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II!RODUOtIOI 

IlICllloed an.tioll )Ia. DOW lteoo .. &II lIIportall~ ~ool 

111 deY.lopi .. DW g ... Uo Y&r1abil1~1 &lie! ill lIIprOTillC apeoiJ 

oharao~er1.~1o. ot O%'OP plan.. ".1' .iDee the 41eoov.,. 0: 

the auugaio "UOII of 1-1'&711 011 J?ronhill. 'by KaUer aDd 

OD 'barley 'by Sun.r fin deoad .. ap ... vval plaDt 'IIr •• m 

have tun.d w ~h1. liD. of illY •• UgatioD &lid )lav. 11&4. 

ooutri'butiolla ~o the uud.ratllldiDC of the ha.ie proo ..... 

of autat!oD. n. diacov.l'1 of the au~ ..... 1c aoUOD of 

ch.1c.l. 'by Oehllter. &lid .luer'baoh dart .. ~be ear17 torti .. 

was at t1rat oOD.Uered 1101'. of theor.tioal t)lall of pracUe': 

illter .. t. Bowner. the .vi4.lIOe that eertaiD chealeal. pv. 

41tf.r.1It epectra of autatioDe froa tho •• of I-n,ye &Dd the 

d.eir. to obuill direoted auutio •• haa ~ed illY •• tipU, 

eapl07iq 'both cheaLcale and radiaUon. 

Th •• tr1k1l1, feature 18 that 1Dduced auut1cII ••• 

capable of Laprovillg lIO.t of the charaot.ra of the plan. ~ 

e%'Op ",ariet! •• t 'both the cer.b &lid 1 ...... whioh haTe 

be.1I dne1opec! tlu'Oqh iMaced aatatioD. bay •• hