftviam# iiii-|©t£0iiss .. - •

siirstfy fetia ei»©iati'f©^ tl# 'pmnenm ©f
seealtag eni asatiamt ttufsiitf:# a®- tfp®» i5r«8®m.t mm'

ttti -oa^ 4611^; S€#fiXi.^0 iM- ,

"f^#g«Rle®wire- '•. '

ill) • ' fM® stttif wm t© f©».

aitagess gaMa mm* SMS*

IM ig flaat# w©^e

llf« »i 'irlftll# w®^® 'eoofei ®b «esr-pii?©g0ay

.laa-ls. ' III" •yislfei© ^rnmgm 'wr@ «e©y«A»- .ffeese mutants

mm ieiosiita'«ltfe ie^itmoisa to®• normal plants, •

l»®XX«i «i •fla»»^

fair 100 sfites

Iv) witftifMS . -ftef s0®i?««' .f#i? eei

tlaW# wiet tstlnfiMiSf •

fafis«ii©f«. A fx^gmf m& ©©iiatei a# if-it.'

- -stiirigst®^ f©3? 't mkA/m &riatei# wiitdtitp# total ,

amlatlott iw0^mmy wbm estieat## ®t aiiifefr 0f t©r

.tee & #p4fc®8» ; - . " ,

^t) Istiwfloa @f .M-tag©mt# -®ff«at4?@s®s» «t

#ffltieaeys , fh@ aai satsgtm#

in mMQim mi wM%0. mmmtt&m ¥€i?t

etOftiBg tSi® W MM*' •

Kiit®g0tti"# eff^etiwp'©®® M/t©

Hafagtai® M/1>| M/I mnd M/&,
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K: « ssMtnti#®® pm ISO fflpttee®,

t - paariM of eh«mleal ti».atwat in

•© • e©H©®iitr®.ti9ii of eJiemleal *«tagejss is silli«0l©®,

ia?ad » doB^ of racJiattoaa la fellorfid,

Is - l«tballt2? i.0*#. sGiviifal. r«diacti©a of ottfiliaga af

10 deysj

I » # iajujpf MigM mMQtim of 30 daye, asd

i » ^ 8t«frillt2r i»©«f r@fi8jr.©tion feutilitj.

. *1) lstli8»ti©a 0f srelatiire M@l©iie«l ^ifmtivemm (MM)*
•V_ . . '

fhi MM pf emmm mya aafi fe«t mutmm •otimfttei wltfe

I'-afiiys a.8 »taiii®3?a i^diatios. ffe« of I-rafa wes

- iirM»d fey tlj,« d.cj@©» of gasia jeaya and ir®»f -netttroa®-

tla® aaw t® eiaXealste tli« OT fia«a«« f&r tim BBtereX ^

criteria.

tii) Qbl#2F®fliyll 0hiMEa® ©si- oMorof^ll watatlm

fr«-ga»B9ys • Ptsiioleir 0n ©feiperio .mi tillmm of

flisats wltti. efeiwafliyil i.«f£ei«at 9®<it®3r» la tr«®t»©at&

with faist linaitroaa, BHSs MfXfi imt nrntmrn in ©susMmtion.

Mth MW mm aad m «»p63?at®ly.

fliftf ver® »ma m wBV-^pv&sem tmMia mM «eor®d for tli« ,

. firt^uejao^r sM'typt of ,Mg oJi1L©j?ophyll mat-ationo.#

via) feMliiy mi Mg ofelo^opli^rll witation

llEttire e^3?a of M,j flaut® fdlXowiiii ©eed ts-eatsstat "with aiffarent

&m&& ©f f«m®a rey® auS :B® •*#!?© |j6i?¥©at0-4» &«ei on the ,
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pemmtBig® ©f fertility- mm groisf iB,t© txve .'
f

©laiges tiiB.,, mo^« ttetra BQ.f 61 iOf. 41 t© it, 01 40

l«@s tlisii 200 Cfelorsp&jrll laatatio® was ®0tim6t«a

m.M^ 0fik« hmim md stsiliog te»8i«i la

in ^©««. flie' ir#3?i©at t^ea

®f-®lil:©3?«jpl^li liiiteat® wer« also ©©©rtd attatately*

III* l^gg?l.«e.-a:t:a f&r mtitBMmits tfiMims:^

fht tiftatM' ««eis seifiEit' Ie ® fitM In iUm&

'.mplimtiom:. Settling »ar«^iwi (S'eaat® usi li©lglit- •

ssfeae 0a tfe.® I5tfe md 30th imjB* - Im tls# Q&mhimtim &i fsnt

ii©yt,3!»@s» witfe .IMF, %tm tim pmitialejs i« %tm oMm ©f

w«xe la'80 flaiafa per ^oee <s9»fei«ti@is-

md etpssrstel^ ©n- In ^©aMmtioa ©f

gmm m^B with 110 til® .first tm -faalel®# w§i?« 8tl«c^tea*

fh# Mg. wsia r^is©^ on "baai# md

0M.O3?opto^ia siijt«ti©ia gej? 100 »pll£«a aM

too ilg plamt® wem • ' .

m'i alteimat® l^^etieeate ^

. &tt^r - III® ?ies®isi o^ole ©f -{gutagea tr«at®®iit mm

mmn ia ia tferee to mi.®® tte leooM'

(^)* gei!ie»ati®n# Set^isg sanri?®! c©aat© #M hel0t
^®iijir#«eot0 m IStli m& 3mh fhe B8i.ia',

Ik® s»,|@se0ript 3P«f«i?8 to 't-fe® aunfetr Siut^gerjie treatmsnta
applied to tfe»- .0t«ds is m^mqmrn ssa the '
»».e80r|.|^t ir«ifer»-1© tfee of
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paaisla® of all pl«ata w&m ImhellM &M

&&p&mWly,: Tm thii-d. (b|)' fi®a#:^atl©iQ %/«i0 ra^iaei '
OS esr«fr©i'#sif %mi&* OlsIoroph-^Xl. wer© m&mi sQi

fe0Q6M®^i09 per 100 l^l -Bpikm mM 100 l| ifl.mt& vQm
©stiisettd#

a. of i#eto tifeatfetJit with, 'mim-gmn

fh© tr©e.t©d wtK« @&¥ii As um^mTy la thr@®

«plicatl©a9« Se$=vi¥al auS, height ®tasii;reffieiBt

iseit Oft th® 50tfe daf* €&im©re@ £m ^hlm^Qfh^l

werfj scored traa®plaatia:g asd a. flsal eti:Wii?al

Q& Q&mpMtiQfi of f}i:@ iimt tim. pe-BloXe®

ii?, tfe® &3ra©37 ©f ©i?©rg@a©@: wex#. l»feelle€ In 100 s@lffiet©€ •

at xmMmdt. M %mh of '%M feeatef/St# btlpsfiog ta t&e timt

two usi-tfe- cisatTOi* ffe# tfeiifi. ©esi#® ©f I t treststat®

%Aicli © i©ss -©f 2#91 «|| ®MJ f©:r fotti? tesjttrs ¥@E'® ii©t

iii^aa©0i t@ tl©- Ig gtri».t4-9St ©iseis tlie aiiaMa? -©f •am'̂ iving

flmtB in m^tein ©f tii# •, wm v.&^ mm^» flie

fig gtaefaticjia vm on e&3>-pm!^mf hmi^^ Q-hXm&ph.f'̂ '̂

fm^mrnXm. v.m& eatlsatM as mitstiott® p©r 10©

flmtB itiia 1C?e tM- iiff©»at tyf©a of wti%®Bts

wtre s©©r«fi to' ©stlsstt the epteetra® Qf matsiits.

Tm mtim &i mtmntB. wtm si®# tstimat®##

I¥, fiss gtiiiy mita.tefi ,fi#ete»

11^ «©$f~fTOie',ai:®@ ® 0t:toeg d®fieit &t

okl&mphsll es'i ©tli0E' rnm&ntB is hM Mg

gtleetefi. fsr tfee ©tiAj ©f seetes,"®# Sli.@ Bg, sw^rngBtlm-
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ratien for easfe fssogmim' w»m mlml&M* -4 aimtsej?

Qf Mg pieata sel«ot«t im m^h pr©g«»y, S«ed# f3?©»
: plm^9 mm Qollmt9&. s^pm^telj and plmnt progeolea

itt gnmmtlon. 2fee pa?@g®3J.i«@ tmm

Isttftrosygoae Ig flant® wej?e ©iaoslfi#<i«
Hj. aegTOgatio® m^im f©r" eeefe mtatioa W0a?e ©stiRntea. •

A tigaifloaftt diffexrtnee- fettwteii the Hg ani. % " ^

eKfr^gatioji 3es.ti@« t© the ssut siatatlss^ waa takes

an WS'- .©litstmd 0#ctox^- i® liti# 8|

wim deficit ef r«0««siiro@ ii'isi e

fettei?agfgot«ii wr® atllieed tlie estiinatiM.pf th© »i»«

&t ffeifr initst«t ««ot@r. -fkm ai»t -©t the ®eet©r was. c®lenlmt«4

fey diviaigig the Mg 8«gr«gs.ti0® b;r" tlie mmmnrnm
mtio* fh.« »t3®!»r. tit laltlftl. mXlm -mMtiag to th& M^ mv

wm t&km m ^eslfsre©®! of tlj® s«0t©s' «is«.

T* Sty.i¥ 0t iafiBet-d yarifttiQii eharftotere

fM» stttif .w®a isMKSt iR tis® Kg, «»4 genewtJ^irie

foll^wifig tremtEfst® wltte. ip«a 2?«y» ©-t iosea 10,.2O asd _

50 at .d©s#« ,58» T1 115 1^*. •®r~f3p®g#sl««

w«ffe la' tfea Hg g»2tamti©B in m^ ©f ®ix, ftsi-

f:&om til®, untreated. eeiiti?ol iJ©p«l,«tioa.-, f,rog«iii«0 -.8«gr«g-«'fci'ag

foS' @iil®r©pfeyll ffiutatloBS, ©.tli«r letlial m^. aturility

EQt fiimts t/itJi mrphQlogle^l

diftemmM (viafela miitmM) ¥«rt. el».o set imolttd.ed, fhu®,

iai plants .showing re@©gai®abl# olisage® war# from

tSSi® p©|!^.etio®» ffet pif0g@iil©« w®r# e^rlti f©w©rd, stfaxrat^lir
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fifoa Mg to The pwomiiim »i6pt«& -ia

«oli,«mati©0lly pr«&mtM is ftf»« 2* fh#' oMm&tam studiei

mm aamtlon, Mgtt '0f gLm.t», nmhm of eayai, Itagtli

#€11? saanfetr ef splfctl^ts p®r psn'i^le,

a#- Hg g©a©]eetio». . .

fifty proftiai#* la eaafe tlt« •»i*' ^0®«» «Bi th©

uontrol f3f©w Im. par^geiiy »©w« 2# em, In single®,,

et ft »fis0ijig «f 10 wStMa mv* At ths tiw« •

10 pl.®Et» f»3p py0i#ay mm at raaiois fr©»

tfe« ®|sper«atlf flaata emd PlsEt® •

m a g«p m^gim mm not stl^atei#^

ts'tlio first tfere# ©teaettira wse sei# on ttoe®#

Ial?»ll©d -pliiatii tk« last tw& mm studied or

thBiv wlB paniole®*, Bm&B £rm tk^ W pMM® M e®ofe p3?oge»f
t

w«a?* -

te. smmmtim-

ffet Isulk se«ae iis. «@0li pi?ogW mm 8S«t t© irai^ii'.tfe^

•fnffiily ifowa. • -fh« 330 we^re 0mm to tla?de

ac^plioat10118 witti thr«t Tms &f 1© »i»gle ^aat« in «a6fe,

3?#pl4@^ti©s of fmilf'» the fiight jalA'81# piaatai ia tfet •

etatx®! my ia •ROfe •r^pXiomtion of fsaily'weife

for ©.olXeetiag teta ©sj tli® gtentitatiir# oharfeot«yfi. Bm&w> ;fy0m

th* M i#l#0t«d,plamt8 la ©aeli t&mily mm feal^ced#

©♦ g0!i@Mtioa

'ftn Mfe »eta® of If^ fe»iXie« wtiS-e-.tteed to^ratee tii®
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f®8iiXle§i field d®9iga eollectiQii

data vem mt «aiMi mm isi th« geaerati^n.

Haaig-agaeltlvity'Qf yagietlft*

Be©40 of m rmietlm gf aMoe'.listirt inj »!« X wer#

•©as?#fi2Xly m& stafeili®©^ for moiatttra of

10 to 12 p«-r eeiit ktepliig tlieE is e ieaieQ&tor ®

«atarate<l «©ititloa, of <j^lei«» -tfeloi^lde for & ©f fo«»

w««kii iMml eai Sat©, m$}* @a« is «a©|i

variety, wta?# tr«stfiid •with •Qt th® BiK ©f X«^v%yi$

*igs», S.O, tO.Oi 12.5^ tSaO mma 20.0 itrai,

Seei» mve .B&m -ln s. flJM tw© »®pllaeti©afi!

&M 8®«^lng was' E«@ay,r@«3 om.the IStfe aM |0tii iays and

mrfi^'^ ©Wt wM&.m tl® 3©tJi' mala paaiol®® of .all.

the mmiving w#re X®b#S.lea md &m4.

f#rtUitj wa© estlTOted,-

fk« two Mghm dmm vls», 15' itaie 20 te'td mm serried,

•w#2? til® l«2 i®B«*'stl0K aai c&l©ir0f]^Xl wer«

ge@r(ga« ae frcfaenef was m mutmnts per 100 Bg

plants# fh© (Slffereat tyi^©® &i mm bqot9&-

en#, ttet ea'tsti^B sptetrusji- wa®

VII. ltebrevteti,QBii

s Kil® rai• • ''

! Milliaol## ; ' .'
• s Bo0® oausisg 50^- miimtiQn
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i tir»t aftti? mutrngm tmrntmrnt

Kg.. t gtmratlsii mm%m§,m .tm&^mnt -

s ffalra g^mmtlm aftt.:^' matag^a treatcEeat

t mtttT

»

•Ml J. QtQm€ gemmiiiQti is r«pe®.t®d aiit®g«!^. tr«©tw©ta

H| I fHiirS.'g«a@ratioa ia threat©«at»

QMliaropfo^ll. aataiits

A t.AXbim • •

X I Xe®"!!!® , _

Y, _ t llTi&im -

0 • I 0liilorifta ^ •

A? , t mfeiwiriiis • '

YA I,. f iJflfloiafeiB*

XA, « JDiBttolM

S t BtrimM' -

f I tigs'lsia ^

M 5

3I»- s Miemm laiiisa



EXPERIMENTAL RESULTS



iifsiifsMfIS usiim
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I* .in. tfee li .g-enB-mtisa

fte« mwrnimmtim m t.li@ iik m&

- •' Tt's &f@ la fsllt sot

eff^etei m&lBMMtm mm m% mwf feifli €mm, wli®3r»as tfe®

p«eeiit®gtp with iis@»fi«l:iig AmmB &t 0hm.im.l ^tt-lsgtaa

iWlgam 5)* f#^em'|ag« #f |l®t@l»tl©E m t^© 7tb

|;. • mor® ttes,, tlaet es 4tli i.®y -1®, •^w-siitmrnt witfe e1i«@leal !iiata-g«-|i8
asi ipiis® mfs is€te®tiag-k a©liiy ia gtralsatiaB. 1 retayamtisa

im gta?iii,aa'li©,ii wa# ©fitet- tise imQmm% ia »ea p®ria.<|.

wi'lii; iats'safifig ioaee.# ftsis waH' fr©ii.©ma@4 ia trestiiaats

Mtii ©Iitg3i©sl etitaga.ri® as 81® mrS. ®ii*-

peirseBtagts #etiaifi'fe@i^®ii. ttee igtis, isf,

SOth iay ®.ai ®.1 ra-tiifitf Bm siwm is fafel® III, Mem warn &

imrmsm ^ia sawitsl with immsMwg Smm ©f. m@ matsgtEt

C'ffigwt S). §mm: mfm amGMg, mii.mM.mM- m& IW ©mi mm

mmg. til.® mmtrngmB tmt t© eessli-trafel® wn4m'^m im

plsst aiwli?sl ©t imm* A imtkm mdt.mtim 4m Iwel,

a-t tto® siitas©:#i mt&gm ©f gya%#-tb %isfi mms^M m% •ti» .feifiier .

it@«s @f ia®sa »y« mi t-^rai^s, On tb® teii^ In treetiE^et

Ifltti 4ifcg.gt@al ®atsg«»a m ilCS? ^cl Si& f^iwetisa

tas t® lettelitf- ©f plent® ©eeer^-t.i wstlf m tM ©«Xy

^S0til.iBg stftgf, • • •

Bitm 96 hmm fmm tim# ©f sesfclag w« i«
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5lt.e iiatare of eft®g®a©tie. clisanges. 'fe^^r tie mutagea

r©salting in tfe® 4«-?eIofi8efit of tl^ig .®ar|).lioXoii"l&al,

©oald a©t be' staiiai' hn'Qmm Qt ©feasrmsl splke'let'' dsvelofmemt.

QhimvB^ Mith ®srpli«?l©^i©sll^ <2iffer#at s@et©re on Pi^

0sr@ -o'feafirved is &, fw cs.©©^» Sacli s-eC't©!*® ©©s^istsd

' sttril^ apifee'leta, abiioiml afiijtiet®, 8«iill ffains brA am&d

lmg& graitm (iigme _6) • ,

II» StatUea iE- th.« ¥12 •Mm@rmti-m

a. Cfeio'roflyll ©atstisms •

Sal^ffophg^H Mtstisns seor^fi. ©t the

stag© iB fielJ. mmBW tbBir tmiimm&i^B -mtim-ttd

m tfe©' auaiber ©f niatatlluiis • |;®3? 100 plant®» iia«'b©3?

sutstiosa t©r IGt 11^ tpite® @ii3, aw^ter ©f mitsftts 100
plants am pres^B.ttd la SaM^ ?1I* tmqpm&lm ImTmimd

^«d,tl3..e.a iiiere@®# Is t&,® isae q€ 3?ailatdfss ©a 'mil m efes®ic©l

m5it6^ji3 a«a th#. imqumQf :p«l®fi@Bsfeip was ©Kt^saential

CFigttr^g 7) «pto -tfe# m.§hm% ^ost

more poteot matag@i5« ©eeto. m g®«sas r®#®* fas-t

aeiit3?0a®, mi'» & amf in mtMm mm -

ohB€TwM. til® ,«g.^itata- of ttol® mdmUm low wlien, the

fi?e^u6S0^ w®i3 ©.s tfcs iii3®'te3? of Mtssts 10G' U2

plaalss. fit© frs4:a.eaciea wr« Mgh in vlth
yed-lE-tiosa,-MS mi& WW»

fM relBtlv® 'pera&nt&gBB ©f <3. Ifftreat Cap^otraffi)

of muiBMtB ar® •gfipeaejited .ia. "SDalbl© VIII safi g^aplslcalli"

represented in fi.iare 8* Alhim m& ®o@t frefluent fsllowlBg ,
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CHLOROPHYLl. MUTATION FREQUENCY IN THE M2
GENERATION

® OMUTATIONS PER 100 Ml PLANTS A- ^MUTATIONS PER 100 MiSPIKES
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RELATIVE PERCENTAGES (spectrum) OF CHLORO
-PHYLL MUTATIONS IN THE M2 GENERATION
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rediatioB tr^ateieats, ^her®«0 mu predominant in t2^©t-

mests with ohemioal mut^gens. A rsfiuotion ia alMna mu

genor^ly followed "by m iacreaso in viriaia. Differanoss

in jjpectra \v©r© not oompicuoua betweea dosos of the samo

mutegea. ^Ibinaa md ganthaa wore alwoys lethal. Certain

of the .virldis, chlarlKa en^ albovlridia ostttantis wore letJsal

and the others visblo* Most of th© t^pss under striata»

iiSllcS* tsaoulata brovm laisina v?@re' viable. In s®oh.

of ths above olaaaos. of ohloroph^ll mutant® s©v©aral different

t^pes i(/ere idantlfi^d bseed on tl^ intensity of colour^

diffe-reaee© in pattem of oolour dia-^ibution, Btatur© of

plants and the intensity of th© lethal offeot. fjiese different

typea might be governed by different geises.

Certain sar-^progonieo wre found to ^gregato for more

than om typa of lautatioa. frequenoieo -md relative

peroentagee of esr-progeoi©® segro^ting for multipls

mtation© t^/ere eat^sated dos© wise eind presented in table IX.

mmn number of mutatioaa per mutated ear increased with

inoressiag doaes of th© Kutsgeas. ^ia vaa du© to bu incarQaso

in th© frequenoy of ear-progeni®® with two end throe types of *

mutations# Siw rate of iiier«asQ In the froquency of multiple

mtotlons, howeverj was not proportional to the doa©» Sbe

highest frequeaoios ware recorded in treatmoEits with

ThQ relative pQrcents$ea of eer-prp^Eonies with

different fi^qaenoies of reeesalv© eutasta ©nd thB peroenta^ge

of mutants in mutated eara ar© p?©aeRted in Table X» With

inovBminB doeee of radistlonii as v/oll ss oJ^ialeal ejutsgens



i)

TABIiS IX

segregating forPrequency aiid peroontege of ««? progenies mgv
single and sultipfechlorophyll mtations

vC-'

'rjft Chlorophyll Eer progenies aogregatiag for
ear ®utatioas EUtEtlons ofs

Three One

nitS- ^7^ Mapor type types types type types typos
goting Frequency Helative %

Two S'hree

(O . (2) (^r (4) (5) (6) (7) (8) (9) (10

Gaisffia rays f

10 krad 2Z 25 1.05 21 1 «• • 95 5 • «

20 ,, 14 16 ni4 12 • 2 ' • • 86 14 « *

30 9 11 1.22 • a * * 1 89 • •

40 27 31 1.15 23 4" •»• 85 15 • .

50 ,, 2 2 1.CC 2 • • • • 100 . • * »

Total 74 83 1.12 66 7 1 39 10 1

5.0 krad 19 21 1.11 17 2 • • 90 10

7.5 ,» 26 2S 1.08 24 2 • • 92 8

10.0 28 30 1.07 26 2 . * 93 7
12.5 29 34 1.17 25 3 87 10

15.0 ,p 34 36 1.06 32 2 •. 94 6

17.5 ,, 37 39 1.05 35 2 .. 94 6

20.C ,, 32 33 1.03 31 1 * • 97 3
22.5 38 39 1.03 37 1 • • 97 3
25.0 », 25 25 1.00 25 • • .. 100 ..

50.C 30 31 1.03 29 1 «• 97 3
55.0 ,» 37 39 1.06 35 2 .'. 94 6

40.0 ,, 20 22 1.10 18 2 . * 90 10

Totsl 355 377 1.06 334 20 1 94 6

L) ?ast neutrons ,

705 rad 24 24 1.00 24
1

4 . 4 • 1G0 ..

%8 21 21 1.00 21 .. « . 100 ..

1170 30 32 1.07 28 2 . • 94 6

1403 33 35 1.06 - 31 2 . • 94 6

1570 29 33 1.14 25 4 . « 86 14
1710 33 35 1.06 31 2 . ♦ 94 6

1880 »» 37 39 1.05 35 2 • « 94 6

2100 30 52. 1.07 28 2 . * 94
94

6

Total 237 251 1.CS 223 14 • « 6



-X

'i.

T"

{8

iv)
19 gK 9 9 1»00 . 9 • • .. 100 .. . *

3B . 12 12 1.00 12 .. . • 100 * «.

58 22 24 1.09 20 2 ». 91 , 9 " * *

11 .. 16 18 1.12 14 2 .. 88 12 . •

96 o 27 28 1.04 26 1 .. 96 4 . •

115 ,, 20 21 1.05 19 1 «* 95 5 . *

154 40 52 • 1.30 30 8 2 15 20 3
192 45 55 1.22 3? 6 2 82 O 3
240 44 60 n?€ 51 10 70 25 1
28S ,, 64 m 1.25 49 14 1 76 22 Z
336 ,, 71 1.27 42 13 1 73 23 2
584 »ff • 5S 71 1.22 47 9 2 81 16 3
Totol 413 501 1.21 536 6^ 11 81 16 3

v) ms
U2 sjM ♦ • •. •« * • . f »« .. ..

2.4 »f . 1 1 1.G0 1 .. * * too . •

• 3.6 »» 1 1 1.00 1 • * •. , 1C0 ..

4*8 «» 2 2 1.C0 2 «* «. 100 . •

5.9 t 9 7 7 1.00 7 • • ». 100 *.

7.1 f * 7 7 1.00 7 •. .. 100 «*

8.3 » • 21 22 1.05 20 1 95 5
9.5 9* 5 6 1.20 4 1 80 20

ll.a » i 8 9 T.13 7 1 68 12
14.2 f » 9 9 1.00 9 .. .. 100 •.

17.7 > t 9 9 1.00 9 .. *» • too ..

25.6 > 9 13 14 1.08 12 1 92 a

29.5 » * 17 20 1.18 14 3 ♦. eg 18
Totel 100 107 no7 93 7 .• 95 7

0.97 m 19 19 1.00 19 ». •. 100 .. • .

1.94 24 27 1.12 21 5 • ♦ 88 12 ..

2.91 26 29 1.11 25 5 .. aa 12 « *

5.83 25 24 1.04 22 1 96 4 ..

4.35 19 22 1.16 16 5 .. 34 16 ..

5.62 54 35 1.05 55 1 .« 97 5 •.

7.76 ,, 55 57 1.12 29 4 .. S8 12 ..

9.70 12 15 i.oa - It 1 92 8 • 0

2ota3. 190 206 1.08 174 16 .. 92 8 . .
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Segregation poreentages of chloropbyXl mutations in the
Kg generation

Mutagea
aa§

dO80

^otal
Ho.
of

iBUta-
tiona

Belative percentages of
Hf ear prog©fxies vith

recessive isutant peircentagea of

^ of
Enutents

in
mtatsd

1C-15 15-20 20-a5 25-30 >30 ears

ii)

<3 5-10

(1) (2) (3)

i

1

1

r^.

(5) (6)
m4

(7)
— ma^mm

(8) (9) (10)

0affiffia ra^'s
10 kvpif^ 23 47 22 9 9 9 • « 4 7.87
20 „ 16 25 13 12 12 19 19 *. 14.00
30 11 9 27 37 «. • 9 . • 18 18.50
40 ,, 31 10 13 16 16 16 3 26 20.33
50 M 2 • • • • • • 50 50 • * «• 22.22

X-raye
5.0 krad 21 43 28 19 5 . * 3 • • 7.36
7.5 r ff 28 42 35 11 4 4 4 .. 7.72

10*0 f . 30 37 37 16 • • 10 *« •. 7.47
12.5 9 f 34 41 23 21 15 •» •. . • 9.11
15.0 ,, 36 16 28 25 6 11 6 8 12.44
17.5 M 39 36 20 IS 13 7 3 3 9.69
20.0 33 28 24 21 18 3 «• 6 9.65
22.5 39 15 18 30 13 6 13 3 12.23
25.0 ,, 25 16 24 16 12 12 16 4 14.36
30.0 31 13 22 13 10 19 10 13 16.87
35.0 39 10 13 23 15 16 a 8 19.65
40.0 22 9. 23 32 14 • • 18 4 18.59

Fast neatrone
705 rad . 24 29 25 13 25 4 4 • • 10.96
963 ,, 21 33 24 14 19 5 5 •. 10.88

1170 32 47 25 9 6 13 *. • • 6.46
1408 .. 33 23 17 20 14 14 9 3 16.59
1570 33 2B 24 15 15 12 • • 6 14.18
1710 „ 35 9 17 31 17 14 6 6 15.20
1880 .9 39 B 28 13 33 6 8 2 14*79
210^0 32 25 35 22 3 9 3- 3 9.30



SABLE X (OON^B.)

O) (2)'~"(ir74) (ir'^IeF (7) Cq) (5) (10)
•<p—<

iv) ffiS ; „ - 1 5q
19 ffiK 9 100 .. .. .. •• •• ••

4)95f f

11 \\ 61 59 •• •• •• *% '* i'?l
23 55 4 1 11 7 '•

ill •• 52 M " « 1° « "5 "i i';«IS;; » i 51 If « '1 ? t 111]
& IS % !i . 1 i
SI:: I! i? " » it » ^
0^7 si-l 19 42 42 •• § •; •: I'll
iIm 7, 27 40 15 IS 15 4 4 4 8-95

•• II Vo II '§ "4 t *4 ::!:ll:; it is il il la 5 55
111" i? }l 11 19 " i *5 *5I'l^ " 51 ts It B 1? 15 .. 13.14
9*70 9 *

-Y;
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the frequonoy or ear-progenloa with higher aegregation ratios

hsd increased, !^he number of ear-progeniea with frequenoies

of mutants deviating from 25 p©r ceat were more in treatments

with chsEiical matagms and lover flbses of ra^Siations. Tho mean

©egregatioa ratios also increased with incrossing doses of the

mutegens. In treatc^ats with gamiaa ra^® and X-r^ya the lEsan

aggregation ratios approached th© theoretioetl maxtettm of 25

per oent at th© hl^er dos^s, -where^ie with.fast aeutrone, fflS

8«a ffiU the ratios increased with doeea up to a critical level

beyond whidh there waa a asturation effeot* fho aegrogation

ratios provided i^ormatioa on the ohimerio nature of ears.

b. Lethal seedling and nonvieble-mutations

Several typea of lethal aeedlissg BiutaatQ with atrongly
I

inhibited seedling growth i/ere recorded (Hgua:® 9) • ^hey

appeared in the early seedling stege bat oould not be daintalned

for over a loag period in spite of speolsl attention aad care*

Lethality in these ©utaxits might be due to strong genetic

inhibitioae affecting growth sad differeiitistioa. li;hey were

iaduoed more frequently vith fast neutrons then with sparoely

ionisiiig radiations and ehesdcal mutagens,

1?he nonvlable siutanfcs were capable of surviving beyond
I

the seedling age ©nd some could survive up to the stage of

maturity# But they failed to produce noxMil panicles. Several

^uoh types were recorded and maintained with special care

(Figuree 10 and 11). Uonvi^ble mutant® were ©ore frequently

Induced with radloticns than with cheeical mutagens*



Figure 9. Lethal seedling smtEGta (20 days old)

Induced by gas«a rays

1. Maute - s2aort» trosd, dark green leaves

Induoofi by Xest aeatrons

3# Stouted with tabi0.ar leaves

5» Stunted with narrow leaves

€• Highly fiwarX with thiek coarse leaves

7# Highly atunted

8. Highly awarfp weak snd narrow leaved

Induced fey BMS

9. IVarf vitb tabular leaves

Induced by KHU

2. Stunted with proliferated leaves

4-^ Highly fituated

't-
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Sigwf 11* nutanto « 11 (Hants 1CC» Says ©Id)

0» Centvol

i»3r fiiwMt xfijrt

1* iMPf^Mgh till«rliig with fXat oul* «ad
two ra»ktd lotvos • nonnowoxing.

0. Ihmxt with tMfi

9* J)warf,

10* Biglily dwftrf • aoaflowtviiii*
11 • Iwftrf with opon tilloiw «bA teroftd

14* Pwerf.

15. Iv«rf vltli aiiort loftf ilMAth ftod loaf
lotiiiui*

17* Highly Aimrf • nmOXmmrlmg*

IiudtMiod by fftat notttroae

2. fill, low tillering with flat eal« ftsd
two rmnlrod !•«•«• * noinfleweriiig*

4« JPwsrf with thiek oiils ond ohort hrooi
eoarao Itsvos* Short ooi^et piiiiiolo*

12, Dworf.

13* l^oirf with short hrood looToo*

1£« Dworf with opta tiller*.

ZBdMod hy HIS

9* Stimtod with short broad dark frooa
loavta • nonfleweriof •

Indttosd hy BKU

$• Ihmrt*

6. Iiwarf.

7. i^rf with aalforaed loavos.
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fiaM©

!Eh© of Kiatatioa^ mm •ooafined to four •

' • eutegens; vig.t g©®®& r.aFS, fast matroBS-, BB aat IMU'sine©

thef ti?ere fonna to be ®oro effeativ© tba.ri. tlie otfeers' in iuducliai

clilor0plijl3. miitatlps®. All &«itatiOE@ ©ffeetinf tfee aorphology .

.' ©f ttJ® plast parfes ©xe@pt i©|'tai»st %pe8

were olass^i es -viatol© iittt®tl§iis. fises© »i?e ^stectsble in

tlsats In tfe« Hg .geaenratioB. fey triaisia ©'bserv^ttoa

a&d were ©apalsXe of suceessfully eogjpletiag" the gen® ration.

•$li© ludttcei elimge® out oj? taore ©baracteta of & plant

•" at the B&m ti®«#

i) FregueKc^ • _ _ • .

vialbl© iiut#.tloE frequ®nc;y w© as tsutstions

' -per 1©© efikea. freqaanei^a wese foaM t© iaereaee with
• ifter€8sisg ios®® of mUMomn ao w@li aa etesieal matagens esi

e©«iai l&e mm tmwi fafel© II. -la vfith raaietions -tto®

• f:i?etueiio.it0 Rt tb® Mutest vfe-r«as witfe ohemieel.
• " mut&gmB t&e "•"fi?ec|ii®a©i©s lfl0i^ei®®e^"upto th© feiglsftst

dose eeplo^red. ffe© "algfeest ftmrnmy &f rnKtatiosaa wa©
iBduc#fi by ray© follewsS -SIS,-ll*® f©jfit neatrons^
in a©cr®«ai»g order.

• •• ii) Heletiv© fr#Qtte5acy ©f aiffereiit tfp®8 Csp^ictrttm) •
h wifit sfeotsm® of ®«1j®ti©.sis eMfeGUm v&Tiom aorpfeo-

.logloai chaxectes?® such;-.®© height» d«rati©a» p»aiole»
grftlJi. m& paalole.-aQ,d'apikel«f developffitat amU -fe®
ffeie relative p©rc®atsg®®. ef tli© different t^^pe® of mitations

- 'were ®©tlif!Bt®d fro® tbe total aiimfee'r of mtetiom iKfiuced
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fT0<|u®Ee3f &£. viefei© aai t©tal mutations in the gmfsmUon

ViaM# mut&ti&m. totisl mu%&.ti&m

mi'
io®t

II©. -IL Ma,t®ti'g>a8
©ay, prngeUm !er lOD ear

«:pltes^ ,, , p-W IW

S'o'*® |:ffs
1} C*®-.®«ii myB

Qmtml
^ 10 lofmd
/m
y30

. /40
/§0

1.20 0
113 15
toa •30
f1 , 33
$3 32
IS , n

t1»5
19.4
3^.3
49
4T.i-

ite G « • '

fW - 24 21. t
m S6..- 35.3

m . 4& 44.0
65 • 41 65.1
36 • ia §0.d

120 • 0 « •

t19. 20 1^.8
119 24 20.8
120 - 29 . 24.t
119 •. 3^ 27.7
119 11 26.1
115 57 32.a
116 42 • 36.2'
114 27 i3.7

»»

tf

#t

»ff

Oentr©! '
y im wm

m ,,
•^'.im
/ m$

mo
y 1710

1880
•/ 2100

im ' 0 ^ * «

119 & 6.t
119 13 12.6
ISO - 16 133
119 16 1S»3
119 22 1S.5-
115 • 19 "16,5
116 m 2,5,0
114 15 • 1-5.0

»»

* t

»»

•»

• »

iii) IMS

y

• /

i*)

y

y

y

✓

/

Oeatr#! np • 0 ♦ * 120 0 # •

19 ^118 . ^1.7 • IIS f 7.6
3i .t 118 ^ 4 ^3.4 11a 15 11.©

E • ^120 ck10 •4-6.3 • liO
• IS.3

F ii.a a 6.8 . 118 21 17.8
m ,,• ^-in • -hS.4 , 117 27 .33.1

11s ,, ns 17 14.5 119 '• 31 2€.1
m • 11a 24^ 20.5 116 •39- 35.1
192 ,, 120 30 a5..o 120 S4 45.0
240' ,, • ,11a . •S7 11.f 11s SI 43.2
288 m 41 34.7 11s ' 61 51.7

8HB
Soatrol im ' 0 V • HQ 0 « •

0,97 m ,118 n • 11.0 • 11a ' • 19.5
•1.54 M. 120 IS If.O 120 32 ,26.7
2.§1 •# 11a 13 11.0 118 21- 12.9
3.8e ,, 117 18 15.4 117 31 .26.S
4.Si >, 119 • 15 12.6 119 .20 ri.5
-5.82 », lao 24.2 120 52 43.5
7.76'.,,. 115 19 16-.a . -113 m 4a.5
9-.70 ,, f3- 17 ^2.1 53 26 • 49.1
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."by ea0li smtegea'o?®'r mH the &t©. ar®
'itt tf&'bX® XII •

typas of E«t«itlons iKdwQQ^. &ltt@T glgaifioaatly
wits, the Bijtasws. Ea* the MletWs fretjaeMleB with whloji they
were inaHoed ai£Ierfl«. Sisrs was a j>r®d<ml»Bee of sBoro-aateiitB
aod ioateat® affeotins eulin leaisth ssong the iBduoea typea. •
s-matoiaeB aofl othar Baoso-iwtenlia were very toijuBEtly indaeed

v/i-th fsBt asatroiiB enl BKH. BatMits a«eotiag eulia leBgth *er«
eoBison soong th» types iMuoea %y BBS mtmU with altered
auratloH wer® larger lo auElssr fd.lOwiEg tseetBBst with gsmm
rays. HHtents te srelsi type «ee® ®o»'« ooBjeoHly influeea thsB
otters «l.tn gassa raye sM SKlf^wh«»®8 ataoiiKil pattole end
Rplkelet BtttsatB wre' of freflHent oooarwee aft,®r troatioent
«lth fast neutroBs, 2h« prepoEtioa of srasSalSsa ">oa8
saoro-mtttaat® was lerg# to treatBeat «ltte feat Mtftrom.
E«srfs ae»l-dwarf3 >»tarta affecting 8«1» length
en« lo«S awatlott types fiwag ths v«h alte«a wturlty
period «» preao0J.==iKt. Itatmts «lth erJi»«oea rffsets aaoJi
Mtall Btatere att4 lo«e: a««tloa toteed v«ry te^uoKtly

iil) i'SfP®® pataat© •

Atota muBJjer of ♦Jt viebls mutents ««o isalated is the
pr^B^nt stuay. a»? elawima ao woro-mteats.
vicme ®wtfiata sfsteiB©.tlo ®wta.iita»

. 1) • • , • •

Mutants in the oHeng® thou6» S8 a
single mlt of «alft»t.d ob ewral cborsete^s
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fmm 111

llelatiire tvmmmim saa perotrateg^s ©f diffsrssi; typ®s
• (spectram) oX vial'4© mtxaitlQm iii- the Mg g^aerstioa

frnqmnof.

Hutaats

raya

Wmt
nm"

tmm

mm mm
(lams

m,fm

F^.@t
• sen-

tmm

MS wm

i) Haert-mitaiita
'

Breetoiiea 2- 19 12 11 1.5 11.6 5.2 7.5
Others " 47 69 7C S4 31.8. '3S.4 30.4 37,0

ii)
.Iwsrf t ta 15 12 5.4 7.?- 6.5 8,2

S©.ml-dwarf 21- 23 45 15 14.2 14.G 19.5 10.3
fall ft 3» 1 1€ • * « 0.6 1.0 • « •

• Hi) Strati® mut&mtB
0.© 2.6 1.4B&Af • 5 1 € 2 a..o

iPte ig t, 6 fj.i 13 3.0 4.1

1 •9 # 2 « « 0.7 • • e,9 * *

ivj Staf tyise
il«r@¥ 3:0®"<rfa 5 5 5 f 2.0 i.a U4

', Isip SiUtent®
1 1 e « <•» 0,7 0.6 «f- « » »

Long 5 t 3 1 5.4 i.g 1.5 C.7

¥i) 0r®L,ia tfpf .satjmts
'Smll 1 3- 9 0.7 » ♦ t.5 6*2

Um&dxm ' 3 6 3 4 2.© 3.7 1.5 2.7
Boia 13 3 B 3 a.7 1.S 3.5 2.1

12 5 11 $ S.t, 3.0 4.8 5.4

'havm 1 • S 5 6 0.7 1.S 2.2. 4.1

vii) Grata Q&lovtv
1.0 2.6 1.4mtantg 6 • 2 6 2 •' 1.2

•?

Fiil) Aliu.oraail |)aa,l©ls
©ad uplkiglet

6.87 16 8 10 4.7 9.8 3.5

Ijt) ©ther ffiatimts 2 1 5 4 1.3 0.6 a. 2 .2.7'

fQtBl. HS 164 230 146 -(I • « •' * • *
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mm fte momt

»m^m tlaem waa tie #.r@Qtaia«a{ fijey w03?®
©ith®^ ingm tS), mm-l^&mvt immm if) m mrmBl
iM Wim mUff mlm^ UlUm, dmk,' toad,
©ami's#, ©TOCt lmw0S: gM ©;^0rlei Q0ssp&0t 0«mB with BmMlt o's

mtcliam-siaesi IsoM gmlm (Mgum 14}* meataMBm

awtBsts iifferijig in wmtphQlogiml efearact^rs %mm laalst/fecl.

Atotal ©f gifi itaarQ-isuitaiit© to Mm&ml type©
©tlier ttea i»ge.oJ.Ma#a mm mlm .laefe mtiteat

2?©p».©0&t©i a ©©ffiMuetioja ©f sev«rel ^al.twffd -Ghm:m.Um ¥it&,

(Figar«0 15 to IS) OT mthQut CFlgffl?© tf )• lieig^t r^imatlon.
la mmf of tfe#® tij® ©ar@i- gmim vmm vmimBly tmmiomQ&^

\

ffae ®s^® froei ^h^rt eonpaeit- '̂mB tci I©iig- ^p^n.

iWiga.'mm 20 23)- Efe© graiEg: @1®© freis. ©fflali

to l&^ge la mim isnd from h&M to lonig fim tn

• (figm"® t4). i®!Be fflMtants hml tmrn of Imgtim with
©r witlioijt grmln 0lm at#retioa^ CHgurea 25 md. 2€),

2) fisiM® p«twf8 .

. MuQh of these cAtmmiism is §.

•siuglt e'ter«©tei?» fjp#@ witii- a.lt<^r«a plaat

(52 Bos.), teation. (fS Ho®.)« leaf_ (13 ioa*), ©at

type (12 So®.}# grelm-,.«i$ie (tl §m») aai girsls ©olouir

(9 H'os#) w®r@ reoOTered.'- ^at-amta f©r plmit height mng&d

trm dw^rf ta mwy tall oaes# flit- gre».t ©f tlitEi

were either 4mi?f ©!»• seM«a.w®rf• mitmtQ (f-igixtm 2?

aisa as) w^ir© releti?©Xy rai"©* l&taiatg wltM •

dar^tioa we» (tigurf^ late or vefj •



figar® I'Z* mutmta

1*- • .
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Wigmm. 15» i€®i-iw«pf

#lfc®ifiri8©

t.

0,©iiise% •#««« vltli
pfftlm® •« *•

f, *l.»0St ®i.iii|.i^' t® i#».t w4"lli wm^, a^jiist
wi ^teert Cf.ig»l4«'S) 1®*

4 . €m» ©•«»#%• ®«#i «md wttMH
fe§a.i .tifsliis Cf'ii»14--fI •» SIC#

flfW 14- iew
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Figure 21
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on** (Fignrta "30 ftud 31 )• ^ber* «rfi« m pr^doKlnenot of Imf

t7p««. Th« MgaltBd* of Ifit«n«M In let« mitasta whm mro tiMua

thftt of oarlinoM In tho 9mvly mitants. Tha abortaat and the

longest dOTAtlOQ mtttnta had •aturlty periods of 85 and 180

days rtapaotlTaly in relation to 120 deya of the pAraat variety.

A long duration Kutant with 1^ days valntalned Its duration

Irrespeotive of ohangas In ti«e of sowing thereby indio&tlog

that it waa photo-lnsensitlTe. Hutants with ohangas In leaf

<^craotsr wore sostly narrow leaved types (Fl^ores 52 and 55)*

Ear type sutents wer« relatively xnre and oonsistad of long

ear (figure 34) snd ooapaot ear types. Wutents %d.th grain

siae differenoss %rere represented by snail, oediaa or large

gr<3ln types and also by those with bold or fine grains. Grain

oolour variations Inoladsd stttants with brown, yellow brown,

bro^m Kottled, grsy srottsd snd ssh ooloursd hulls.

Ssvsral watants (39 Sos.) with abaoraal panicles

(?lgure 35}f splkelets (i?igttrss 36 «ad 37) or paniol@s immI

•plkslets (figures 38 and 39) wsre recorded. Visible KitaGts

also included types (8 Kos.) with shstteriag irains, yellow

intemodea, sterile spilcelets and others.

3. Syatesatio stttants

Kutanta poaseaaing characters which were not sseA

stt«ig the varieties of Orysa s»tlva wsrs included under this

catsgory* three sutanta of thia type were iaolsted, fwo of

tlMsi wars tall and resasbled varieties included under

O.oerenais subsp. berth11 in »iiny respects except the

rhisoaatous nature (Figure 40). The third (mm was ^N«arf a»d
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7. fist^ p«itioXt -
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9* llongnttd itpptr part of x«elii« • MMG«

Figur* 56. Abaorwl tplkelvt Kitnats • S»rs«

Control.

Htdtieod pftl«« - fast nvatroiit.

i#itl}l« ridg«d ptilt* - f«st mutT9&90

Opon splkiflottf • fast a«ittroB»*

Ctirrad leam and reduootS puloe • IIII,

lioduotd and aankaa pfilta •

fi«dae«d pftlte • ^S«

Short #%m«d XtKM end r«das«d pftl«« •

£«alc«d Xt«Mi «ad d«pr»«««d f»l9m - ^01*

i*«iop«R •pikelot* • vm.
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figwf ytm ibnomftl apllteltt autaAt* • gr«lQe«

C. Control* . ,-;•

t to 9* Storilo grains*

1. Opon gluMS » ftot noatrons*

2* Oarvod ^IttMO > f««t atutrons. . ^
3* BoAuood 1«»»« - f«at fuiutroaa.

4* Sodueod oplktlot » fftot ntutroiu.

5* ll9ag«t«d Uwm • HHU.

6* Siorvtd iluMS - inKI7*

7m Opon sairrov glunoo • J^«

8. Bcdoeod pftUft - mi,

9* Opta gluse* - S!^*

10 to 17* Fertile greine

10. Eedaoed pale* - km*

11* leaked lem * IMS*

12* Hedoetd palee • IMS*

15* rouble ridged peXea - l<IIS«

14* iieduoed p«le« • KKU*

15* Short palen - HKtJ*

16* i^longated sterile gluaee * g«m* reye*

17* 3)ottble ridged pelet and
open gluaea • faat neutrons*
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fifurv 40* Sjst«K&tle witaats*

Control*wonxrox*

Shiok ettla» few tllltr«,l2on« l««Tt« -
al«o fig, 41(5) - r«yo.

fall, thlok OttlM* oottlopan tllloro,
brood, ooaroo dark groon loavoo -
«lso Fig, 41(2) - mB.

Figaro 41. 8y«to«otio •titaato - S«r«.

C, Control.

1, Short opon pioilol®# aaell ••dins
awnod gr&ina - IKS#

2, IFartly oncloood long panlolojBlg, ^1^»
MdluM ownod oplkaloto. Highly otorilo-
£R3 (seao «• Fig,40-5).

5, ixortod ooepaot
long ownod opikoloto# SobI atorllo

I gam rayo {mwm a» Hg. AO-*.),
.^m





it# •« £• aat iva v. frtua, 'fha «®r mn& grain

olsaraotars ef tbeaa uatenta abowad draatla diffarancaa fxi»m

tha paii^Bt veritty (Figara 41). Tba aiitanta raaaasi^li&f

iapoaloa varletiaa in grain tyya wara not alasaifiad imday

thia aatafezy aiaaa tfeey Iiava ieaXtidad im^ar tba «itaiit«

for grain typa.

iv) Httltipla wttationa

wmmn »uB)>ar of viabla wt^tioiia lar autatad aer

iaavaaMd vith iBoraaaiag doaaa of amtaiPMaia (fabla XIII). Tim

Inoraeaa waa i^t oonapieuoiia la traataant Tha

higlit doaaa of ganaa raya aiid fe^at Eautroaa alao lad to

aigaifieaat inoraaaa la tlia mm naKbar af «atttioiia par atr.

^ia inoraaaa eould H tekan aa an isdioatloii of tlia indtiotion

af aaitipla mtatio&a that ia» aara tiiaa oaa tmtation is tlia

aaaa aar. flia fraqaaneiaa msA lalativa paroantegaa of aara

aatragstiiig for two and ttoraa typaa of witatlofia «ra alao

presaxktad ia labla XIXI. tha ralativa paroantagaa aara

yielding Kora ttiaa oaa typa of i»iti«tio& inoraaMd %flth

ineraaaiag Aoaaa of ^S» n^aaa raya a&d faat aaatro&a anA

tha ittoraaaa waa aoat aigaifioaat ia traetsaat with HIS.

fhraa oaaaa of tnta miltipla viaUa autationa and ona of

aultlpla ohl(%rophyll aisd vieblt imtatioiia were ot»»erved

in treataanta vlth 2IIS ead mi3.

d« Total tttttfetiona

the total aatatioa fr@(;u«iiel«a preaented ea watatlona

par 1C^ apikea la Table XI iaoreaaed with inereaaiag doaaa

of aiataganf. In treatment with radlntiona there waa a
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deeresse in at tli:®.,Mgte'it t©®®8 'ifliia?®®®# 1® treat--

«Bt @fet®ieal ill# was pmgmmim a|i%©

tte tes© (Figmw 42). ®ie aitMaas frt-fkeaef q£ tetal ;

witM gs« iwifs fellwei If ®® .

sai-fas* .atttte'OBs ia •ifertuelmi wisr* ' : .

' • fU© ©si tttsl ®ttlmti©afs?©itt€®sl€®

§sttt#,t®i es @f wtmtl^s# 1©^ 10G 1^ spike® ©r© ms;-^

fm'@« ia fsm,t xm »ti frafMsmllf 'is tig®# 42:. •
t#li9«4sg witli fEiet- BSttt»w, 'BIS »d MWS '

0m©r«^ftl »i wim^ «tstt«- £^tt»aei@t w@f©, sieil»:t
i&®» »f:s ttie mmtrntim

feigte thm til© emweffefll smt@tl©a. Is t«at®©«:ts'
wi'tk gaii^ 'rafS-i, fitti il®|f tlif total'S!i:t«ti©ii

-mm mml$ tfe© sais t©tfcil eKI©Fffliyll ?i«ble

gafs.'tlc/ii -fi?se|ti©i30i®s•" f"Isia- As-# tfet. fisfi# st- tM l6¥#f^ StstB

©fliSS^wbeiJtmt iit M##!?- i©-st® -tfc# totals mmte..ti©s
w«€ 'its© ttea t&® tetsl ©f saft . •

immemQim* • ^ -. ;'

• fhe ©©j^tgatlwi'• fqe"

' iFia'felt emtati&iw mB mtlrntm^ m^ preitiitei im

fe¥i© Xf* Slit' frtf©f aafetiess emh ma%tg©s

iB,ai«t®i wtM' tiM 00® ©f • .

#ss#s» -flie espaqt©#: ©f aouM® asii

ituM®) ®atstl©B# ^er© oalenlateS ©a tM® a®swf-t.l,t'is -t'tof

' oW-©r0t!ifai m€ mtrnimm mornm^ to
• ear. IMss ©sloalatei wmlum mrn'm^w m Ubb %tm mm% ^



mBLE OT

lnterrel®ti©ii of tfpa® -of mtBtima in tte

Mg g&.mTBtim

Ksitngeo.
gpd io®e

1) 0a®sia ra,y©
10 kMt
20 .
30 ,,
40 ,,
fO ,, •

705
968

11tC
1408
1570
1710
1880
2100

♦ *

#»

»»

$»

f«

>»

* *

iii) IMS
If #1
53
58 ,,
11 ,.t
96

liS
tS4 "
192
S40
188

»»

:»

9 »

# »

Av) II©
0.97 m
1.94 » 0

2.91
* *

3.88 9 »

4.85 » 9

5.82 » 9

7.76 « *

9.70 » »

i&t' fi&M®/
(©sirs) ©Moffo-

pelf'
100 spikes (m

eillOI'O"' fiafel© $QtaI
Via®-'®' ti.Qn®

, titt matu'•*»'MrwMit*m.ww^wreHms^ew-iFNiw*

tiom

fisble/
total •
muta-
tiOfiS •

11.5 11.5 21.8 1.0 0.54
•e.o 2,9.4 35.3 • 3.7 0.a^
e.a 36.5 44*0 ^ 5.'3 0.82

24.5 49. i m*i 2.0 Q.7B
S.6 4%2 5G.0 8..4 0.94

IS

10.1 6.7 16.8 0.7 0.40
8«-S 12.6 S0.2 1.4 0.62

12.9 n*3 24.2 1,1 e.55
1I.B 13.3 27.7 t.e 0.4a
12.1 IS .5 26:. 1 1.S 0.71
14. a 16.5 3i..2 1.2 0.51

15.8 25 #0 ?6,a 1.6 0.€f
12*7 13.E 23.7 i.e , G.58

5.0 1.7 7.6 G.3- 0.22

€.7 5r4 11.0 0.5 0.51

IS,-3 ©.3 18.5 0.7 . 0.4f
9»0 17t8 o»a O.'^S

15.4 9.4 '23*1 0.i ©.41

11.2 14.3 m.i 1.5- e.3&
20,3 ao.i 35.1 1.0 • 0.6.f

12,8- 25.6 45.0 1,1 • -©.Sfi

22^3 31.5 43.3 1.4 0,72
3t.5 11.7 1.1 0.;67

10.7 - 11.0 19.5 1.6 0.5€
1^.3 15.0 26.7 1.1 0.56

14#1 in© 22.f 0.© 0.4s
15.1 IS-.4 26.$ i.a • 0.5i
i0.a 12..1 •23.5 1..2 e.54
ie>f • 24. a 45.^ 1.3 0.56
29.5 .1i.8 42.5 0.6 0.4©
22.6 32.1 49.1 1.4 Q.m



f Ami M

imMrml&tlon ef profCfji#© .tegirgfe-tlsf eMorotfefll
m€ trisfele

Miitages
l«4 ear CSlaro- GW^ck ll^tii clil..©r@ph^ll

WQ-
gesies, timm feicsfssi
SeOTci tiQms aats-

tita 0fes®wt§ 'BKfmtm*

l0., ©:# ll| ®©ie fa?Dg©sits

CD (2:) <3) C4); C5-) cs). ^ if)

i) iawa 'mfM 407 53 -12f" m 1§ • 16,3

ii) Irast
-24 18,tii©iiti*0ii@' f41 la;? 14© fM

iii) 1H0 if® 143 • t42 ^ m 20 • t5*5

i^3 tllS 11SA im • 114 52i 5t • ft ,2

WB •» '^SSS'

If «
IS f»

5i tf

t*

96 t f

115 f f

154 »#

m
140 »»

Its ?»

11S ?•. 't f •0 0,1

Itg t 4 If , 0.5
110 ' 15 to If 3 1.1
Hi ff i' 01 i 1 .©

117 If 11. 2? 1 1*-6

119 15 1? 51 • 1 •

118 m 14 59 i 4'»3
ISO 33 50 $4 t ■@♦3

iia 2'f 37 51 15 a.5
110 m 41 . ft 22 14.^6

S*pi©t®4 ©B tie asiiiB^tim ©f i.rii©feB4®at
ef eMl»opliyll «at

«.ta%i©ii8 i's, «m^6

Co©l« t 5® s
, , SqI, c4. \



CHLOROPHYLL,VrABLE AND TOTAL MUTATION FREQUENCJES IN ,
THE M2 GENERATION

lOOi

GO

20-

(fllOO
111

o.
(n

60

20

S 0 705

i. GAMMA RAYS

10 20 30 40

DOSE-KRAD

".FAST NEUTRONS

50

1170 1710 2100

DOSE-RAD

100

GO

20

100

GOl

20-

Figure 42 !

o — o CHLOROPHYLL MUTATIONS

^VIABLE MUTAtlONS

°TOTAL M.UTATIONS

iii. EMS

iv.NMU

0 58 115 192. 240 288

DOSE-mM

1.94 3.88 5.82 7.76 9-70

DOSE-mM



- X •

74

-m tbe vi mms mlt& i&uhlB ®atatl.OB.-© in -

tmiitmm'nm -^ith gmmm refs, fast -nmtmm mS IlSff.. On tiae dtli#r

%m&t ia vitfe tM 9'&s«wei fee^nemeies of

sytati^^as i&eeli feigfeei' tlM® tM s«i«©t«4 ©tit®

tMt fili InAm^A tiis tw©

eonoazT^Btlj at l^mt im #f tlit pa^is@-siia. ii,

analysis tlist tli® iatftrx^le'lioa mmt

pTommm^ at tbft. Mfft

f. llttfagMie. #ffetttteB®sg ami ©ffieltaey -• •

" £1© m£imtimmB® mn& #f#4M©aef #f »t«gtr!:® is iafiuaini

elilorsplifll sat tiefeit ©iitatitae w#»- #sti«f.t©ti ea-d

iB f&hlm .IfI eM Ifll'»

i) 0!il©r©t^fll wtetiM®. •\

jtw^ewmnimly ^i%h imremlm.

Qf m&lQtimB mut:»$em C^eble MI), ata

tk&t til®. 4s tlit tmmm'a&w '&i mutmtimB -was

mt ^w^wmtlsmt I® "-tii©- iisjrtee-i. ia tto# itat ©f tise ms«.tag.$»»

fa@t m®ti$ m4t&tim& ®afi &K1J &msi§ -Sit- efo^nieal

anatsfC'iis- wtf® tfe© stit,ffim wss pewwil timm mmm

tlias, US# . ^ ' . . -'•••'•

' iBtage-me MitiuMmy i»s al@© femiiS 'le i@e«as® w,,ttli

' &mm. st liilG' mi is-rtaptetivt ef

wli.e=tii.@r' tie ®i0gt®S to ®sf4matios wag Itttelilii', •

,iaJ.Wf QT ifMMe mh M» MlfS ast im mXim

0,0%iQi. etmilmv f©salts wliem «if£i@i®sef #stli!6-it«i ©a ife'®

tesi® -of l©tlialitf'©I-Qia^. .IffieieEey mti'mtm m •

mM ptearilitf, ©a, tli© ©tliei? Ii@a4, wa« f©iiBA t® i»©r«©.s©



- . umB m. - '

ettiSQtlvmms «ffl<Ji©iJoy Celiios'Oph:^!! mut^tlom)

ant 4©«e

iplv&l feeiffet
r«fiac~

tlOR. .
et 5© at'10

i seai

perr«due- f^g

Mat®-'
tiOBJl

s.

smBc-
•tivfc-.
jjes#

Mm Siirr 'Steel ^2^

M%) liirjr).. (10
;& %x ^

CD '{2:) (5) <4)- (5). C6) (1) •(§) (9)

i). -myB
to ferad - 0

• 20 o 0,
•• ,, 5

40 m
'•m- ,t . 79

ii)" :X>fraj8
. 5#0 lerat

7..S
• • le.O

• t2.5
15.C
17.5
20,0
223
25,0-
30.0
55.0
40.0

lii) tgft ll©1i;t*"0n»
•f05
968

1170
~ f40B

If70
1t16

. i©ao
' • 2.100

ir) MB
11.4

.. - 22,B
• 34.2

45.6
ff.O

9*

f*

t t .

«t

t f

« #

« #

»#•

» »

» t

«'*

f»

• $

»»

t»

• # t

»»

•»

#1
*»

f»

f *

»»

0

0-:
0
e
0
0

5
1

S
a
7

t6

0
2
2
1
g
1

1
2

• t
II
21
30
m

f 26.9 11.5 113^ oC • 226 42
t 57.? S.0 40 oC- S9 14

t1 • ano . 6.® - a3 m 3a . S
4f BU,3 ' 6f . i6. 50 3©
i4, ^ @7»S , 5*.6 11 . ^ 9 - • ^

© 2S,1 . • 8.0' 160 OC OC
.51

1 aa.7' 10.8 144 0& 1080 31
S M.O 11..2 1ft OC 224 33
€ 5§.0 • • -11.6 m ' OC • 195 30^
6 , m*i 14.8 m. e<. g47 29
6 sua 14.9 m OC. • 24S 29
8 54.1 13.^ §7 443- m 25
9. 60.0 -15.7 7© 1» 174 . 26

1©' %t*l 11.2 .41 371 112 i8
n 65.5 15.0 5© I'm 115 23
n • - 64.2 16.6 47 -in ' 87 a6
m 70.1 • 14.8- $7. 31 '• 55 21

3 SS,4 m*i 1455 OC 20i • 40
1 • 423 S.S 416 22
$• 3f.6 12.S torn , $25 • 156 • 51

10 44.8 13.8 mo 13a© 138 - 51
15 • 53.5 12.1 771 605 93 23
16 55.t 14.-2 •S50 143§ • 89 f7
•17 •fs.t 15,8 855 . 15@0 9^ 30
17 €3.,a 12..T €©S 6IS 7f 20

4
4
5
4
5

•9,5
10,1.1
11.?
12.1
12.4

3.6

i*€i-
4.a
a.9

a
5
1

g

31
24
10

14
31

90
78
67

1^5
17a

36
S8
17

•54
72



CD

ir) IJ'IS
19

, 3B\.,
ja

«f-

t»

»»

f'»

»*

•pf •

f t.

»*

#»

" •!) •
• 1...E s#
;2.4
5.6 ,,
4 •
§.9 •
7^1

••B,3
9.5 ,»

, ,,

' 14«2' »•
17.f t,
'Z3i& r*
ms »,

Vii) »•
0^97 ®M
1» 94 f #'
i*91
"f 9 »
4»S5 ,,,
fas ,,
T.76
f.10 ,»

Vlll) .Ma
m

•1,36 ,,
a.72
4.oa
§•44 f»
§•80 ,,

• 10*20

•96
Its
154
192

238
33B

imm ivt iGOivm.)

(2) . Cs) (4) (5) C6) (7) C©l (9)

0

5
' A'
- 5

6
11
12
11
12
11

15
17

4
2
1
1

5
.2

• 2
13
18
aa
27

"2©
'30

a
2i

47
54
^6-

n

0
2
a
a

21

34
52
£3

14
13
15

•IS
16
It
n
n

i
7
9
f
f

11
12
13
15
16
m

6*5 '
1*3

10*0-
" 9.7
12.0
11.7

1^*4
17.1
26.i.
30.4

•30.7

a.9
7.»9-
t.o
e.9

• 7."^
• $-.1

7.0
fS

- tl.t
9-S
9.3

ia.9
13m1

6.7

t.o
15.4
11.2
20.3
g2.S
m*3
32,^
21.3
^6.5.

0-.C5
0.4"
e.6
1.1

3.f
5.9.
6..S
2;.5
4.0

'4.5
4.5

S'.S

ia •9.a 10*7

24 4.C - 13.5
m^^ 4.5 14.1
32 4..t n*i
43 • 3*B • le.S
50 4.2 1.8.§
S5 • e.o 29.5
m • 9.7 •2-2.S

•3 1..? 1.7
7 i.a 3

f 0.4 1.7
It 0.5 • g.a
14 1.t ^.4
n ••g.e - •5.1
.17 . 1.0 ' 1.1
21 1.2 • 0.6

3.5
2.a
•S.7
t.5
2.0
l.f-
l.i

i..a
1..4
1.0
0.9.

2.1
-1 .9
6.5
e,8
f.a
S."5
4.a
4.«
3*2
3*4

m
• 86
• 41

4g
at
41
47
m

51

9
i

2
1

©C 1.25 77
225^ m 92
507 m . 123
3GG 100 ' 92"

257 110 128
102 86 . 96
169 135 151
207 152 152
106- • 139 77
295 191 • 1-07
102 1?1 69
156 140 , IB

00. 00 0
30 12 a
6C a 9

110 12
130 • 45 55
195 43 76
325 72 93

n 23 33
22 ^3 34
t$ 55 47
17 50 4a

41 50
m 45 m

555 89 m
65 55 333
50 49 313
24 41 3m
19 25 es4
39- ' 34 450
59 U • 3^9
29 • 3i 2,|J1

QC 57 • to©

W • 40.,
m 19 •43
55 ' '25-. f53
ii 24 509
15 • 34 255

U ' - i 110
1 3 50



75

imMmmim. wm tent em tM@ .
I

ssEi- St til® 41ff©.rest #f IMS# fset K©»tTO.i®. ,.e»i^'

f.a.i.t@.ti»© t«i US s»!icf stst

ii) ItaM# • " • .

• • .lff®stit»a«s:s 9f wi%a.fs.BS im luiaeiiii: setttatloas^
J ' ^ .

%#gs ales f.'timi-1® 1# i@«# €rpai®n% ifmlAm iitli

is tilt r».I®» ia .tl# mm ©f g»®®®

rsfs safi ll®». 4s®»s-f©i iE. tto mm ©£ aiS' el!s©af

til© liitk .fast m®«-|y#as mwMm^ mM^tims

«,fii, ilH g.m©ii§ ©Ittstesl irt»» tte@# t&$- ffl.sat

m utmllar tmAmmf to

d-eei?©.t8i i:mm$mim§ ieaes #f wMv^imB. mi

tfe® %asis.£#3e m-Ummrnm. Ctet4® XfllK la treatMitp '^tli

ms tfet ©ffi.sigBef 'witte iMmi&BMim f^-e ^ate

of isesr#®®.®* UmmmSf.. wm mm to, ti©,€©s@.

fs.9t •it#iitf©Bs ©.iiOiii, m&imttmB m€ .Sli ©liestie®! matageas

wt»® ttes TOt effieiest.*

g». I'Q't^aef &t sa:t®i®as

Stse fi-efutneitS' #£• flsM.® aii

t®tal sttlatlsw ia.#i©ii fef tli@ iifferest tuteg#.!® '

, itt Mis IWII, ffef frifftiefi,ete§ w©ri .isiaeM

•isit® lower tiss t&@ fc,i.gli@®t % mmt

tilt 4©s# K-ft'iif# '©iii>l©yt6 i.m tt» •^msmt ata%

t.te iese®* Slit stttt.g#»# oeaM ¥# •i?«l£e€ ®a f©li®¥is

la t&# ori©r ©f la ialusiiig'. fe.i,#iegt



mMm mm '

lUlft-
•fiems.' Mfieitnai'

MuMsm
m& i©»®

—

litf
- C£)

imy litf
fir mf

tm If!

•Cfia-gJ
Ci)

mm m
t& m
tea-

top KjeIOO -KxIOO

••1) ^mim mfB
'QOyW tesi C) • 5 If 3 115 m 43

• ,, §• f Sf.I m^4 14? 527 51
• / P *.f tt*t • 111 12tO 175 4S

. ^4® t:t 31 -;. 4f S03 4f.S 111 IS?' 106 61
/'5e; ,.t: 19 $4 ©f.i 94 €0 74 . 14

•"

y W3 m€. © • ' S SS,4 f5J ©C • 114 gfi-
fii . t t 4a»i ns Wt •• 6-30 1S«

'•^tm . t s 19.6 n*3 11?t 16S '14
.1408 ,t . 1 1© 44..S n*3 944 133

• nn. f. • •2 15 ms . -ms IITO fS' 14t f4
ynw- 1 •••• 16 ms « liSO 105 51

lem tt" . 1 It Sl»? •m,§ fseo 147- 45
^t1l50 „ 2 17 $%Q ^ 13-,t •iff iio ' 77 SI

ill) «i
, -es-If 1^4 •• 0 4 '6.5 i*i Itt 4f 26

.IS ,, I- i ?..5 3,4 ni: m sm 4S
5S »'t 4 • f 10^0 i.3 1.8 tes m. SI
ff it • f f.t •1,1 E27 n ,70.

•• t6 i 14 tt.O .f»4 , •nt tf7 #7 '7S
•

11 13 Il.t 14.1 1.6 130 110 ita
. ^ m ». If If 15.4 ^♦1 1-.I tm- 155 m

,• - 11 13 • 1t»3 ts»t 1.6 m 167 14S
^14© »f . t2 •n 51.J 1#6 261 m tea
•^m$-,, It • t7 3th4 14-t l.t 515 f04 114

iw) mm
• §497 iiM 2 •12 $.# 1t..O 141 $s 9a ito

•^U94 SI • i4 4,0 ft 11 6S -3t5-
2,m. 47' •" tf 4S 47 13 3$ 244

^3m .,t • 14 11 , 4^§ f5*4 •' 4f m m B5
4.85 5i 45 l.a 12.6 3t m •m . m- •

/3,Bi ,, «S je 14 '• fa 31 m-' J76
jim f6 95 ©•© Ife*® n m $1 210
•^9.Te fl

*6»iihW»«weiiiH«

5f f.? 52.1 41 41 %4 • 551



•-<

r4

O

&

49

5

@
m

M PI ^

®
M 4# ft§

« e
# 4»
$i s

kS

fS
t.»«

i"»

•»?#

«l
45

•H
0
e
1

e?-

i
a

"»«i

©
fl
%
g

1

I©

4a

»-»>*

, »*
w;^

^ ®
^ fefi

SS d'

ft

mi

&
©

m

!•

3

# ^
«If
v-i O

ffi w

? St
f® ^+» If fe
fri 49- © # 'P
;|i JSii g 4# •«»^

CSj^ H ^ ® ,|«f

40 »!%
iSI * -ii'm%B

m #M
^,w

,!»• 4^i»4^ g ®
fa t^-4
si' ® ®

®
'W

ia
Q

•S'
©

&
4#

1

'St
f
ft

O-

«9s'

^ {-ft'4ft ^ O
• •«««<• <!

ift ?«.« m # m o c?

»% ® @ 14^. \ ^ m

SAW® men®
^ ip* l<^.

<#•*«%lf\C3 O *«%S>
^ m « 9 '*. t * i

^mmm^
tV \ I' ^

«& f\j. ^ » <51^
'*• S *«•'«' *

o ^ y\-e p
f0 t^lfH.^^'*»

fs-fw.. If-v
^1 fi*.- «>«?. e4tf\.'?«''

^ ^ k3 ^ G%
f#*lfy', .<«*• ^

gl %-#««(•
«lj ^ 8 *> » «i »
a . .
t4

M • oirif^^Q,,

&

<1? esi
.

m ,. «i

4»

M ClM

C» f4

»i m
ti d

«»S 1^4 ^ <tjj( »rf
«!«f<«4'*?^ w

. "• "S «

&9 fci M
441 li| 1^

f s*

» » ' # «

m
K^is-\

1^ «1
a^a Si a

• • « «

o a- ©*»
®si^m

«f".(S» i|!» %#%

*• ,

lOj,

IS ^
'CP ♦s ® *f

•f 1^ e&
^ o

»•»

Ogg#^'
•

»rt •!!«{ p»
»S «s«i

•H:
.4»:
r>

I
ftt

ia ca Kfltfi
s« m Wi s

"T-cvii: p-~«~
• • ♦ *

%Q mm^-

mm

» • • »

©mom
S5 5A^

ts^- !>• 0°^
"^SA

H\ fw

m, *•
^ ffl *
m m
$i UtS:
M Q i»
00®#?.

S ®at |»
,« ©IJS
mm mm

RP4 w4 *(4 ^
«jsl «p^ »i«

*m
m
4a

•«

49
G

S«



;.

76

,1^ iP'iH#. -•. , ' :.

' W >Iii >#ftiisa mya'>twt"meiit»©iis >K-^ra|'9
" ' • ' ' .*

ig fitst teelss \ ' •* •
"i®ff» »f» > MM. > > iif > fa#t tisitttroas • -

ftoe mMit i» th& mt&tim of gmmB, my& mi

I-3fayif t§ mwkM- mxtmtim /im§mmy wm& : '

#f tit in segrfigaliQa

jrstlM o»,« 'te»w,.ia "ft® »ii.@ of ®at&t@4-

mmtm* fl# wMbi #f wtsftst la. relstfia to ¥la%l@

t©tel wtmti©a west .

taw® >ilfll

.ffea®, smmm mfm BSS iMmmA vmf'MiM

• • fte of ^ ditf©3?@.nt

of Smmg^- &m.

in WMhM MM^ M im iM^my

» fa«t 4aiia®©i «®r® mn^etlw

t'leii fsma ris;r«» gaws mm mm

afttatieas'"fteii f-stt tlgQ" f'oi? letfealifj

islKi^, .pi immm4 mo3» aat mm%mm .

mm lil®, .sgf iBis®## mm

«&. fMs is.mwm

rt^atiea wa® .t3#e®ii-0® ©f fb® "Im mifmt' IMS' -©a Ifes

f©rlliitr 'iJf sM: ®bffi«l©8l. ®«-lst©t8

M'mtM hermmwrnQ^ m%w t^wmt -©f &&mge wis,jM>0

fpT i"s|isif t.M .Mtagsttt" #aili %© rsa!*# im "t'fe©-



Ji mm nx

of siitfcitlaaa iiiimei fef ttiiatiea® ani els^ttieal
iiata§®ia'a st- siaiMr %m&%B &t' 1| i®iaoi© - -

fism# 'f©tal

timB

IftitWgeB. . 1®S9
fetaMea© MmtrntB

f plsati

pm
W& 1.

tiojas

WQ M.
Brnmm

A)' ik
ISf®

taist sttttF^as

il) M SB.!
S»®» .rsjs

.I«pt Bfli.tS'SIi'#

m

im

3§ to®
55 t^,.
lisc

2© fe»ai
20 f i-
laao

Chftflt «>ia0ti@s>
f,0

t§,0
t?»5

1l-»4
35.1
ms

1i.6
1f«®

8.0
15.1
if.s

1^19
ItS3
f.fa

n^a
2.5t

feaw) C®®-»)

16.5
MS
s$.o

tf*4
M

a.0

44 ♦©
IIS®

35.3
IS

16.2'

B» Olifegl^algi

I) At liB.g£ for i#ttel.itF- wiastios)

mm
ws
SMU
mim
T.tS

40.1
11,»8© t*

1 .f4 ♦,

5»:44 :##
m*2§

ii) A.t m,m t& Miuw^.

•w
MIS
IHH
mm
M

^4.*§0 #0.f
i9.S0 ,, 15»ci
t.f4 ,, 2t.t,

-io.ae t-, -ui
•l-©t attalaei

lii) At 2^B.10"fQr atfegiXity.

.MIS
W.
iW
®i§
SSS

I# tf^*S
t4^S •,» • 3*^
,f.? »,• ms

11.4 .,, i*l

24.5.
• 4,0
t|..5
3.4

ti.S
S.-S

n^$
0,S

1S.4
44

at.6-

S.€

5*14
©.53
t.«
0.40
0.1§

>l4.t
" IS
1S.0
SS
IS

5^14^ >34*1
0.S1 ii
1..t4
0,©1 IS

>5f.?
SS

26-.7
Si
SS

>51.7
. Ii
gi.t
IS

1.30 f.4 23.1
0.J4 Ii • IS

f.Si 49»1

0.©9 SB • 'MB



77

following df potm&w»

Slil.sropfeyll Batstleaii

BIS > ?a®t nmtTmB > IlltF > Bmim rays

Tiabli^ •ipiStatleasi • ;,

0asiB». > •IMS > fast m^xtmrn >

fot«l wat&tlQmt

I'l® > e-Q^fiaa m;gB > "imt > IMW

fe, leX®iiv0 feioltgleal effeotiteweas

SBl is th# mtia ef tfe# iSo®©® of two or- more* radletlojas

paroda0i.Bg- tfleot© iiv.tis'sii©s« 13ie BBS of

ge«5®&. mmtrmB ®sti,«atfd vitfe l-rays «®' tia©

.st©i3<2'.«i £m tfee ^iffecre^s;# $i?lt®ri© tm i®ms^e er«

p^fseated ia IX#, tm 'ira^ Is' reapest
/

of, tfe® Siffereat erlttiria mmg^d iwm 0*5 to 1»5^ titereby

Isiia^tisg'tfemt •#? I-ra,3fs sad

fsnma .vag almost tlit 'ae®©• i3B. t^e ©tfeer l:^ajs,d the' BBE

v®l.iAes ofMBt nmtmm- rs.i3g®S 8 -I-© 29 '̂ 03? th« different

m%.tmim i&dicstleg its hlgli l».i#1.i&gies-2.,®ff«0tiV0Bess. BBS

yalaes. y!^m t&e lowest for if9®t lesgtii feigfeest for

t - ' • •

•i. iBliejritasee of 1^- ©Itetloi-ppteyll .0liim©r®«Si . ,

•fli® l>j •pleats w:itli, cljl.oropfeyll €©flei©nt seo-tors were

8ta-ii©i la tli© m t®r-pr®g«iif ••basi® to

Bt&T& the mod® of iaheM.tsBe®' of fiii® induced atosormlitTf.

f|i©.:r0sutlts are prss^iiteS Isa feble IXI. " Section® 1 aM t

.©f'tfels ti-lsle isii leafed t&et tli© ©J^loreph^rll,'mutiitiOB



li
fe gi

It

e

SJ

!
a

m

I

ey

V

o
4

a AP''
• • • .#•

**• O©

#
#

«*-
«

A

«3
#

'm

0
'*

V ^ ^ ^

o
•m--

sil «
. *• • "•
m. Q

m & ©
9 * •

*» «»• . •r»-

O O 0

A

g
g I E a I 8

A

8

•m n ^ ^ i

» S
9 9'

^ t
m g

I
i-

.1

I
S

^1 ll

i Si

g ® g
Jt ^ -J

9 3 9

«

S S I?
iir4

J . 8 =

s It I i
m m0 I m

P^ f



- . Tmm m

Interrelation of oi3lor©i>teyll ohiiBe3?&s and

Mg ehloropliyil isij,tmti©ns

fast •^|g
aeutroae

BMU
F.i. +

HHO

t, irogenies of normal tillers from cMmerie pleats
.la.' , •

14
11.2

i) i©;aoorigd
11} JSOfSegregatintg

iii) segreiatiBg

2. Progeniea of ehlstric- tillers

i) le-.^ -scsred
ii) Ho, 8©gr©g®ting

iii) segregatiiig

5. i) lo.of o!ii«e"rie tillers
ii) H©, of efeiffi*rlo tillers

p?sd.uaiiag striped pasii-©!©®-
. iii) ^ ©f ehimriQ till©r® vitli

stripet •paaieles

4. ImmniUs of sorjaal ptoioles' on ciiiiserie tillerc
l7 H©» ffl©or®<l 6 47 ' 66.
ii) Mqm segregating ; ' 2 _ •'i^ 12

iii) 35.3 27.7 18.2

5 .. .Irs^aies of 'Striped paaioles m eMiserie till era

i.| 00*

. ^ aegregatiis^

20
a

1G.0

3B
5.
9.1

120
IB

15.0

9
2

22.2 •

§2
14
26.9

81
25
30.9

06-
55
40.7

9 52 81 ae

3 •• .. 5 15 4

33.3 9.6 ia,.5 4.7

5
Q

«

5
1

20.0

15
15
86.7

82
32-
39.0

4
3

• 75.0

6. Progenri* of siorffial spikeieta m striped panicles

i) Eo...;..,,;!fO©r©a 3' 3
li)" N6..--segr®gatiiafi, 0 .- 1

iii) segreg'6ting • . 20.0

7/ Progenies of str-lp®g aplkelet®
I ' , • .

i) No. scored 5 . §•
ii) No. segregating' - 0 ,' 0.

iii) io segregating. ' ..* ' ..

3
2

66.7

15
13
06.7

4
1

25.0'-

4
2

50.0



78

irnqmrnf tillert wm two t© fm tt»®# at ttet ©f

tiSX&m m &MmsiQ fhl© iaii©®'!©! e

l>.0siti¥# mmmiBMMi& sai Ig •

oWlorQplifll Mmmmf M2 tt 41 mnt ®f mem

fmm eMm»Ti& tiller^ »©gi»sist«.i tm mittm-imB ImrlleatiBg tke^t

tbe ims eilf fmfliai. It ms sX@9 tiiat

' th® cliisefie tilMm prnMrnd strtpti fsolplts oiilf i» ©• f®w

eastg (f&m# IXI-'S)# als© a fen ees®® strife^

pmiQtm feorae #a. till ora-., ISissa rtsttl.'iji 4«ii.i©ete4

that the ^hlmw^yll mmtm® m. mgm&nm plsiat

istartu ©tttft- ss lemm mi mls- mA m tfe# rt|eoiK@tl'?t |ja.rts

moh m tit fa».i©l©s ast sftMfetft tfigim®#

S#6ti®s® 4 aat 5 ©£ fmfel® XIX fm4.teir lai.loat,®#

tls.® pafii@l®8 #.a ©Mwi^ie tl21.#ri @®fg#gatti £m

tmm. irnqfimtly "^m Bmml f#si®3.«s m rntmm^

taUm^ -^m ti® mm %lm.

tta©' fssaililltf tk®® ts ©siitifiij. muMiti&m te€-

fbe stttfisi

£m- e%rif$a eai mswa flit Ig |̂ ©ftmf fees striftfi
ifdteltti- ©biOTftofll. ««tM,ta mm

• ft'©!! tM- mwTml mi.m Ctaia®

fw@ aifttimotS,!' pstt-eifss' of stMflpi were

1) fti® ©f ©fikel®'! mfA tlie §mmml

mrA wrnmA rnimrn ©f th& Xmmm ©si pml®-® %#ers f«@s, wa.

ttot 0f ©t^lpiag- is Mtwiw^ sfiteltt® ©»'

tilitr® ©l^tsliiea is witii mmtmmf mM urii Ifiaj.



79

2} fte miMm ©f the spilcfl,®t# wey® i3?«e», ast

safl mmtmt wMgm M 'ilie 1#®» ami pslts, ww- Mliltt#"-fMs wta-

'tk© ©f ©ts'i-fimi' la m aewsl

sad %r«.m-.§Mal.s©:i: mtf im tyosimst WSS^ Snofe. sfiteeltts

WI7© feiffelf s'ttlll,-#.*

flieirf Bts>m$ mBmimtim

m ^ht sfiltltte s»i to n^nmnm ©f tte f»itiw Steifsd -

»piMl©t'g i-fe@ fi»t tfp# C®Mt© ©ii siits) giTlm

a f#fe' elil#i?©pbf1.i mmiltrngBf Mhmme tfc@s© of fti©

seeoM type om siies) siway© t@tr@ ©alf ©ll)is© .

Im tm •gtmgmfi rmi&M m^wefm&9 TOt©®l@€ tliat tlie

»fTO©a «i sid«@* tft©- ©f stwlplmg. QE ,tfe© ©'i4.tel#t@ :ms

mm iilltoffiti'W of alMftism iii. th® mW^Q csf tl© ®et4@ itri^sS

|» &$| tmtmAf «si tig emotsplifll.

fte sM0»flif3.1 ®a.t:©.ti,$fi ft'tqaewf m mitatiua.®

f®* 1©© li e.ai antaat® per 10©'Ig is eeefe ©f
til® t§T%ittty ^ImMBm. m tlit mrnm sf tc«« s?sif0 aai

-S»a flfta in faM© II1I» ffe©

m the 'Iws wiif %a%3.© (ft'ela imi) t® wf#®l tl»

of li^ sni fig aatfetiom' 'SaifeBr ef
•wtetlsfit 100 B^mm immam^ wltli , -

ftrtiiitf IIP't© -tfes imtitity elmB of t1 t© 4©.

• f©;r eent„ ttt© feeriasaoif wea «@ti®f4tei ©n ftf

matmiats fern ICS Mg a sisiXar wm s©*ie®i t/itk
iasKS, my0» titli Si f»ga#»l#s .f^#g»ssS'Wlf.



lABLl mil

•chloi'oplijll eutatioE® in t&t Hg generatioa ia tli©
diffe:t'e,nt Bm4 fertility elassei

ana
iose

(1)

1} §amm raye

10 isra^ >B0
•61^0
41-60
21"40

-

20 km4

3C kfs-fi.

40 &w?.^

50 krad

>80
il-SO
41'^60
21-40
<20 .
Fooled

>8(5
61-80
41~e'0 •
21-40
<20

>80
fjl-te
41-60
21-40.

<•20
F©©l©t

>ad
61-80-
41-60
21«40-
<C20'

152
160
121

.24
» #

46'3

49
100
176

14.
5®

457

15
2?

i4.e
igi

n
3B3

IS
13
15
90
74-

270

* #

.3&
•43

25
106

3 fiie ia

10 7@14 45
10 37Sf 31

1 'm 2

* » '• • «

24 31015 • ©8

A 2550 gi

W ^ 46f1 52
8 33n .59
4 1124 . i3

-« • 375 • •

26 13917 13t

3- 586 15
1 1116 9

•7 4610 26

9- 2170 50
4 440 3

•24 asaa B3

* • 912 * *

2 .624 1
16 2251 a?
2f 1468 111
10 317 IS

57 5572 • ,223

« •

# •

» •

« •

« •

• #

a 119G' 9
9t® 6

• • 160 *•«

4 2270 15

4, Qf Ho. of 'Itj Miita- Mut-Ciats
s®®a Ho. of M, ear tloaa per

mr -!!!!_ s««-, ®;r iEi\ ^
Tj^frf^uuM^riiJi Ui -mijA I.JI IIIJ mmvMV. .-n -rtt»n finr-»ii w»TT.--iniTr#i m* —mxjw—<w *» <»•»

(a) (3) (4) Cs) (6) (7) (a)

•2.0 0.1,5
6»3 0.59
?.§ ©.••as
4»1 0.55

#..«

3.2 0.4^a

8..2 1.19^
10*0 • 1.11
4.5 0.72

5.4 1.16
• « • •

5.7 ©.94-

20-. 0 .g,2a
5.7 .0.81

4.9 0.56

7.1 1.38'
5.5 1.14
6.5 0.95

» « • »

14.€ 1.12

21.5 5.S7
52.2 7.56
13.5 5.6S
21.1 4.GO

• »

« •

• •

• ♦

5.3 0.76
4.7 0.65

• ♦ « •

5.8 G.66



^tf

f , ,

flBLl XXII (1mm,)

(1)

i

1

1j
1

i

1

1

O) C4) • m. -C€) , , .(?) (@)

11)

•58 m ym . 27? 3 tO?44 •39. . 1.1 0.19
•. • 6"W-© Sf . « % • 214? • • • t

41-60 « « # • *' • • *

ti*4e « # •mv • # . . # ♦ # ♦ # «

.•<m . « * •9 • - « ft #. # • f « *

Pmli84 3U aW1 39 . ©•$ 0.17

. ' n m >a©' • 250 1 t02f1 1 0.4 . CI.01

ei'-Bo 50 1 2S5a 1 a.o- 0.04-
41*60 - n 1 494 14 . S.3 •2.a3-

' g1«40' ^ # « ♦ '• •' • * -• #

-ego • * • ^ • « • « • •

112. "3 ®34tt 16 o.»f 0.07

i 115 :iiis >-®0 - 24S 11 106 • 4.5- . 0.54
61-.80- ' 90 e mit 53 6.7 1.16
41-gO-, m 2- 9tt 10 ,7.t 1.02

2t«40 «* • -»» » * '»'« • » # ♦

< 20
19

• « • * • • • ♦

3m ..S5ffa «9; 3,2 . ©.§7

• 1i4 ^ >m m n - 4i33 m ' •, l€,.t- - t.ot
61-^0 m 9 2164 €6 20*0 - 5.05
4t-€© -.m 16 1557 €1 29.1 %n
21-40 m 9 451 • If 34.i 4.41

•< m • 4§ # 298 • €/ • a.9 t.ot

mi 51 •»5. g4i S0.3 ; s.r5

t92 -nK >m im • 11 •"6i9S i? 10.9 . 1.02

61-^0 so 11 1701 65 , 1.54
4t-i© sa 1? 1441 m 29.3 4t51
21-40' 1® SIS 45 17.2 #.5®

<,'»
aas

3 t12 a 15.1 J.77
P®oi©d m •1-©245 m' 21.1 2.36

\ •



•^rr

mms Kii COTm )•

CD m (3) U) (5) -rtX I<7) te)

' ti0 m. >m-
••• if-i©

ti©
•ii

fl
m

f
tg
14-
fl^,

.m
.-n-

^1,
I©
11

^ 1t
S3

''m
51

t6
ft

m

B$m
mm.

/1904
«a4
mB

fMm

mm
1f0t •
1Cli4
659
42 f

ts^js

174t3
1846
3315
1t61
4et

3Gi|f

41-i©
•g1-.4G
<2Q

fll

tit 'ail "7^ if

41-6©
tl-^
<-»

m
19
14
4f

lio

•ii
9f
€1
6T

«6i

516 m

m -m

>$§

41-60
ai-4^
<m

>60 13t' •ft 1872
iM6 '201 IS i©iif
41^S0 • 150 m, •• |5i8
ft-4© fl 33 1904-

-m n . 30i
S%0l®i m Iff iis©7

• T4
111

M
m-
i0

OT

143
46

• 47
•31

Jl.
21©
t20
20G
fi
4a

.m

fit
,1T6

111
i4

5f«

f,©
ia*2.
tc>t

24,1

lf.1
t?*9
if.4
t4.4
1i*.t
20»4.

' 9.5
la.a
55,4
40»©
tt.l-
20,4

S.3'
Itrf
i6.7
34»?

1f;*5

1.16
3.?4

4.m
im
a.44

3*#f
•-3.0#
4*34
S.St
S.St
3.f3

1.20,

f.Tr
®.9f
t.51

1*66
t.fa
l.4e
?.©4



' ' f»E IXIII -

©f K| ffmiitf mm ig aafetion

C&st'ia ea©li wtegeti) • •

a,D# #©s©

liita-tlsii'f»eta@5ef t» tli# .
tL .iiftt ©l«ss©i5. Cf^ fertility)

>«© i1-8# 41-i® 'SI-#®' F«0i®a

Ci) "Mw 1#0 Mi B
J) ©wii» mw&

80' jf »•
. 3G ;
-m

• ,S© t,

11} I»

t? tt
Its.f
154
1f2 ,»
2m
ass

• ISi «•
W tt

t«e i»l . f.t 4*i •«

lO,#. 1.4 ♦ *

iC)»© • s*? 4tf t.t 1*5
*» us ns
* »• p *- f.l- •4.T •, ' mm.

1.1 - « « -# * * m

s,.« - • t# • ••

4.S 6..T f..|- . *u # *

».§ tf.1 Mti •• S,9
ms aa.© tt-l' 3ia 15.1

f#Cl ts.g 20..4 - 24.1

fl.t f7,f tf.4 t4.4 ts.t
ii»s , 26.4

ti,? • fT.1

Hi.) im. m. mMii

M$ •0.55 .e,8f k.m » »

1.11 ©•7a 1.1S •-«•

•2^2 ©♦SI 0.51 •1,l» UU
f.lt %»91 t»se' 5.6S

*» * Q.m 0,6f * »

0«t9 n * t # # ••

• #»ot ©..©4 tS3 # #••

«.S4 1»t€ im' *# *.

t,.Cif ,%m 3m 4*41 . t.01

M..54 4St €•» 3,??
J.tt f»5i 4*'^^ f.94
3,m '4.54 f*il. • S.&i

1*2© im 5.,Si 7*17 • • i»fi
• 1,f€ %*m 'MB 5.4®, f»a4.

t)

11)

%mwm- mm
W Itmi

•m- " ,, •
'30
40 ,,
5© »,

US

m
ff

115
1S4
m
mo
tss

f5i
5S4

f#

•f #

f #

•* •

ft.

«•#

'»«f

3*2
3*1
€.3

am
3»®

a.f

5 a
2M
it.i

tt.5
20•4
2.0,4
tf.S

0.42
M4
QS3
4M
©•6i

©•t?
©•©7

a.t?
g»3i
1.44
S«f3
i.SI
t.2f



80

up thm Immi gIbsb of lem-thm 2G &mt.
fUs.-'mmi w%& tl#, @s®t ¥ls#& tli# mm

• im ©«©li wtsita (ffiM-® IXIJI) '»wiA sis© :m!$,®e tfee iese#

Cff»e .m?t t'iiaTt of

•fgateat# 1» mrntm&i mm mm f#wsA t© mmmrn mmh. mmrnBirng

f©utility iR %©t '̂ g©«s xmfa sni- SIS Cteia® Silt)*

fli# ©f c^l-orQfliytt' issu.ta-ii'fe® lu tli©

fertility is is fsSil# Sf. a®

©.rs 'gir@flsi«s^ll.f' is fiipre , |l^toa§ wtw?.

pteiQisMsal la tiifi Mglstst. ftrlllitf #ifi.ae .f©11..0wiBf

%'itli g6s#s In t&e- e©E'% @1,fi©@ At-s

Iw %M<J& li©4 fmTthBw immmm^

IB tms^tw-st wltti, ifss* ill# to^eesof silgfetlf

•:¥,ltli, ttai^isias fertilitf*- ^alMa p'sir^asiwlf €.®«re®^ed, witfe

i@©r«esisi m^lUty Irn-h&m tlit ©tl»^ t^iim of
' iitit@ti.©as 'ii4 tiet Blie^ asi' - ' ^ •

IIX» Att#gift8 ,te..,

®. Comtoteatiea treatwats • ' . '

fli# iste m mTWtml- fiSt; spelling ktlgli't i« tlit

•gs§®t»"fei#a mmTm& is. tw$ tTOat^ats-- -
m/famt IXfl^ CSstesftefll ©utatlm fip@Qi^©iiai«s ;

•'is tilt -ta ©atstl^fw f#l? M.| -miMm ,
& ' • • • ' • I ^

mMm siit«ii.tS' p«3? 1©Cf Ig setaiiag®.'̂ s is fam# xmi.
file r€lstiirffi- p®.r©.emtaff@© of ^.iSfereat'

sMi«t.s @» pMstfifei ia EXnit* Sit© M|

Mg €afa &m in «y •fe.M# i», t's asses®



, f>-

• . tmM xxxf

laterrtlttios of ami. fertiXlty Ig Qhlm&p'h^lt ©utsM-oa
(ma-^t®gess wtm • aoae# acsigfei,ii®«|) , . •

S@ed

Hefm i©, -©f
l9,@f pr©g«iii@s

ling®

!©• of -
Matarfe© •

tlms "p®r
CMo3?0-.- p®:r 100 ^ataale

spii^l g^la-
M'laf SfSi IfS^
^1

CS^)
«sr

p3?0-

i) '©&»ro. .Bfeg»

>BQ S5 • tM 10
• m 47 300 •
- •€© • 11 . l§t 41
- 4© n m 4S
^<to € 14

ttfS©
14®45
1IW

6064
n.m

11}

<'2G

fO • m f06BS
50 •• t4i 1©2 3m%i
33 'm 155 • 1«S4S
It • MB tei • m3%

6 321 66 • m3

P'f •4.$' • 0.41 11.7
111 7*7 0,7S 10.9
f9f %!• 1.12 14.7
m fi.6- t.67 ao.3

'23 6.1 i.?e 5G.7

Bm 6.4" M& ' is.a
m 1%7 2,m 16.7
m - ti*© ^ 3..T1 . 15.a
3m •|2.3 i.ta- 17.8
m m.e 6.32 fi.T



flMiB Ilf

pereentagte of t^pe® (»p©otra®) of -

Mg eliior^^phyll RutStotis im tli® different, ©ee'd f©-rtility elass©®
mmMmn «>*«>«>«

Seed
fertility Ha*of
•9f 1* tai- satants

(ri

i) 08.gEs6- gays

ffp@s isf -»«tSEt»
HW «J1»-UWI mwtCi Mi"ii rm-rt- ir • r-—

S4?

>80 53 n 11 #• • 4, ' -* • » ft * » « #

61 - 80 111 21 .26 26 12 ft • • * « «

41 - 60 192 . 34 11 23 at 11 • * «• « 0 •

21 « 40 • 162 5S 2 •14 16 • S • 2 • • • •

„ <20 25 . 74 13 9 4 « # • « * • t «

ii) ms

>B0 855 42 • 9 19 11 15 4 '« « « •

61 « SO 1% 4? 1 11 21 to t * « 1

4t « 60 614- 3^ 3 29 17 11 1

4 •

0- 1

f1 ». 40 329 36 S • 2€ 18 0 « • 2

<20 124 27 # * 15 31 • 15 , ^ » •

nw ,a» ^Mi.waW'.MaiJiwy

1 as«3 BL



f&BiB tmi

Siiwlvai siafi s&edliDg hei^t is tfe® gtnemtion la
0©Bifelaati@a. ©f sua SIC

; ;Surv,lTel
of .control)

^03® &mQ
mh mth

dwif

Smilim aeigfet
of eoataeol)

•..••a.**#* tmautimm,.mt,

ism 50th

i) '.Faat nBatTonm 4-"SM!l

0OUt3?0i
im wd

• 968 rM"
tifo wm

• f

f «

♦ «

70r3?aa,
f p

9*

96l*yai
#f

*' *

11T0%©.i
f*

f f

ft

« *

• * *•

t.,f4
^••91

•3*®@

f.94
a t it
3>®8
§,fT
1 .f4
a,f1
3M
0,97
U94
z,m
5.aa

10© 100 . 100 ' mo
1©© tm ~ 'm 9^
99 • 98 , BB n

sii •
99 m • m 92
9? 96 • m 90

• * as 80 -St • 80
»» ^ 61 ,.60 n T2
# t ' ft 46 7i . • m

•t» t3 93 79 S5
f »• • B . T1 •' n TS
## . f6 . 34- • 65 69
f« m 43 ss ,64
?• if • 'm • IZ 'ta
•t t 64 m 74

if. ' it - €0- 67
t» .4«

§6 '
.45- • 56 • -62

tr 94' • €i 77
f f 63 61 61 - 70

m . 5^ St . "€6
»♦ 45 '• 44 53 61

ii) taiaBfe ram •» ll^g

GoEtirol too im , 100 • 100
1© i5M4 m 4< 98 98 94 92
20 leraa • « too • m m as
30 km€ m m • f>§ 85

t • 0,4® sjfi • 94' 94 • 79 • ©a
e.97 ,, n 91 74 •85

16 tod 0.4i P-, U- • 94 71 . 84-
»» 0.97 ,, - 90 90 66 79

m km^ 0.48 ,, - 90 fO 62 . 8©'

** . ©•97 m ®8' 60 7@
30 km& 0*48 ,, m. §1 W 77

i * 0.97 90 86 4® 70



••v^•

/

fAM XTOi '

Oliloroplayll matetloa frequ^ao^r la tfe# ilg geaemtlQH, in eoiebiaatisa
• 'trem.tffitnta of r&iiations &m<& MMM

Miitsgea
.1©, of M. esr-

frogenits
!©♦ ot-%

»??

Mutaii-ta

toe fi
wwitwi •wi'awtawi wwUBwi

Seei- SM.or©» tOD M.

gftlng bdsmiS iataat. {«a»a)• Mm
m!
dose

i) fast. n«iit3?cnag »

0©jitTOl
705 m&
m

tito^ spad
•• ♦

*••»

* t

W3 Vat
## '

•»

968

. t».

»#

1170*rM
t «i

#»

f •

!!4S
» • 318
* m , 514
»•9. 542

•o.if m BtS
iM »'$ ^03
t.fi f # ;M6
3.8a ff'*'

0.97 # f •11©'
1.94 • f •

2.91 f* :5CM
3.80 ft 2m
0.97 f» 2B9
1.-.f4 • > •,316
2.91- »»• 3m
%m- *-*• 5tS
0,97 > f •317
1.94 3m
2.91 »» jm
5.i8 »§• . ms

0 145^2 ©

32 16486 m
If im
ss 14W 'tfi
19 1f197 m
5t um. t$$-
44 1.0643 - mo
4i 191S6' 2Si.
:5t i6mi 141
4S 12715- 30i

P4' 11.263 4m
71 107®#- 422
4t 11385 tm
S5 iioc^- • 393
62 mm 321
60 12710 411
36 118S€ 14&
§.i 145S9 422
55 1S749 3m
74 11656 438

§••5 '
f,5

11.1
f.t

1G.S
13,t
t4.C>-

§*£•
13,€
17*§
26*0
14m2
11.4
19.3
t®..0
11.4
IS^O
ia,5

•a6.o

0,*96
t»05
1.07
0.92
1.51
1.34
1 *3Q
0.S7
2.57
3.57,
3.91
2,53
•%3J
3.15
5.a3
1.22
2.94
5.06
3.94

ill # Mm •

%atr0l
10 fe3?at ♦ ».

2b ksed ♦ •

|o tos, «

• Ot4s m

•f #- 0.97- .-t
10 tead 0.4a

»'» •0..t7 t»
20 krat 0#4^ ft-»

0.f7
10' tod G.4a M

»# ©•.97 .»

210 0- mn 0 « « « *

242 n 7889 51 • ' i.2' 0.64

246 • • ta 5-61'5 75 7.5 1.50

196 m 44i7 §9 , 9.2 1.31
105, 6- 4794 25 0.52

lot 9 4m 59 • i.a G.90
1G€ 5 3mi 14 2.S 0,55
10.^ 4 2913 10- 1-^ 0.62

81 § . 1750 6 S.7 0.34
80 , $ tf56 54 7^5 J*33
n 6 1237 ' 19 .@.3 1.54

72 9 1,114 5a • la.f e*©7



tmM xroxi • , .

%lEtive feraeiitag«a •of typesa (spto-tram) of
eKloropJijll matmts in. .til©. Ig gmeratioti In o-©»liiaatloi3i

ts?.eat«eijt8 of i^adistioaa ®M BIIU

Ilu,t8g«a fotiil Eelatif© p^rceatags® of
io.of ®fe1.03pop!i|rS.I, muteats

' EatSiBtioii IIM
4os© , «l©s© A • I 0 Af S BL

i) fast Beuti?®a« * WIU'
'

"••70s r«<l »« m 26 10 23 14 • j #'• « V

96© ari«i •« im. •as B at, If It s to *•

1170 rae 151 43 a 'm t5, 5 •g" ♦

* » Q^n tm m 49 15 34 1 nil- « • 1 « « • «

1#§4 -M t&B 4S 12 17 ,#•*• f5 * « 1
v*'- * . mo- 28 10 m 1' § 1 1 12
-ft «• 3.SS' ,., im 29 2 m 8 at 1 19- «:•

705 rat • 0:»97 »f 147 56 § 14 t? 4- 5 •» 11

9 # 'sm 51 7 44 10 7 # # 1 • •

f» Sufi ,, 43B 15 4 IS it 3 •-« 6 7
»» 5.as ,, • 4 m . 2. i§ 1 m -# •% 13 6'

f 68- 'l?ai 0,97 m& 27 25 11 1 17 .« # 2

»t 1-94 ,, 3m .•4S 2 u 3 » ^ ' * « * f

f « 2.*9i m 4f •-•• »' 26 t 11 6 1

'»• •. 3.8® . 411 31 '31 26 4 a «* « • • »

117© r®i 0*37 ft • %m 12 • 7 m 22 n t !» * » *

* $ Itf4 ' 422 14 ' 9 m 27 10 a. » *

V IF 2.91 m& 21 io 45. 15 1 # # 7
» t 4SS f4 te m', t| 3 ,1 . 1 » «

11) aa®KS amy® EWS '

• 10- fexad * - 5i 12 tt • 31 2 *« * •' • •

20 ksad * «* 75 39 « « m » • Wl 1 • • « »

50 « »
59 '59 * «< 49 4 3 - I « «-

«- « 0.46 fisM 2& # • go S 64 ® • ♦ • ft

9 • • O.ff m 33 10 26 at 10 • # * # '- *- *

to krai Ot4a ,, 14 U .» « 14 tt. m « %». • • w ♦

# 9 .0.97 . ts « 4> » *- 22 2© • « .50 V « ' « «

" "20 toi 0.4a ,» 6 66 17 It « • .* * ,» •* « ♦

f « e.ff ,, 54 M * • 20 15 a '# * « •

50 kired 0 *48 t♦ 19 42 If * 16 32 • 1© • « .• * < *

-*» e.97 ,, • 32 41 * •» • « St • # « « « *' • ••



•'Ov • .

interrelation of MiSTERILITY and Ma chlorophyll MUTAriON'
frequency

lOOl B.RELATIVE PERCENTAGE
sot io- A.FREaUENCY

i-GAMMA RAYS

20-

to-

(/)
50- jniO-

UJ z

<
Q.
(/) 40- is-
£ (M

• £
o
o

O -
o

a
UJ
Q. 20-

K

£4-
W)
z
o

S
Z •

z

90

-oPER 100 Ml SPIKES

PER 100 M2 plants

SO 10

ii.EMS

90 SO 10

SEED FERTILITY 'jo

100

' 60

<

UJ

20

81-100

ii.EMS

81-100

i- gamma RAYS

61-80 ai-EOii- 21-40 1 -20

[a ALBINA

E51 XANTHA

IS VIR.&CHL.
CSS OTHERS

61-80 41-60 21-40
SEED FERTILITY "/o

m
1 -20

Figure 43



i .

81

fh# ©f t&© tw® wM.t&gmm i& tM 0©p:^iasi

t:r$ata©at© iW»M^ IIII)*

' «i d»i.l;lag, Ja titlier

tlif €>»s^lmatS,®.B •'tttaig^ats ittI mM sigaifi-eaiatli^ frs®.

til® ©xftetfii mlmw9 l#@©i « eiditit® effttts (fn-Wl# IIII.—i^sil)*

' -flit f»its#raei@s @f mtt.ts.%i©aa .fMW IOC

gpitee ia tli« mmhim&Mm #f giste ss## ©li ilfl ¥©]f© &9t higher

ttoa» tfe® TOlncs m ttoe %a.sl®-©f ^iit-if© ©fteta. -1©.

tfm .mmhlmmtim f©at' »Qtr©ii© mmt IMtts ff®f4S@asie-a we»e

i©§© tiaes. •aiii.tt^®' tii© 3.0wf^r i9«s #@sb4msfi&s®., feat m%

liiilMif fi0@®s tfe® fs'-fest-wti f®©i}-i»aei.©® %mm: the mmm es fli®

espe©tei. m.m (falil# ©moi^i&yll - .

siitamts ©stigsttfi ©•» tilt s«®1a€s^ #1* Mttsats fm 10§ llg

mm^MM m G^iitmmt ficttar®#. $f t&# •$©afeiB.s.ti«6

tlie isatsmt fretmsiai.@s iW3pe -Isi^er thm

•tii@- tEp©©tt-i #a#f# instil #11 •siiif-i-t© #.f£ee'l®» ti"! ell #9s# ^

©eiiMs#,ti.@as ®3cee.ft s:l! wff imm* ffcl,a f©#i%i¥@

©ff®©t, #m iatttist mm mmit sigaifieast

St- hlghBs esafelR»'ti®aii &£ fest mmMmm m& 'SW

CtaM.® II1X-£¥)* . , ^ .

fh@ -©f mmts&tM is aata%ti @s» is •©s^liiiia'li:®!.

treofs^sts.wm'^ sigMtlmMtlf llite ftoa la

Illl-f).#. fto# segire#itl#m rsti-es S'l tfe®

feigh.©^ 4©a© -aegtematt©a© %w® e-eriSit<i3faMy Mgli igjeiestii®. a

&%Tm$ f©siti¥© effect. -fM© imzmim. ia ,

mgm$BMm r®tl@ rtfl^eta -© ©or^®8p©3iiiag Jji«was«3 iii th©



fAMj; ixii

Interrelation of M^. effsots ©od sliloropliyll wutatiofa
fx^eqmmf in eomMaation t2?0at®9Kt» of ra^istion and IW

Ci) 'Sar?iml of stsaiiag® ^ 30ih <3sy ili of aotstrol)

MW Boa©® CsiK)
ladi«.ti®:a i0@««

0 o^m 0.9T i.94 ®»91 3*a®

ffest seatrsBs

SoatroX 100 . « • S€ m 60- 48
tes • w #* 93 71 S4 - 45

(96) (BO) (60) (4a)
mn : _ •

/

ts # « 91 64, 61 43
(95) (?a) (39) (47)

ItfO 37ffii 9i • 0 94- 6t • , 33 44,
i33) • (7$) • (59) (17)

0sii*«- -rmm

Qoatral. too n 91 » # « • * •

10 Icrad 96 n ~9© •' •' ♦ • • •

in) (@f)
20 ;§f m m ». • • # • •

in) (90)
30 Um& 99 m M6 • • • •

(91) (90) s

11) might of @©®dlinga ^ 'SOtli .(f& of ©©ijtrol)

! IW MmB. im)
5Xi^*MmK^XvA uv94f9

0.48 §•« i.m 2,91 . • 3*m

fB«t a«llt»«SII.3

CmtmX 10©. • m BO • ?2- • m
TO ' 9S

1

» II m • 7$ 09.. • M.
CS6) (7$) (m) m)

960 :?a4 m « # IB 74 67^
(.84) • (74) (67) (64)

tlie $2 ♦t 11. to 6$ '61
•(14) (€4) - (64)

»irii
'

Comtrol im •• m m . • « « t *

to krsl 9Z M' « «- ♦ ♦

im) (7€) '

20 ksrsd m 80' 7®. « • • *

in) C'T?)
•3Ci B3 17 : 70 ♦ ts « » # •

(73) 'CSf).

Ixpeo^ted p@E0efttagt» mti.mt®'^ on tfee hmlQ oi ®4<litive
for th@ ca®t4ii®d sr© in l^raok'tte- fceliOW.



IIXI Ccora.)'
lii) Hiitati©i3s ftr 100 •pike« (mTej

las3iati«a ao&es

fmt a®iit3gQM

• ^onir^t'
705 a?M.^ •

f €8 m0:

tit© uai

Omsasa myg

10 karat

SO Irai

30 MtsA

Mim ^ iwB)

0 0.4a- Q.m t,94;.2»91 3.88

• •

« «'

9.a
$•6

CIS.7)
, 14»2
(19.1)
,11.4

ICS.6
i3.i-

(20.1)
17.4

i20w5)
18.2

n,7
17.5

(22..2)
19.5

Ca.6)
m*3

0

f,9

11,t # «

{m^%) itui) i23*B)

0 S,.i. S*©
6.2 iS 5.9

iUJ}) Clf.O)
7.,^ t.f

§.i' ,
(16.1}

©.2 ta.5
C15.0} (18*0)

♦ ♦

««

• #•.

«•#

#»•«

" ♦ #

14.0
m.o

(25.5)
IS.®

<22*9)
26.0

(29.1)

• «

ft #

iv), Mutes,ts te© Hg ««i®aiiiiS0

Ba4iatl©B doseia

neptrons

0©U.tTOl
705 rai,

f€8- rsi;

t170

riiy«

10 lepai

20 ^3?«i

30 kvM.

0

©

0.9#

1..©5

1.0T,

0
0.64

1.50

1*31

ili0 •• CffiFi) .

0.4® 0.97 1.94 • ^.91 3.08

-p #

.• ♦

* ♦

•0.:92 1.11 , 1.34 1.S0
0.87^ t.57^ ^3.57 'J.91

Ci.e®)•Ca.fT) Ct.5o) (2.4€)
•a.35.^ ;I.S7 3.15 5.S3

(l.f?) (2t36) (2.395 (2.35)
2.f4^ 3.66 5.94

Cl#W) (2.58) (2.41) (2.17)

0*52 0-..9©
0.35.. 0.-6g

(1.16), (nf4)
e.54^

(1.82) (2,^20)
1.54^ a.at-

(1.©^) (2.f1)

« t

* •

« •

» «

« •

* *'

f' »

# «

♦ #



w} in mulafeft «fM

ffist Beat»as

ciirtr^T*^ '
f05 rat
Sfi'© j»
mo s,
§-te3sa mam

1©
m
30

f ♦

ft

fcMiiimiierWWHWke

SMU '*'~MmB {M

i •®.4S C*f? •1*«4 t*S1 3-.i8

0 - •# •# 12.6' -1S*§

ii.o # * • tt.i If,® ^ 20..1 11.4

10.4 f 9 • n*4 it*a ie#5. If .6

t»§- « # ia*9 • ii»e

•0 • 8.1 1t»S «# # # • #

11 16*5 •ii*J •« ♦ # # «

lent 4..i 3B*3 . • »: • •

il •© 1?..t %BS # f • • » • * «

vi) 0^" Btkim

•l&aiaiies Mmm

last Egttti'^a

t®f irti •
JfiS

1if©' #> ^ -

nmj^

10 l»i.
a© ,., •••
I© f »

laai-fitisa ie«©«

U&nttQt
*J03 rai> •
ffS. -t,

lit© #.»

gomt^ol
to tesi. •
20
m »»

•iii' • t»0®19 'C^)

. • t. ©•4t -e»f? 1.94- 2 m 3.8©

e ^ # •* 4t.' • m--- :m , t'9 ••
iS ••l-'# •sr m m

- ai • If• #1 4f ' 3i -
'45. • #!• MZ

4

•14 t3 • t4

• ' Q. t 3$ »«

31 m . ' © * ft » •

' ff \ m - • m * # «•.* • •

If 4t 41 • » « « «•

SW - WmBB Ci^-)

" i»94 t»ti . %m

• Q #-i> m - • If ,tT
m • . # • 1 -• 44^ n
m . mm . ii- "It 26

m m 9 m ^ 3S • 1©

0 2G m ,
i

• # #

n m # «- ' • *•

•23 It. .© * « -j* •

4f 16 . • © * #

m
If
ti
30

ft i»

•* #

# •

• •



82

0f t'b® aectoy.

a@ perc@at©s^0 of ma mtm^Q

mm mot imflweneed % osasfeimtlott tmmrnw&tB Cteatele SlZ-^i'Ssvil).

fh® ®p©atr«m oi ohlos^opli^ll mmtesfgi msatly x^e-mimd

, ' iUhlm OTIII).-' ^

h, Umvaemut ^Iteriistct tmfitmntB •

.' • fht €®ta OS Bumiw&l &M laaiifct ia tli® k|
' '• , ' p

-4;. -- &Mi cthl&TW0hflLl ratatisn freQu^acf in tlse

gmm-tion fwm tm 'of txpertamt® ¥i®., j?€cm?r«3t «ji«l

txm^mnM i® ®a00©a»li?« Q^^mmximn

ia m€ IXII reigpeatiwlf. ' 'fm

. tM. teu:t®gmiO' ©ffset® of tM mmM^ tm&tm&t iia the swsess/iirt
V; ^ • • •

g@i3esatl«t tb© data me im s- twe waf (^aM# XIXII) „

' Bm&liM$ mrvtv&l pewmntBgeB- j.a ihe 4
3i,st fram.-tfee estl^ted in rel&tion to ih&

mutag^R tr^Etss^stt

(fmfelis-S^saiiiig-lieiiM ia'r©a'ur:wn% irr^di&tlsa ,

®l8© sfopvei t-te.® mm tmid, v/feerea® is alttrnete ts-estTOPtis

the «| mlum mm liiilioi?- tta tB@s® ixm
-III® mm0Tm& Mg-v©!!!©.'® (fefcl-t . •

2'
• af- tmqmmim of ms3,tatle:Ba 100 spikes?

preseiitefS w sc-etioja (iii) is iatsla XIXII.« fli© Q"b»«2rTr«i,

is^qu@mim im m well a® alteraat'^ vere

tteii tfe® fsaa total ©f fr«que»©l«s in the resg^etif®

©©•atr^ls i» »©»t of th# casea'. ffee lower natrntien

, imdieatfsd: tlmt th^ mutmg^nlc ©f mmm ©r tiffererat



•Sttjjvival m& sm&llng 1» t-h# Bmm& g&mmtim (H|)
is repeated mt&$m t^eatstsil;®

Bmmkml ietdliBg .MightK«tegen anfl flase oontml) (sS of ooatro!)

•first Seeona
tres.i»iit ' tEeat®e.at

i} E«ettrr@fit tm&tmnt

m.tn' (aa.«a mwn

»•''

•» « 10- toa •
* « 20 .,

30 ....
1© feyni • «

f.f. 1©

*'
20

♦ ♦ 5© .f.»
W fe2?a:« • •

f # 10 fei-aa.
20 .t y

#f -. 30 „ „
30- ««

•ih'» io lEWsi

»f, ao

.*--t 30

11) Alt0m@tB

§&mm- XM¥B m.

m
•• 1t94 ft
•• 2#91 f»

TO ,k.i7®.dl 0 #»
f» |*|f »»
f.# »»•

20 tea 0.§7 >»
f.f »»•

•••»» • 2»91 »«
3© Isirat <>#9? ft

tf. 'i »94- »t
i# t31

nth loth - 15th 3Qth
a»y •, 4a^' • €ay day

106

/

100^ 100 100 •
90 • m . #4 ^ 92

10© • -m •• $3 m
99 ~$9' 82

96 m 101 99
m •m • - m 95
98 m "W m
9S m 19 ,
9f n 101 97

10© • 96 • if 91
9®- • .. f7 n 07 •
91 f4. m , 77
95 ta • 100 93
9t . , U ' , 94 §4 .
•9S. 94 • 81 ®6

••" 97 m • • $9 •13

m " ^5 .. 79- m
s® 78 • 77 74
71 57 68 • 7©
95 t5 76. •9©
85 73 70 .34
n . fa $5 81
f4 94 i4 08

§4 73. 70 81
SO , 57 62 74
af as ^80 S9

84 74 73 84
79 ,ST m 75



1 .

"WAMM IXM

Ohlufopfeyl-l frtQsemj, in th§ tMi?i geatra,t:ion Cli|) i®.

MiaMi#! mi §m9-

- fir»t

So# ©f m|
«H«iss^sSsa.

.s@t3»i gmim

s©.» •®f »| -

S«#i^
Xims

Qhlom»

leta-
MmB

^plfee#
(esrs)

Hatemt#

100 h|

IlBit

i} Igoaggeot tr)smti8#at-

§aiB«a, raya' '•§aBi(Ba rays

Goxitrol
* #

# »

« *

to km& •

»»

f.#'

20 Kai
*9

• ff

30 tod
s $

f »

# #

«l«

to tea^-'
20 #•
•50 o

Id km<^
m ff
I® ♦,

10 kififl.,
W'- f t
m

10 teftd.
m kma

rt

ii) iltergatfe

Q&rnm' mwn PM0

# #
* ^

♦ *

« # ^•fi-,,
10 teM , 0.97

* f t #94 »$

t© tei ©#97 «»
• # # • 1.94.,t

»» . ^•§1 »•
50 'ter&i Ml f.

*# -• ' i.f4 ,»
«» 2.-ft ••

2m
242
2m
196
229
m3
aio
Wi
2m
214
t.€§-
Ifel
m
2t4
lit
n2

© ©71S © « • * «

n - 7S0f" SI 0.64
IS - 5615 .^ 75 7.5 1.3G

18 • 44S7 , • 19 •§•2 1.31

3 "9471. 16 •' a.a 0.17

21 ' 7649 its . 8.2 1.S4

IT - 4145 71 a.i 1.65
If $^§1 • 105 • 11.7 3.90

6 104ft 3$ 2.4 O.K
•ia • i2fa a $.6 0,40
11 3m • n 6.3 1 «0©

14 3m 79 S.7 2.54

13 BQ30 76 5.7 • §.94
If 6131 - 79 B*4- • 1.29

11 3m 77 i.© l.f®

tt 2644 1C# ' 11.a 3.76

112 $ , fi2S 44
161 • 6 . -^54© fl"

123' S 7045 42

g16 9 •10123 39
tas- • 4 8544 n
1SS 7 7002 m

1.@- wm IIi92 . 14 t6f1
1S4 : . n 9©ft 114

ao4 . 17 ©goi $3
1-as 13 759© • m

172 2-1 661f 10^

3*3
3.t
6.S

-4.2
i*1,

6«©
7.5-

10.3
8.5

- 6»f
ia»@

•§.44
0,56

•0.5f
0.1?
0.36
0,86

-0*as
1.26
1.01
1.17
1.56



"'Xjk.-—

• . mnm mil- ' "

for Mg eff$@ts ejsii, 0hl'o:p©phyll nitttEtioii'
tmqmmf .ia r«pi®:t»€-iiisitisgca ,treatai«at«'

•(4) Bm-enym. ©f - .50m mj Cm|) W0t th# doubl« eoaitol)

: irafg

^mtml
m-mrnd

'20 teefi-

5©'

im
$$

$$•

$2

«• SOT

.10 toa ' m kgei m^a 'mi m i,m:

•m
(94)*
96 •

C94)
94,^

Cfo)

m
m-

(93)
jf,
im)

n
im)

• ff.
96

(95)
:u,

im)

m

(It)
(It)
(If)

ts

ci)
cll)
cl)

Cii) Heiglit @f s«®iUai» « S©ffei -Cl|) ©f-tto# 4mhl^ mntml)
lawi—iUMtwmiiiiawiiw»wiw»ii>i.^iiiwii»iiiii—iiii—•—•nuMUMMWi—If itaini n, r—..i,.-, , intrmmiiM»»Mii*ifwwnMmiiwiwiwniwiwiwiiw»iiiwiMii<[

•S»etai?j?«at»Sa®Ka m^is ' ' ' llteeaate « IMH8a®tta,
3?©y«.

^0®atr0l
1©

20,la?«€

fG. ^m0.

0.OEt-3P©X'
10

26 tot

10 teM 20^ km^ 50 krai - m 1.^f4 aM 2.91

te®
99

•

$3

m •

(11) '̂
(II)
(It)

ss
^•

C®T)
m,
im)
s#
m)

m
•n
(®i)

(If)
(11)

n-
90

im)

m)
S9

im)

n
m
in)

@1
(12)
84

(69)

7©
at

(69)
r4;

cll)

(lii) ItitttlQi (p«» 100. h| mm)
ia..tt3mate -• IBU

•>M»iijuiiMi[wwi<i»*Wiiiw<>ii'«w *>^«ifr mtrm rttB-Trmrwi>fnwtinw <»iwiriiiiifiaw Miiw iiibmw. immm

10..lM?g:^ terfe4 - tead al 1,94 . 8>91 eil.

'«:i^ €♦0 - • t^S
a,t a#2

• Ci.4}^- (93)
ar4

Cs.6) (9,?)
5-,f- ^ 8.4 a.0

C1I-9) (i^,.o)

$*2
iUl

iti»4j

It.S

l;l
(f-.S)

Cl.t)

Cf.O)

3.1
2.1

Cf*i)

(III)
€S

(9.4)

•6*5
4#S

(•a.t)
•p.3-
iM)
t2*&

(la.a)

* P«3F0tiftt@ges tte# pjre^la^t of tfee- tw rtepieftiir#
• ©esatsrol. iralaea
fhft Slim of tmqmmlmm ©f tli®



i.

83

siiitflgsn wfeeB is s xep^attd tm&tmmf in t&e

gentarsrlisn wm less tlms tbst t&f tM firat treatss^iRt. th&
Bfmtmm of olilorei^tei'll mMnt^ i®. tte l| g@»-ratl€>n prfiaeat-^d
ill Sa-m® •IZKXIl- iid sot Sia.f caosistent

tmw. t]eeets^n't@ either is or ia altersst©

o. "STQ&^&kiB^ '&t ©ee^s

i) g&mmtim..

th© peireefitagea of 8air?l^aX aM seeSlin# bslgtit s-is^S
fTOf^saaf ©f ciiao3?opfeyll, a^efieitst ©sttastei Ib tise

g©at3.-s.ti©a fellow-iKg %sf©®ti5«;st seeAa witli s^M ©fttr
frtssfikiJig .Coi? iiiffsrtat pccriods ®x& fre»©a-t©€ ia XXIJ.f.
Tm tMm merles o-o.»rtJ3i-©n^:ls€ to tM tfeset dsgt-awrmtioa
eo®1bissatl©s® iiffer^a. ia tUe t®g»® ©f ;lstQS©4 l®tMlitj asd
iajsrf et @11 period© of pi^©a©©kirns* iateasitf of .©ff®.et.e

- sii feiologieaX Mm m follow.

2,fl si for 4hmm>2,91 aisoars >e.$"? s# 4 h©5i$^.
- MMgbBT dQB^ for'a &m^Mr period, waa

iE iMwm Sos®
f&,r e longer

la tftsh se-ifit© laesdliiig

Uelfiht a^ereasea stteiilj wit! iummstm periods of 'p^^ssalliig
up to 3t lioiirs. IS.t© 4S tioiiip imriaa t!i© teorease
%/a® aot m ar«®tie ®.« t.tet ©•teSfts'TOd i» t&e presoalci'Bg. period
•uft@ 32 hmT& and tUe ®e®n tcilee® for suarvival- ®n6 ©@®aiisg
helgM M gfedia-allf iBeeess#?!'that ©f tfae eost.wl.
fb,« rtsalt-s, iMTQim* .tfe® ext®t®.?ic« of ®stage"



TABm XXXIII

esat&Ht^ ill t}m tfeird feaeratioa C.H|) ia matagism tr®«t»Kts

Kutrngem ®»<S ioee

fimt Sfoomi
treettiSBt

1} iMgiarreat

fots4 Seliiti"#® 'pereeiitages
»|l-0,.of clilw@f%lX autaBts

AV

Q-Bmm TB.m S-amsja rasa

« * 10 kriid, 51 53 • 12 22 51 2 • #

# * S-0 f f 75 • 3f 25 ♦ * 37 1

•!* • 30 • 5-9 51 49 4 5.
1© krmt # » 16 f* * 75 25 # • » ♦ • 9-

f .<> 10 '.'Israt IIS • 6S i 5 13 3
f |t 11 ^•4 • « 31 1 2S • •

#9 30 10-5' . '54 10 19 1-2 5 « •

20 krs,i ♦ • 56 31 * * • • 47 22 • •

-t f 10 krsfi 25 32 la to Ii * •. 4

» 20' 31 ,. 62 5 t2 « * 11

30 , 79 42 n e 33 2 • 2

30 fosd 76 ,10 41 24' 6

f f- 10 tead 79 S9 5 •53 4 * #• 11

$ to ,, 77 42 15 9 34 « * * »

• t 30 o 100- 12 25 m • 11 9 ft »

ii) Alt@r,sete tl'00t!£©llt

•Cla®Ba raM'

• • 0,97 m. 44 43 » « • # * . 32 t5
- » «• 1«94 ? • :5i 16 « # 16 7 45 16

* * 'i 2.f1 4a 4a •« # • ♦ 51. 14 7
10 femS '©•97 If # 39 ei 23 13 5 a )«.

1 f t 15 • * ft » • # • • V 7

f f ,, 25 60 •4 to a 4 4

20- kyad 0.91 m 10 • 7 at 6 2

f t 1,94 ♦, m m 1 37 53 1

$ # 2.91 ,#• 114 61 * « 11 2:2 * • * »

30' kr©(l. '0.9t 85 , 46 S 24 1 16 - 3 •
* '* 1.94 89 $0 « « 1:g 15 • ia 1

20 ' 9 , 19 45 7 i» ft



-/

JMVf

,seeding height @i5d ohioropliyll fiefieieat eliiseraa in t1i@

.feaeratios foll^wiag with. IBl ®fttr differeat pe-rioda
of pi?ts0&feir<g

Kttt'ageii.
tee eni

fiarffitiom ©f

C©atr®l

C.57 m.
im

4 fesias

2.94 m
•for

t l^©®rs

2.91 m
fQT

4 'laattrs

Sc^roiB®.-
•ti©j5 ag©-
C

piJ-
ssafelsg}

Muvviw^X S®®a- sf
C>^ 0f caatrel) liiig flsatis

j he i gM
' c»f viaget

hX©rophj?ll
eM®©a?©s

50t& At M-

SOtliiMy

^ So.
I'er

iOO
flanta

100 100 100 S27 0 « «

S feeaifs 16& 100 m 327 0 # •

»s tGO 99 95 225 1 0.4
16 # # 9f If 92 224 1 0,4
20 » i fS IOC- 84 t2€ 0 « 0

24 ft 99 98 @4 223 4 ns
28 ft • 106 lao 77 226 4 1.8
32 .» * 99 1€0 . 76 227 1 0.4
36 » » 100 m 78 225 6 2.7
40 » ^ 100' 101 7®- 230 7 3.0
44 »•» m 99 7a 225 6 2..?
43 * * • 100 97 79 221 8 3.7

a hollar® 98 97 93 220 0 •' ^

12 >•» •too- 10© fO , t28 0 :« •

16 9 * . 100 fS to" t22 0 • #

20 .»» 100 94 • ac 214 1 0,5
14 »* 97 f2 €6' 208 3 1.4
gS- 9:9 94 SI 54 1S4 4 2, a
32 » » ®2 • ?4 S2 169 - 7 4.1
36 » » m 70 56 m 7 4..0
40 « » m 85 St let • 5 a.6
44.

* • 89 • m §2 185 1 * 0*3
4S 9 S 09 m ~ 64- fO€ 4- 1*9

8 SiGiiriS 160 102 92 232 2
12- *». m • 101 90 250 C' * 9

16 «9 f2 13 84 gie 6 2.9
•20 » Sk &3 •iO •66- 130 6 4.4
24 » f m 10 4§ 40 •0
28 s •? ? ,5 53. 11. 0 « «

32 f •5 27 7 -0 * •

36 t 9 6 .5 at 12. 0 tt' 8

40 * ♦ 14 f1 29 26 . 3 11.5
44 9 » If 33 • 27 3 •11t
48 * « .• m -m 39 46 5 6.5



84

to tW period of 'prmmUimg

fox 32 feoiiru. Sihe peak '©tsg© im mmiti'^itf mmQim6. th® af^®©

#f tij,® ipte of the siatofeB: tfe© eriteria adopted

f@r Ms-steelnf M,^ tfe@ inttssity of fi.am»ge w©®

©©:r© at t'k® highss i®se -aaS i»- tire® l^thaiity tbs,ii •

iajii.ry (figttr© 44-i)'# fli© fi?©f|«.®B©l.ea ©f efeld^osjlT^/ll. obi®«rse '•

wtre '^80 feigfee^r iuring tl» laterisedlat© f,r®.e©»Mai;»

ii) g^^pesat-iQS

fji© immmQ:^- cJil-03?©fliy3.1 0sti,s»sted as

mrtatioup |f©'r 100--M^ afiM® ei^ mataiits i?@r 10C« Bm&lingB

um pr@3®ntea. in fciM.e Sl'f. lii® fmqmmim iaexea®®^ In botte
I

tk© @€ri®s ummmkug. pei^iois of ps®s0okia.g the

imm»m wes net eoas,lst«Bt a,t all CFiiare 44-11)*

the Most eoisspieestm iG©!?e@8®-ia -ms f&m. 16 to 20

hmm ssf pmrnaklng in 'ilm Iwei? ios^ a©yi#i bM. from 24 tQ 28 •

feoas?® im tbB Mffeer i©®© Wm Biglisst froqutjaci©® i£i

either of tM s@rS.es mm mmiti 40

fli,e aptsti*!!!! matsmt® p3r©®SBted 1.9

'XWl tMt tiisr ipeletlw

%,p'0® ©f mtmtB mm ttkfl%mm%4 Isy tte p®x*iofi of

pres©a'&li3ig. Hlbiiie.® wmt psmmt &t ©1.1. tli.® fea;t
I

tli.©i,i? reliitiv# pe'i^®fi«t©f©® l-mm@m^ with m-. inoMase in tiia ; ^

ptfflai of fs;.e®5iislcing» figiaig mtttsiEt® w^m ffi©r«- imqmnt mt

Sfboi't j5©riod« ot jim&ostlsins* 6hlgripe.« elteeviMiLts ®.sd atirlatft

mutaatyg Mti?©. .Imlaoei e,t @H 'gfagg'S 'feat SW'Qqmneim

did isot beer ®nf relstioaaliip" tvith %lw p-erloS of pr«®oaMag.

I6atl--is.',3- fetid •tigtri.Qaa appeaareS onlf, Svom Wm 20' li©ur perlM



fABIsS Sit,-

©f" •rniMiimB is tfas Kg §B'mm,Mm
fdllmfimg tTtatntiit ifith WkW &itm perlOiSs

0f' pi?©99afeing

•Matesitnl 0©r®iiia-^
Ie*#f f%m% i9'.§f If m.W'

jirngfimimB
t®s©'aal

©f

i@at

iii#s,

'CiJSta
semllsg i

JItiSBiM

IMtmtim
fsmimmf

f. df
w«

taats
iB

tei
SSi UffS t#I?

1©0
SL " S|
piasts

C®«r@)

00iitr©lL fS • § • m © « # 9 »

•8 lieg» 'too ,5 m 5 ?•§ • o.t S.5
12 tif to© • i m$ 7 , i«e • IS t,4
16: ,. f§0 9 44? • 9 f.t SrO

•• I® 100 15 41© SI ts-o f.O 11.5
t# im 25 4:I€ 17 23^0 a.5 10,9
tS' .,,• tm 1? 4tS S5 15.0 • 5.4 13*5

If #» fS 402 2i t3«e T.Q 11,5
-im tf 57? tf 19.0 1.1

4® ^ 104 m 4tS f6 23 .a - s,4 15.1
44- toe • 24 3 4S . 45 • 24 12.4- 17.t
4B f©i- 25 42i ?S t5.0 S,i 15.5

!•

g
%4

1

*

©

i •0 'ii©l|3ft loa 12 394 If 11.6 3.0 12.4

1
It- 9 * • m •14 •,1f 14 • 5 ^ 4.a 11.6
is . «l> ' 102 IS m - t5 •5.6 1©.2

#sl 2Q «« 100 It . ,411 W - i2*Q • 5.1 8.0

1
m f# lei 15 194 m 14.S 6.5 11.7
m i ♦ - f9; "t5 5f1 m m,3- 11.7 15.2-
3i f f 1G0 •1i - 457- 11 18..§ S..5 lo.a

1 ' 3$ f s
91 2f 4SP la S5.@ 13S 16.8

mum
m * f too 32 413 16 5a*o • IS.4 15.8
44 « f toe 2i 5f 2@>G "15.6 16.1

•

«4 • 48 » » leo 24 391 "S:1 14.0 15«0 16.2



/ -

V

•umM xxmx

Etl&tiv# of ai,ffertijt • iapmtiem} df ohlwoffe^ia.
. sutaats ija tfef Hg tQllmim with Mm

aft«r aiftetmt peapiMs ©f

<S00® aj5d uatisB.
m^&tlQrn ^ age _

OS {peiloa
•• tjNSKt- of pre»
, mummg)

o
M

I
1

O

M

STM

H

8
It
Ifi
2©

,24
•ti
^2
56
40
44
m

a
12
16
20.
24
-aa

1 3€
^ 40
^ 44
4 48

•a»

t»

■*-♦

» *

# >

»«

* i

# f"

t»'
♦ >

r #. ^

•»»

'. »*

r,#

» »

"f »

**

*#

» »

*-♦

fetal
So.-#f

• M
• 24'
145
1€3
146
149
104
tag
I4€.
S54

61
79

10T
4f

104
283
IS?
411
T€?
5ai
504

A

t3
15
17

-19
1®
26
52
13
'15
3J
31

11
11

•li
10
15
12

-36
40-

50

Stlative ftfos.atisgea' ©f
Hg omoafofkfU ssataijata

» 4^

% '#

i
tf
♦ .#

3
i

•• 4
1

# ♦-

f

« «'

« #

3

♦ »

1

t
f

It

•f

ST

IT
t1
42
16
42,
2B
It
ii
4-

32
m
17'
45
36
37

t
57'
IS
t1
32

©. ,ir?

¥ •

•t?
©•

ti.
7

42
If
2i
m'
1

f9

,3©

10

33
n

2

10
n-
It--
1©

9

• t

# «

4
19

4
14

1
9

• i
m
10

5
14

4i
' 1^ •

17
m

f
4-
t
€'
6

7

# t "

1
'1

* *

1

t ♦

5
I

-n

♦ •

1
$

* «

1-
1

9 •

• #

♦ 1»

1©

3
18

«' »

# •

6
• •

18
# -II

« *

• •

*- M iiijt BI"

* #

*

•

W
6
2

• «

i
5

14

2
•M-
If
• ♦

« «

•22
21

i
If
• «-

11



-r-

.gV ** IS'I (f

Mxtim P m 16*0 (£

**•

0^00'!? f a.n} ffij Ci
09 i. sis©||a^W jo ^©st'SBf

«©i:%e3i«a *'1l

, •« f *' ** iS'Z (9
•'• 44 _g -(.g

m.m% t my. ^ 16*0 ( f

^•£m OS tafxp»®s ^'

'' t '* 1-6*2 C£

=•% ^ ** ^g.g
• *@;£aoi t l5« i6*o (t.

'S£ep 0£ tfAiAS^S

pu9 t^ATiueg- •?

mm .. •
m |o JO 'tt



EFFECT OF THE LENGTH OF PRESOAKING

ON TREATMENT WITH N MU

SURVIVAL AND SEEDLING HEIGHT IN THE Mi GENERATION

".CHLOROPHYLL MUTATION FREQUENCY IN THE MzGENERATION

w 40i

z
<

o

3

/ X ^

8 • IS 24 32 40

PFRIOD OF PRESOAKING - HOURS

Figure 44 i

.--<9 I,



85

ie hMh mt'im mS- •tliti.r wsx© i?#2rf l©y« -

fb©, d;0lsy®i ®fp®a.i'#s9t ©f ^'aatte-ta: ®bcI tlMriagifj. aaa 111.® iaertast

ll^ tli# p©»©#siti{g#© #f al.fel.jaa# ieereatiae pei'ioS^

•sf wem tiiiS oliMrestt'riet'i© fe-eta.3?e® of tlm

Mleiit sfgatwsi*-'

1%^© tM&n mB t$pB ©f mt£it4.®as mm ©tei?¥-ec, in- etirtaim

©f tfes ©as^fragsMts ©M- fir#tagaoi ©s sra

pr@B®fit0t"im "f«fele Jliyil. fli@ fe#iit©iief ©f Mltlple satatioas

«as- feaiki t0 iB«©ga# with m ia tfe®- period of pi*©-*

sesskiog. fte mmm ©f fer aittteS ear ala©

lse»a-a.f4 e%»®®f€aiiiiglf• • -. ^ .

a# ©©SB »#gi?#g»tl©s mti&s is fmbl® XMf

iMt tlis etittgeti©!! wttli .iii^roa'giiisg

p©»ii3€s ©f ireeeefelHi. f*fe© ptf©tiitrfp^,® sf ^mr-p^menlm with

feigiiti" fetoettfagts ®£ m&%smt& weift- s3,@0 fsuMi t© 'b® .

®0r# a-| ©f ftsgtfefeittg C^Wbl© .Iixflll).

I?»- fhi stiais' of eiita-t#i mmtQm-mm&- iiil..t»gmtiQii

m., Segf-asaliioii '
s

0» 'hmi-m-& m&- mlxty- £im Bm^0gmin§

in tlM gmBmtim im ehtf/mfh^ll laii ^thm- vith

fe©Qta«siaia:s @f-Batiste eigiiifieastlf Igwer tlsaB "2I_ eeiit.

%-e^e ggifeetei fsi' -tli# stti% ©f ••.siatsttsi a©ot©i*ti» la 8«tl4

-©f fr©g'«isi@?i> tfet p®Mt:tit©ig#-8 of Ig ©afaiits?.-

littt^oi^g&tes s.md »e«-8slf^e wtoats w@,r© «s*feA®at@d#



„ /.

. f£mM;kxmxi'

- tm^stmrnt »£mw- p©fi©«i tf '^mC^mMim-

Mmtsaeai • §«Mi» iaQTOflfl,!. • Ite
As»« mm siMes. #«« ' f©r WitsM^ra sfi '
temtiis . «g« - fi-sge-'

®f . Cf®^4@i -mim WM M$m Qm Oiae fto»
stirtgs- li©» ll©*f«^ 'Iffts tyfta

wmt • stsfctiigf ttng - «st ..

.5, 0 issis?® 3 •̂ • 5-' •i,ee •| -f t • I'O© • * « «

'8 • it ' t • 't.oo • .? ;f *• - » * : 100 « » •* *

•si %$ .* ♦ . . f -«• 1.00 - f •# ♦ * • 100, # *

m- •ft 11 • 36'- 1,09 30 ,. S • , t- •* 91 9 • ••# *>••

u m »# • ff '31' 1,00 ??••• ' - ^ # - . to© • « *

m «» «5 - , 34 •,1*04 ' tt' 1 * -# • $€ 4 ♦ #

<« • m f *• •«8 • tt •n04. 1 m m m 4 * ••

t. ji 11- if • 52 m'- I m 10 « »

4© t« • '••If- '5f •1.01 .M- ' -1 . S7 3- ; • f •

44 ^ * 4? 44 1.»§f • 42 1' « m :2 • ♦
w

0 •4® #f 'S@ II i,.-es, •• 5S. • s w.f. m 8

© •It It. •-1*:0© '' is' - * * « f. m ,f • • «

8 ' 11 #f If- , t1 • 1,1t 2 * # m. 11

M • n •f # e if m •• # # ' • #-« im * •

to ' t .* , 13 If •1»«
•

.* f 1©£^' ••* f. ' « •

14 »f t$ i? 1.QS • t|-. • 2 ' •* It ©• •»•'.# ' .

•|- • ta -♦ * .m ri-- i*m. f- fS •2. '« »

%< 3t 9-f •31 .3t 1,«I0 If . # » m f ♦ # «

1 li, . t* m , -If ff •. "̂ '1 « ••ftf a «.* •

m 40 $ !• n . i*n •63 It '• . 1 • @5 IS •• • 1

S ^ #4 »# • ff- - •is 1.01. ff • 4 : f # . 9? f • • P

• ,-4S * # ft • iO- tm •41 • 1 ,.5 , m • ,6



•fABsi mmrn, ' . -

Be^^grntlm ef matmiQm "iM tfa#

'gmm&tim f©li:®¥iag tmrnmrn afteir'lift

_teri©a^ 0f pr@^Q^tsg

K®mI StS^ loS- a«8ti*«, ^M6rt.g99 ox ;B, ear proBwie.
#f • Cptidpt. f̂tcms'

treat- #f fpi-r-
aemt ®©a&S.iig3.

/ Kiitss"! p#y6@Etag©g @f I
Cptirlpt, ^Mmrn

,M:e' 1©-1S IS-tO P-25 Sl-3§>»

I
m

«'

o

©I

I
1

«

m

- S li^ai-s f ♦ * im - # ♦ •. .## • • « * * •'

12 t,. - f • -41 •ff • • 14 • U . » « • .«

1« f 5€ It • •t1 " ..m- «••••-# «! •« 19- •

MQ- ,♦ ?€• 'ft ^ ps - fS . • u # • - 3 #
14 »t IT- If m-- i - t5 -. i a . 3
as -a4" • -.11 • .

tf - • 55 -* »• • • 12 » #

m m -

"tf -• 11. - t 1# 1© • •

m- ,f • IS. .15 tt •ff •-- • 13 1g - 9^ S
m 57.. It . • tf.--.. 1-6 If 3 • 3
m .«, 44 • 11 ' 17 n " 14 $ t t1
4s - . 41 , n ,- 52 .; •-;1© • - to- 7 -12 10

® tesw. • It n • ' -54- t • - @ e" • -d" , i'
It •tf If a,'• m./ 10 IC" * •. 1G
\$ • »#•. 25 • -M • ii-

•

•; • tf 17 ♦ »• # >9'

to- •If m . f5 " ft• 'II *,* »-* ft «

24 . ,#'ai • i? - :ia •m ' •7 ' •• -II .19 »•* . 4
is 47 i3' •ji •• 1t-^ .-•- --f? 11 4 ". ^•4
"M' ,r II • t2 5a m 15 8 -- ••5.. . 5
36, t, ^ -ft • 14 • If -.'' "11 • • -1® - » • " S • It
40 *, t0 11 2©,- .m. • - ft • t1 •- s • i
44 ,» • If .If ::• • t# • • 16 6 i
m #0 IS,. m • If \ if . n f -t

•



80

til® fm mem QtilQulmtet m s.

pemmtmg^ sf mm mmMer «f iiMiit f,r©geal©# .@e,fr#ga.tiag; la tise •

M| s^xmrnitim t« tiit •Ittctl -msikmt 9t- fr©g@®itg ©eored.

-#scpiet:t« p&2?emtmgm -w^m % t»,® femnla'p-reposea

tif Ifemi iat© Clf§§) Ct ..^ Kg. .fatlo) lOCi ^
, , • 10© t4g^ 0tgF€catt©ii w&tiQ '••

t&@ rot£©s of-Ij istiimtt war® tsti®s:t©i m tim mmm
&t all. tfeg. stfttga'ltoi p^©iti3ite. Isi tiig. g#a#rs.tiea de:rS¥t4.' •

imm ® . : • "

ln©ei «s a &i fbm fig. satsata,
aiii, ts^ ^atamts t® tfe© @0®# ©sr, -

tie prsgetiis® we»' ©lasaifiti late %'tm imjmtng £im

msmBBMlm tfpjs. • • ^ ' • • •

i) flis r#i®«t@attil with itfieit of' «t@ats

laai a eormtpssdisg." §wiMt m tfee @f_ '
m fef tlspst aisiltaf m& wswmtMA p^reeiitege®,

In the 1.^ m%m&% mtim MM. uel aifftr
,nigrilffire® tf f#:!- e^'at iMidatltig a. •ftsiiml, ©©©©§@110 '

e©gr#geti©s. m# aat« to tb.^ efieel Cli lea.) '

p3?iusxf aitllletf' (25 S#s,) mmB, &m pte#©iitfi is

fsMts mil -mi II* mB'jmQiiimly*

• ' 11} tMs ©0®p#is©d •©f fifijgtiiies @f

©tttast® 'S-BS & QQV^BJHMtiX'&g iS tl© iTef/MTtGJ ©f-

ii@ta»©sigot©s ill the gB&ismUm* fh® mtmB mm, Imm

•mm 23 pa^'seat tout' -Mm mm ists

i?®latlag ts tH# a'pieel (if If&i,,) asi frl©®y,y a3i'ill©3?f Ctl -lies.,)

1,^ ««.» mm fmumtBil is f@bl©@ Xlil am Mat ••

ill ) 3?r©g©-al®s with 4'tfleit of autsstn ®act a ' -



87

QQTrm.pmdtmg iafielt ^^2 $&mm$Lm

• • • Blmg wltli mstreeg" itfiait-ia t^,e" %/©s?e.group#i ia tliis

•eattgaff# , Sii.t ,ia *IM# sas# ®si- wmtlm relatisg t©

tli@ 1^ ®S8^ w#rt .slsQst eJailer# f^lsi'lisg t© tto© gf
.asris a«« fTOsea^ei Ib faVl® Sill#

i¥) of mstsmtp i?,it;lioat

©f liet^i'^pyisttes# ®0 iiMiestt# '6f ffe® lilgfe.e^ ptrceatagea

tla.il tim. mm^ Is Kg Matatit®.. «?«eof&ie@a _ -
aarlei^ t. .@#|assatt gt©»f• fie mt-im rnlm^ A©fi,olt ©f

»©g@s.t,¥^ mtm^B &m ms Ig aaa netioa ©©s^s^p-Ottaisg t©
tJia mm wstli- .s4®ll®* 3^>t4i ^^@l.atla§ to 111^

- mm &m ia fsfel# .I£ff,

-?) witli ^fmn #f witheat

•of ie'tei's.sfgttts is. th# feit with Mgbax ra-|ies

ia. til© Ej tlimim tfct fig gtiwif®i ^©3? DMs Q®tes©Ey.-
Is ®©TO»i.l ®»geiiie» tfe# iratlw. w«# Iswtr -tlimi 25 pm ©©mt. •

tilt 'p-»@Eit@g#® 81?© glvea @e|5®i?itely fsi' tt®' sfiaal (21 So©.) ,

ijii C25 I@a^.- M:^ mim in faults 12^? md MSI
mBp^QtiWQl^rn ' -, •

Sise @t tli;f feiitatei .s#<it©^e

mm tets felatisg t® Ci) asi Cil)

ale?© w&m iitil.is®4 f» tli® t.at.i.iiitie» of %©' ®ii# ©# tie

eiif«it@t ®eet©.r' sf thi #ar« Cfelf .a.lio»t »@ Ijalf ©f tli@. 165

stiiflltis 33 ©f li'ff® Cii)»

mm siii'ls'fel.e t'lais #®tisist4©fe* 'tfe© :^e®g.J»irig pra.geis4«0

iittiialtefele ia®" FsMotiS tfft® ©f n^asreal stgr«fsti©.ii,s.

la tjp# ii}^siimm tli#
.la. tte gmmmim %mm sigBifiesstif and .frofor^iusatelr



88

Imm tkmi im& tim miif'sat: il4 n&t &@wM&

©Igaitl-eiiatlf t5 pm mm% ttm dafiait Mg igataata

b(3^ attuibntei %'fe@ ,®M.8ie.a?ie ma&tMittim &t ttoe #&r,,

ae ©f im tl# Ig -as to tht

IS.j #f til® ecfr^©@f@ail:rig' p'#geay'w®s t1ie-,f©fore,-tifspgy-

tif.Ml t© -III# is:isi@ of ti's© »itat®d 0®@'l©.ir# la typ# Cii) tlie

ia. p#i?e«iitaf#a «f 1| wtaat# to

'li.e tJlwiiisttem- @f' mtiifit t,fi©s ©t fespiaatio &t&g© to

til© i»ttira©ti€«i''©f g#Befs g©¥@y»ia$' mtiiiSt .

Wmemx^ Blmm :lfe® q£ ©s-lssti «»fi ;li©-t@r^>^ygete3

iii tke -Sg" we-r# mn& tM Ig ratios mm.

glgaifissstlf 3.awes- fhtia tli® 6#»«s:p^miigi 1^, mtlmi ^tlm
€mi&tim» la Sg/f^^fa- tl® 11^, »ei?@ -tsSitn m ^.-m ts tto-e •
foxsatiea &i smtm in tl» if,| As aiiala^ tlitss iat« w©»

@1©© BtlllEei f#i? tie eriisiitloB of tfe® sin® i>f-tii© ©iitrntei.

til® •s.ii© ef t-lie- «^tst©i ©©#t©i' ©f tte M| waa

@0tiffitt©d If ?|,l¥i4tfig- tist p©»«E%sie i.a

m pmgmy hy im tbe m&mpmMmg Ij

l»sg©Bf• a© amtm filsits. a© eal@?ilQt@t ffsi? •Ifet

@&rs sm foi^ tfe©' &0mm% esr (M^im

IIIII ast IK) ss4 «#»• » e»S ail)« •

fist smtm &iM@ ahmmi w&ieMm' fmm t© mw»

tn msh m@T tim umtum i^llmlm ^Mmiml mtB§m%

t2?ee.t»Bt--a e@p«eiallj EMS «®3?i Mallei tfeas "Hs&s# fsIicRfiag

2?«<3,isti@m t^@iit«isat3« fft® m- tks piri»jfr 'mKkl'lkWf

mtt w@^# Imgm %hmi t}mm ©»' t:lit ©pieel



r
:

0

I

M

%
40

sa
e
y

•
'H

lg
(H

>
^

a
a

.ffH
§

e
4#

§6

14
1

Q
«

^
'SS

4?
ftiK

4
>

©
-SJ

-H
-SM

fT
v

I

'mIj
a

m

m
fes

m
I

a

.B
.t

I

O
e
n

^
O

r
f

*
«

•
»

o
o

o
o

s
i
s
s

•
•

t
•

o
f
y

o
o

•
•

•
•»

g
4

*
«

«
j0

'^

c
y

*
«

u
7

H
m

-

T
»

e
y

-^

'ifV
^

®
C

Ft
«Sf^

w
*«

«st
o

«
r

•
•
«

«
•
*

O
O

Q
O

Q
0

K
S

"T
*
0

^
^

•
•
•
•
•
•

'^
il'O

C
N

jcy
<

5
r^^

*
'
•
•
•
*

«

=«
»

tft
{

A
IA

c
y

O
<

v
o

j
e
y

N
«

y

O
Q

«
>

€
y

o%
§

0
di^

P
^

-
*

-
*

"

ii

•-g
c
s

S
8

e
®

~
K

^
:4

fl©
'S

«
'

-^X
igjiSP^f"

•e*®
.

*
«

y
if^

*
^

«
«

»
•

€
y

lA

0

«
?

!g-m

«
«

.{
»

+
»:

d^-
»

»
5

3
©•

O

+
«•
Sa
i

e
i

O
D

«»
C

v
sf%

.
v

o

S
^

*!•
\0

*.#
*

*
"V

1^1
C

ii
"*-*->•

fg
i

,!n

v4>
jft

s,

U
S

pi*.

t
4•H

8
»

a»p
^mSw•H©31M



e
;s

OH

i
i

1
^

1
c
i

iI

e
y

I
*

»
w°
i

-
!

I

•^.1
O

-
I

S
J

Il-H
-^

1i
-m

ii>
^

i
"Sir

iI
^

K
i

j>-**•
I

I
m

j

r
s

i
II

e\t
^

I4i
lA

«f*
0

5
^

»
-
r
v

f
^

O
lA

«M
r<

s
<*J-«S3'@

O
O

^
O

*"•**
'«*'P»

«
•

•
*

•
•

i*
•

«
'

•
•

o
o

^
©

a
©

©
©

a
o

a
a

e-V
13

o
©

c
a

fy
tr-C

i
*

-
•

•
•
•
»

•
•

4
#

•
«

'tA
8

i?
^

o
o

cs
ss*S

i'o
ey

c«
*

k
©

S-*
m

m
«

•
•
.
•
•
»

#
'
•
•

•
«

i^
iO

O
^

^
<

f\|0
1

CVtC
i#

cw
CM

w
f*i

!
i «

?
®

g
s
g

s
g

§
srv

fii'
•

^

r*
®

m
m

*
s

^
^

««•

<ti|!'fw
-

v
c*i
4

^
.

O
C

P
ifr*

e<4
cf^W

ir,
©

!>
!%

©
e
y

m

•
•
.
*

•
*

•
«

•
•

•
#

•<«
«#••

^

Q
^

o
<

3
^

o
o

iiA
r*

<
«r'o

^
tfS

-O

«
s

S3
•p*4

*
•i.

*
•

*
t

.§•
"u

,«
4

i»
©

t^
'r

-
•

«
^

-

*
*

-
4

*
•

o
o

o
o

o

.

m
m

1i
•

*
1

©
O

f
1

•^
e
^

S
A

JT
*

.
*

»

#
•

#
*

•

C
h

g
«

-

V
0

^
^

€
^

p
^

o
•

4^
#

^
#

m
o

m
•

m
m

tA
^

S
A

P
k

J
lfV

C
«

?
V

€
^

e
4

!N
I

P
»

g
p

ig
S

IfV
f^

o
e
4

-

*
•

•
•

1

•
.

g
ljA

g
O

O
,s

a

*
r
s
y

'T
'ti^

'^
*

-
A

K
A

''
A

'
*

m
o

A
-

A

S
^«

M
'

T
»

slp
ti

^
IN

a
a

«

o
o

•
.fS

^
4

.

aa
I

•«is«.g



I0Im
. i

•*
£5

'H
0

tf\
j®

o
«

I
©

0
tr%

•fr»«»

i*
-

S
fe%

m4
»

s

*
"p

*
m

*
*

2
^

x
e

i•®

w
"

m

•'
-

»
'

o
a

•
m

^
1

&
4

9

&
C

Si

m
&

u

mme
^

V
#

m<
«i'

m,f
-
%

(tSi

IiW
>

i^
s
n

o
i

w
*•

•

O
O

©
ta

jf
•

•

a
o

^
s»

m
•

•
f«

^
K

V

SSv
S

sw

<
n

«

^
8

•i^
-iA

•^
A

S
*

-
c
y

{*%
<#•

t
s*

•

tf
t'#

'

§d+
33fij

a•+
»

s^
•

c
y

iA
*

-
-
"
r
"

•
•
'

O
O

"

»
»

.o
•

•

o
o

if%
¥

\
vpC

M

^
€

0

U
3

-*
?

r
-
^

•
•

o
o

l
A

*
-

Q
O

•
•

O
S

^
o

♦
•

?N
J

C
M

v
&®

s*i
n

<;&
®

•
O

.©
«

*
*

»
-

C
M

U
^

T
*

r^
-

•
*

m
m

%
e
im

&
•

&
v

-j
>••

iS
4

^

1^
o

it«^
0

^
K

\O
iJ

•
'

•

t4m
s
£

i

t

lAS
3«

,
Q1

^+
»0w!s^

1"
Hmm(&

ft



i

/

if
-
*

©
•

Om

P
-V

O

II

:O
O

O
O

O
O

O
O

O
O

O
O

O
O

®
sa

^
£

S
a
ss!»

^
$

S
S

<
p*-

tf
ie

a
*

'w
>

>
»

s
.

&Vw

m
i

&
^A

m
.9

^
9

^
-

IS
IB

IilliiS
S

S
-

iw

m
i

P-"
iM

'
1

'^%
m

t
1"

'I1

ts~«b^

«w

C
J
.
«

2
®

^
.^-

'4
^

*
*

*
*

-^
y

^
W

r^
I
f
i
.
^

^

m
m

m
i^

m
m

M
m

'm

.«
F

*

b
n

i4
3

C
«

'
•

*
-

#
-

o
©

o

*
*•

•

e
«

o
e
^

-
•

•
•

m
m

.^
m

c
*

*
^

-

36
"P*

o
r
-i^
T

H
N

K
®

S

O
M

S
C

ll

«
•

•
m

m
m

m
m

^
«

«

©
<•«

p
,

Pi
fi

M
SS

'
<sp4

w
4

"
R

S
^*11

Z't^M
•!

*•M
-

•.
g-«^

•^
*

«
•

:

d
«

M
lt

1
^

1
m

'&
m

£

^
t»

n
«

«
•

©
O»

•

.•e*
©

#
•

v
W

%

€
a
»

\
*

»

^
g

s.

II

cons
I

'
O

i
i

«
«

£
-'

F
®

IA
€

3
•

•

.#
«

•

s
i

*#4

m
s

m
\

•^



')/

a

g1Is

i

.
s
H

-
fM

m
m

m
«s

f-i-M
'

i

&
im

m
&

m
^

-
m

i
^

#
•

t
•

^
m

m
rn

m
m

m
m

»,
*

#
1(

»
•

O
Q

O
O

O
'O

O
O

©
-

8
\
®

e
p

«
'^

f#
N

m
-

f
«•

*
«

«
•

«
,

•
»

^
m

m
-
m

.
@

m
>

>
•

»»•.
=(p»-

^
^

,
,
;

•.
-

m
.'^

-^
m

m
g

o
-

^

i{s^ift
*

*
•

K««
f».-

>
.

\

z
a
a
s
^

^
K

i

l
a

^
*

♦
•

#

M
©

4
«

•-

*«•

fM
..

'm
-

#
«

•
*

#
•

ifi
i,«

^
fy

t
»

f®

i
j
l

*
:^

-

•®
=1

1
•

3
-
..

mm

*

t*

m
m

i
t»

•

0
m•

•

m
m

m

S
i'

m
.§•

Q
.'

tA
®

•^
,

.
<

1
^

l%-
V

\M

e
«

f9
«

mm
m

m

I
i

I
I



^T
'

w3I14

M
iS0

S5

.•iS
.

%
%

•

IJS
4

m
.J

m

••
#

0
JA

-

«
♦

•

f
•

♦

-
T

"

<
©m

m
^

'
*

*

m
t
^

m

t
^

.
t

m
&

*
!"«

-»
V

©

*
^

'-
•
r
l

C
M•

-
#

«
#

«
»

#

O
#

0
0

0
0

0

1O

s
n

mt
f
\

«
•

m
«

w
\

c^-

m

•H
.

•
H

•*l.

c
y

O
S

©
iA

©
•?-

^
«

•
•
«

•
•

«

-Q
-@

lA
e
^

c
^

tA
,

®
©

-e
-y

\^
'^

.^
•

^
'

«
"

«SS-

!A
.C

0tP
>

.

m

'K
^

P
H

'f*
'

"
IT

*

f
i
l
l
'0

1
>

»
'«

=
'

m
^

o
\
&

m
ffs

o
•
♦
•
•
#
♦
.

♦

tr-f

?
»

-
«

»
V

*

i'S

®
^

:JI&
51

'J-

II



89

0. lasses'

•Hit 6iB# '&i t&t- iBntetei ©©of@3? As lw#irg#Iy p£©|j©rtloaal ,

to ffet. mmhm #f .iaitiea. rnmsibmiMg to tl5,® ©spsstion ©f

tk@ tlBSilt #f' til® >51^,9 l-i.t»» t^e agtlMf tk# »m%&

tlse li^gtr tl® @f iai'tial mXlBm Tfea «5-f im-MimA-

imitiel eells ralstiag t& saefe. 1® eelsalatei toy iitiiiflf the

©f Ej, witmM 'bf tiiat 0f mtmsM &S tlst mnmmmA
fyageay,# ©9'a?X"@0t#i t© 'tli@ memmt imWgmB «ii tlit e^®

f»#e©«tei la f«M®£4 hMZK't#' X&IX* Is «®y e«1?€g©s?f t&@
mitmmtQi. aaite -sf iaitiitl -ealls. vm fossa te lairgej;,

f^llsa^tsg witli •as'ltig.tss ttes .raiifj-t-leas^

fe*" til® a|ii#6i- tlie mMMlmmm initial mtlB

WMB. 11 witfe. genisi. i^ys, fa#t neixtt^gs m& S» 16 'Witli. SIfS.

fgr tb» millmw vmMmm «tt©tes mm Bmrnti witii

gfitiim ref©# ©igst ?4'it:b fast, fteatroa®, 10 wtW. iTS maa. 11 irltli

il®» ®li.iis» tl» l0rs« &!? tfe© ®|4e®l ear (Jl ani 16)
tlsii tte p^lnatf #t2? Ct t© 'I1)» ^ ^

&* Btfieit Qf »©0Sfiw aiatfiiitg

S©gr©«gti@® ifp®©- Cltil,. Cl?) «aa M immim. aUev®

r©fss®©Bt^i^ i.©fl§it of r«e«ssi?€. ©utaiit© ©f m^lm§

&a^^ifame sta%; lilll asa'XMf ^@imsl©a Jtet

;Miifl©atl.e %''a« «&» im^mmt Ctt f^^^fesiesl tte

iifleati©- ©liiiiristiSB (It fmgfimim'h

' typt- Ciii)'.t rtpi?©.3eatt4 "kj @©ff-«'|si''#g@si®s ii. J.-feS.IX,
tte &las©t eittfel .^taetloB i.s^ IS3 imreeatiigts

iiBi ^ gttoties iii'%

tfeet tfee wa« ime «» ©lipiss-tifta esU,®



I^
&

.
&

m
$4

&

8
I

^
I

Ist
I

M

a
S

'
"3

^
K

m
-

4
»

-
m

Q
iJI

ig
•fsa

.
H

^1s©

f3

II14
#

.
-g

#
a

'm
i

^
M

•Bi
f

m
p

ffl
4

»

IIS
•

I4
»&
•

^
_

,«?54'

a
:

4
»

'
msi

t

sJ
%
^

1

j1#^

'%

Itf

»

i

%
'

s

s
%

©
•

mm
'

wmr
»m-iw

#

©
«

t
A

©
r
-
V

-
•
♦
»
»
*
»

^
«

»

s
^

m
m

r
>

'm
&

IF
IIS

g
o

^
m

^
^

g

%
*

«
*

*
"

G
tS

^••

*
•*

*
♦

»
•;

f
e
y

1I

01

m

saa

ISIS
*>

4

I

«
'
«

»
»

•
•
»

i&ss.
«»•

•?-
if»-

a
i

S
JS

S
S

^
S

S•«
»

sp
a
-frffy

@
=

ston--d
tfiiS

'f"
®

•
«

«
«

•
*

•

<
Sv'm

^
4

ici
4i>

^
*9«

f
y

*
*

*»•

Ii*-S4%
."#'p^-

*
#

'

§

1
.1

1
3

1
.

s
i
r
"

••



.
]

-
M

mwH
I

3m

amtA

1I
me

ss

c
u

f
i

u^v©
•

^
e--

ifH
8

3
*

-
^

*«•
^

4

V
m

^
V

pji.

«
4

-

I

«
-

:irtO
S

:
•rtA

O
"ssi'sad^O

|w
m

»
ii^

m
-

u
s

0
V

O
K

\U
%

.^
©

O
O

O
o

*w
r>

J
T

»
<

M
lA

•
•
*

•
•
•
«

«
•

«

t^-
T

"
*

"
tw

1
^

SM

1M
*

d
•

m
S»

#
'^

^
ir^

&
»

©

®
r«

®
S»

j
a

?»
4

^
»(-5:

4
^

O
©

1^
o

•^.
es

a
i

a
ir-i

4
»

fa
-H

!

i
i
s
s

;
t/j.is

^
O

»
•

*
C-J

M
S'f

-
V

%
-

r
-
y

a
S

3

T
-

^
*

?
J
^

s
S

-t®
--

*«•
e
^

-k4j

o
&

m

%
0

<«•
*

«
•

0>
-

k
O

s

m
B

%
%

%
m

M

©
«

CW
i

¥
%mHu

>»

mmmsp
.

'(e%
i^

-
*

»

E
^

O

•
^

m
C

4

0
%

mJV
«5i

m

m
m

R
&

r!%
©

»
«,

a
o

f"\W
0

i
0

O
fM

-y
>

I
t



I
a

i

s

i

e
®

$
si

1

Y
i

«
•

»

^
^

#
*

a
s
:

«
•
♦

r
%

c
.

<
?a

f^
S

••
«

e
:f-.*

w

^
*

-C
3

»#%

Ii

i
m

•a
a
iS
'ti

n
m

^
1

-

ISR
S*
iA

-

i
tS
I

Iss

,s-1
I

gw
-C

S

e
^

E
-**

•
•

m
m»

»

.|!4.
<P*

m

&
j.'

P
i
i

C
»

s.

1^1^
0

'#
'

ii%
E

w
-e^

5

s



90

ffistatiom at tk® heploi^ fhe ®®ga?egstl©2i tjpe (iv)

"bf ^s^j-^p'ogeKi©® im, •fafel® IMf gwe &. dlffermt

ffes redK^ioa in li^ mtmt

withmt a j?@.4ueti©m pf imt&mnsyg^tm IniiesMi mn.

"tliffilRfetiea ©f mutmim at th© tipisHtl©. «t-e^je to latheliti^

of" i'li0 gfgote or j© •omrs'̂ ^in^, thM mmmlm satant, g^m

in tlit. Hsmo^fgoas ,«20a.iltioBi ;,

fii® -segregfetim .type (v) x?r|?r©s©-iit®g. fey'ear-proge-iii^s

la tables IM" md XOT. ijiaiost#4 a t-jp© of. deficit

tf ^^aessi'fe Kptants, • ftje is tli-# ;iirsfgr"liofi -of

@Ri l^tt^rosfgotefs iRdto«.ted fli®l!3«t'ic?fi of wteats

at tfe.® diplotttl© mtssB-0 Tm p»ments*,gm -of aateats in--mn^

¥e», «ii.iiifieM,tl,y !«« tlmm t5-» ilila

%© ettyi'feuted -t0 eitlier feeplost-i^^ eliffilsatisfm of Kiitatj-t®

«• q®iapl.®k l-S:t©rE9tl«s satmiit ^U&mtype»

assitaftt pe:re€'attg©® mm ^Ignitiwmtl^ Mgher

tlifeis the i>er<3®Tfltisi©8 is profjemi- InSimtlng tM

©s»4lti9"s 0,f Sliasf, %te 8©gr@fati©o

pattern "Of ttoi® t^p®. soali be 'dae- tQ a eomfeiaatiQm of twa •

or mojra of tfe© stv©3?sl ffc©,Go.®sa.® leading to t.h,® i@:ficlt, .

sf mmB&im mataats mG'h mm liaploatio tii^ioBtic

eli®tnatiom of g©a©tfp#s» ehtsterlo ©f

%Q-^, Qm^lm of gtae# gofem.lsg tli® mintarit

. $M» Smm & Qmtm'^W m'pmmmt&M %

44 ^ar-proge-'aies ©a"t of t5a« 1€5

©,'Bxee@» ©f remtsslr© «atai3.tp-

In {'1| tke ptscctstsges ©f i?»se0Blv®
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ffltttamta iM tfee ftrntretioo w@r© m&m tlmn th« expeat«i<S

.pgxiwam of 35. Th&m pi^ogeai^s^ wre ceyj'ieS fo.swartl t© tfe®- ^

geifrati^a on fl&Mt' p3?i3g©ay feasls m& Wm jpBmmtmg&B ©f

. 'Mg MtmmMQtm sa^- mut&ntm ^ fhe .dstt -are

psmmt&S. iB :&M© S2f?II» fU% of ig ©struts- miapd

•fa?©® ?0.4 to 06.0 but 1® If ©af sf 5T progt'siea th« injjrtsa© •

mm las-t ai^ifieaati, -ffels fepfsmnt Isaretat ia tfee p©ri8»a-tsgte

• Qf. M| iia;t0Bt® i?iig}it %m €tm to fe€ ©si®!.! §.f t'Me M|

esit'-prafeBlaa- mmXting fmm v« '̂ &4#. Sl '̂ attriXity.
SigEiiflesat is ]^«r@0/@t©ge® wa® msrt frtQtt®.!!! in

0osifeiiis;ti9!s witfe" ehdgii©#,! mmtBgwm* '•

fht a-ie© aliowti' &OQs^itwpQu&in^

i« sest M the ps'sg^sies/
;{••'. • ' • ' _ •

I \ - ' " . •
I Th& ptr©«iitag®s of matasts, fe©w@¥©r» aot always

I • mTmamnS. to in 24 ©at of 37 tfe©
j' Sj f®ree:at®ge® i-iot iifrei?, slgaifiqaBtlf from t5.,

I _ pMi«sl®e sfiQwei md ihn «:®felniBg tm
I ® sjtees^iT© ma^aats, Bmtmi

'M ' deficit ls5 -a® mrnt^Mon mm teivei fres-
, M^.'Wrn^nim ®«gr©g®:tiwg serstlly, two eesea/of .^teessivi,

esja««® -wrt Sfe-p3?©s«nt«!a fej a .flMjig auit^at Isiuetd hf ms mm

iMiimd hw Mm, fh#. m»m w^QmMgm sf
mem mUms mm 21S mfa& 44.S

Miegg tat i.€'.g|vB' •

. . ae ®##a, ©tendftra' ®.z?^or- la mspm% ©f
tfe® fiwm qmu%i:tB%iv^. Qlmm&UrB' tM atsa

• em^mrnM'm mi&wim tmrnmrn with mm and mm' '
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92

wtre tatlasatti* eetiMte© worn ia esoh'

ffiat&gea % &0mining the dat® m ell this 50 frngmim in mm.
doa#,

a, MmMm '

f&e mean a.tirfi,tl.aa escpwssei <&& tojs to flwtrlrig In
.T&m.e XMJll «Sii i3.0t differ aig-alfiGantly is ©ay #f tfee iC5®©s
aiai geseratiosis.' Ga tte^ ©tfe^r te.iiif" tte vsrieaoe iRcre-esed •

with teereaetng iosea i,n eseli thm of the

inorteae belag iso-3r@ aftei? trestmeiit id.tli; gamtua rajs tkaji vith
EBS. ffe©- itiortsg® in vaMe-riee tiiotigh .r©oori©d in all tk®

. three gtasratiisos mm most ^mM^iamm in the sammtion,

ffhe fiistrlbation of irnqmrnaiess (Figure 45~-l} -was slmost

normsA i,o. s^ll genei-e.tl.o.n®.

. b. Eeigiit ©f.piasta

1140 jsess litlflt of pleate'-wa© sot' ©f

tfee ioses of m mm* IMI},.. fasfiawoe ¥@©

fottrjd to to'ei'ess© vith inoifeagiltig -io©©® of tfe® the

mefnitudt Qf imeresee "fceleg eo^sliersfely rsoy® followiiag

tri'itt-iEsiit with gsimm rayis thaa wltli fiit imerecis®

la. v©3?iaBc© '̂̂ 0 r®oo^fie<S in thn 14^ geaeratisjn, wifeare- tlie

varianoe at 30 krad of ga^fsa rm'y& ysaz isor® thm ^oaM# tkist-

of the aatr®a.t©a popiaatloa. Froia t© tfe® •

vari&noa at all dose' levels decreased, fht iiaereaa® in

vax-iaaoe va® sjsaBetriaal as cottld &«• mm in figur©'45(11).

c. Ka^liser ©f eara " -

file ffisas ««B5fe#r ©f ears per plant i'S- ©aob. of ttee doaea
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Pmn, vsriaao® ia th# to" geae^atioiie
• tm Am&ttQM -«• ^afs. t© flowfriag

•:mm& i#s«'
g- g • &an M V«M- «?f

©f tilt ®®
Stl^iea tto ssof.

•• ©^35-,

tr@l,

M&

Omtrol .

Qmm myff-'

500 '81-^3 B7*€' wo- ?.4? 100

10 to4 soo i4-9i i®-.4 •• 101- , ©.©8 9f
20 ,.r fGO it-f# is.5 • m 5.60 ' 1§S
50 't 500 B-3-96 S®*lS 101 ©•1§ 4.52 m

m . 100 a4-w ».f.O 102 ©•OS '5.ST 104
.n ,f loo- - • i4-f!l it»i tO-2 #.GS 5-*46 101
11s >1 500 S5-#6 8f.^ 105 •• , 0.09 3.8i 113

Cm.'^rol

Q»:mm-msB
to ted

• 1
#f

»• - 58 .m
n

m ,,

Ma g»iia2?atloii

Q&mm mys
,10
m
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mB ^ 3B mi

n r,
115 t>'

itQ0 m-4m fi..s " 1G0 • 0.09 io*ai 100

1200, . SS-106 f4..3 t©1"
imo = 84'^ICIt f5,f f0§
1260 " 85-107-91.0 f9
1200- • 83^105 ta.S • St
ito0 ft.s • • §®-
1100 S2«10f 93.3' 9t,

fgoD aa-i0g sT.t 1^'©

iteo S3-10? m*3 101
it€0 «a-ie7 'Si^a m
1200 " at-i06'§?^8 100
1200 81-101- S7*t . 100
tteo Bt^W3 -§7.1 ff
1100 S2-10S 88.0 too

0.09106
0.-1I 12$
0.11 rj.si 124
G*©9 10.Se 101
©.©9 10.90" iei.
0.10 1t.6t lit

©.©8 #.4f 100;

©.10 12.67" 149
§.1© 12.S7 146
0.10 11.76 13i
0.09 10.84 1S0
Qm 9.4i 112
0.10 11.17 152
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DISTRIBUTION OF FREQUENCIES IN THE M2.M3

& M4GENERATIONS FOR DURATION AND

PLANT HEIGHT
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distribution of frequencies in the Ha M3
8. M4 GENERATIONS FOR NUMBER AND LENGTH
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varieties ia t©rms Q-t in^.Q'0M tiismn,® &iA not esBCtijir c&rr&Bp&ud

to &mch other*
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fatietles rmaltfi Ctsp t® im tmim-
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ClttFTirel
M.^ lii|-tti?f

% SI.I©. Sl-dB©«

. . . IL ,®f@ril4.tf Sg. M;l6irt
C©veiling lislgW Cssei. • fff-s5,M©a@f

TOtas'll.« :reiatti#a i&tiMtf CBataits^
@t 30 aityi) nt 50 tays)

# , il.I#. 01,1#.

ii) . C2) C5) C4) C55 ., (t) it) m, .

t t* 4 - g-« tifci 1« • 6^42
i • 4* f f« t4*4 20 0,44. • 14 -•

, 2 1©^' "1 4'» 26 »1 » o,5e 1-9
t '4# t $* 26 »5 • 14 om 5-# •
3 i* « 5* , • 29»1 1? G.ta§ ts

•• -| IS 11 - ?* . 31 »S %$ n
4 • fm If m "It.f •m 1.45 15
4 1# 11 13 3f*Q ' -gs •ft44 n

. 4 •, f2 . If It l«4© f*
4 11* 15 1# 3t.t • 11 l.i© . f*
4 15 13 f* 51 tS 4'®' l#6S ii«
5 • .12 15 12 Jf*3 l.&l 4*
,f 14 1€. • I0« 4§»€ !©«• l.iS 20
5 17 1€ 14 45.f s* 1.84 Ii

. $ . f* 1i 16 44*g 15 t*8S 1#
$ $*' 1i If . 46«6 8* 2*m tm
f t« If 4?*'S f# 2^03 g*-

11 18 If , ii 49-.t 11# . 2,10 • 15
15 m t1 §» fi.a f# •a.tf
16 If t1 ii* . g# mi t#-

fli© »iisl3si?s la ©©Xitiisii i, 4„ g #'S «.r# stiimi mmmbBm ©t
®8 gi.ws ill Ef, •

» Mlja wm^rntim
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MBQWBBW • - •

9iieo«9« ©f :ii«t«ti0.a Ijretiipg Is-rgclj d#p«isa,s on

Q\m and«rstfiiH.ilRg of ths pr@o«ss ©f iaduettQ3ai» repeir

reeovei?y of Butatioms., la«io- iJifoiriistlm on tM type

'dcj8©» of ratagtas# tte® wi &pmtwm ©f ®5itati'OB9

Indumdf til.® «.ft«oti¥0»s»8 aM «fflei@a©2r/Of

"different smtag^iis t-IWB- ooiT®lat.i#m. •sf efffcta with

lU matatioafs U to atllissiag autatleii, fertdfiiag- . ^
2

effmUrel^ Hoe froblefflsto tfa#

®ateao«©«:tit «sf mtttsgtBle tffieiejaoift' r#oo'*ery '6f indttced

muUtlom, IxidmtMm aslore-sautatlona m,d ii^f«reBti®l

•»«K0ltiirit^ of veieittlee are pmrtiaialsrlf i!i!p@rt®nt in this

esEteast. mxe w®.® 4iisierltkeia. to isw©ti.gate

these a®p€!ats wMeJi tK® foi*

lufiuaiM 2?ee9V©rlBg' ©ataist^ of parsctietl ir®lua.
1?ii0 renulta Qbtai:o.«d «.3?« Is tb® .foll-,0wii3g stotiOKB

in tise light of 'infommtim already atailmtele.

I, of mirtegi?^8- irt' Hi g#m^3?«ti0a

fisysicsl ®A Qhwl&&X natageais w»re rfep&rtaa to ladaet

the fjjllowiag tteen o£ ©fftota i® tii© biol©^ic-el- ®at«ri0l

(Oeal,, mo). - • • '

1) '^feysloleglesl demag® (priij^-rf injsj,»y),.
• 2) fsciof (g®»6-

ead - 5) Cteroaioaom® sutetion®? (ohromcaoael. efeerrettom®),

Fo3f a flvon. mutmgeniQ trmtmnnt tiier®: ie ®©arrel'̂ ioa hmtmm
^ Mm&m Sxwm^mj (&Ciul, 1959)*.



99

a qmntitoitim detersfissatiote -of di8.«®sg« shouia fefr a routine

l^rooedare iM ma.tati©is. «fXp«ri,«eKfs* • to piattta

in thflf .geueretioa mmttim tlit biological

iad«©»a i» 0mis liy ®#iiM Ist mmMWp^d several. -

erit«?Tia"^-a©li as# '

1) itsieiaatlos. aafl aawlv^tl

i). Mrnm t.

3) tetillty :ir»dueti©B Csteariilt^),

4) Is03?e6.»e in tlit ef ©.^errsti^jaa,

ami 5) Im&tmBis -iu tmqmmm

a«»lzistiei3 mmvtml - '

G«r^laatioB -of rio®'®eeie wes not fouai t© h*

is the preistiat ia?©6ti§«ti@ii hy the satiations Cl^irs.ys5f

g&mm. mf& ami tmt aratroas) mm a.t""¥eajf MgU §mm

(feble 1II)«. 'Sfee Mgheat dost of• 60 ge®ma ra^®

isiucfi seedling l®t1i®lilsf did, ge»iBia«'&lll.ty

©f Bat meTgmm aa^ mmiml fi^li, mu&itlQm

w«re reduoatS p3?ogr@«i»iviely witli immmtng st gBmm saya

aiici fiiia wltte -tlj® •reports of Oeul Cl964a» 1970)

sai Mi&a«ls0ia. (I9^@b) ia'tel#. Oji^logietl aat Esistoffiicssl

•^amiiJ®tl®B g«rBiB.©.tiag b®$'ley seeds fe;^ Mi'te^lsea (19&BW '

h&i Bhmn ihs^t tkt imltiml gemimMon was mSMly thr&ugh mil •

©leagstiea mM tMs_ ©tage wes- sfpsrtntly litt.iiifei'bited fej

fsdiatiOR. A in fisarvi.v«al tvea at the -aiveKoed stages

of-growth we© «vid©mt ia t$m ^maeut -mm iMmtlm «•
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C)

I'M

'lettei -seti^R s^si-iatitss as is ri#e

Cif6§5'I'Ut §#t3€ Cl96t).

Is t®- imimlug mAititim@$ mimg^m

(M3p MS-t' MS, ili 'mi I®Ii) ttiaeei &M th§

•w&imtim. wm pmgmmim witli. immmiag. -MmB* fhM mtmtim

Im g&mimmtim mM mxrimt -f&lMwimi witte wm, &WQ

m§ RMS ww »igBif,iQ®at mm mt -Ammg 'tto©

•efes»i@'a1: mutmgm&t, ®S teimeti. 'least- -Bwsviv^k

»<la:otl-©a i-a@ let&iliff ®̂f ©««ill,sga mmm&^ in tlie miAy

sttg# 111 »M fillS# Stftral

TOfsrt® iait0@tt<S. tfeat- ©'litiiiiaal. amt^g®as SBOli %»' fitii (Mo trii

If64)» M§' flmmmM- et al.> ^ 1f6S| #sasafe»m, 1970)

1113 CslMif ana 1fS@fi} g«i^ttstlo?i ©f

xrist settu- 'Is BhMmi&A «tiii«,ii in tli«'

•f»©®at 'im«®liiiig tfet '-fOOTtfe

atege (tS.iaj?®) 'M-tlssst swrt:i-ir#a %# smtwi'tf*

(1961) slsiler is wfetaf * tt.©»e ©isstrvatiom

ia<Sl©st# ttet t&e fmtmw9 #f letliai ©fftets ilfftw bttwiees

»ai®tt©a.8.. aad-©li©»l©sl'.wifegda®#' -iMiieti lefMalitf

vas Siife«©-qii©Et %© tteea#- f^©l&ag«i
~ • .- " •

l#tbsl mtim ®¥-em @t tfee stag®® M flast-ir©¥tl» "

i^ke»ss Qlmmimllf i®4ee©i Ittlality wa# »stif mfmBmA

thrmgh IsfelMties #f- ge»is©ti»*/flie t©»le ehmimlB

mck W© letftMei a^t, oslf §&mknmtlm els© ^ .

' tarinf "tJi® esrlf ttagt. ' - .

tlSBtggW^ ' • ''

A gxmtm i»h»it©rf: #£f#ot of jraiistl®ii ©f »@st
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of th& mut®t#J3a p.?a. mot te -wltli the

effeot ©a t&e is g®,3wiiis%iai setis- «®® c}^fes#'eved i'R tfe# ^

Sweaea,t ©atpariasrite. sitSi. dosiss fsm^e raf® smd .fulfil

m the mot vfm ms IsteEnee m

©a thB ai!!:QOl (faMe If). Bmsmw^'t i« tsmtmrnt^ with -ffiBQ,

til© grwtl! of 8'hoot m&m timyi tlaat of i^oot.

Is^ai (1963a}, Simon Clf63) ©fii Mytteaeeare ^ (196$)

r@poj?t©il g^aatM effeot of raiiatiass ©a th® root

t3i®n OB tM® in I'iet. Ml.te®lsas Cl968fe) KikaelaeB

aai BraBa©r (196®) im. 'fesrl©^ a.a4 F^Q®mBail& gt (1961) in

tftoat tMat mM^mm ix^saiiatism oaa©ed. a

^^|ires-siag « tk© r©st than on ahoot*.

.Badia.ti©js,» ee ^#11 ©s ei^siiosl mjtt&gm& tier® fouisa

tis 'fciie investigatiom, t©- ©ffeative in reiuaing the

fe-tigM ©f fleet 0 at tbe' cliffst®f@s of

magaitaSe oi !r&^Smtim iM fetigli'l pmgmasiv&l^

with iaeraeslBg «3!08@g ®.utsg@riB» S&»s rayis ®ai SMJ ware-

more etM&tim than tfet ©thtr wtag®aif ia feda.GiBg, the lieig&t

of |4aat9. tsllowiag imMSMtim '^Ith fs.st ia©Ji,ti^aiis the

fIsstB' aiiowei less :in tliasa etter

t»afcvt®eat^ v/ltii X-rej®, imi- mtsigmm*'

fliia ,ssi,gM lafiieet® ©ar© li-nifss'm ©ffa©t of fmt mutrom

on th® biologieal ^t®riol rtsmltiiig from tteir stloti've

iBseasitltltf t© tli@ ,ia®tioja 0f moiifyisg faetor# aiii

of ae©©M@ffj p&j^siologleal effa^t©. Similar

ofegerT?'at.los& ¥0X'@ Eatsao- gt C19S8)* Masim

Isw©.! (1959) mn& 'JmiBgrnhl (I9i4) in wim'aM OSiMee^tt et m%»
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mm m m&y fe© in figiar®' 3* Similar iadleetitig •

sa^ effect ®t tfet lii#iex» dossa !i.rv« hmn we-it

by Bekeiiia® Cl96l)» HeMarson Cl9S:5) _«i M9Mis'mon-'ii$$3}
in: rl0e. .fciit 'mutmm pm ttnit Mm tiai te-rtiiltar fco^®

^rtBtleallf tJis® ©lai tfw fertility following

neatrom- iuraSiatim «# reported ii*©« "CtS#^)# teh and

Clf65), fasaguafel (1964) aafi iiddit (1967) in

Cl'9S^2}, -feliteott '(i-fl4} is fe»rloy, sM

Maeles^^ Ct954)-iE

•flit l§w ia©ii©B@e of sterility witli of oJieMoal

m^itagea® mm m oom-pMrnm feetia?® la th© stMf.

'Ill® of fert'ilitf tsi-imateil ®t Is^u^ir %

cfe#'iil.e®l wr© 66•I t -fit© »i fS*8 for WiS, IIIIS,

W mM Mitii im aostafast I© I9,it 35.8 sM 44.3

for r©ii®ti©s8 m&h m •geusn r®yst f®st neutrom# •

reaf6etlv«ly» -to am^.%esg®3? (I9i4) BlMiq, mA

Svmins^l^hm (l96Bm) Md &Xa^- pointed BM^Mm to saofe a -

fftatwr® Ik Amng the si«tag@ise» MB indaotd

tia® ateapility '9f 33.9 f®3f oeat Ctt2?tilitsr - 66»1 55-)

®s agetost 4.0 per /©eiit tS.OfS) at- '£^20
for injwy.,, S»tii fi ll# Clt€8) £mw&'m

IM0' iMiie«4 mm 'tUn mm is

eterilitaf he Am det«et©fel«

©liroffioeotK® «.'!5erx?atioE{S ®iai wl2.®r»a«

Ijaiased fef •IMS emi 'oth&T e!ieisl©al ®ate-g«.B* .mlgfet

fee du© t© erfpti© iefiolemies ©BCi speeil^i© g^m mtBtim*

(Seal Is-a&r m& teal, 196#-, If^Tf S^to ®ad ;
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.fe-al. IfStifilttf is report®^ ts'^©

»®tlf fesfXsstle,. ^irfe ©.'"Isajg© ©f sst®rllitf is

4i^©ii%i© ill aii.tis't (imsl @1. ff|i| Sirt© &M i®ul, 196?),

'asl3#i?g Clfit)- ©a,. ei3 miiysis ef iiu.tsges«ifiiTO«i

is ta© M|- Am '§m9'-tM BiMiilmT mmlmimw,,

Ifi, tfes fwmm% immti$e,tim^ s# mm: im stiiiyiag

til® .sfietl© alewiitieiis- la ©Mt'ir -t® mmmB ti# ait-ai?# aM iegr©®

•tf -tit# a:b@rr®;tioB0'"tfeat %fta te pointed '

©«t by €stt3. (fSfO)-, ettrilttf eoists «» bttfer tteii eeiotlo

iay@0t-iietl.,0i« 'im'm qmmilMtiwn • of tkm Bm totsl

tf steoaosos® sutati'Oas &isi?e, -sui^iTei: -Ikt sf@»p&ytie

g@,Bss?iifi©a* • • - . •••-_• . ,:

ffetre .im a.Qiieliiffif© "t© stow tlifftrtse-©®

is Ssta (1961} 3t«.t#d

tMf-tie e.ff«etif#Be8@ i^S. 1b tfee or^e-r,

ga.*. i^-rsfs aaft fist »titr®as-. aowtws", th®

feai, tfe'l tlifi'f wm little

iiffar©e«© ill-til® wtimtB @f' I«>#s;ya i«ws 'tay® as

itt'-eisost- tiallsr JlBl irelaes. .ofetftlssi for

ra4i@ti©afi fa-st w,mtmu» mm Qitm-timlf @a.f@,ipi,#r' t«»"

1- aat.geaie ^ys* fa|i,t (Ifii) ®M-Sito C1.964)

t&al- tke EMS #f i~mfg mnu- imm mym •

tlm mm, Bmeml te-A «a'ofi»®a€ tliat

f^oattstA S: -biglier |r4«Ii @f feislegiesl ©v«ali'@ ipeie

ULiiit ©f sbB93?lj'©€ emer^j eiii "se ¥®r® tlsies moFt

• _ . ___ J -k/L.
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imlmim :ln Mgiier plsttts

(Beii«S«r-, 1f70h la tk© pa?e®®tit ali©, the ®®S value®

of fsirt ji«fttr©Ra i*«r# higfeor i» relsstl©!! to X-rays sisii ga*tta

riif0 iir®sf®©tiv« of t.to ©ri'luria ©empuriBOia..

for la0tane«i tfe© mtmm tesei m

Imgth of priusnry aarvtirti, 8e«aitii:g lieight- ®ad f«rt'iXity

w«re • a*0, ^I9t-18.6 ®ai 1©.€ arsaftstivftly ©a may

smn, iE f®me IX. Ss® va.m» for fiiffere lit !»rlt®rit of daas^gt

iji tlio g#aer®ti0s.» tlmst from S to 29# US

¥®3Lae» for fsat in rim- wtre els® refort«d by

Ct964). SiMit C19671, md Bmmrs.tm (1968)

©ad Mikael®»a *1,^* (1968)• Mfferftm©©® Ijs. BBI vslu*® of

a«tttrtMS t0r iiifermt ®ff©at@ liiam©«i Isy mMMti&m teir« Itenn

ref03rt«d by M^enhorg md Mfbm (1954) i» tearlty, % M^tmrnum

Cl96t:t 1966) aiiS KBt@ii«urs- ®is€ Clf61) l?i whmf t>n^

'Smitfe (l$6f) md Brnim (f96B) Im HBl Tel^ta

w#rt ref©r,te€ to :rs»g« from I --feis 20 fos- «peoi«8 of

wkmt (Mstiiimur® ©si I@Ba, 196t)# 10 t© If to diisloid wJitat

(latBamura, 1,9^6) sbS 10 t& M t&r m-im^ (Bmith, 1$i9$

S®ith "e|. al«» 196S)# rms, tM pm$&nt mmlU ©Ims^ly

rnmQa&tmU that In i?l©e tmt m&imm Mre i&

' inducing Ijiologieia effeots tfeaa sparsnly teaisiag I-raye

eM g®«®a ray©# •

; •Ghimrm

OhUmphyll B&Qtorn m plmte in tho

gtafwtioa @oeaai'@aally »@®a in. isr^^iia-ted iis.teapiaZ,# .

I» tlie prmmt etudy# fleats.witSi e&latotls »tr«ak8 ©pftsred
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m mm tmt st &w3?i'lw frot^esei t. m%
in tMafwat# X-»er» US' i®» ©oatmst t# . •
.3fs,ai®.tS#B®# M,ito. fe®faes0i«s atolmtri# v«m tmn%.
iM umtmmrn-wim sm awd sm (fmx^ vi). • «at
pleat® witb mB f©iffii.. te immme
fjregMSiiwlf wifli. to«e efe®«iss1._ mtsgems-
.ttniaAsi- mmmntmM.om M «ss e Mgtm
£wmmmf ®f •' ©m.@»ia!fll QhimmB' t&as m» tuMmnm
•w®« mm %hm IKS in. tMs Wmmmr
fi?9dtt©i»i •©•e-iifro'bl© mf

sEi ia|«rf» .tM##- ©li-enistl# siiiilsr
mrnm^im m ttof w«» ^
8lm0@t mmt ia mrn^m.. m

plsmt# «t3?# hf Sa®i®h Clt61;l-i Iwvat
C1961) 'SlMit ftllwiog la rtet. •

• Se«t@i©la i» .fnfii-Cltif) iB ^ ^
•mmm wMmf aat imitfe Clii4) »i«e
%M fmqmmmw §Ma®»® mB-mm

witli fast •BtuWiw -witli X^mm* •̂-

• ©f ©Maiftil; •»tttag«..s #ir®» miteti©®®- ia- Imtasii^

•«»or©pfeya iffisltat' a«©t®ips w®® «»fl®^8ii.se€ . . • .
tov«.ftliatS3m la a awtitr @f Sfe.®- slill'fef ©f
MS t® ®fel# f^Qaeaeir @f ia "fcto®

gmmrnUmmo Umt.

df60). Cttfi'i)# 8®®a.'©^ .Si-si-

mmmu Bwdm^rnmrn CifiS)# tMge»®.3a 1®®

,• (1165) »tt4 SatfeMjftii m0. Sfeiwsaate (1965)
mmilm w#r® ia
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Swaffilmttoa© (196#©)# • aat $wmim:f'lmn (1968)

Prs.l)totem 1@,0 aafi Mmhingtm inio) mi iu twum ^hmt

Sear-aeoie gt al. (19S1} and et al« (1962). to'

iBoress^d #ffestiv®s«8» BMf ov«» 3Pi ia iadwiag' ©iil'©3f©p^l.3.

elsiiiera® xr@p-ortei iu by. Swai^astliam ^ (196S) •

ead Savin ^ si* Cl9i0) aad ia wheat fey S^ssrid (1968)*

-lrllc®»oa ©iBi. Hsi<3gr«» (1970)- -statei tM doe© i^ptadismee

of - hm^. mei# pomiMe th« m$ &f tM.m

Grite3?im bb- m eatiKste ©f wm^&gmlQ ©fft^ta in tte

gffneratioa. ...

fh© ?asri»ti©a .ia tto,® libber, Mlm iifit^bntloa of

©felorophyll •defleleiif aeet^srs ^hmrve^ in the present

mm Im skiwri©" plsat© imfiaaei % mntmm

th.^ ©IslorQplhyll i:«fi©lesi1s sec^toas!- mT& .r©#triolJ^i to tli® firet

fm Imvm mprmmt0d, Isy leaf" mriatms' is tfe® •©ii'teifyo.

¥fcer«a0> is tli.os# W aeetoi® i». laost

eaais® p&r»i®t«d to -Vtm^ Isst in a few -siaaen th«y #stt.a^«d

eves to th® f®iiioX6« Itie ' »eo'l#i's trwi^d .f^oii sar^ow-

to v®r '̂ broad mm* fbfty wer# fomna' tt ^Slffe-S? im

©oloat xEi^iPg fr©®. ll#it greutt (glriais) t© extr^ffiis laek. ©f

, l>lgiseatfi.tioa (alMa%). •!&© ©eatoss In^ucea hj tmt a^tttroifjs

wer« pi^a0.mi»aa^l2r wMt«* th^y "we» f«llow or

ytsfXXm'sar^m, £&%lmimB tr«®.twist with 'ilW »i .Sl'i.

aaETOur wMte saQtoi's iniuoed. fey fast aeutr©!*#' Gn& tlm brot-d

©ne« witfe o©loytr madfttlOE fon.©«in® treat^^mt wi%& IMF

&M SMB tisat thM f©ria©3? r«pres«»t©i » mm&
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ara«tio t&e» tli® Imttm lmdin$ f© otll.

m growtli-pi?e@s«ie4# ., \

Glil02^9f&fll sfttor® mm t© mim as.

a wt^BuM mmmm-Qml n-teewalioas Cs®Fl«a,» 1SS4| Is^.toi®s

am Mhmrnmg* mm syfeew, nm$ WmUU nrny^wmmBim
mt&tl&m i:Smwm» mO't finfeaei?'sM WtBimsfcy, IflS),.
Ms^lnmt mitafltsia Cite« 1«» ©^sft $mmt if64i fa|4i ©si

l©t®a,9iW"4.|, mutm%m9 CSsl®!#' ttSfi 19i7s|

lf®y wi3» m tim -^mmM mmmiimirn r

vritli. II mny.tm iw^qmmy mi. ©f with

Bmll $wmim 'mi mm.^§ i»;ias i) • Wk@M% imieMmg

m&t&m mmpiei Imgitumml mstlgmm mgim^ m -lli©

Baf ttef ait B©t teeft twm in. the mmmMmg gwmmMmi mi

MgM mpTmemi Mm@M& muMtimB ©f t&© eatiiee of

p'&ri&imA eMmm& with rntm-him mmimimg mntimi 'to

the Uj la:fer« - fm m&w -§hmww%4. im

tSj® IS^ % Sfemstarai'«aS twasiaettea Clfil),, lifestta

m€ Bwmmmhm 11963)#.' Bimimmrnt ^ Immghm® CifiSIt
•fsragfees# aad.SwswiastlmE Clf#8), Saiis aai (imth

§md (im7&} mi fmm^ CifSS) m Wmd-whmt, mrns (f$$9)

-te-iam mM Mmmmm. .mi: (if$5) is telty

t0t%m/img with iia-|a,g«s.s« ' fgrasRd Ct'968)

tfe,af -Ibe oheafe® »«» a-tt lieafitaW.## ©a th®

et&ti? Ii.ms|., @©ai, Mm^. %h&t mmsy ©f the 'mr oMw»®
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ferea thereby iaaieetiJag t-Met tbey mprmmte^ gealc oi?.

@h2?OBs-s0Si®l Q'k&ngm*

II. mtmWom in tfae Eg

• th6 t@mimlm^ eijarftotesiulmg ;ife« Uitemnt tyfe®

of aatatios® in lite^atur# m% aiilfortt* Bemml &air®

Um 9ttm ««ta ylthmt olmTl^f m peisttd mt

tfettl C1964IS.)* 'tltei BWtiitiOQi w»®- iStlmBifM fe|

(I961t))i m til©- w«t3iod d^teetioa that 1®, whether tb©
mmtBtiom eoaXt l^e iree®iuiset is- m BimX® or la m gj^oaf

of plants# i'oto ei^co-iislsaticjM ^aa feoro-
mm fmthm aleseifi©^ i»t© twns8p«eifi«3

tiitrsif«©ifio» wli.er«®3 faloape-mvtatioiis mm

»fi.i,fett oryptlo* %fi«inatlia3i (1964) olasslfi*^ a«t@tios»
Imt© tl>,0 f©llwlJEig four ii?©af».,

/ i) fliis ci0m|afi»©^ ^wlsi-isfe

aauia -©all ttotJffe tiit aaoftl®ia

proeeisa3^8» '

' ii) ?l«ibl« rnm-Mmmt fbl» gjrapp iaoladea mt»tiom ^

wliiQfe ©«li ^©' eithm 'bf the «y®' or fcf tSi«
aa« of approfriatt BQmmlm prm&imnf*- might M ©Itftta?

lil) llao$eH»*tiatsti.©BS$ fiatatloiis la w&ioli

tlioiagfe inherited &»^a si^#® aslt of reoomMBation# yet
&ffmUm ^ aonsttll&tioa "6f ah,ara.oter@# were iffoup#a
this category» '

iir) iiia,tfttioi5B s Mat&t'ioss- wMofe. ♦Itlysr

aimuletea sa e1Lr«Btf «ictsting t&xem Qr tim
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oreation ©f a mw mit TlrtQ# ot the cissqjaotef

affeotefl 'btiiig ® k^f mt w«r0 isclMied iia .tBii®. gx'aap.

Sa th« i?re.0«at Infeatiistien, nitstlMs ferdailf grsups^

iat-a oMorapfeirn ©at f®i" p«rp©0®3 ©f seox'iag fretttaaoi®®

.and mui.t®g©ftj.c «ff<s©ti*'©iiesi» «i fh^

Q^jloropfeyXl «iitati0ifiB mm tw^fMw eXasslfitd mmt&tm to ttee

sy®t«®i ®'i3gg®0t«i 'hj 0ii0t®fi®@0a (1940) ®fj.d KoBsalt

i|t^.'(1960),-Wlie2?ea,8e th# ?-iabl« vrntM^m wer^ classified

©u tbe fe®s4« ©f til® 00liem<s fropase^l Swamiastljaji Ct964.)

into s!iEcrai-.Bi!it&'ll0S4S> viisibl® ejattaatio

Mlero-wtatlsas* w®r« isot ta&tjs into e.0a9i*aer®iti©B

for mMM&%im of ©iit©-li©iii totwuat#®,. ©a tli®3r ©Ofuld ^

4«t8eteS .bf tla® of taenti-tatiir®

treita im gBrnrntlQuem

frmimmf cf EOtetloisB ,

" SMr« are tteee dtff®r«iit ©atisalts -sf 'aiitetioa

,fr#qwea©i®a#

, t) Mmh&^ mtatlona p&r tOO pluata-CtastsfseoB.

1957),

2) ,ia®l»r ©f astatieES p®3? 10© CstaSle^i

1928©)^
• 3) Kauteer of ttuMats f#r 100 Ig planta 19^0)*

Her# tfe© ^mutcdttaa"

event thts fl®at tfe@t |?lteiiot|fpi^€scPLly «xpre8»«s ffee
-•mutatioa renpeetiwl^r. As Mouwte 8s«5lsh.®d ©f estisialsisg

iBflttejod mm% QmpmsB^e fm the Iblaa

intTQtkm&A hy faotera sa.€!h fits dlploatt^s s®leotioi$> snail
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progeny ©ist ©f nutatfeS- iie©t©» at "the

laigbei' 1964). Iis- tilXeajins ©«5?#0l© lilc« rie©,

vhmt til® hm ,®l3?©a% AifftrentlEted

.iat« m splfet rntmoi Cl) vilX m,my& m&tm

mm mm-m'timtim^ nf tli# te^,t2.©iaaf in vim

•tb© 0tfe©a? metliods,# X« ©©»tj?sst Ketfesft (5)» wtfe;0<S iZ) %rill
'b« infXmnctA. hf tlie- Bi.m of fine sutatet sestor -of the stpikei

&n4 tb& prm^'m .I960), '©see® «ef iistQrt iM

fasioti©»aI irelatiOBsliiip a©ae^ ©fia, s«spaiia« •

to s. s@ri@u» deg3?0©» ^ -o^f

®ataat tT<s(imu0y will lb© "befs-"! esti^s^te o.f tb© ifiitisiX

®gi,t&ti©ii fyeqttcnioy* Ao'soriiag to loisBak

th0 Mg se«aii»g "baii®' f«-.esti»sti0.g matatt^m
pereit® tl® rtsolistio® ©f ©efwat® aatntto&al tytsts

•socurriag witME aa Hull«3?; (1965) ia I^MSMUl
®l80 fmnd tliat 'tht- Kg satwt fr«q«®BOF th&' "best es-timste
©f wstatiOB tmqmms 0Bvmi.&llw M#ier Mmm»

Sarvella et, C1962) »efoa?tea tlifet Ik barley tfee watati^

rates ©f fepAiJ®! 3?®a,ftto#d i.iSfl»fMd<sii.-| of fh^ -dtgrte of
•tillej^iag and tMmtomi, e of mvitm-tim

trnqmuQ^f ooald la® Isy o.tili»iiig tM afleal »fik©® for
80ori»g mutatioms*

Taragaofei (19-65) traoea th® an

e®r b^ek to the' ®iagl® eell of th« mh:p^& aM catistrntsd t!i«
mutatioii frequeiactf p« ©rlgimal @«11 ©•© tto prepiartlea
of pfylBferir toranebes whieb uitttatioM.

¥a®8g«oiii «M litRh'(lf64) -olaia®#^ tki» ®8 th® «oat aceurat#
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method Qt ©stiaatifflg mtt-festioa in i^s^iatefi leim se©ia.

lewal ^jisd S&to (1965) preseated ® mttfeoi q£ calaiilattd .matatioa

pQT 100 initial -mllQ ©f M'̂ spikes, tsf dividing the

mmtmr' &•£ mutmtm per 100 Ig flest® wi'tb tH® eetisstei aiimter'

0f initiBl mll& p®r 1^. -spilse, fkls tstiTO-t© was r«iport©d t©

take ea37e of ekiw^iism-is Bpib:<ts* 'Hmj©®! (196S) also

pr#s0a'fe©fi a ©etl-^ed f©r ,»t© eMor^ptoyll

matgtio'fls per IGO K^-auelei in' "fewleif* these

'oatlineai t»ag«aM (1963)» feml &s3,i Sato Clf6S)

S®Bs©l (196S) w©r« s@a.tom %-otlaes?

In the preserit mm_

@stisjate§ a® tte swinbei? of• siatatiOM pel? iOO pl®mts, iiy«6b©r

of-©iitatimt |>©r 100 spikes m&. mmhm ©f muteiat® per 10©

Ig pl»Bt0. TM tmqmwiQim ®sti:Emt®f3i m nu^m of mataiiom ptr

too M<j plants gave. Mgli«r ^aluifs thmi the otlitr two BBtimatm

at ©t-Qli of tM-^ost© ciisploye^ In every iKiitageu. IMa ttideatXy

%fa® ma -0wr estiwti® tJj.® matstioa twat la ©©sslieratioti

of tfe® iiffeaEtimtti B^stws"© of tSia fre^y^acy

OBv M.J splice %sgis wa® e-stliiatflta scoriiii MutBtim$- mi tfee
aplOMl and th# asilla^y ©era. fim e«'ti®"!ti©a. .of

©ataat freqtteisoits ©a ^2 tesl® BQWing ell

Hg plants -iii tfee'progen'sr ©f.the«@ two ®&vb,
©©tlffistet -on M| spike bQBis saS Ig plaat feaaia similar
dos© fr©qw«&acy reXatioasJiipa in MmBt sata,g©n'' faiploj®#

#8 wttia fe® elesr from Flgum 7. fla-as# miitatl« freqmtic^f

•e&tinated «» sttnbftsc of leutatiOQa per 1CM3 apltefi-e w«s foonfi

to M m ©ffieien-t as tfce suiB^jer of mtmntm per 10<l
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Jiigfe fre^.a0ii0i.#« (Flgairt 7), Bimllm obnwutlom ftairt fe®#a

toy MBlssti,0-^,al. C19,58-) ♦ itoim amd 'ICftwai (i95t)., O00ii«

(t9€0'), TaasgaoM (1964) aai ClW) Isi rlo®. fli©'

ml&%Xm»Mp imAtm jmrnmi aleiy renaiiiet ttm

®ajE&# .iKre«W0tiv« of i%« settei of of freijassoies,

the^eb^ into®tl»g that th® Witatioii. fref:a0ii®i©8 a«o^©&9«6l ttt

tlie -feifliest io»« m%& tetiaattift -m Hg pluat^tesis.-

A»©3ag th® relmtio®s #»pl@fed» tto hi0imt f3?«iu«meiee

pf aateti^as wtr# iMscif-d fef gins®» mya XVIIX). X^myB

m& fast .neatjfoiis sat^tiOQa with eiiidl&r but

G0®parativ#l3f low fye^aesiei^s#' fm^ik jaipatTOsiSt toweir©r»,"

iaitjeeii s«@fe ©f natations at iosee lo^tip thMn

those ©f sp®r0tl^ ioBigEiBg mf^nm aM

(1961)# lawal (1f6©a)» MiJgfttlsea ^ Cl9^8)# et •

(ItTO) aM Swamlamtfefffi. «t el» Ct9T0) TOS^wtei-ttet a«utjp©R9 _ ,

® fetgteir @lilo:r©pfeyll ®t low-

doses.

Au«rbao^ (19^1) tl-et alkflffiisiog ©atagtae y*m ^

effectiv# -is all tested ©^gaai®®». .Ihiresil3#rg (1960) nM-

IfiXfia (I9i4) ©fe«®3?Tret th&t tto mm^im(^%lm&l wlkylMm -

agsnts w«i7« mm ®ttt-ug«aa iia larlej, Ir tlist tlae^f

predtiOftfi e Xowey rs-fi© of ohroiKOJsoKSil afe6r3?atio!3-8 "feo mutEtisiis

than the 'bl«»fi'ad p-©lyfaaot-t»0l ©gtnto. ffee fiv« )»03a0fn;aet;i©iial

slicylating mfenta esiloyei 1r the j^«®ae5at ataay

•^imritaees is tlielr mt&gmiQ •fJfeets. 'SHS ®nS IMU imdu.cj«^

^igh fapeQuesO-i^ of etter^pfeyll istttati-sii® lia t©
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Other®*. Similar finding® wer® j?«ported by swasdsietliim

(1966ft)» Si^ai.Q (1967) 'ftm l&mSl 'Ct9€9) In riee. w®8

tte Riest ®h«ei£@®l e®pl#yei im fajtueat ®tii{||f

ftad it -indttQed m hlgli fr»f,atB.a|F of eatatioM aeooiapaniei. by

-low ae^«e &f daisage. ffee %igja.mt mm 32.5

per 100 spltta. at %h& 4.om- iwel ©f

2:®a a^» Isiais®! si (ttfiln) fis<^ ti -CltSS)

repoirttd tteat BIS was tli® Mst s'giottg tls© ehtiiioffil mutagens. -

Hewever, the pr«»eat at «^iii»ola;r

©0ne®Rtireti©a» M4S w®a aaf® ttftetiw %hm.mM witla rts^c-fe •

to .lnd«ced ll| «md Eg asts-ti^us. S'or 4]a.st6Si,e«, fms

at 29S »1 ted rtdueed tfe© sai?vlv«l and, Might at.

50 dB:jfs to W m4 SO fsi? asuls w^^apaie, »S at

3© 8^ did sot iiidu©e m Cfefeleg III &I?).

3ii8ilsa?l3? SIM at 29.S liad im^meA 6.6 matMrne as sgsitot

6 .7 mtMtlQm f@3? t€-© spik^is iBdaocd •:.^E at 3® it

(fafele ?I1). ffe® felfli deitte'^^f «ff©oti?®jii#as ©f MMS mm

IMS w®® r©p^t«d Hiy Mml0t ^ -(1959)# -

(1961) end Isroeee-aeytseis et (1964).

lai til® priBaeKct tacpeipiaseats, W isdaoed fei^ f3?«:<|u©iieie8

of ©utati#»» «id 3?®.»lt®d meatt t© ffiS. , Bescliaw®

©f otiloroffejrll EatatloB® ptr 100 ®fik«a todiaeed

E|gs ©.ad' SHtl M©3fe 5t.s «ad 2f.5 ^®sp«-etiv«ly. Sat^ at dose*

iBdaei«g fweqmmlmt -MMS- liadiisSid, vtrj Mgfe

«id imjwy r®v«@lisii Its felgh tsjxieity nn

th® fe'lologlejftl ^aiou^ ia respeet of RaxlEum frequeaoy

©f autations inSiKsed MB wm ttes SMff, at
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Qmrnntrntimw tKf mts. mom eS-tmtim thnn M$, Foi?" isstaacei

Mm at t»?6' bM 29.5 mvLtMom &m agmimt mt&tiom

per 100 indtteed by MB at 19"isM. fb« high

of ,SMU was al®o 3?«p0rt#i la Tim (Siadit, 196?} md

Swaisiaetlieti, 1968^8 :wfe«st 1968),

Arfel^ldQi^sie (^ioteer 19'6f) pern {Bhrnm. m^ '

Sapoport, 1966)#"• Ammg tht.aiXfMitr^naffiides

iu Mjsiey 'fey aa«l 0,i©lijae:e il%l)t MiU.wm fouai to

be .t&e hmtt f iflag »t«e m MgU m tM®«

with IslglXy :nlk&m BUli^kmiQ eslera.

fhe ®tt^«jg©ai®ity of ®ICI was foumd. t© lit very lew 1b

tfe® preheat ©fuiy, iniumd mis 5#1

{satati'oR® per 100 epike* ©t 6## ssMm Simllm fiadiag® wer#

reported by 'Bhmmwisg mi iiofea«-r Clf67)- ia tesXey saiS fey -

f»€isad (1968) in wtet# Ob tlit ttlitt ii#»,a" reported

to M. a«. effisative TOt®g:€?n im Arabid-#i?ai« (M^iller tietetr,.

19641 MmlUr, IfII}, iiaMtsPt t96Sj Siator aM ¥#l«»iMky,

116?). SwmimtMn $X Ml* (1968, tfto) 3f©fort«a.

VMS highly &ffactive in rim* - witto r®«ptot t& its

mt6gmi&it^, th& reports are «t A

aiffertmtlsl action ©f IITO sm& HiI0 was ob8ew«<3 iti preitat

©tw^y# iltti wM Itflfely i^hetmm Mi ms m% «o.

SlBllar fiiidlBgfit feeve l3««n la, ^rley W t«l«aliisky et

(1967) ant ©iehaer ana felesiimky (t96t)'. »

bowcfVer» "feotli vei^ mxtBgmiQ gM ttoi0 kii®» «5(:piaia«d t>y

?eXemin@icy «n« Si«te®S' Clf6B) .to fee &m to th© effect of



\ I'

f o p
r

H 0 1 fi I iO § I H
"

S
t

0 Ss rt
..

H
" I I
* 13 ®

H
-

63 0 9 S s § ©
» 1 «
!

«
< $• » £» IS

-
» I- I s

l>
^

«

e
I

li
E=

4
i

s
c
r

«
n

^4
"

5
"

e
»

- ? I
I t

H
-

®
-

I
t

i
H

^
§

-•
M

^
E

i
6

^ 't
«

i
5

e
g

r
H

f

e
# i i
* S9 i I

I •O I i I
,

j^
.

0 ,g
. $ IS
.

.!
-»

.

1

«
»

•
H

"
iS

rd
-

M
.

g
r

H

^
H

©
J2

S
»

£3
m

«
•

•
®

£S

^
*

"
s

&
!»

*

i
k

®
r m O 0

.
S

i
& e

#

•m e
% «
i"

iH
- I i i © N
>

.

«<
• s i

'
m

S
I

e
s

c

I m e
*

-
» <

#• SS
.

© a I S
)

« «
9

r
n

**
St *

T
•

o >
<

«
+

ta
f

# i I %
:

fc
s

5
*

H
-

.

O H
I

1 A S
fe

•

3
E

sr

s
a
; m

•m
«

# I I

» m
'

« t « •§

e#
- I I:

:!
'

i 1. I a s» 0 «
f-

I
* 1 H O «!
•

» P 1 1. c4
^. g

:
«

#
H

- § f

C
-

•!

S
1

9

^
• a i S ©
.

m m P 15 16

-?
5

!i

,
^ m 0 I S
8

I
* I «
•

v
r
.

o f I

I
I

r

i ? i
o

^
I

e
a

**
t

m *.
M

>
«

§

«
< I H

-
O g1

-^
a

H
'

I
^

5
i

I
I

•
^

.
I

i
I © » I S «

!f IS
-



'~T-

- 118

ftutatlom fr€ta«iiolea w©r# f&m4 to iiiex«s.8» witis,

inoreasiug d©9©» ©jf matBgm&. mmxi^m. at aae^r-

tfee Mglitat d©tiss Is te '̂esi 0f mtximi® fr@g.ix@.aci#0
0.f .iMttOftd til# ®afmf«,m® ©©iiia mrs^mg&d. ia

«ei5^«aslBg ©rier ^teaey g©issa i.®'!,-®, MS, mm'ma im%
s®&ityoa» Cf©m© iYIIl) feiit 6t a©«#0 Mmim miMlm %iolog±.ml
efimim ¥ia», JtBg^ tm in$Qry ia th® oirder giiisma raya,
IMS, fust m€ HMtr (fabj.® XII),. miuB, '̂̂ rmp^eUve- of^
th9 ©riteri® foa? ©ffiei^iuy gt.m». rays ms t© Ij« •

effioi®Bt TO:l'af#.Bs In intoiag ^Jl4febX« iititatios,iti '̂ ,pir'
«Eit a©a#, .£®,et mmtrmm mm rnmt eftmUm thmm- gmmm mm '

m& at @«|.aim03.a^ ©ow»fs'»ti#u.a -SMf %#©» .reore tb»a m$*

•siMi^ (if67) m.'pmt&a -mm m imm of mmb mm gmm
\

rsyB the tmqimmim ©f imtmiii&m i^ire m&m- ©r lem the'

mm in a-i©©,

flit ooasperiaoE of' phfBioBi aa-i afc^sBieii is

ofim i>a-tlw baeia of Eg frt<3titaol©®, ®la,oe it
IB to ipeallse tiie aia«iaii»- fmqmmf -of auatatim®.

Shreaberg (1960) 0tat®d ttet tfe® higktst ,8iiai"liiti@B Swi^q'&mxey

qquM b« ea®pt«di as. .tli.® Itat of .ati.t#g«a tff

Is t!ief preaeni' invent igetioa, «t eompmriesja @f tbt a«aci«um

BiitistiOTs r«v#al«a lii to ibe the ts«»t lutsgea
Vo

With r«»p«et ^ mame€ mutAtloB

¥iier®ss, a?e«f«et' to vtabl# ®ii« n^tsttoa®,^ gamum
r«j« were tli© Isest.-ae o.oiild 1>e amm f^m fsble TOIX/ Bat

wte«m e©ap«r«cJ for i3s3^» tise ^«t with"
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r«s|5«Qt -o&XprQpbjll ©lad. natation® ®sd gemma r«f.y#

tU with rmwmt to matatio.n« (faMe III).

fh«s« r«s«ita ladioete- tisat. wliil» m$ m&m of cM^ropl^ll
TOtstioii® lE Tlm^ ge-iEisa r&f© imdae« mar® ®f fi&hle

• 8we.mltii®tS»®a Ct96€a) naa Swamibathm Cl96S«.) mv9

r^iKjrtdft thM is. ri©« gfesai®:' er® effeotly® @0 .,a®.

Sw«®iaatli«s, ^ (19?©) ©©ixelaiea- that mmiQulM hme m

partlottlasf adratag# loaiKing »4l®ti©]asi with

to siatmtioa

A t2ftEt®ei3t @f tfe,«s ea!ae«|S'l« af iHit®g«al<s

effectiT©n«09 offi^ieooy was ,|?r«seiittd bf E@aai& i|t

(1965a). ffe«.Y pr®t@§®i th* t®3p®if •'effeetife®##®'* ®

• i!©asu3?e 'mtmtlmm is relfe-lion t© ^.0®# emi %ffiei©ac^'*

•&8 ®a fstiaate ©f tM miitsti®® mt# to »t«tAoa t© ©tfetr

jf • biologioel etimtBj smh m lethality, or
sterility, fo obtain effiele®©jt ®ut^§«iiie ettmt

• • «ast ,gir«atlj 0sii'pa®@ «ff®et» is' tM QelX mmh
*' ' - •

o.hro»oa©sial ®lse3?s?&tlei3® tojtie eff#ota mMqU

le®d to iassag®.
/'

la ttee pm&mt iftufiyi »diet.iosi8 mm towai to fe«

mart «ff®etiir« tfem Qhmimt mi mmng m&i&tlonQ,

fast-a^n-trsB® wer© tlie mmt mitht© tb#

IMaoti® ©f bath ©i'iiwophyll nM viafele mtMmm* lisoBg.'

cfjesiical ®ut®geaa IMfJ .was th® most «ffeotiV0» The liigb

®ff«0tlireis«8s Gt fm»t mutmm-vm i?«portei' (196?)#

.SiMi<3 md Bmrnimthmn Cl|6Sa}, Swamlnatfeaa Cl969^j)r,



120

Swenimathan et (1970) In rim m& by Sw&BiEe,thEn (1965)

nat '̂Slikirsrsiteov s^, (f966) in hrm& wheat. BiMi^ (1967)
(

tfeat the m&t «ff eatire efeemieel «atag»» la, riet

IM0, la th» present stttSy, eff«otl-vec«39 was fousd to i«Qr«©«®
I .

with lB0a?«a8itig i©»e» of «11 fki® invera* rtXatioB.- '
"i

efelp wa@ r«|5®-rted l&jr seve^rsl . iia rie® aM 8®alfi le

#icplai,ii®i as dm to tfee of istttatiQiici t® lticm*ae« '

pr©port.t©,fi&f«l|f ^it^. iaerea»i®f

Mwtftgfeaic ©ffiai^Jiay v&b highB3? for m€i&tlom whm',

«atiet,t#<a m th& 'fe®8l& &t amd islnrft wliertaa ^aaed

oa <5li«®ioial mat«g©H8 w«3fip M#ily

jradistloEg, fast mmtmnB yem ©ffioleat with ifespeot

t© 4.sii,Kisti@ii of hoth. ©Iiloropfeyll .BMt«tioas» flse

iaor«a«ed ettl&imQy of mutmm w®» %y afcistls and

Sw®i8'l]aatfeatt (1965)» ©©p6l~Af«af«r eiafi Swaislsatto (1964)

l^na s.iid SwaislmatfcsB (.1967) ia vhmt md W ^'^trnto gt

(1962) @«d[ ieei'aacla-MagaoKisa £| (1^f€3) dugati

Aiflong tlie Qhmiml aia-^geim 9tad.i®il li©ipe-ln» MB m» this aoft

tffieleat oE Ittli^itf but m tk-e hmi& ©f

@t©rllit^ SMI mB m&m #maieat %hm. MB, tto high *«:fag«Bi©

ffifflelflfs#j sf •MS %?«s r#featedlj ©oiaf.iriiei "fey aewral

isv"#»tlg®tfirs In rjL©ej^_ , m^im, kmhi&omiii emil ia

pl®iat8* ,ffef ©f ME ws« "bBmrnt^

of itg lov fhytoteitie ftffecta m nrnwiml and inMM.toiEf

. «ffeot» oa Wltla 3?»€i,sttoma aafi els«®leal«s

eseoe-pt BI-IS, mtit8,-ge.i3le efficients' i®©r«a»«4 witli i»,ca?«a,eiHg,

/
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dosest whereas eiil&iMms •ithm re»ala»d tfe«.®a®e

•QT imvmB^^ witfe. <l©0t@. (1'967) timt •ffieieacj?

¥sa at tte© «iia« dose©, with lES i6ffeer«a«, wltli otfetir

•®ut»g«as yim higk^^ the lovm io«e«« Aeo^t&ing t©

I#m«ak £t (1965a)# th« grcatej? of low do««8 #f

mpp^ai'ed to •mt^%9' ta tlie faot :th&t lettelity

gma with .Is©!-©##'© in Bttts.gen, «©E©eatr«M-OE»

©t f&et#r rmtm fhm

fli# Bsftfaln©®® @f my dl©pe®a» C!® ita wutsgtaie

effect »« w #ffiei®ttcy.. ®i« 8i»@t ©tfeotiv® •

•®^t«gea Jiee^- aot he ttm most n^tiiMient mm (Koassels et

•Ififiit). la w^mmt fa,et mtuitroiisj w«i?« .foiand

t&t m& mil m efHeitnf ©ffltiig t&t railstieiis.

imosg o1i-©ele&l Butagefiis IMU mm tfee '«8:00^t ©ffeativt feuf MS

»as'tfe©'m»t MM- '^m' 'ba a ®#r©.!»m€iesi.t mutagen

provided Ita' t@3cieitf fey a|jp^@prAat© mtMu*

A high tljf.- frf^:U©ii0i0# of eSiloropla^il

amd v'lulsl© RiitfttioB® mm '©tstsiwd In tm&tmmt witfe fast

m@i5troa»t MS eiad il!I In th® iutrea-tiga.tioa (Hgospt 42),

»two aai Qnmmm (i§61),,aRa (if66) la. xim^ Wllm

• (1961) , Hagftx-a^fi M© lfat.taa?a.|aa (1965)» 'M&mnm'tiM

(1965) ani" Ml ama Smafeer (1969) in telty

Ghopra end Swsstimatliea (1966) ,itt also jeaA# .siiBilsr
©osi©l««l©ii0» . On til® other ha»#» bl^er fir^tiaeiioiee of iri&bl«

iiatatl©:B9 tMa itioae ef-chlo^plijrll wr® i«-<fee«A

$mm& ia tte |!»s«st afaiy-* fettl Ci-964«K:,'%) an^-
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(1965) stated tluat prop^rtiois, of progrtssite
t@ QfeloTOpfeylil «iitatiois0 am be altered hy Qhm$lug th# ««tau«a»

, A totaeiit mmmmm of aad, vtefel® mMtatioms la

• 8S8S« isaniel® pri»©raiaai was QW^rvm& .is. treatments uith IMS «t

I3i'gl5©3? fi0e«8, 'but mt im gmmm ray»# fast
I . ' .

meutmrn^ bM 'BMW im the p3?®a®iif inmB-tigBtim Cf@M«

Siatl^x^ ofest»*®.tiosjs mr* mM l&s Matitio aai- Ommm. Cl96l)

ia rice witli raiilatioas aad dltpos^ Brsffiftr-

-I®ind«3rii C1964, 196S) ia BaitlfeMia with ®a«l On

•feh,® om&T lisM, BiMiq (1967) aii'B0t tod'©iw''

ship m& ©©aclMdet tMt th© o£ eM#rophyli «cii •

:ffli4tati©f» wfeffl l»ia«p®Q4«at ©f emh oth&T^

The mm'mmrnmtim mtim &t aatatta®

tmommea with mn tmwmm im follawiiig tm&tmnt witfe

milatioisii -md. 0is«s:®ieal Butagea# {TrnhX* I)# a«^p®inl©n®e

©f Kg 8tgr««'fitti©ii, 3?a/6i0 on, •d©s« wa» ^portefi t>y

C1961)"^ Ismsgitelii {If6g«).g KaWai- Sat® (1966)

inm) in rioe, toy taal (W6U, 1964®),. M
(1962) ®nd l®»-fev®it <19^8} la ana Isy £*Agato (lf€5)

mn& S*imt& tt .€l<. (1962) la vlieat* f,li« Ifier®®®© i»

tfe© ffBgreg&tiQu Qi antauts -^ith ImeretB# ia tto.®

of ®u,t®.ge53» ^ 1?® a«# t0 aa iaej^aee iss tfe© sig® of the •

(sutated -©«{St©» 3P®.s«1,tiiiig f roffi 1.«tJi.all.t.3r ©f s.eaia of tfe«

ialtiml CP©11s of the «@ «s£flftli3«i by

S@rv®lla e|^, 11962} ©a« .AeiStir©it.(t96a)« ffc«

•riiti© ®ppre«:elied t5 per.©eat is tr^mtsrste-witfe Mgh d®s»» '•

of g0mm mse' eat X-»f« wfeichi tltat 'the- autsted
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e«otoir ocoKpiai ths mu%im mv» ffee generetlv® tlssu® of the

mr in this ease might hm9 ^©veloptd f^om m singl# initial

0©11.'

ffe® mmrt «tgr«g8ti©.ii rati©8 hmrnvmp 'mm fcigfe®? a-fttr •

with 3?@diatioB0 tl3«» with .mategeae#

Similes? ©Isaervatioss wer© mai« to^r .i:.®wiil msfl fsto C1965)

in WAmt& (lf65)- aM Scs3?«sei®*llaiE©Baa Cl96t)

wlieiit# fh® lii(gli®3P afatl© iB •|2E'(8'6.t®»B%

witli 3?«il©ti©s» thm. vritl -cf!i#)t®iemX wjit^g#Bo swrt

•eXisi-natioti initial ia tb.© »fite« |5S*i®eyfii® I'ollowlag

i^adifetiott. E0®raseis-lagnoi5«® ^ (I9i5)

©t el. Ct968), ale® tSi®- mm imt-rn^ in tise-

m®terial thm^ sty:§i«a. rati.© wi,tfe .
I€il6 ®.s reportftd "bf Swsiiliastligs. Cl96f») fetiJity ratio

for IM tteB MS m st®st«4 toy M l2i* ClSfiS)

Ss^.v4b «t (IfiB) wew miit TOsliaei' im pf&®@nt stiiii#^.

WitM M#i mtim a Mgli p?Gt/9i?.ti9»,. sBii'laRt®

will "be s-bsewei, f8®ilttEti.Bi -fefe^ir •«ei«qtiojs, in. eegregatl.ng

fspalstlons, fm iiiOCTfaae- ia atg^cg^tisn ratl© ofetaiualJl#

viith a ohfmge ©f iiaf@g«a Off with m tmmm^ in mm will m

-^©u'bt't i®®tnae v&lm in *utatiioa l5re«4iag. -fr-m tis,©

presfmt 8t«Ai«@* U i® «vii®at mM in steuielfig taefe liigh
•segreiatios ifatio® in- srio«, me mUsMom at higter tosi«o

t© Is# a@r® •git-s-stag®©a» tlma, tl5© cfa®iRl^®l

fwo isidacea la mn ear

priwordittis «a?!5 fcf ia<satifi0« if ther hmw dittermt

pfeen©%pt8* In tM pmsimt iavt^iiistfcm lailtlple e»l©r«p!i3rll
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bM viebl# iaiueed fcy WM at

feighsr tlmia Is^r ©thst matagens. Fsr tustame « tfe«

fr®Qa!«sojr of sajr-profeEi## tm ssatatlMs iao^«a««d

witli .i»3?etaiisf ioa«»; of M$ mS. i^ieiai-ng

ttor#« typ®^ o'£ mtmtiom we-m reg&Mwlj smu ©sl^r at th«

high dmm (S'afclfta IS Bmh m im ««©,«© iB the

fmqmmay ©f siut&tiDBa followiBf tajeatntiit with"

chewicsl wm,pmwim»l:^ repsfrte^ % SMdt^, (i9B7)
*'

in aiaa-Savin et.^. (1968) .arj. Slifer» C1S70) Im Tmrley*

•Smnml (19&7) ®1bo r<&f©rt®i sKt iri©a?®fese in. tM fmqmmy ©f '

KMltlpl# a«t8ti©,B®. 1.® witli. imoraasiliig ©f WB»

Mml emi-Smt© iiM3} Ifeasel Cl9i7) mpoM that

iBtiitipi®- aris® 0» two iwtfatioiss iMmM elthtr

la tlie. aam© iai'tiiil @©11 ©r is- J^itial mllm of tlit

3®©© wpiktt* In %hB t0tm<6V type (tim# iEtttatiouB)

t!i« II2 f2?ogeiiy will ©Q,)at®iB' tferee atttast typ«» ¥iis# tfe.« tw©

.typed 2?«p?ta,«fi-fetiig tfee .iaaSlviga®! ©ff^ets of t-li® two a6ut®-|«d

•geses » tfeiM type E@]pr@8eK.^iig

matsmt g«ii®typ«» ?l5@i3. tm «?« in «$iffer«at

initial o#ll«, til# ^doatl# »ataKt mt affsur in Mg

feiir. eai»» of tra# V«rf

o'baetfed follfuwisg^ ttmtmeat with MMB gM 1110,. la tlte frii«e»t

^ la -eeah ©f theat ©aa®®# tfftB of lautaats w«re

i»olftt©a fro# tk® Ig |5i?©g.eii^. ©•a®wp?ogei3ie« ¥tlsg iu»ll
io 6lE«, tii@ fireguenei®® of autimfa. Sid not glw ©

3?atio to tte •Bg Emmmv. ishB

psttera# in tHi fl^ prog®iiy ©f Sg plaat» eosflrs^a th^t
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two Kutmnta mm momEmlQ mprmm^ting tht two

isutetei gmWB Esd th# mutaiit ¥B& & dstfoX# r«oe®ai¥e of'

tlse 'fewo.

goryelEtiott of Kt a-ffggta m'& Mg ohloys'iitiyll fge.ea0aei#.ja

la, wmm$ immtlmtim e&X@ropfeyll mm

sbservei f&tlmli&g treat-Eeat v/itfe Sl®» iBB fmt B,etttroas#

feat not in. trmtmmts with gft^«a itt sfite of .Its higls.

mat©ieai0..1-|j. ffeerefor## the'f!7©<|tieia©y .Of slilor©|ii3fll ofeisei^as

am not pri^¥ia# ©a isaieatieri' o.n tlie TOlative EUt®.i0nia eff^ets

of ras(!ia.tl©ia0 &nd oMmicA imt§i$0m» ' A coisijar-iaon of IMS a'si

^l?10 at tin Aowm 384 b|| ajii 2.91 ^ 3?0ap-ect.lvel^ indaeiag almllar

•freqiaansles of immTi&s hsd imdicKteS tfe®t the Ghlorssi^sr^l

mutation f^Qu«noy with BHS was ao^e that of l^BO.

fli,«0, €iwn for ^ •©oupairisoa. of tli© matag#ai0 ti'fect® of cJjemiesl

•mtsgssn® the ;Crefttancie,@ ahlomfhyll MmmB aia s:iot

a criterisR.. fli® teidene© of of>le-3?otic streeiss

fee assoelattd wltli the w&mtiQU mmhrnuim Pt iadlvidaaX

0h®fiii.i3al mtsgeBS. In miAtQg&m swell -a® IM¥ eM IMS,, wliiolj.

iadtto© them S'eatUly'# tiieir £mqmmlm • •his mwiiil in

BtMjim effect Isfettst^ia (1911)#
WAmt9- #|^*Clfig.) ast Bhivmii&knr (1965) did
.ttot fiiifl a positivo correlation Isstwfe'n th© tmq.mmi0B of ^

H-j ehloropfei'll Qhimrm s.Bi Ig ^^tetios®* Oa 'ttaa otltei? hsmd.,... ..
.IfeislQt (lf€1) mA $mlM imB) is. b©rl.©f, Haslef (196,5)

in wfeeat aad aixt rt {1960» -1965)' In' ?>©»# report®^ high

00rr©lati©S9.
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(190)»- farugihea© (1966), Yaru^ea# Sygmirmthm.-

(196S) ©fit I:i?a'te!iate» Um and ls9MBg,t«ii (1970) tkist

tfe© 8hl©rc»^hyll •eMi^spae. m% te©«t trtie. tM m^%Qm m'

X«©v«« mm r®p©yt®fi to ojrigimsite ihm^h amfatloag?

aA-p^riolimul ©limtP&a, probably to- th# oiittr l»j m& -

si.a« til© .ftxminsl. U.mm dmel<s^& trm !©»«»

tlie gdfbt mat pass m. t© p?0g#mr' gt

196a)* 1^1 tfe® fiNiaf©»t\iiJWstiga.ti©n,»-'sMaeirlo tillers •

wr« f©i3®,d to field Im wmgmy m^m frtqaestly

t'feaa t&ft- mm^QhimwiQ tlllsrs (fable IX1)» It was ale© ^

olj-0«rv«d ths^t C5lil03?o|>lijrlX a@ficl®at .on Itavea amd

paiil0l'es were' of" in&^psn&wnt ©ipigim i;Ei tliit Ik# stripeS

psaielee yicl.4 utttamte soiee ttett Bor»l pmiQl%&

pipodaotd Istjr &hitmvl0 tiller®# fh^St it- lo dfideiat that

'smtms m tli6 paniales asd .®pllc«l«ts give &• mm^

iaaieatiOB ©f aatsilo^ii in tJi® i^mgmy tfeaa 1s&«

of stctor© on tM lesvus. It ,«®y ttortfex-#, paaalfeX® t©

rmliBe a higb. fmqmmj ©f •ia«tati.ojsi8 im. tM Mg -tti3,«3?atioa

' l)y ,ts«l«e1;ing wttli' ebloretltyll <lefi0i#st eeotsifs..
/

It. is ImporUnt to Mm-ftorn fi prasHti^tl 'br««dtijg point

af iri«w, ®f fertility im tlse li| .gwtration •

Slid mtatioa f:r«<|u®a«3y in tiit Kg g«s©retion.» In th® ^p^-eaent
immtigB-Mon vhrn mm were seleetei «t mndm, mixticbioia

wa» -f©osid t& ine.^wl'fte d®ei?«».»i»g aeei

fertility follewiJig- toatss^Bt g®«.ae ®a Sl«g,
l)ut mt rn&'lQmat lev®! frt^aeagle® aecsr«se«a ••.

(fftljle Xllf). fMs,- tise wse low at tli»
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M.gkm% ®M- Immt Mwm w» m

Mfimmm tes^weta smmm imu&Mlm &mA as -im

tMg- 3mst«et m my-mws, fmm 43^A, ffo# ^tmmsss

im llsf Irnmm'k &j&m 1« 4m m ^llmtmt.iQM of

@ai itmt Mffeest mlmm aigfet %q aitkm

n im: ititit #f im^mtim m "tifltBti# Siail®-
Kiawlti wme mpmm& % Btfetite® (tfill.la ,

• • l*A®®t©-C-lfif)#; g,| a|,» /lfSi2)

^ ClffS), la iiasram Mtost

sIgsAftoiit i».gativ«/@@»#lati©8. ®fstetii #itli

i©ai«.lig ia •©biaiosl atttegta trnM^mwU-^

wrnmMm^ fertility mMmm* ''

atfstur® mmABtlm Mismm s«®4 f#rMlity

mad.lg matati©! m» ^tf#r6®i If teaasm ®»i Wrnmmim

(190). .msii B&gmsM i»® mA (i$6§) i& 'toief,

%f aoA Mw fmm Cifii)- ##ai ?©»: CeiT'

(tfii) ija f0sst@, fef liflEttiisitl iW<S$} Im fm» .

aat % lesefcer (fWl ia

Oa tfe# etbtr lifiaft. Sail• llfila," 1969,' If?©)# Clatfl

eaS IE.tlelsteB@©tei4 Cl|S0)''siS'Cflifl ia ••

¥@rl©fi l«a. ia «si

Clfff) is ImliiiQiiais ''fQa:Ki.i tfeat^ 'tli®, ©f

Eg liiitatltm# was imi&fmMmt #f tfe« tf

M| fils. wn f© ^ •

,ia40peai4#ttt iata^tlsa @i mMrmMmo mmS §«.»#

wtstitBS is tim §@ttl Clf64Sf iM$')
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auggeotfed tlie iii#,©p©a,i«s«3® of enil Mg .

mwta^ioas wstaX^ feol^ feed only.iahm t&t. €egr«t of tlll«rtlig

In tfe® plas.% %®s- lissitai tM apikta mlm&'

w.er« o©a8ldi«3?®^» ia imsl^Fals ©f tfee' ©»««jal#ti©n b«tw®6tt

stfrilijiy md- ffitttatioa, in tfe®' aai

|io®tfomei 0®rs tls# flent vr««- »t 'tmkm -af is tfe«

pspeseat

SpeciftoitF gf Kiitai(^es.a aai muMtim. smBQtmn

Clf65) tliat ttei sltt»:tl,©s. of "the

aptctfUii ©f 0Jiloi'©p!yrll etitftSLts pffSViieS fos?'

ssiitegsii 1e Mifeitr pl&Mt9* i'iXw CliSt) iii

r«¥i©wiBg ths v&3^i9m ©f iittar&tleji ia »ptatraia

iftUta-li^8 inattofti fey different ,«iitag«n» hat eoaelaaed

that a pTOCise ©©utrol wts? ©peatru® iis f«t t© tie aolii^vci.

A« poiJSt«,a ©at fef' Aii«j?tofe inm} mtagea speMfleity fro®

m. fer«tai®f ftiwt of rim i® |ih®ao'tf]pi@el« ta#t »a..3oirtt2r

©f ledu^si fitttts'tioias ^n-m timmiul ftnfi tfe«:e«f03i?©, mmn for

(airstetiag imtatioa® into ieiiretsl® &fmmx.iSLB wo.uld %© of

g3f«at Ifflportati©® tm «.iit«tl©E ^3ee@«i«s (Asiarfeaeh, 1967) •

famift (19^0) and sad lesl©-! (1963) el#srly ' •

ae«osi9ti?ated tfee raadesmeis iB m^tim Qi miliat-lons wtll

®» »f«oifieity of as to ©erteim 1ml Is %«iJ?Xe2f« 1-eewi.ijig^

t© AmtxfeaeJs (isei5 imm.(196t) the ^faeiflelty ©f
• ^

mtlm^ cbeaioai wa© mg,lonml t&am ieaie. Im

g«s©rsl» aftea? trestis-®Bt witfe cslie&laala m©re tsjftafes %?«r«

fottai ilk. t5j« mmw tti© oen^roa^re a.t
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G»i^at3?iction, reglosa 1970; i%5).

Sweffiis&tiiaa ft (vm) @t jted tfeit location oif grnae

to eliloroFls^ril rnxmlQ-immt In tli© projclstel ss'gaients

eM the high. fsmmpUMlit^ of m.ch mgi-oms i-Q SH5 aotio:a

iiiglat b# tlw faotors lo?oI?ed in tb& iaciaction of e large

Bussbar of oHLoropli^ll patents with JliS. flie loaalisstioti, of

clilorophyll deveiopffieat gemm m8.r the oentroieere observed in

fearle^ by Robertsca ClQe#) snd ma;e (1964) ana ia mBice -hy

Weutfer (1966) supported till® auggettioa. Aa stated earlier

the f3?eques.oy of ehlorophjll mwtatioaa iii&mwi. in Ireatroasta

vitfc Sl--:S was ,co30sider®fely higher thsn in caa® of other

mutageii® in t'm present stiifly, !Oi.e speciticity in

r«:^i}©et m iMlostesI worfcers li,£d feeosifta

^•¥id®ct in ri0e al.#o.

fhe result® obtained i,rj, tM present iEftalig-ntloa

re'ueal tfest th® spectrua. of iEifluceS mtEnts differ h&tmm

radletldBs mrkA cMoltstfl (Figure a)» AIbt«s. Wfts t&.e

siost frequent type tellaviag with rafii&tioua.

la alieEical matagen •tx''?sc>ts!t!its tfctr® w^®.® & i«er#as@ ta elMtta,

followed by Bu increase in thi? I'requ^nGj at vlrlgia.

3?ieh sigaificoKt diiffereac®© in the apeetru® of igatants

b#tw@«R refiiati o».s on tli© ©u© iaani aad eliemiesl. sajtagea® m

th<s other were reported by Bekenditm (1961), Oheo ana Chei

(1961), @ad Mat^«ofei (1964)> £awai Clt66) sad

Basu. eiid. Bc©« (1969) in rioe, ^y Ibr^ufcerg st «1. 11956) •

aaS EoKsel?. (1961)» Silnn et. el« (19<S4)^

Sw^,«;lysctfessi ©t ®1. {19i2}t (jastsfsson (1963),, Kos®sfe et al.
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(1961®) ami Boll sad isadfa«r inm) ia liai'ley, t>y tf'kmto

(1962), 3*AmtQ ^t. .A. C196&)# toirfesol^-Btigaosssfe Cl967)
Seai?esala-SugB€>©«@^ ^ (196*5) io iugaa t#heat "by , •

.Sl^*'inm} as,a Sottd- Cl967a,) In "breftS wheat.

Eiffer«s©e« in tit® iiiHsotrttsi -letttatio'n® no't

feetwtea &mm of tltfeej* etetmloal »'at»g«!a9 in tk#

prttiffjst ©©ill Cl964&) Ei»#8i ^n^ S»to (I9fi3) also
$46:p©S't«ft i5lBiil»;ie :re«Jilts. . •

fii.ei'® a^©^<5V«ff©l sgporta ©f iia tfce ^pestrft®.

of viable, mitatlosss ®»i

qlieisioal -jimtagtas* - ffitroogeat mmm tic^m tlm

egftotolilee ffiO-tsntJi •is bari©f# Is tljt prftanis-t ©acp#ri©tntg

wltfe ri€5# ffee type® .of viable %?ith tlJ®

aiffertat natagea® ata mt differ# bat r®lativ«

fre^ttea^i®# wti*® (®afele Xi.l3» lr»otg>ide.g.. mtttaiitB-

were fj?t{|,tt#iitly iai«©t<S witli fast _aeutrons ©»t MW»

ar«a^i?g ^ Xl§61) a.8i Bite (t96f) r«fsr^ea a
liif& 0f mrmtMrn .amtrntig imiuoet hs nmMmm iti barley.

It m& ®1@© wiatiit tmm tfe@ ftneifsi® 8f.®at3?OT of

- . :i»di4«s«i im tlm- pa?©®tiit ataijr".# ttet felgii ,fre<i®«a<iie®

of matf-mts vitli &ltei?«t smi g»at» f&llmlmg

wltti f»si» myitisiite mttmtimg ©olm l«gtfe

'mi. a«tattf» ^,i,th'pealole ami. -tpltelet mlJiifriialiti®# witfe

^ -mO, ffest n«utroB %TO®tr#ii% ireei^'atittly eonM

re©l-ia«t. .obstrtratisa® etaggestet tti.® ©tttstioa

apeetrm-coyM h9- thrmigU'tf b®^ &t
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fypeg af yiabl» natsatu

A %&$9 ©f fiafele fRiitants .were l,a©lat«d i.n th#

P3?«s«»t atady* fbef a^pt-®r«d ia Xow^ tmqmmim in «t«r®gRti!3f
#ar*pro|g«e,its in thB gmemtlm m& ter«<l in. tit®

is«eetetog fhei^ im tia®

gemm-tim. lad p^m hmedlm m-tm^ 'csleaafly iaxUeatei
tisat emU' tb.«8s wstpm-mnt^»A la a, iBingla ^®:O0a»t¥«

g®me from the partiit ir®ri«ty^ (tfl4a}» liilas (1964),

rnum (1966) aad Mob iW$&) tUat of tii«

satatioa© im mgmiBm: mm a?«oes.®iw. iertr®!

iave8l;ig©t©3?© had rtperttd tli® moiogeaio B©.tar©

•of inteet usitatidM in rise (IsieM# 1962$ Bsjitaajr

nS2t JmmgmM 1fg4| iill 1»). ftee©

ao»Ue .3f«ae«»ive mm is©lait«a fr«* iig limt®
mgmg&n-m f©3? sultiflt mtttaM-oii®. »ii? iowlslt ^@s«a»ive

tmtttr# v®g %ytoeii eeyttla^of tli© awue,! Sg ^l®i3,t« '
®egr«gat«a in tlio gmm&U&n in th^ fiiliybrM -Aa , '

iMtase© of lsi0o»|?l®t# irte^ded whM. m fim '

mtmt «©g'reg&t«d la tb® g«ii»3ra1ji,on: in tis itti%

3?ati©, 21j© stgregstlsfi- wes iBia mnti'rm^ In tte«

g@m©r«tioii, a© hetmrn^'gom g^mt^p^ pr-giumd Mm grsiim

ukmmB0 thp h&mmfg&m matrnt :§Bm pmimed ©pifeftletis

¥i:fh tXoagattil 1mm (l^lgure 5M)* witli. iso-©»pl«te

destome v&m r9^©rt«a fey Mtta. £|. la. (if66) m4.

(1969) in tel«F ftQd fey B»liaEt« (1962) ©Hi '§*Amto ei ,al.
(1962» 19€4) ia darufe Whesl;. fwis stgimtR weare

foimd to fet iMieatlag. thai!' tfetf
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gtat# ffeeifSAfSts no eiriiessee of rtoomtelsiitloa ©f tli» •

eUarsettrs h$tonglng an »rfeet©i.ie.s &mflex in t&e Mg

pyageiijr wfcteili ®»gr©gfet©d fo'i? sii©l3t Baaed- oo. phenotjpio

20 mimts ' ffefjr

slight % aiffawfc g«n« lo@i '<^8

kittles ®t the; sast ^ Si Ct96f»» 196©)

' ©as Stt £|, (niQ) Md mpmtm tUt me isi&umA
mtttaats ia rie® lif tM »®«e locus with a

multiple mtlic mmp^* Qmtmimm M (1969) stated
\

the:- lit l.©cislis«fi ®r®Q.t@ii©e .mtmi& mt of 6B3 repsrttd'

la- barley sjcmli 'fef® «8.®iia®§ t® 26 gene leol.

aev#»al »ii03?0'-aiitimt8 ©tlifr ttea© ereetoidee %?ere

lnola.tfj^ ill tlie preaeat iavestigatioa* these eleo -

»hmm& sltemtiOB Xn & nm1s®r o.£ ofestraet«r« aisaltaaeoaely

<tlgar@» If to 19)* Must ©f.ttotm were eitter awaa?? ©a?

ji©®l-«dwa3e3t in -etttlmre. Altey^ttoas in flumt hsiglit ari<l grajm

tfpe were' wore fa?efts.eat (figuot© 34)• .o©®plex of

oliei^eteifs ticpresftoi toy t-Mea®' BaorQu^^satiiat# wesfe iohsirite^

m a sirsgle geaetie Miestljag tHat ttiey wer® govei?nea

sifitple fftseweire gmmm. f&e -mfeoaj^-isat^nte esklfeltea

ftlffereacses iJttweea thsiiselTOi witfe, r0»t«©l!' t©. almost
eliaxstoter-tfeereby -iisfiicetiiig fliiit- tSie^ go'̂ ex'̂ e^, by ft

uttmbfiS" oi g#a« lo©J;«

-$he aifflttlteseoaa ®ff«e4e of 8iad»o-»atat'i©»0 on alssost

•veffy G!s®s®©1»ejr -pl'snt. Iiaa feeea- #2:pl®i&e4 toy saa^

tiiire8tigat©:ra to' be 'i-W@ to, plel^trspi©- a-etion ot @fflingle
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ifttttstet gea®. Ss-fe-fetehnllt (196i» IffO) SHigtattdi t&r«« poisM#

la iaii1;at«&

Tig., d) '®iiig1.0 mtttsitta g«Be, ir«ip0asiM« fear tli© wfe@l®

09»pl«35 of (2) » foytlon of e.

oferomosom® eQat«iiii-is.i seirersl' g#iae« btisg loat» or (3) »®*eral

ol©90l|^ link«d g«-a«» feaviuf mtatai# fli# first a»ce is

gtmais®; Asm, ifetreas tfe@ f*©- 9V*nt9' 8imal®t« m©

fleiottofio «ffe©t ©f- $E« gm^ gttma «r« lost,

oi? altered, itttbfe® Cl9ff) IB anapd3?agoa,, TOllaaft-{1960) ia

tomato, ©ottBohalk Cl96S» t9S®) in f«®9 sad

ia«l (1967) aM Seal Cl96S) in have dettoaitrat®,^

til® p©«si¥il.itf M iiisoltriiig tli« p«a.el®t-r®tle ap«otrttii of a'

®atatt©a tli# @©iif#i!itat' tffestsf' th<§mhy IMlcsting-ttef

the «ae2?©»*i8iilESi.!3.t« rtpireaeBtia -miitatloii# Is ti^tly llRket genes,

yistble mutaBtiig sffeetiag •ariosta iaSividusa

©hsmetere, suoli m Iwigfet ©f plmtBi 'typa of

as4 gysiii mm imlmted in tM "^mmt %,mmti.g&tim* .

Intents i-H- flamt mm ».03?« ivmtimt

•%Mn tfeose ©xlslfettiisg ilimmitf in oflsg.^ ofefi»et®!]p©# Most

of Qhmgm wer® towsMii cliortsr ©uJ,® Xmgth* fh«
^ ' '

m& eewi-dwarf nutMits with@«4t pl«iotropi<9! @ffeot on the •

paal0l<i asd gralawftte fdaai t@ •3?ef2r©i«fit aiffer®iit $mAm

of teiglit yatuotiOB fro® tfe® psreat sue tall •

mataoats »«prt80itt©d ©Iteratioa of -ptmi. Might iE.th# poaitivt •

iirtotlOK iflgumm Wl & 20). It y«m ®¥i««at that wJi«e

r«ce»«iv« «llel«a et o#-rtaia loel eoatroll#^ eJiort

3:?0O#»«i*«« at certsia otfear loot goirej?a»a tell 8tatu.r##
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tmmi, ClfiS)- mmt in a?!®#® m^mt»

mkm ot mm^- mm^n. <se©t3r3?«ae« tlia» thm&

with tm&mrnBm Clfii') m%&o r«ps3Pt@4 mm »Umt

&mM mtmirnB mm- mmmi im ^mm&n vkmtp dmim. - ''

tea %m%ey0- ' ^ -
(

_Siitsat® «sti®r4% pe3?i9i mw^ m&m

•fmtmmiy ©f %f@s- ti»a emly mm* at £m^mnt

<5tog9» ftmiiBg 'tOTfi^Aa Mt^TOnis ls»i. iuaie&tei tfeat mmwi»iw&

mMmtrnm itt m mwXf 'wmiety Mi m# eatasplty ptri©i

f©ws^a a# imtetii AmMm

®Malii®i-£s tk»--pmm^t stu'iy @ss«l«t®i'©f •» oaisplfic ©jKray ,

©f tff#®- msgimg fwm wmsy ^mtf CiS J»fs) t® late -mss

IfSi imfp)- mgmim% tt# -ptirtot ©f' iZ§ daj® f®3?' tli®

Sftt# Ctfiil ®«p«rtti fli6t itt«s®8» w«« mom iw9qmntlg

tim- mm tmm$mm' C«ff4) «ai l«.1i«iis and. '

• Citit) ttet •a. feiili ©=f 1®%©- aatsat® woeM

%» iiii,42««i i»' ta terlf • '

' $mmA altti-ftti©®®' .i®-.,^ais aiw mm

r«eo3ri®i-im ffet mmm% immum^m* ' Wimm mm. tyfts witi

•nMn," mm Imm gmiBB mim MM %3s £iM^

.^aisi, wifli 'lmm&'m^'t&ng mm ««» tli®

;'f®ttad t® rnmm mm»mmlly 34).

MataBt®-wit& p^i,©3.@ ©fifeelet d©^el®pg©ia^

w®.re mtm mrnrnw^* • Mmm rnM^wmtitkm tiieimi'-
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typ«» aooefliorf 'pmts m Itaf, with iaooii^ltt®

dtv#lopR®»t ©jt^ tlm mmhis 'tm tM 9Xtmm

©littftaring ©f s:pilc®l«ts (ligui^ 33) *• W;m tsihmvmt npikel«%

ffpta w«3^ x«^uetioB 0f

terfiln glaiiesi witfe glmm int© aim aui with

aifftr^'ii'tiai eloagatl^s of ast<S pale®. In oeirtaiia typijs

the 8t«iril« ^mm mm hi^l^ ' Cfigare® % to 39} •

'In 8#ye,i^l ensee, '%&# s^ikelet afe^aow&Iitits vtre ateociftt^t

with efesoEmal, flortf d®*elo|iai»at Iffiaiiag -to total »teirilityi.-

Mm in «iiteii.t« witli mQr»»l tlm .gMina did aot a«velop

prop«2^1y' la« to a»fTOtlve gli«K#«» Matants witfe ii^iktltt

iilsriersffili.ti'- tf ©. 1.0^ iatejieitf mm foaai t© proAuo® fcrtilfli

gMlaa 9f Ji48#9» s»t3?9ll«a. ijrrors. in

tfe# d«vel®f®eat ®M wgaaisntiott of Um€l' Btmctuma mm - .

^€fp©3?t«A imieim by ®«veml-wsrk^rs mm ^artSmiaratfey,

lifSj- IaS©» ,et 1941? larstlaart «d Bora» i9$3i OJe®-* iMi$ •

Sidiia, iWf TOX Ifiti tea«toa» W0| ' -

-iwasiiiatte ,S;| ®1., 197©)* .(iftS)-sftported «ev»s?al isat«at»

with. t»s®foi?»iea ilpml mgm& i.» isSaced witfe •

esa iBa,t«g@a©. tfa« prestiif »iaiy @n viafelt .

•stttatioae iuiieat® timt-sost ©f tfe.® imtmrnm

®m fe© aXt«»»d i«iia©ed mtrngmrninm^

Sygtemat'io' mMmtmi fh© syatasiati© anstflsBt® t# %ht

#f »s.or'<}*iBataa:t» 4ia ffeat tUty' oiss^gns' in e-.

•<i©iist«llatl$ia ©f ob,®.mot®ra from, tfeo pe»#mt variety. 1^

P3?0geBi0» wfeicii yieXaei tfeese in tlif pmamt ataiy

tii Bi©t ii©g»g«t«i ©tfeftr m&. tfee pli©^©typ«
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as z slBgl# geaetl© •aslt. ffeat,. thuj mpvmm.t^&

siiiglt f3?6® the psTO'St

indiestlBg tliat th® Mf ©temotw spseiir®

m'h^pmim mmili M-iseMtl % isdlt?,!filial

Slieee wm^ fstiii t© fmm tM pBmmt

¥erl9tf wi-tl. reaF#"6t -t# sg plaat feigfet,

.thiQkmms mt ©elm, swBte ©f tllXgra;.^. mS- ©Qlottr of

Xesvea» tf^e dt mw' @ai gtaia# h$,iwimsB ©f.graip©

fertiX.i%> C4a€.li-, imsti© Qtmngm in. m^pe-^t of tim. import-ant

plant obamet®!^ wm-^ mt mm 3:mms. the. wsTi^-tim

SSMM. S&MMB. •tfees'efere, tlitse wtasts siifet "b© -

t© fefiif® ©I'Qst®# tb@- limits #f tariabll-lty mQQgnlm& .

fsr wlthlm Wm gpeei©#. $«© ,#f t©

Bimilm t# S-MSSiS sttfetp* fearmii % Tlrfa© of t:li#ir tall '

tisiak; ealSs i®!*! etsrs© les¥@p s-ni sra©i' lialr^-

SXmSmb iUgmm ffet antmrrt mm §Mmf in

wltls. high ttllfri'fig tefe'ltj tMa ettl® aai afeeft ©p@s panielea

witli sw-ll# attfaei g»iiaa {fi^wm Sti,© ol3a-m®t@ristios

©f "fefes ear ©Bfi f^sis i& tMs .Stttfta.t -©.iiillar t#

5»«6tiva Syatfiiafie s»t«.ts lisv# 'fetttj x^©|>.ot1re€

siMsfejf- -mA SMSiMldMBthm Cif-iStt i» ,

Iso&lf (1954),9 1fS6§li'f¥«®lijatta: ft

(ifil) sM :i©s2iat Clfi#) in l#s^4©M Atatj %

30a»8aai€i-4l«#i0iJi£® -g^,' C1f#S), S3'&»to at ^ H

&W©ktck am#" l%t©» Clf€4-}« Baiashkiaa :«aa4 St&lieiio'ere •(196S) •

aai Ipsilif® asi: BwBMmthmt Cl5i9) ia tttmfleli. vteat,

% ClMt) iti terlej sai- 1^- @ott.@elialk Ctfif) iis '
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Swa«ina,tto«. (i96S) ia •yathfteislog all tht

knmm. sttbapucits fariti-oggi '^aatiygft fa?©® on# variety -of

•iit«p«cl«8 galgag®. fh» &i indm^a imt-nUanB- feted fe0«E

V93^ m0S .to uGdlei^atod the pmrnsB &t ^emlation

pSi|fXog«ay ^ Stiibte (i959* 1967) In, teltf, to®at-&'

9naparege.ii,' hy SwaminBtii»a Cl$g6©) im btxaploiS wkmt aaa Ijy

SWdit .Swa®ia«tlsaa (t96Sli)-te rio«#

' Qg3?»i>laae of matSBta - . . •

fb© 4S1 aiiten.lii isolatti ia ps®-s«iit Btudy

repre®©B$®i- Vigri&fell.ltf for alssst; «TOrf a&a3?aat»s^ 1fli« rle«

plast#- fhe ira$'iafcill% ©et witli- ia tbtfS© sutftats vm qait®

imprmBiv^ with reepeet to all SBerpholcsgicel tjfes»©t#.rs in

g®Be$"®l for ®f pleats, duasa^tt©©, @isi sls« of gmim

iis parti0«l®#». fhi» Mad ladleatad. tfe,e to .altering eny

olifsaa.t©r ^ ff^fesiQw© &£ toiaced mtttatioa®.
I'"

Manf; of tfce«® typsss were «®<Ke0«®a,fe?itf8 ia v/Mch m

eh©ng«- .in, ©m ©feara-ot®3? wa« ©.agoGistai with an uai«ai3?abJ,e

oMnge iu, mmotiim't •tMmhf yesfi«rimg t,iie mutmt uasnitatolt

im ^lr©ot um m m liiproir)ed':mrie%# Swevtr, thty ooald lie

•of l«s»B«© iral.«© i,ii prograsos® tfe@ a@so®lstl«ia

isttwesn ©«1<| •«li.ss®lve<iS "by ©pfrofX'i®'!#

It wotiia tie f©80lfelt to^ «ith®r 8»fEret0 tJi© pltlcitrople tf^ecta

hf in^mlng tpeeosi^jlMation or fslttr -th« nsfresaiott ©f m«Gi'C9»

«-«a.tai3t trMtjf %• eteagiag t-fe© g«aeti@ fc^sfegromi in wMc5li tli«

.gen»» were loaated* the vislljl# ssutaia-^ 3?i!prt.»«ati2ig; oSiimgea

ia tnai¥l^w«l Qhmemtm^e also revegiltid ^mjsmm that

coyild b« iatilig«<i -for i.iB;prowise-at of xtm*



0
5

C
O

#
)

I
I

m
o

®
t
s

^
Iio©s

s

»
.

-
e

©
m

•I
I

s
s

•^.
I

i
S

i
«

••r4

«•i*
4

4
^

ts

.2m>mm

t
4

4
aII

o

I

&It«s

•y«

I

r
*

I4
3a1
3mmmi§mi>

w
.

g
-
z

1
1

^
I

E
Pi

S
I

5
!

H
i

g

.w
f

•
4

»
S

3

1
?

m%
4'

O

§i

s

i
M

i«

a

I
I

s
t

s
m

«

I

1

t
t

i
I

i

i

I
i

i

»
«

I
-

Is
I

^
I

S
I

I
a

•
t8I§ I

«.mJ
H

I"Ss.
4»-
m

#
3

I§

SS

-
-

1
1

%
I

1I
°

lia
*•

b
$

^
1

11smto
o

®
I
:

I
#

I
S

|
§

^
I

I

i
s

5
..a

6
M

I
1



/^
\

1•©©©It4
^

s
3

I
1

g
s §Ii#
*

1I

5
"I.

I"
s

6
a
f

&g
gI

#
«

i9 S
^

"
'

n

S
'

"
g

?

i
f-;

s
®

s
•4»

'
SS

«SS

I
I

I
i <

s»

iSm
-

I

I•!»

?«

Ia

f
%

Ifi
s©I•
'&v
4

s
^

m
•©

1
I

#>•
H

II•§•rt.

M

i%

I

S

ft

%
i

s

I
«

3

Si
i

s

y
•

g

s

«

S
I1

m©m4
»

®fi«d.v
4

1
••••

•I
•

1
•;

m
'

'I©ef
•

,m

5
•>

1
^

8&i4
»

1
C



141

..pi'Qteatei sifaa to SB&Qml mtiMgem^ m&re thim ©iiitive

©ffects era be earpeet©,d frais seqaMti®! ^spplleetion of 0ttt8..g#-a»,
.lm©ti?.8tioa,.#f x-tpsir mmm^^ W tfe® stooad mi%Bgm will
incrmB^ th© ^Umm ©f potential TOtstisMl Xeaions iMme&
hf me .firat matagfeii t# get iimi (BMmB &m Sm^imthm,
1970), imurn (t97§) mt&tm m^im'U&m iMum'ehmgeB
in til® #f feiol©gi.0®i' m^Mhmnm ms. tfeis will

. mlmm^ th® of tb« Qh<§miC9l msMgm It is
gi^®a f@llwlag lesSing t© a^n^rgistie ©ffeots.

i - • *

• ig-Qj-gggnt... ani: alfaxaete tgee^taaata

treetssfKtp with Katages® in ' . .

nmomure gmmmtim^ m mm^M •&! m&mmirnm rnmmm.
Xm ihe pre^mt study, th« ®«0#iti¥tty of BmdB oolleote^ frm'

tM S|_ |i©pal©ti0n ©fet©ia.si, Brnds im&iimM with gmm •
rgya,^ wh&u Bah^eot^d t& $.mm. rays m& mil m Sfell, as a

Bmm§. ajrel® ©if wm mt. eit£mtB& (faM© XlXII«.iiii).

lesagaoM (ifSgfe) ofctaij:!©^ ai®il®ir'results iB ®ad rlee
afttr fTfdmhmg -mi. (1965)
alsQ obser'red r©0«r2?«st of tel©y with gamsa

r®t©eled a© ^differ©no®^ in Bm& ge^ninabilitf aiia plant

1% al.0.© #fc,0e.3?vtd l.iii -fh© pxeseut iav@stig-at ion
tli.et •fisatfitiQn fi?®i|ia@aGieg ia t}^ r©cttrr0at a© well ©a

elteraate tw&tmmim mm less tims 1;&$ • -fe^til of

,fr!&^u©nsies ©f th© isiivitol treutost® (febla IZXIX—ill). •

If m^tag^ma tei ©jsMbitei sfeoitieity'©f aoti©m, th« eltersst©

treatsmttt with IMG wsuld' &av# IMace^ lEOff© .TOtatieass t!?e,3a
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& reeurreBt <lose ©f gamma mj&f -aKplained In ©at® "by Jo®fe.i

mm& fmy (1967). iwasl.iaatto' (19586) also reported.

fe refiudtioa is ssiitatton fi^faeuej In tli® reowrrestl^ i»adlatei
' '

pefttHatioa of rle©.'

folfpleiids, iE ||eiie;ral, wf©t0: risfoscl

t© reewr^nt i:rEm€lmti©R throaife ea iaerese® in the

©f «tttati©aa 1961-* 196S| GeiJil, 1964®.)*

. the i.l)ae!ac2« of sttefe ®-h Imrtast ifi etmij ,f©ilowi?ag

X'touiffeat ©ai «Xt®rsiete tvmimmtn of sitttEf©ri(»' tfe®i'©f©re« •

• thmt rio® b«li©v®» Xik© a di|sl©id. Similar eoaelusioos

• ' . , ha^e fir&wa 3i3Jig. aad Sfe'SfslMtlism Cl960^)»

of aeads hsfmrn wmtmrnmlo treatrngn'te#.

laertaa# in aesSs to 3?a^l®t;lont tollming

•pmBmklBg lias b€ea.^eiaseiia.tre.tftfi In diffextnt plsats-, steee tlit

TBPQ^ q£, Stfeaier ClfaSm) tMt ^osked fesrle# s®eas'-w«re

"• raaiQS«.?asitiw tiias, irj ®®e<^a.' Of late^iue afteEtlo.n is

"belJig giir©tt to tij.e probXea of lJi03?®«seS. .seasltivit^r of @®eds

t® ©Mmioal followiag p»«»oakiig. .!» tlit. p2?as©iit

study, of 'rim mm$& 1;© iHU lis@r©«s<8a prog^^saivell'

wItJi iser^aaiag @f pres®ski.sf @M 2*^eeli«i a TOXlrosi® et

31 feoar aeration, ffc^re was*# ^.©oiresse 4'ft seEsltlvltf vilsftss

ti^tsrtafeiisf was ©^tarnSed 32 bo^u' m -woalt lift «'Vii©at _

twrn 'Figure 44(1)# fke time of tfe#,

|!eel;'«a.8 tfa# Irrespsctiire ©f .tSj© dose of tli® smtBgtsu «i

tfee.«i'?it©,rla. ai^pted sm8iti¥ltj, H©w«v®r# ".tlst

• lateEsitf of i§®tge wfea moi'© tfe® feiiMy 4o3® m&

In t0rm- of letlality Vmu lajarj*' .ieaaiti-vltf was ref^rt^d

cT^
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t€» M mhmm^ fey p;p«0©alt®g Is. watei'-

tape®ta©st wltfc miitaftsB Ifliii© il$6B}s tnmil Clfif)#

iwmsiumtMa, ft Ctfl©),

•Siiii-t ft (Iff©) ©.ml $Mm &© •Ctffe-). ia- -3?iMf .1^1 fetumfsa
*

aiJ- SMfsssste^ CIf653#, Bmtm- CffiS®-) # SS M*

ClffiB) ifid &«fser CtfiSl is;. 'If. S»® 8®s»la

Cl9f§} is #©Si:to®', %f "SMicI'Clfili tmi llisl ©aft i«lta CffSS)

in ^e®, CitT&) is tumMmm 4iai laf l®16©Ms CfMSs

aai b) ia MrnhmrnBlB* tm. mwis

SwemSastM® .e^ Ct$7©) .fenai m tost-ie ImmBm' in •
, • * . _ .

»@Ea.ltii.¥lt|' t© Mltk .WS' ©fttr -•:

IS t©. gi'Mears. ' mnmtMty m muUgm .

f]r©et»Bt -«s tMtiafa 'im ^«l©f a®®a», •f©i^ 1i

Cfet«§|®» ©ma'SM'Wiiialsrt 1fi5l Bmim ^ ItSSf

iwialBa^lies tS ,&•,IflS),' ia :mi.m mmm prnmskm t»

2i teai-s ipi) ®si la «©©«» ir®.i©akei '

•i& It ts.1§ Ii0ti3?.0 'Cloblselas., n€%h)* ,-Sfee ifeelfieitj ©f

•f»B©aMteg fe,a?i9i -at -relalti t-© aiiftg^ f®8t©

l^r^efestif® af tfee teite^is »t®gt'fi: aui itiS i©s#«

istienftt m® 0f ®a -tpAtoying #@i5i8« @as:»_ -

.Ciwfeiiinatiiiia et e.l^ 1f§S-)»:

• . _fhB' immB.m_in ©.a«»«i %y fsrwoateiag wes

»ttri"feut©a t© -sf @Bi0i'@a©mi'

iMmm& ©iili't 1p©)» OOTea Cljatt«sl, I9il5-#.
eteag#® ia g®a®»l ws-'̂ m^^Xio ©f tlie ise'lis' •C3liss'»#

®si is SIA-spitteeais-'

1965)» i^tea|pa ami BlilmBmnMw Cl96f.) P:©stail®f«t tfeat fha
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first MA t&Mm plAm in tfe^'eell Imitials wa® the

BQBt Xmp&rtmt festsx- msipmwAhM im tM

mmiii'iyity teiag., fi,@ 16 to Id hmm pmm^klng p©,3?ioa £a

l3a2?l®|r seeds• ' A^tora<S.l®grepl:ilo studies %1'aviB gt, ii# (if68)

liave' ooisfiwsa tljis In as mM&W rie«#

•ai3t©r8,iiog3?apMc stisiis® by Ospftl-Ayisngai? Clfi9)

reveals# tMt M'lt aymth-mlB- ie iMti-atefi 24 mnA

32. hmm io eeei® witli lall. m€ 12 and 16 li.©-ars l&.

®e©cl® w|.13iomt httll, ffe'uist th0 p«ak ferial af to

WW ©^g@a?v«d ia tlie g-tsidf' co3?»:spaMe pearioS of

WM syixilheais la ih.% ittltla,! tn fs@t tfee in

1® sfeai'p ^a3?lKig th.^ ptsri©i txm 20 t©,, 32 hQ\Am

Cf.ii»e 44—i)» .M l8 »?Mest tMt tli© first \

SIA s3?B"IM®i0 tetiag^ plaet im tM «©11 .Isitlala i© tie most

faotor tij® peafe seasssiti^ltir tlit .

,3t toora prtscfefeisg • Is. ttm «««is also tti©

f®«lc ©f is®ri94ti¥ltf' hf -Bmmmim%hM:n ft, aj.,# {1970)

^e^TOS'pasi® ;t0 til© p®xi©i ©.f-KM ©yatli-tsi#. fsi' tMt

©stegoi-f ©f' setd©* ' • .. "

1 •

.flie fvBqumcf of Qhlompiwll isyi.lati©ii#' i3a,'0i?ea®©i with -

»n in pmso&kl^ tlwM T%&,QMng e at 40' teiiss

§,umtim in tli© fmmmt- fh^ ®ost o-ssnpio^oiis

ime^esaes, hornvm^ mm ^mim ©f 16 to 20 houm •

«M. 24-'Io ho&m (Mgtim fMseffisiew

during th® 1€ to .@8 lottr f®3f±#d Bstgkt fea &tta?lbiit©(l to

iffiiel?r0i%is®ti©B ©f tmmtwmmt tisi® witb, tli© 0 pMa© -qS

BIA fijatliegi®, ' §0S5ga«»%©,si®i' «t Si* (196f) ,@1bo ofes®rv®<l fi
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•harp Tiae ii* feii-latioa. fys(|ueBQi## during th« 24 to 3Z hoiar

p®ri©i and a fartHes^ iaorease feeyoaa 52 fe©«rs m&ohing a

,!naxiffiaB at 4i Ijour perioa. ffee BaMmi immm& ia mxtB.ti&m

fregatjaejr la seeiai' withoat Mil ©I^se3?v©t by Ci9®9) aM,

(t§?0) iilso e«>ET«apoM®'̂ -lo p®irlo<i of-
, MA ayntfeesis for ^tem||aa mi& SM?e®sfike3?

(1965), SmiriB et;^» Cl968}# Bmmim-thm Cl96fa),
Swemlnethaa £t|l. (1.96S) Bm mhmlBBM iim} in fearl^y
MhMl&u (l9§Sa TOi %) iia Mm also olsstnred' tteat •
th© siwtsitisji tto@ highmt wm

' e^ffilaiater©^ at tla© tlTO ©f MiA ©yottols,

the aeelmtiv© fn^omtfx^m ©f t^rpes of

©felo^optoyll BJiteists iMisoti Ml in fb® p^esemf studj yi%m
alt@r®d pvmQMil^g of smim f©2? v#:3?iaa0 |fe]rla4a p^-ior to

treatsseat. frets€®tt-at pBrio^B of pm&o&kimgt

a^yiais matsats w©^ mm^rimll^- high at •a&osE-t duration

©f p^«80ffifeliig, ^|it|a£ mii MMri»m appses-ad iii i©^ frnqmncim

onlj la lots pr#sosktfi go fecsurs md md

a©Y®l0pii®Bt of Xgj|t|§s ma Mss^i&m treat©.# ®®«a lots

Aom Mm tfce aoet efeeraettiristi,© .Jtestmre tk® ©MsTOpfeyll

6p©©t-i?tt.e» te:- iBiS^ee.©© in. -fii® p©3?0'©.at®g-® alMEa

fsllQWisg tr©®twiit «?f- Wtis mm mm pr^soafeiuf ms-

ref©rt©4 Mm- Sk.iTO©sfi.ter C196S) l.s %8.rl«f.
\

fh® fre^isemoy ®£ glgMis Mtas-t®. was llglb follewing

vitfe lIMB after s&ort pexioia ©f pres«akl.ag in. irie©

(Siiilq ^ Ji*# Ifto)# I?5 B' pliaa® frseti©-is@tio0,

ia fea-3?lef, S^^atdBiUfesa Ctfifs «a«l b) asfi Swsa,iri%tfesQ &m
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Sk&rms. (lf6S) &ave repartftd b delayed ©ppeei?i^ae# of ,igan..tha mnd-

tierim ©jateats. the large auiiber loei g&reming^

• Qhloroph^ll mtmtM Im teerltf wm to offtr a na^or •

aiffieyltf In mplBMng thme- Suatefsa&a (1956)

tfeist is ijas'lei' nesKif 2|© to 300 loei u^m

iM- of 125 t9 %$& might fc«

' 'witli. ®lb.teg« 12$ ¥itfe. yiMdta». 10- t® 15 with ae&atha aM 15 -to 20

- ^with mm ty^m* c>f-isgtM ietemlnatisn wss tfetss,

r©l..fiti'r«Xf Simple. I© th^ fm-Brnt Immtimtimx

dlffwat m&l&Mwm ssii 'meteataa.' x&ntlam bM ti«iBa •

antsifiits «©3?f' iMaeed ia Im tmqmmim m6. thl® sight isSiest#

. ifbat th#®® 'matsmta. w©r® gov-tMSi "h:f Im aesljer of loci in the

ot tli® jfle© laant.- ft is lessor aijailstF ©f

losi ^Qnmrm4. In the iS@toa?«ia®t,t©a ©f areatka eafi. ti.^giii!a

igfiitf^nts eigfet &0&0m$ -fm spteifIcity ohmwy^d with •

r&gmd t@ tfe®' tiiB® iSejfenileiioe of t-feeir ®PP©s»iiq©,

Cls®.Qgli?g- tlie ©featMBi ol" mttatiofiB ia. a pj?eiieti!»'ble

bb4 ihm&'by jstitsgemsis is an

• iffiportamt gsstl df Katetiw 3?®@f©i?©to.*. fraat end '

• (1966) fooiw!, tfe,at Mft&rmt mgiom

0xM%iM€i Ofdie Qhmngm im -mM in seasitivil^ •

ts m5itsf#¥ia an.a jseggestiffi thst if mllB mm mh^mte4 to

fMis® tr^atmeat with a teuts.gea' ape-eifioelly nffeotlag isM

QhT-omo&mQ umA& ^^plieetisa, it eottli %e thst

partieu:l®r 'site® of tlie shrsmosoKg® "#o,iiia fe# e.ffiset©^ and

sp^elfio seatatiaas weald b® OesetSa-Olaefio aad '

•^. SmmBlt (1968)- -fosiM la EaaMri&hiB coli. with
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KSSG tMt thfe ©f ® gi'reB typ# of BUtatlom

0ircupr«fi. wljea tfe® trestsat-nt mm gives, at tije -ttiEf wlien tlift

gtne we®, in.tbe pi?o@«@s of rei^ieati&ii# Swaulmtten (t96ta)
tM-t ,sliio« tli«' BHA 3feflie@ti©is el^Rg -s' efero«©8©»e is

®sy,n«^.roB.§as ia tiise eegatmei!'# it mvHA M jp^asifeX© to aff#©t-

gro.up@ of %mi, fey efinil.!storing tte® trtatm^wt

for iS^^rt fsrioas »,t elfftr^st atmge® of tli© iS pli8.®«^ •

the of diffsrent olaesea of aattants ooiild bs •

ffleisi3^«aatei bS" syaeteOEistof tfe® \iitli 'Use tiffi* of

repllea-feiom of a. spteifjlo alterstioa of stttatiTO

speotram otesei'ved la th® pr©8era,t iavestigstisn in treatisoiit •

\fltSi IMtl tmirnim fTmmklm •^•01? 'vmflm ptrioas fead -lad teat©t

i#h® ,soope ioT furtfeej? In ikiM lim, ime&Ma

sttainisg epecifioity.of ®atatiOBs Ib J^ioe.

I?i fr'€iblmm related to thn reaoy^gy'O-f i.iaatio^a cwtatlooa

S«oe®as is iBUt®t.l©i3 largely upon

tke a<lopti.@tt ©f aultefeXe p»©«aar®«. f©2e h&Mling ©ettagem

. jBSttsrial be.sei on 8 kE@wl©ii© «f tlae .factora is,flAien®i^

recovery ©f Xndwcti^a of satsMoas at tii® level of

til# leau® sa"bsttueiit wmwewy ere tw© iiide.p©B.deHt

frooe®0®®»' ©xttut ta «i- igmtsti®n loy ae©d-

trsatiitKit may ayafvi've md giv© rise to ® mutant is ©Q.utrolXed

fey isany faietoi?®* mmng wMoh tho&e rel-fiting t© the b.iologleil

oh®TOCteri®'li@s of tSi© sited ®ii©}i. ®8 tlae stage of diff0r©ntl«t,ioa

of the emlbryo ®n.d fh® nm^&v- of primordiel, o«ll@ .involved .la thM-

OTigln of ©aolj f©niel« are very l«porteat« fbe ©mbriyo in rice

is ks©«a to h& iiffeTOiitiatei •Into a of .i^asi.a.os'dl® «aeli
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of ^hiQ% p0@i«ssias-'tlie pot®sti©l ©f mim t©
p&siele Q-ir @gfea^p- S&m wiMm&im ia t-am

8onsist-.8. @f s anste ©f imitttl -ffct praeaets
•9f wlieli eoattitttte tl» tfet :p^ielt
C-getate®, •1§i1|' iff@ii.0, ififi t9gia)^ A .

f^m twa-sf aor#- Imtisi' ©f-wMsI hmm

refTOtatfl. m-wSttiotet te#t#irisi S3s© part

eoiittialBf .ti# t@ w-t&t ®iit®t#i,

fh& 0t«if .©f? EHfatft 0t0t©rs is Wm Mg
pr©g«i3|"-s|s« ttftiei't« -#Mstm tti® m«l-®ii» frefntmey

ffe# ei'm£i?#m tfe# Begm^g&tim
»fi© ©f Mtiist© m tli® ,f»s#isy« • ^

fli@4g msmmUm mti& »f « Mtafei'isAi©!® (esir)
Aepftttfis ©B til® ais® #f- tiit, ©ufatet tli# s©it-itf

iatel/lsse® ©f -fh® laiaest attts.fi©.si mst tlM' afemuft®'

tto@t Mtf&t ateemtsBf .tisi aimtsti©® i@@6iaf f© a i»fi@it ©f • . '

:p«©esaiw«#,.\©»'A:®®t§ Clf6f,.'jfS5) efatti that te tfe# ©ss@ @f

•«.a©g#aie ^eesssi^t «teti@n@ ©Bft m&m'iS

-Ml&tmMm Qkmge® ®©©0»femf,teg- .tfe®. siate-|i@a® §» ®»43lai<&d,

Mg stgireg®1i®» xatisn' vJai % ai^timel to, tk© ©igt. @f

•Ik# 8©«t«. #f flit 1| ©«-» • is 'tfe® w^mmt ImmUm'^lm^

mmmt »si'»-p'©geal«s mgmmUA wim. sigmitimiit tUtl^it ef

tetessif® aatsate la tM gtnemtiow. fM® ©f

'1® i«© to •sue mo®® ©f tli© mmmm smh m

Cl), sa.tst®«l i«®%©s' is 11^ (2) wt«s* fli@ii©-tj|3® feeing/
fe?#3?a«i. 'by ®0i?@.tfcea oa© g@ii,@, (3) lia'fleatia @®i©eti«

3ffsalting -in til© BlSMtrntim' 'sf iansst©®
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mst C4>5 ©Itsilisatiom Qf

»ttt«s%s &M tlie- mffofe er p^stsp^w© ®t«.ge, fii© e®r«|jrfi«®ale»

i®t# ® eesif©rla©a ©f tfe#

fere^atsge® ©f m&, A®- % g«s«atiois

«aA •mmfsiits te tli® li| r»t»isi«®,.9«g2f«gatlsii, to a
3ti M.ti@ .giving ff "fti?" #f i?#©e!i®lw aaittata ip. tfe.®

Mt «f aatsmts Im

tM % f)iEtmti0ii, :im flie ©f seatw
gist# • Wim mtmit ©f rt@«s»£»«» ia tfc#

i«a©i?etm w®» Him© flii® twftss %®©att»© tlity

ft f^wf©3r%i®aa'l« tf :sial«,al9

is Ig wlf 10 F®t teat ©f tfe® progeiiia®

stuiii^a. 0c»4ili %t »teR0«4' f« ni tte-fe©!? «isif. otfe«y»

w©r« maaitffiMt f« ^li« tie eig»ef»ti.©B ratios

Itt ttot 1| «i Wj gmm^tUm §mmUm of Sfeotsrs
.@tlit3? mm &mtm immrngm. lmiim§ t,©- tM, itficit »f ^-fotssivts,

llntatfet

1,1. til® th® &mtm Bim

wms wtlsattli: %f tm Mg'.mMrrngmim mti^ hj tm
®atl& @f p»g®»F. Kmm bm§ a«t# (ffiS)

is .^1©# ami Bt«i Clff©) is

proe«att»« ©ft %fe# @tli©-«? fcw«» (If61) -@iiA 0»®a#

" (nil) is rie®, §'m% ia hmlmp l*Awt# iJ,

Ctfil) aa# i%90) is. i^SB

©senrofi tii® B!j 3i?a%4® an .t© f«i? «®ifl hmmmd && thm mpmt ©f
.ami Cliil) !»• mM- te ,
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pur SidtlQ. ii$m} «te@ % «i© m • • '
i5 ^©nt. fffgtiat hmmm^ in&imM& tk^t • •

®®vtral prsfeaifs 'stg^gst^i is

rmemim i©fte,it®-of *gi34tti.i«aj .m© M| •

imm 3*B 't# tS.S per ##Bt ( f&htm .XXXtM t© HWl).

mtip Im tM& K| of

pfogtsy wai a® tit Ijaiia tte' seet&r

@13® .-ttji eeii«»#& 11^ t«.# • $mt:m ^im eatim&tM.
hy 0&^rim @f -slertetl to <iin<l@ra©H _si

1M9)., ir i® 19^% _

1967) s tif 111® Iwmtins fiatw-ts m mm

.la toas wlisa^ If€5) «sii % ss»fi»i' ©iJt "Ofei s§q-«« • , ^

©Bffilysl® $m titmm @f t&# m§mtm b:^ - »ti«3 la

p«a0 mmrn ifit;i mm%, tm^) *
j

ffe® Btm fke sittlmt®4.. Bmtm ##ttasfti la tfc# p«'«-®esjt

iaf®®tigsti©a wab feini 'i@ €.i£f@i? tw^Mi mw" t©

• tij# iafim®## ^ mm mmllQV

te tto ttew#' iaitteti %i" 3sa4iatl®iss • XISIX tt- ^

lllil. mmllM3! mmrvnMmw mm »€§ %w MmmL S«fi9 -

(IfiS) « Si«f (ii#i}^ia,r.ie@, Isf- Gaml Cl964a)»-
MMgrw^ M -tat «i %im§mm. (W70)
M. hmlm %■■»♦&»*« Clf6'2} »a ti ilfit)
ia iaiyaa -Amt* A is tli.e wttttwi.® ««tt.©a #f -

• jeaiiatipa® ©ai .EIS t® 'tfe® ©ami®' -©f •
mim» afiall tlx® wts.-|©t .

:@li«®l.@©i umtagm we#'

hf m^rnmsM Cl9iS)»'.Wp&t© ClfiSif ©.ui-Smi# Cff65)
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anS Mntgien gt 8l* to Be. floe to tH® «sla?e4 aotlea of
phealsaJB. Mertoeb {1%4) StB«®a.ttet ofee»i3«l »tegeM M •
®-tSBfleMS to sroauoe ratetWW esfl eb»Wso»l to»fes oftw
.s a®l»y that BttgJi-t e*teB« ows fflsBjf e«ii geBersttaas-
LlaflsEsa ^ SI- (W7e) os«iol«a«a »«.» Seoeas® of tfe® flelayed
aotioa miwlrn *4S treatmsnt only gas®!' alters
We 8aitsm® for the ea-tiiffitloB orseetor-aH!9.

the .mtsited eeetora la «» »se»6i»i! stsay, w®» tomS. ts

1)6'«aiBl®rat-W«Jy-«««"«» ej'l®! ®»? %!iea,la-the .priwry
axillosy Bar, thf^eky Inflloatiiae that a Isifgex nuieliar et_
BBrtetemati® ialt iel oeUa mie lavolvsS la tJJ® foriaatlSB of
the a»iaal t»>®n te *»» SSiaiufy o™®'* - •
eonelasioHS were Ssswa liy CABBto (1965) . .

lumfettg ©f 0aiX3.SI. ^

' f&«" @f •fiE tie

wilX-gwra «.f utetw ©f fli«
©f eff'se'fti'te isititl ©®l|s ©prntiriMtias

mmwtim 'of tM gpiemti-?# tlss»e M mA mr mm

©s-tisst^i is tls® ©tiiif m- tit »eitr90al @f tSie - ;

Sfei® mtlmmtim i» fesa®6 t&at

• 'ttie rn^^mg »€ tM mtml mllB- Mtm@-

: m i'km. mm mt&* li tM wtmi unM^ Iss®'

fi?@QTOiitXy •t-lsss til® HOT'fflel ©•©.•I'lSt tfe© fesult- will li#
W@r-#ati8iatl«fi of fpyaesfeerg al.

• (1964} to te^Ief'ami-Wto (-1965) ia Amhimrntm. ,.,

"feli© •sitttli'tsfi E# &f©i'©]pfi©SI'l,BX ©I"
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V

. in yith tfet a<»ii-niiitBtei sector.

iaisdgim Si i^« il$i0 sleo f«(U3,i tlialj Siplontle eeilmtim dii.

m% $Tm-t 'imflmum m the teotor aiJse.,

fit t0tl®it«t usim'ber of ialMal e«lls d.lfferet

.©oasiJemfelf from mr m mm' in -ifet present the

• . Isiglitst atasslbtr ot 16 o#lle was' estispt#t f » '̂fe^ splssl w&

following tTmtm%nt wltli W3, Slic- utiptar of ©fftetiv©

^ mm largtr €ft®ir mmlm%& '{2 to 16) with
f

' radiatloa® iZ t@ 11) m4 mme te tte %ica3. ©ai? (©Exlaetai 16)

thB pri»e.Ef C'mtJcliaym'll)# fh« pressBe©
I . - •

of larg® mmtmv ©f faacsfiomsl Saitiml ©«lls

iQllming witli II'IS wmts. iw© to fmt -ast

%'0m mme in MHIbs "bh& iniUml G&1X& tUmi shmiaal

mutBg0m, Osone Clf65)'r®por-t©t tte«t tlie avtrage uumfeea? @f-
I •

iiiitiM «3©i1.® t-© th^ &piml is rim m& five

to Bix, le o'&servea. tkefc-tk® g#aeiesti'^e tisane @f tBe

later wm ^mimi tsm u a©sll«r .nafflistr of,

• initial is(sll® IMaa tMt i»i th® gi®i» st#®. fla« ©stiimated '

aembtr# ©f initial «11@ foip otfesr plmtst mm torn for the

apimX Bpikm CSinsli 1961®.} and diagaa wli«at

(.E»Awt@ gt ^-s, 196:2)j^S6wa ts ©iflit tassel. .Ib mai®©
(AnSereom et t94f)# 10 for F|t$A|̂ |̂jg. C'Prostd aM

-Ifi'f) aM t¥©-for- mtghm. (ISeuM® «-b3 ItSSs 196§)-.

f'b® mim- Qt t'm auta-feM Msetor of aa esi? <5Sti»t@d

la til® pr#««2it @ta% wan O.Oi iii tm&tmnt witii :^S ffisS tfe©

.n«mlj©r of initial eells wm, th«raf©,»> ©glealsted 16^

I.t is evlieat that tfei® i.« tt®t en pifersstiaation daa to
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Qt BUS, lilmB as lar-gt a 11 iBltial atlXg tov®

©8tlfa».t#d &mn efter JlrraiistioE wltfe §0®m fast

iseatraa®, as mf toe mm from faHu X©3X. . ,

Om of -tM ©iiief liffiitstiopB in the •©%«% M tfee «tat©4

gecstor ffli misi^er #f i-altieX ©©ll® 'bf amXysl® of.

retiog i.e 'ffe®-. availsMilty ©f @«all 0f f.l®Bi@ £a w,

ms^^pmgm^ in tiia gummtim* Mm^hmMng

' tliiB limi.%e;ti-m t)*imS:tQ Clf65-) fens 8t£st@i tliat for tfe®

of mst€it®d f©otd3? Bim-f €mm wMmt pw9dmi/sg .3® to 40 ©eedlitig®

l>©r »pik<B oa a®, eversge, pmvidm e m&t^Ti&i. tliaa

two rwed fearlef. Mndgreii .ei. b1> hmt^ #lg'0 0t®,-le4

th^t tfe@ proljlem of sea^srlisag the- ©isse ©f tl® s«et©r •

in two r«w€.{i -ijj e©gr@geti@ii fg;^ csfeloreph^li

amtaats is affeotei fey the 1©¥ (16 to

'^C)-pfotiicsa ©pike ©na It will b« t© oaf-iy oet su'sit

©i3'mBalfai& wi'tl; a variety hswisig- a ifergt smmljtr setiB p©r

sfifet:.- "Xhis limitatl'O'Bi 1# fes-'tMef eviitat from tfes

feintst tte »umlfer of inttiwl mlM i« fe«l©y ie-

four (fcMLl^.lfSIa) ia -afit© @f tli© f«@t , tMft tl.i6 ©ise

eta as a®^l as e. ulagl,® ©atfetr as. mp^wtM

Mnigrm gt (1§J0) sai B:i«ils80m ®s<l ,£»is4tif©ii Cl970}»

oa tht aaalfiiis of wai:^: , flie irari®tj of rim

fi-oSaeiag a Befm-.amfetr 0t 73 t@ 10© fflmiits per ^sr-prog-ftss'

OTti la tfee 'pr«i9®at Immtimtlm hm hmfBrns^ plwidea m

iioi-e •Sttitci'bi® a®t«y:lsl for tfee stiidy ©f mitis.te-a #«etors

•tteE Mx-Ifty or feyiam wkest«- It might Is.t iBfejpsE'dS^ tliftt

sest^r© 0s©l-3,.@r fhim 0,.06 is • wouM in
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rema^iaei a»a.ttaetet %mhm% s©gr©s^t.iisg

!s the %gene^stiea. f©' vrnmm satiti less
ksm nj fSiP «iit lii® of 0®tai£iig® ia
iBSBt; fes mm n* '.tfewwatwt* mmrnte
tlis.t Sttil s®«i»#r 0e©t#^s mn 4et@otet siifi ®
^^mtimtlm &£ tte aa»%©r sf .isitiai e«lls »t© fey mlrntlm
f f®ri©l5f x'-io® ®0S'© seeili-sii® f©'̂
-sr»-fr©g®3F* •• •

£®£i.0it ma

iktmtei ,i0st® ®r© ts^pe#tt4, to seg^gate is a

Mj, aiii ii.^t»i 25 antsale is
Waiting !»% 6e^i«ti0a^ imm tUt a®tel rtti#
\ hm& Imni. lii « %&sm 1% is
\i?eussit .:i,mmti$^tlm* mmmBim ieficit «a§

thm mwmmMim Btfltit of a wry Mgl

-i^aitadt smm mm^rnnm. m^im ©a le« as 5.S pei? @#at
(falil® Iiail) is til© llj's@a©»'t5iQt^ , -

®f s»e®ssi^ fittlsaiits is «« $mmMom tm^ Um.
y©f©^ei hf famsgam Ci96aa>, lawsi
S@t©.-Cl96l) lewmi S3»i InssMJa C19&5) riat# hy

' ®ai Ssitli Cl9§1) mA teal (1f6la» 1964®)-
' in MrXtf, % ,ri.i^.t0 (1961) l& If (1960) »A
• @9t-ts©islt_CiS6i') la P®®® BtaM C'197G) lii. ilm*
ftrf oMaiaet in tM freseat stuSf hm^
'bmm:mp^Tt^& fef ®ai Silaii (if16) is Mrlty, hy
QmtrncMm CltSl) isi fef Sterd (191©) in fl««



*mtj(OiSI)f»efMmf-

*K^imq111{fS6l)iwtTg1©»I

mm£3n%smm-'STf9ti|;'t%c|,©r#e#T0s».fet^jEmt

•mt(QLU)fmmM:fei?m&in%(ifSi;)•

f«®CdfSt)wtfmCifit)®%w*t*mx^-mut

(twcii•'®t9fii.)fs®etci.c6i)misf

'miHm(Sf6i)®*Me©sxf®,tw«ifs©Cif$i)-"ws s

T^scsi*csgf$i,)in.

etsg.©A®?|siio-ft;9.i@ii,at»%e|.paifb|#Afsif©d#a:j#

^(liril®vim)

%•&&'&9*C®®TO¥%-9«flmfAft©fn-iTt#®%
?•

%§P4,iuBAmJO"emmmmtmmBS

0»a©mW9@®#t«f•is"F$,sf|%®a&S'T^,mmM©sc-t

SIst|tt@i©M®}|©Sasf®:tiEfsat^L#&Bt|

e|-|./©5'^mi^mmm.♦®8.©ll>aX»lei

w|.s,pa|B®$Q^rnmmi.figSai&iS

0ir«!,«€,«©%s««laeaSp0%s.|iiM.

'..•",\'

©f^fi'fs©©.001d,x©ia.g«snf0si,Ci|®f»Aij

iiaT?^S#t03in.SfS«eXI@0-118|%1llt,1®Sl|^
•'\

asio.M®,|}iiBf@|.o^;|,sfasS:g».$0a#tim®-

s|fi&Tfti1•©iE©^as.0t||.'*§1,©t'

%l'w^ttfsfSTOaa.©ttiilissoCnc»^l

•®@at•fs©f%.st©j:®ap@sfia©a'©laf

'-yr
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'• Sa«td m e stitif ©f tte« Kg m&'U^

timw, the d#fi©,it «sf -im -tli© psfseiit ia^egtigsties '

ooiil# -fe# tt •farlni®- imam's m§h'&B tmplmti®
Blimimatim ®f e&mtm mrs^ytng tMt witaat ,§#«»»

tliffiiastisa @f tlit Mtm-l' hmmf$&tm at

,st®«©' mi o$»fl#3i gfise- 4at«ati«sa -gommlm mmmt ptea#- .
'•tyy#,' t@ft«it^#f watast® ©llwina-lioa,

was ,f©iiai t# aw# jftfetutmtlif 'thsii €ifl©mtic

Am&m ^65 eis3^-f»»g®Bl«8, eMlfs«i» 2i tsMMtftft is®f3.©afi®
8-8 sgmlmt 11 tl-iBliia'liea CSaW®® ,

IMII & Slf># "tfa# eMmt-0mmp @f ttfieit-migW ii©

mm^ m-mim94 mmpeMUwe muim mm.tm ttet Qrnmm

©-» fef taill. Clfi4fe) ®si If^fc 8®^

lita CtfiS)* CltW)
BwmimmWm CitfO) ttet %3fsa0»ts®l@l tl® mataat

mAi$ $mmW wm %m» f&fe® ttowgli- •!&«•

fest® l» tl© flafellltf 0f ffil©»gt©r@®

or fleiir ability t# til# fsrt im !.©»•• Sliffiittstlw •

gf l@®©syg«9 :wtiist8 ef trntes'̂ s

tess .wf03ftti .ilt%l®3.tii: CitSf) i» iSMSSHSS. -

mist Cifif) to , • • .

-la tii© p^©8tBt iaveatigatloii# ®3e©#®® 3p®<is«»4*«

'sm-t^ats i^fts #^a@w©€ ©eeMies^ly In Kg g®®®»a.tisiR %iat
ve^ giiyl.y %h.% p#^sS.3'ti|4 ia

Omlf tw© a®®«» tf %?©»« ®teet^«4
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tla# 20t mmMtMm stufilei# ffetf wart m ylrlgls sn.a a

i,weyf fga.Of '̂e^sBntea'fe bf EIIS antl ®Ml ir#©peo-tlV0l|r

(fabl© SliWI)« aaS' Sat& 'ClfSS) tm&.t ©iii laeahlta

(1961) »p®irt0d'ifi Sim aa mmsB ©f ia th.©

t-ottseMIte (19S'1) tmixA Qmm ©f TemnBim •

emplm Bmmg Mm TO' '^tutlei; la -p®®#. ffeie ©jca^iis at

res#saif'@ .mmtasts in ttJ# 4m this

.infesMiptiea'eisali k©i?-® lie®© eaiisti ©itfe&t by %fee slmwl*-

tfm©#iae ©f f m&tm mi- els-r@ms»©m© sjwtsitioBs

{mm. «II4 Smittet 19521 «9li ^933) m hf sAmtlm

¥• Miar&^rn&tmtiQm • ' .

. TUq SMmtim 0f -is fslffta©'® e«[-t.»llLi'ng

f-t|.is.tit®tife^ ©lia».©t@» • @SB 1® by Me «@tlaatio.ii

'©f ®«©B'asi tawimMJ0 &£ m^mmMV'S gesemtionB sf mutsgta

•fcyeafti pspaiati©s,s» It w@ #%se.rv®i ia tfe® tr®semt inTCeti-

§©.'H;Qtt "^.at a©ltfe« .gmmt. rsfs mm SM st tii® issts »®p-3,syei

fltewd lli« ©eaas ©f with ma^mt 't® elisijs:€iter@

mmh m& Qmutlm^ ©f pX«Et% leagtlt of essr ais2.

smb« ef . ffc® '.iieisii agsl©^ ©f ©s^© ptr plest

iaeE'©®a©i- sligMly feilpwisg f.i?#s.tiB«at "wltli mlthm ©f tbe

stitag®.fi,s,' 111© AB©rea®e was »et -I'li. -lli© Mg g§aersti.eii

aa.a Ife© miMB to tisat #f tfe© ©.©aWol ir« latf:r gtssm-' •

't'iosis. 3@fer©l imwmti^sit&m hmw ,»f9it©i tlw't tfe® Hfsa «1«S0

ii, 0f ¥si"i,#ii© \mm aot

iotlmflng t3?ite,f®@«t with »'Si4@tleiie
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m well elaessioal iB rls© 1958|

latstto en<S Qnmm&.^ 19611 C5t«i at, 1f6t| Eswgsij 1f62j-

Yaeaguofoi, 19641 Mlali. sM Bh©tt4,. 196©j Sfeerrp esad Salni,

1970),- IB terleF (^tafta, 197©)# la wfeeat (Balsl ^®S..#-19SS)

in Arabtiot^sis C®&ly» BlsBtie B©3? fmm, 1f6§}.

increase is m^n ntt»"b©^ ©f in rlc® w^je

'hf Singh (If70)*

Variability ©sa tfo@ othwv baafi, .fouMii t© Inasmm

Q-smi^Bmhly for ell eteracter® i» txmtmmiB with g&mwM my®

m w«ll m IKS tfei ' 2a^»®e@ ia

v-sri0Bc© foll©wia:g ©atsgefiio fx-eats^sts we.@ a ooffimon feature

©"bserTed is quaBtita.ti?'© investigatc^r®

working o2a.,rioe 195S} Smmm,. 19I?9J too •

'1960} 'M@.t-«uo aai •On0»i5«a» 19611 Kawsl# 1f62f Cfemri, 19S3f -

MEtsuo 1.964} S®Mi aai -iUKUli,, 1f64| 19S4|

iBffiEguoM., 1964; -Mitife Jnmgmhi^ tfSSi Mi@li aai'Bhatti,

1968s Bh&Tm& and Sslni, 1970). InQicmm in vsrimfeilitj coaM

•^-e ®,:^pl&iii.@i to bt- ia© to m&UUm& ©f jolmene# ge^eraiiig

t&e Quaatitafive <sfea,meters» 'teiriaMlitj wm fmn^ to

matsgta® ija m© .

• immti$&iim} -Ih® was p»gre@siv« fciat s«t llRsa:^.

©eR«tie •variability was to luereas© ia -witli ,

lEer^i^aiKg &^b&& of (©aalii 196f?» 19S7)' eiBll rays

(aai^tfe, 1f?0) ©aa- iu ArabitensiB wit'fe isereeslag e©s.Qe.atr8llOfi0

©f EMS (Btetisi Vmn D&v 7®m^ 1965). Y.aHit..gui2fai (1964)

in Mo® aM Scoasirall (1965, 1970) l;a ¥li«jat 'toi t-e|?0i?ttit

that t&e relatiojasMf h&tvmn in(srmm© in -fios®. vexiBUc#

w©-s not liaeaj?.
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of gx@f4teff with gftssKfe

rays item viM ffiS ©t t&@ levtl &t th@ dsse© e®pX©^«^ in tte® .
"PTdBmit iis¥e@tig?ati©a ia r©S'P@©t of ©11 ©tex'aettxs studied is

geass'̂ 'lioii# tteB© 4f#"@ Iwtlst gS'ffifsss. ray® end SIIS>

however, 'iMaeed ®la»t Bimilmt <iegre©s of red:ttatioi3 ia

attrvival aad 0«®all«g. in m© gensrstioa, tfeertby.,

iaiiostiBg 'tliat gaii®' mfa mm more ttoau MS, iU
Iw&mlng miero-ffiutatisa® In rise# M th© eame dose levels
gftsis© iisau0©4. W,gfe©3f fr©§sifs©ies sf -ipie'bl® total
©atalsloa.®. tlm-n w^eraaa l*S' fr«-qw.».0it8 ©f

ehloTOflifll »u1jati©a3 thm g®«a reye. ffesse resalts,

tMmfQm; ia«ileat®i ttot Wm tmqmm$ of imauotd Moro--

.follwiai S8tttag©tti©-tir«e.tw,i®t3 m refl^otet toy ®a

iRoreese ia'v®,rlafellitf w®® osseralatefi witia tfe ot

irie'fel® gmtetioBS witfe tfeet -of eKl«?3?©pbyll

latBttS ®ad On@K8ws Cff€1) r«pwte4 tJist .liiG»a®© im

variffi-ose in rice'was iB^re is tke osa® r^isaiatloas tfeaa

with diepsKj tsMtaa# tail Broofe (1965) ioiilEiBg

».«i©.ti9BS mtt 8®. #ffe(3tl^« &0.ofee®iosl smtag^iis

Irn&mim in fesrley cfeesdosl mutagens

.anofe as MS'were f^wl. t© M^not more vi«ieMlitr.tlaa

ga4 -gasmai •I'sys' 19671 Sstal Mat¥@it, 1966;

-Saul' gt al., 1966; ^upte.# 1970).

Mii^xwut efeaweters studied in present iaireitl- ,

gstion !?#ere famti t© res-pood diffarentlj to iadiioed
TOrietlm# • ffingnltttfie of ?®riebili%y wa® tfce litgli®et

for Melght of plaBt®,.tli© ia^aQ®d"-^va3?l«liilit3f beimg more
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then twice tfeat. of tJat popalatioac at th® feiiglBst •

dose of gaw® rsys C20S^^ in ohWQt&m

irfeioh ootili' arraaged i» ©ri@Jf of fiesreasing vmmmB w©^

tto© l@jsg.tii of earI. »ttab@if of esrsr ittr«tioa ®M ©f

spHEeleta^,, ®t ^.. (1958) ttet for e eosstent dose

0f raaietlom- tli« imfiiiQtd, genetic vai?i®Eo« was iB03?e for Height

#f flMMtB tmn fm mrnmm §©sa^i,l©s' and Wm^ (1965)
mportesS tfeet the iRegaltade ©f -femetie m^TiaMlity iiadaoe^

isas tJJfltt6aee<3, th® €shB.m&tm^ tM genotype treated#

#®al Cigsife) sti^tea 'tfeat thB iiwber of g©ii«8

j,ri,volv0.d ia e eharaottr tJje MgiJer tlss fro'bffibllity of

o'feteiniBig ea ®Xtersti0tt fey ®laiitstioij. ©f oii<!5 of the ttultlple

i€a.8-s aoneea?TOS. '

Saul (1964a) tMf tb® mMmme

QQisld "be rniimmimi- m- #a3?Xf -m in tli© g^asrstioB. tM

immtigmtlm, th© lataipiltMe- ot vsriafeility was fsaad

t© te0tw®0B gtaerfetiofis tm tM-'.B&m e'fca:»e:fe®3?.

Sexiisum yajjiWbilitf ws ye©o'2dt€ for t-fe# of e®3?s»

length of ©ar asaifi musMr of spikelet® in; the- Hg generation,

for Might ©f plaats in tli® Mg md im
darmtiOB la th© . g&mmtim.* Suofe •ttffereaee© iR tte

©xpressiom of vmimMlits iii ii.ffereat..gesa®rations for tfee
• ' <6 • •

sa®# ofeeraater feaw 'bem repsrteA by s»5-

Boy©|evic (19§S) ia vhrnt* Sffieieat ms®' imi.«c©t

vsrisbility 'woul'i fe® |jo0Sfi¥lei» iif tB® g©ii0r®tl©B; in 'Wli.icfe

• TO»isl3ilitj is Idtelf to is -Itmim.
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all .uirailmljle Mm a.w QomiMtmt the eoaeeft

ttet tlie iS' ®Klaa?|E©d|i thtre m.m co.Esidersb'l©

in th& repQ^ted i?e®olts 0ooa&.miag fr©%u,eacy of ocojarr«aee

witfe pmltlm mn€ effftcts* fha

'iaore-asft im m^imm 4» tJis f^^eeat'lav^stlgatloR was syEsietrioal

for #11 oBsraoters, ©i:©#pt tto@ ma»ber #®ra per plfent for

%iSil0b. th« was s&twtd ©b tli© pssitiv# ailde (Figure 46-i),

fhie iaca?©&®« of mi?i®l5ility without sigalficant

aiffej?ea«e ia the »a-a Ok® ^ al. (195S), Hatsiio

eaa Q'mmm& (t96l) , famgaelj.i (1$€4) Shasrss® amfi Satni I If70)

©lifg^st that ©atatioaif'wit& posltiw Mi stgativ# sffaete

witte, ®p,pr0xlm9tely tfasl ^mmlm am4

Fif®y (1965) f@uai tbet yariafellit^r waj shifted te either

directi« &M UmisoTf (1965*' 1968) etat@d tfee distri^'tttlois

of qmntiMti'9^ variability wa© .sffflsaetrioa-l. Ii©ww®3?,|

Cl96?fe) -la "bseadBliatl®. m^. Vsn '/e@-n (1965) im&

/Lmmenm (1965) in Ag&teiaoiaflls B^ock C1970) in

^oM;t-rmme®a ©Xov©r tlj.at tfe® wm moi?«-

iB ttae p®sitl,v© direction iJi4'i#6-tiisg ®lth©t? & l®:rg® ou®1aer

of ©atstissss 03? m high 6e.g^m of «ffost of saitatisna

iB tilt fi©®iiitrt

¥eri©KS hypQthmm tevt "feseB otfemd to %M'plain tbe

diTfatioa'ill tl» meea© ©f "pepaliitleiia ar®

•tfe© .nature aM'sagsitad® of variaMliff iaduced- followliig

_m4it®g®£5iia t3F®ata<sai'0. Sr«sgo:r^ (1965.# t966) postulated ttet

©f aegstiv.*! mn^. f®slt,iv« ®i,tstiOM-.iii- t'fe® pol|rgeiri©
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sfstea is nearly It is tlj© sagjaitade of tlli«

' pli.eis.©typio @ff©ot of ©••aatmtien ^ivts sffeots
aM sot its uai«Sir@-ctiOTsl, eteygater, Broolc Cl965t If€7)

p?#pos©fi. s :fefp©tte8i^ tm- fe®ijg^io©i' .#f lndum€ •

ffiuteti©sp im iabta^itei mriMtlm* Aeeoj?ii«f,

to till® li^p©ffet@ia, til® tbifor®ti,eal @iEp©et@tte» of isidu®i0,g-

read®* tsatatiisas tu, ® •Qa@n.tits'teiir@2,3r iaiierltet cliaractei* in e

self mgmiBrn will ©a tfea total ••Bt5iB'b©r of

geBes involved, tfee propertieii of $mm wttfa psisitiv©

and negative tffeets ©at" tlit d®gw© to wbioii tlm geaea. of tlie ••

parental gtaena® operate as m baleii©«t att. fertMr^ia

^fhicih have prmimBly fef®n sal^eotet to to@dlag an#'seltotioia,

rasdsffi BMiatatioa .r^sallsa, in an inormm in. t^e mirl&me mil- a

shift tn tb» mm'm&j imm .the direotl^n of ^ravious aeleetioa.

fke aHift in the meaa ©f m mael®etefi ©iiamcttr ^peads not .

oi3l;r,»po^ tM previous ®»l®otiQis hi&to3t$ of tM pQpvXi»tlon

but aleo ixpm ¥te®tk®r it is gametiealXy eorir^lattd wiW thf"

sshera^te# urndeif-si^l^atioii.. (lf€6^, 1969a)

w©jrfeJ.iag witJi trbeat sad Mrl0y reported: ;r€58ttltsi ia support &f

tM& hypQthBBiB^* &ml mn^ Aaatveit (1966) f^raalatei a "

Mttmrnt liffotfeeiiis stg.tif):g tli®t hf mMm 'mutmtlm a •eJiang®

in tM msaa mlm .€»f my eheraoter qquM hB

®^,iseet®ia in, ® tiMcstioa e®i!©Gi®tet'vfitfa-imtacei vitality

ena tlse Blterstioii of tM-mmn vm iacl«iJ«iia©Bt of

tfee g©Bot3?'fS! u«©<l •for tli© tvmtmm%* Bmmimlt

(196.5.» 1966# 197©) iaterps-etfci tls® iSeare-^sing effeot oa

mm&-m ia.u:e to detrimental wbiefe ©.osuirsd ©.or©'

fr^^tteatly thm f&mvLV^hl^ '©g^s. ffeis ^eomming eff«ct
•,/
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on the m«mB get fflltlgated'fcf %hn isataral' eliadaatioji

'Of Sftriffleiital .mtetiOBS Im generations-,

fh® iae»©a®© ia varla'bility without

elteratiQR of- th®- m&& for- the- QMm&tem nm

iaveatifatei, isiica-tsia that «wit®ti©ns pssitiv© amd

'tffeat® oeoHrred witfe efpr03?l»ttl|^ ©qasl

f2^ffii|iie:Q.ei©0.- An tmm Wm- of i®.dttcs«d '

¥S3?iati0B, Bier^-samtatioag governing fiQlgM wtre

fre.^aestly infiassi' la retsitioit t© oth^T t»its.

fl. Hadioaea8it:l¥ity of vari^tiea . - . '

fla« ma^mmnt of i& hXghm plmiM

Jiss' bstti mostly uti'og different I&io3.0fio-®1 criteiria'

g-ttofe ®0 g@r©te©tl©n-, sorvivelj plant ga?ewtli, tetilltj,

''Qhmmm^tm aljerratioa®, ©Werophyll a^flelent dhimrm

mC. mutatioii fr©e|uea©f» ' 2Q v@r-i@-|i®s ©f irloe h%loixgiug

' to tijfs- saljspecle® isadica -aiid .lapQaloa ©f Orszm. eatiya atMled

t» the 'prif^gest. esMblisea UiUmmm in

Bmnitlvity m &xpmBmi hy mffmrnorn in luxury

an^ sterility in th® ,ges©i'«:tla.m fey l-iraraiiatioa.

me mug0 for/ateylltty-w®® tte" highest-(i3 t® m.i.

•l@thal.ity'the lowtst (-f t© 16^») -SBOBg th@ wietits Cf«'bl© Lfl)»

Thmf tbi® EiegBitat© ©f Slffereae®®- im ibetweta

¥©3?i«tiea depended ©s. iht ei-lteria-#4opt«i to iEtagsijr© th®

rsdiatioB effects, ft?® varieties w©3e@ also foasd to'ji©M

o&l9.ro-,plJ5r:ll satsti^aa in different iteqiam&Um In Mg
AB)^: Ist^^^arietal ii£f«r@no©:§ Ib
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mm In rie® l&wBgmhl. ti95€),

mtauo-^t ©1. (l93B),f Fa^ii CI96t),, Bil<jtt,es rfc (t96S),

Myttesia®!?® Sl'il.* Cl9€5')» t^kal (1967)» ani

- " Wm-amtm (1968), mm et pi*- (t9lO) and Bingh Cl9tO)>

Mffeafeases iis, T&^±m%mitivlty 'b^twmn irsrl@ti©e mm Blm

re'Porte<^ la Imrlssy (l&tiia®iira eM lajii 19$7i Mlm, t9®4S'

Mikae3.@©a md $rmnmp 196®)# im/hmM. vkmt (S@ml iiM

4a®tf©li> '19S€5 196?^} BoroSevle mnd 1f6S;

•fsru,gh.©ae ciad'S«a®is8-t;lsaB» 196©)» iia darata whmt (SoBMwala »t al..

196t{ 1962?" l'onini.£| ale, 1964) asi5t in r®gl

CEumr et 8l,., t97£>}.

(

Among the Teiei#tie,s mw stufiiei, fetioRglug t® • .

siib0p©el®s .ladies imnd t& differ is mSi©s©iisltiHty

// ,fre» thoae to BahO&pmim ilamnloB, I»tervssri@tal'

dltf@rm.0m within, a ©atsape^iss® mm Mbb thBxi

. __ t-lie dtffereaees .©Mesprti saljep«ei'©»* toj law0ti«

gaifom Mm Ite© blgMr mMmmB itivit^' ©f iaponioa.

tJusfi isdiaas' (ftijll, 1§62| Kftwai.* tfSS, ,t963©;

fmsigmhlf' 19&4ySmMsiMthm t916f Sliigli# t970)

Mff^rmsm is, rMiQs»ri®i*livitf ©f ©ubspe®.!®® mm ®lso

a?tp03?te4 4a mmtimm fey Swamisattoii Cl965) aM

Bsua nat SwisiaeftSiim (19fe7)# It mm e-e-Msat IJie

p3?©s«.t Qtia&im -Ifest variet.ie8 feelmtgiag to sii'b®pe-o.t®8

i.nilea w«r© mom resisti.at to .whea ^uiged oa %hw baais .

x©tfei®iity m.A la^uo'ir-i Mt wer© ®or« «©aeitiw \ifhea

•@¥@liiatea ©a tfe@ fesei® ©f 9terilit;r ehXorofliyli mt&tim

(fable OT) tlifim tli® varietits %©l©»siag :fe0 • '
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BUbspeolsa ^SMiaS- Saoh s dlfferesoe feseeil on the criteria
of »stl«ffitlon of s9Mltlvity me makers ssMMtod, Dy

of tte tepicel iaaaiss group saoh «b S«iaM.-3 and
mohnm-m. ^ these »ar,leti«. highly
sensmw b«««a oa lettaWty eBfl Injury but M^ly feaistmt
baaed oa «t«rillt3f m& isatettsij freijueaey. Sl<l4iq ana

(1968a) elsg f6„„a that Srtohung-gS «Ba aighiy ,
80Mltl,e bat yieldea oaXy a law aatatlon '

An eMuiiijBtloH of the Eorfhelofiiesl festares of tJie
vmetiea studiet and their relstlonahip to raaioaensltlrtty,
reverted ttat a« aaeoelatlon e*tots between the iMgth'of grein
ttiid senaitlvity. With aa inereBge in leisgtH of gnatns, the K;|
Stejfillty oaa Kg ehlojssphyll matant ftequenoy iffifreaaed,
wheE«E« H, lethality shemi m iwreree relatlQaeblp. mkselaen
and Havarrtoa (1968) foa»S ttet the varieties with the s-Ueat
grain were th# itost ladiorealattuit. ilewever, Harahari (1969)"
Sid sot find; aisy auoh ^sooiatioB, betveea asDaitivity end
eharaoters aueh tm teetioa, greia aim and shape. !the later--
varietal dlffcrenoes in ffaaioaensitivity in rioe was reported
to he due to difi'erenoes in genotype (fiatouo 1f5Sj
ehao end Otel, 196IJ fu|ii, 196g{ Miafe and fihatti, 1968 and
sloxshetl, 1970s), in aytoplasm (YftEaguolil sad Roijayashi, igso;
ya««guoiii, 1964), in ohemioal osmpoeition (Kyttenesre et al,,
1965) and ia cMogenoua levels isf ouxla and aaeorMo acid
(Soud^al., 1967). Eiffcrenoea in serialtivity of varlstiee
even wlthiii the Bubapeeies Indioa beiug thus well estjireaoed.
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it i® imp&mtim ttet in of wtatioa tjreefiljju an

iaitlal a^ffiies-smeat ©f th© mfilciBmj of the aategeB® with

ta tfe® varieties ©lioiilfi b©



I

SUMMARY



Studies i!2n^®rtak©tt to piraots© iRfo^ra^tion oh

tM ©fficslesej cif m'iiB.tims (gssissa X-raya and fast/

Btutroisp) imfi QhmlBBl mtagens ClMS^ Kltl* PBS» II^S Mt'i@)

ia inittoing ffiutiitloiis in riae iisisg s ®in0.@ vauiftty of

Orygei' aatl^a sabap* titiiga, treW.tw yalatlsg to tfee

®]rifeaneQ0iifBt ©f tte effiaiesof ia indaetlOB of ffia:t€t-tioiis fey

yegylstiBg flse wtagea t3ft®t-it©nt bm well m hy ,fr®tj^estiP-g'

tfee 1ai0l©'gia®l saaterisl-faeto'aris ,aaeb as

tlje argaaisslion q£ tii@ mh^fo tk© of psisordial

q©lls ia¥©Xvc# in the oslgis ©f m.^h paBiol^ vAich infittenoed •

the ^©©ove^y of iBtttast© wer© ^et©OTine^-« ' Sie feasibility of

indiieia^g micro-sutatien®- im .ttssn'fclts^tl^© ehaajactefs was'silso

explored. in BmmitMtf of 20'mrUtim of riee
r.

•' toelosging to tli© gs^^speoi^s InaiQa. .jaioaiM QMMB. MilES
to radiatiOB treatstuta war-®

2.' S®r©la!ation «&f"rio© ©@@4® not affeotti.

rs?4i«ti©ns #wa very' Ijigb Slie^esl ^utagta®

l^bibltea geMiaatlois m3i&. "tls« in f^^centsg© was

progreaaive wltlj'iEsmeslag aos«®. •S^ai»tio& _

WS-® 3ttl;S6fMe^t t© g©JE®i.S@.tiOB, tl'tTOOiih- ®. pXOlOEgli?^
let'feal actioB mm. at tfe© sdmije^d stag®® plant growth,
'wheraa-fi Itttolity % efeemi«©l' wti Imsi.Bsatlar

exp.r«»a®a sostly through lahibitton of g»r®lnatioi>. Is sheslosl
autagen treatwats, », peeailB®® which oouia rsooh the fourth

. leof ffitsge s«iirii?e«3.. to
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3" But&gmB Xu&uqM m i3?ifat©r inhlMt&'^s ^ffe'Qt om 'tfes

root tlais m tfee shQ®>t» rsya i'MtJ MMMMd tfet growth
I

of iwra effectiTfiif thmn tM &tMr mtsgsaa. Foll^wiag

irrailatio» witk fa#t' tteutroiiB' plmtB shmisrd less

TOriefeilltf ifi t-SiaB after trafstmemt witfe, I'-reys Bmd •

geaw. reya. iiie plmts imm .In^ux-^ bs gvo^'th

pv&Qm^ed*

4, Oh&mimX mt-Egts©, whem witk-radiati^®

.hei isclaeei Im- Mgmm ©f st-ex^llitf* Slie ieare®^® in

fertility irradiati^a mm irsatid up tct tte' isiMl©

&mm witls s sa;tars,tiOB--«ff0at ©t hi.gfe <3o®@s-' fast nm.%mim

iaaaced laor© (Sterility tijaa iml^ing 3?®aiatl®a® per

UTiit d©9t. . , •

~ ' 5» i'tie tliret aaia eatdest©®. af ttoe affects ni jauitegeBa

iR tlm tl#.l<^thsXityt iEiJury sterility -

did, ttst show gimlXfiKr -with immmm in tfosea qS- satsgesa.
I • • ' •

Safiist.l©ss' IMyie®# ®®r© of m'tmilitf thmn. let'faal,it|r a,fia iajwj,

'mil iEdaeed m&m ef lethelitj' -aai tMrnn. sterility»

w'feere©.0 .ESIS theae effteta in., el'g);o©t (sqml iatensities-. "

6. m4 gmmmi rsya .lafiae^d 'fei'0io|;,lasl.©ffest-a

with'tilt .smw isMmitji, -whmBmM t&&t nmtmm wem ©®¥©rixl .

tiiias mom thm th& bpmtbsIs ionlsiim radiations

•imapeC'tl'T© of %M oi;.it®r-ie. tm ttee eisafssma^Rt of

r©lBi,l¥e l3lc>Iogleal effsotlirm^is-.'

T. S@fio,i®iit aeots^sg m M| plmtm mm

iMQ,0ed by ofeeislctl mutBg^Bs nmh ®ad IIMS.
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Jn, thl& respeot IMF waa m&SQ ef-feetive thBU EM-S. However,

fre^u^Kpy &t e1sl0rop1i.fii oMBerae did not pmm to. b.

reliabS.® c-rit#i;i.0a tm oi thm tSimts of differ^st • •

ristagefis. Ofel©2?oFlifil iefieieaf ©total's, pb. ImvQB

PEal.ol.e0 if«@ of migin* It 'to© •possiMe

t.© realise a Mgl- of cbloroplaySl mutmtlQm in the

Kg gmmvmiim- hj BMlmting posseasisg oldoTOpbyll

©.• tbe ffeutetisB f'r@fii©s©y m namfeep ©£

mutstloat per 100 S| splfeea- efficient as tteat e»ti@a-t©<3

m tli© »eail)©r of mtaBt®. per tSO Sg plssts*, tli© staiy

was eo'ftfii3®fi to tlis9 prsfcrmed ears, dsse-frefiae-mey

Eelattoesliip 2?©»al0«d t-li© ijaae the ssetfeod of

estl»ti©n of natation fa?«gtiea©l©s. freq«©nel#3

at feigk fl'Qses wMa e0tlsiat©i ®ii Kg pl.ast te®si®»

9« ©aiSEB rai'®, £e®t B® SIFi0 ti®A in^ussfi

Ijlgh imqmmim M ekloropibfll sstitat-loa®-. la ttriss of

wxlwuw fretTO;ncies lisa/dee4,. superi^or t©

fast msatrosa snS SMS w&n saperidr t© imi. B«t pm,m%lt dos©

ffest neiitroa© and i^t

«Q«aiai0j.®r <so8,o®B.tr®tl©'as' KMQ was a-ore effeetiv® ttea .MSf

I» tm-mB of feliiiaet freqaeael©® m well as 1^20 iajus?!"♦

•gflS iRdme©4 tfe© ffisxitoefi? frt^sraeie® ©f cM.,®r©pfeyll mitatioBS.

10, fke sBitag@R0' iwir© raaMi in- d<soj?eas lag: ©«ler of

pottocy gftffine r®js» IMS-, SMtl' f©®t a@atroK,s te t©r®s of
m&- f^©<3aerief ©f vlafel© mtttstiiaQS- iafittoed, mA bssefi. on
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effioi«aoy St 40mm 8i:sall&r. btologi©®! ^siffects

,(LBgQ for the''/"mm- itrtft© ©Mer gm.m rws, MB,

•fast aentsasa aM IMU* -ia tei-iis© of ©itker er-lisea^ioai

g&mu mys mm tk© 'fcest "is in&mimg yiuhX& miktmtlom*

It* As pel?'the ©stlisatea 0f mutagealo -^isft^QtlmmBn^

-aM feat aeatroas wtr® tfe-d'nost aiii .

• ©fficiest aeoag: tlie m§.l&timm-* Amng 'llie ^hmlml mvtMgmmf

• waa the most- ^ttmtim bat MB tfe.® moat effieieat#

12» ffe© iweqmms QUlmophfll- imM-asM

• wit!i i8©@r©a:sJ;iig- seefi fisrtllity foll@%?ii3g t»®t®fat witfe

a® ¥®1I. m MS, mm were

rsMoffi. However3, at -tfee iQwmt fertllllj elaas-tli®/ matatlQa

•frnqmrnf TbS.m TfiaGtioft is att'ri'feattfi "ts tfm

-elimiust ioTi ©f miitseta^ , •

13* flse apeetra ©f aacl viafele

ffiut&ots ^etwo@5i rsdistlaE3!i!'"'"sad cte®ieal seitagcins,

llt?lna mm th^ sost freqatef tfpif tollQwing iarratiatlois.

With oh®@iea1. twmtwmmim th^&m wm a. €&cmm@ ©f "

slbiaa. % a,m iiioiftase in sime^toMm asid.

otiier »s©ro~©iit0:s.t,s wei'a following treatfsant with

fast BCtttrsms In#. Muitanta aff'e.etl.tig eal.® leisgtis, %»"ere

oo^moia' aeioRg tliif types indumi- hf IMS mA mtmtB witli

alteraa am?etit>a bM gieain. Blm w©r® ©.©re Qomoial.^ iiiiaii.e#d

thmn otfoera by gss?as pays* • • ' '

14. 1 X®3?g"e 8u®fcer of ®ut®ats was isel.stei

^ foll^Miug treatmailt with iiffererat aatage-ns. Most of the®
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s®a§f#ais ©ppdsidsg i.a tli© Hg .ge»mti,eK

ea4 bf'^Mlag tisiis is laSti? gea«®%iom§'» -A. few ^oafel#

mmmim iw*e.»'ls isni ©a© wim' fioaiacaef

e|5©tttt #iat. fii@ sriftB "Ife© irlitffele wtriMtm wtamts

Itsa be^s sut&tiemst
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1J.. M«t ef tti@ ,iB:4'iie©i viftW# wmtMmtB I'imm. »er9-*

'"WMmmtB-in wfeieft ® ©iie^af;© in #s@ &•&.#

®.s!s0s.tt.t#a -witli' ® mSmiSBM^ %mmt 1b. €ia§tte ^

lafaa'fcs' ^kmgm ia BfmmQtem smh as tlm

Mght ®f flsirts,. teatisia aai si» graiaa al®©

. iselstti. rnmmm^ ia l-tigM #f s towards

iwnrfs ©si., gemi-iwarfs est tliost is ©i.tssrltf w«e

• fr®^y:@atlj twarin tmm- tjp®#? ••fli© 42^ ¥4aW@ ^etttaisfs

isalated 1b Hi# rnimt-® TO-Mttf s^tp3f©s©»t€d ¥ariei?U.l.tf f#r

elBOS-l e^©2ff tit

•scsp® fer al,t©rlii§" aiif ©iisracsttr iri i^ie© tfe^Qiigli. laia^#S

• @iitevti©B-s, ill® aiitiat® ©^ast'ltstei ® siitefsatiBl

jji ttet Bate|5@©lts iBgie.^ -• 'of Qg®, S&MlE*

lu t&s #©i#iBSti©a tm&tmniM af 3sil»ti©s® m%&

SUS til#' ©fttstim frmmmtm mtlmttm-A aa mmMr ©f

per 1C© Hi sfilts# sst Mifefi" tli©.ii -tli#
» tM Msis-ef sMttim effeotB. tte-astis©-t#a m Msfeer pf

©amiita'ptr 1©0 Ig. flan'fes tl»© fi?e'0tttaei@.a 3r@f#el®S-©©tt- -tlmii
^siclltiv® ef.f#0t®« ffet ©fm^glstie ef.f€ot@ on fsiitemt-

©asl©s i'Q hQ €iit t© ®*b laoMPS® ia>- tli®

@afif©gsti©ii mtiM, @t f&is ^as »@st pp0a©tts@$«
.^5^; .St .tfee '%ighm €t©#t QmMms.tlmB sC fsat- aea'trona SSU *
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If,. Mmum-mt .rsfa-aai altermt©

•tmsitmrnt feltfe smmB pufm a®i. SliB i,se»aae tfe®

Q.i rim m^0,m nm ^Amm ih& mt

:iix€uoei Mtati@as iMlsatisg tliat riee# 'ifi sfite ef

it§ fol,ff4©:i4 lifc® s wltii •

to- if® ^#@fsast t© thm'' mtim #1'

ti^ Sfusltifltf im MMB Mttfe

pariois of in wsttr sai reasliei s -ssslw® at th®

52 feotir iaiiitiea sf jmmmklmg* tfeer# was s €@off«ese ia

mmltlvit^ ffbm •ffeste&iaf ws %@yosi' 3f tec^exe*

Sfe.e .6f®eif.lei-|f tf tli@ frafe la reMtim t© tlie

fftf'iQS ®f wi' MA ayathmis

tatelsg pla00 tfi, fMt «#ll MM MwB repowi^d m th& -

mmt impBrimt mspmslhlB fm- p€mk is ©©asltlfitj

St tl© 33 tew pmmQdkiMg

19. tfe# f3?tfMaef 9f iaor«as@i,

mt iBpreati is pm»mkiMg timei mm&lag a siskIws st tte.# •

40 beiir 'mimpMrnm Ss^-rmseB mm dttriisf tfcc

.pwieis ©f 1i ts 20 hmm B4 iS h&uxB, -Tts •

€&i'ag. tM 16 lo gS feoia ttrioi of t-reses^isg m®

attrl^s-tsi. to» tJae ^ymQhmmMsMmi 6'»c,tii@at fist with tie

S i3toi.se ,9f ma , ti» .yelistit© pt^©©Ets||©B sf

typ@s of iitttaats isilajeM If k'J hf

p»0©sMii||. of s@€fia far vsMos Isntkag aa-i- tlggloas

s|sf«wi is l0W' ,fr©tiitmel«s ©alf ia seefl lots psfesa^.tei. f-sr .

20 hmm mi fkw' iel©fed <3#velo|im©nt ©f gfeMlaa and
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tigrltigsa 'm-B "lls.® moat Qomplmom^ of th® clalorophyll.'

^ 20-» ffee eatiffleted sis© of tk@ »!itatsS ©eotor s.M BUmfeti?

of iBiti®! oell0 mm fouafi to tiffeie fro® ms t# fJia «

eedtsra on tli® ©piciRl nmll^r t^m .'thorn on Mm

priTOJf^ fh© •niass.'teer of taltlsl um featid

to fee TOS'e witte a m&xlmm 16 fef tlm &fiml mr thea tfest

•for prlisar^ axillar'jr ©ai- hming m'mximm of 11, -X-h#

. motos^ iMvm^ fey '©tesieal :®ataf/Ms -ymm saSiXl@r la sla^e t^saia

thQB& inMCQ€ 2?aiisti©as. ' flie 9f effsetiv® initial

Cells'-feiaa larger sftfer treatfttnf wltfe. aheffiieBl. ®tttag@s» (2 to 1#)

tSuam -with mMMiimn (2 t©1lK ' -'''

g1." fli©- sjsailsst sis® -©f tiie matstti •^©©tsr esti*%t4

... te'tts €).*0$ iB. -with MS mi, tlM? rtiifgls^r of imitisl

i^ss, tli.er©fora, 16» fMs eotsM met eaanidt^et g© sn over-

-f-stlMitiesi ine to af?l®3fe«l a<iti-©a. ©f HIS, sino®, a®'l@xg© m

mmb& as 11. lisitiai e#lls ¥aa estimsteii-. mftei? iwa^i^ttosi

• Wltl). g&tst.m raja* ftie- -sfaflitjr im thi® iWTOtigatisa.

Pfo^mlng a mean niyim'ber at 75 t&, 100 pluats p«3? ea^-pi-ogenj

ffovlied a 0«lt®fea.# fsaterial tte ©f atttat©-!. 3©cto3? -

©Ise aM eJ2tiiBStion ef tM susitjfr, of iBitiel, cj'slls,

22. Bfe^latioas fro® teirtgatios- ratios -w^re

fSKSi is tist I3 iea®rat|.OB,» - A ef 3?0o&silv# Mteata
• wa® ©ore freQ:U®nt tteam ®a ©srcssffi.. Uffieit throutfe tefloutie

eliffilaation of g«;®et®s wm mor® c0^aiiK©n tiaan tl®t thtmgh •
^ •' • • - •
~ ^iplentio 0liBia®:tic5s, ©f r%jzm^im mutants »»
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m tfee Ig §0mmUm

asMOE jjSTSlatsfl !•« *''® S3

23. Selttes 8i>«® «fa. «« a® alterrtlons to
»8 «aa8 ®f wai.tim.a to A«ot®,rs eash as
aawtlem, height eS liante, !•««& at ®'a «»« aadss sf

' witeleta. S!»8 •®a''
sllgMlf aU-wW trastasat. Witt ®ia«- ef »,e wtagwB.

24. farlBWllty iseweaea esasltebly la tr®st«Bta
w«h s»» rays ae wll sm. a® «all;««e of tetota

• tartsbillty was awateu stth g6» »;?s. t!»a »» a® I®
respect oi sll eteaotera t» ewsy gsaerstioE- Sswa »jr®
w«e tto, BO^e in ia«aoia« tW®
jM8. VarisWlitSf was the tolgSJsat fm: SeiaJst plaata.
!?h0 »c?sit«4e 0^ ws fouTi^ to
m ailfeMOt gsnerstlam. Sb® laaTOS® In wsiaiwe was

fo® all a.tewt«s tte amte of e«a
j,r plart, f« «M»S> tl» flisWatloa mi 8fc8«ea on tJ»
ioBltiw siae. a® ®y»e»e3l lm®»asie to varlablUtj
w-ittioat slteratlGSi ot tti® m%n iis^io&Se^
Witt fosttw® mi mge.ms »ff6®ts oseuKsrefi with kfp»8«-
sat€lf ataal. frtiwsiei®®* . •

15, fl» to ¥ii:fittl@@. sum. isiarW
dif.fereao0» im wsntlrtt? » l-Psys €.8 aprMSEft la t®ws oI
lrtM.lty, i»3a»y «a Btexllltj ii» the 11, «SB»ra«.on efii
oM.orepl)3rll aatettaa Hmqmmim lo the Bg geBa^tit®.
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?ari€ti«a bel&ngisg to anbapecsiea -laitQa fiifferei is

mmititltf fr-osi thm&' t© TOl?©p«el«&@ iBSSBSSE*

flae jgidiea -to 'Judged

rni.tm "seals ©f lattelitf «a ,te|«iry, w©r® aiglJly

©easitive wte"®n evfilastei^ ou. tp^sis ?jtwilitf ^sii.
• ' " ' ' ' -

ehlOT©pliyll fTStaeoef. MiUmmm in Bm^ltlvit^

of varieties t© m^trngm® niith-ln. tfe® aaWpeei®® IMiM

becom© i®Qi?em3lafl|r el®ay..

-V-/'



ffit® mthor minmm gratltiiit to

K.aa., Bi.B., fQr»3?lf Mm

Qt QmUm mA Agtimltmml Oollef© mi,
'Essear^h iBstitmt©, ©ttggtstlsi tfe©_ Fr©m©»., •

for tte#. i?0XttaWe gaiaaBCi©'te:iiJi tM- t©0Mi'3?e of His office.

,i© 1® t3tto®eX^ igralsefal to I^r# HsEoa., M,sse.»

f»fee«®2? of 6«s©ti©s nsat B^ete^iag, l^griQaltoal College ^
saa S^aeeaeoh lastl'tat® # 0@ifisfefit#r# for ti» g»,it®.ae® '̂s'slw^^bl©
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•fl©ldf 8a»y a tiise. S@ siao©r# tfeai&s te Mr, f# Isisa-

teiatoti,. iasistmmt .4grlciilt®f«4 ,

fi@ita3?cfe- ImtnviM; tw oritiosl reading

ef tl};« wmmmrlw^*.

ftoi> awtfeOF is hi0lLf tfeimfejful t© l^r*3*Bism:'h$QTmf$ont
I

Joint fm/tmk m^Mm .©f mm$j£

.Agrlealttt.fft:# fieanm, for tfe© of vtsl^mMe-

pertalBlng- to tM atafe3e«^t tiiis iaTtstigttieii,, to '
Se« IMA, flmmt tfee fa:st nmtiton.

irr^iiatlOB: rim #t@da aM te tlac '̂ fomsi^tlOBi

iw Selfci.* ffe.® Sttfplf ©-f ciSa«!ai©©l mtttageaa*
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•JjBOofe# K^Kiaaiaran, E.G«.S8ir,i fa.ia®allKga» m'&

A^mrnm %rl«ftltG3;al Ooll^gt ma limrnvm-

Iriatitat«,_ eolafcator® for tkeia? h^lp •eo-oi-dratioa
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¥BBI,iSE., •I, C19$5)'» of tis® tooato-
pletnli after s@©d tS'mMmmt witb IMS m&
fhi® ITse of lafitasea Matat.loM8 ia l-lmt SESMiSS.
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• Bi?^ci}i«0 0-f ,tfe# $mim USSIISBB* £• SSESl* 245-259>

aom-ffiESM, ©EsS^ SWJMflfEAS, l.Si (19®4)» 0^
mutwm Irrsidiatioc la ®,$rloaltare mA &^pplU6 gmBtim*.
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- enftfi^ 4»E.* Cl9f§). laitieei Mygsssio wisMlltf te
' aai ts'tmfl&ta teaAef. g^iatiefm aas.a B|gig|KipMjl

Sialsstime#® M Matsiiies sy®p'» Ismfesf, •
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.|ro|s» gjiiw.^ USSfe' .M*1*4§«.

tuMrtWW

Ci9l6)» Stati«@ m. m% mpwisLmmt^l-sf
iBttt«ti©sf:r.9e» llediQfeiolQiifg' 19S4<
AeeiTOi© fwta## '

Clf65) I'rsfeetiTO sw-tatida® .iafiwti tii "bai'lef
te imizin^ m&istl&m sbA 3^gfi.itPg.

211-261,' - •



-•

l.. Mm)* mi. a?si®# ©f Mi
liSfieettw mwimtm in A%p%M. M©,. .fit M kLMSi,

M'Mmt xmitlm CB@f# M/IHi f
'f®-irfai69 5t3«-'l57*

Cifif5» ,A stticlf' SB isetteefi Is
IaiiM#a fentatlsiie la falliim, Ifif),

.aai tMtf',. I*. UffiSal* anl nmp
11# '2!lit' «mm Sii'Plfitig*

' CtfiSfe)» nuAmMmm asd imfW¥e-iiesl
,' te-feM.a8 (1^4 .^sSSsa.

.ana Clti5©)-. MtitifMom®. ©,tti ,©®©i
iM, li* C^geate^w)* ggyaMAaa, ^Ij. 90-«iCt«

©Ei. Clffifi)* Iftttstieas' amft .®rsf
.fe-gftQhia ltfi:?#fi:a©a, £* -Ci^iSSSSSS^♦ Mm&S^m gi143-l64*

.Clf&$©)« 8at®ti©B© as6m^lK iiipm.^iii ipiiH inijii.awpT'i^p ^rvi ••'•y ) Hw>1^ .v.j« --.- ,- • . , Tfc * «>***'Ifl'' K' - •*"•• -w -wv -- .-—. .. —

¥1. it® :g®a® iWeiit. '£» C,§giisiiif#@}« iegailfefes 321»'313*-

Clf66i» .Miitaties# a®a Wf is|if''0^eyea.t
fll.» 'a# gmmM tiwsm. l>m i&wimi.i»m} * ltetiil.ii.ft. 273^337 ^

Mmifsm, i^iiQfisf II. hM Baasoi,©-. Cii69}.
i ^ #< pf©:f5eg@i ©fittii f'̂ v tte® etiie^tioa of has'ley

maimt-Q mt itei'tiA-laa 62}40f^414»

m§f I. atit PEtSSCis i. Iniassi »t«itiQsg-lsBi'

lilliSBI.-^ Hf Ct$i7)» Hsiitl a mf«®tlseX fstlaiatt tf ©ftlsal

fiSt

Ct9SS). As tgtls»t® ©f til# dilCj^fiwlX
mut&.tim& im tel®f -tal-i®! mi^mu% ©f »it.iijlf lit

Mutations ift Mast Bgetdlag ZI. \£-rm» mml,.
fietffi©., If61/# lIiA_s W»im»

JJMIISS,. f..4» ©©a mAMiiM^ H.W, Cl9$i>. ^Mfeeta sf
^l©te t#®p©5?a-'l'&i'-® s'fi-S
la. Be#cSllsig.@ ©f &mf& (SgS ISIS .H* 1-
15S-162*



1,B., lOlSAE, O.f., KIMS, lUA.. mM E.H. {i960)*
•Miferae mtim 9t -'mt%iiim»'^irmmome- al3«rr®,-ti©sa iE
feerl^j tr©#te€ vitli dittlfiatilfet® &ni. g6i®a rsya# irm^
SaM* iBivlSi*

IMBSBSOS^. i»t, Ctf65}« Cyt0f«seti0 statfi®®- at tlfee i©aisla.m
lip'ieultufal St®ti©s ©f sf®ei@s r^letloiasis.ips
i|g|01Et Imt. .MSI. teS' MMSEB.. mniMnea.

o

IIBSiKMH, 0*II* aM QMMh, ii, Cl96t) » Sigieatun^ veii
Sr'©80matatioH#si. 11, Itiuplel Xto uui«itela8'!i;|̂ i.g®

T®is f#llstx%s8leii Somtrgersteii
la^taiat© im gemtimUen liistergriM'd.

g' 1«14« (Ateteae-t)« • . ••
HSSM, H* Cl96l).» I'M SimQumim @f OOOTeimM, ¥• (imi). , '
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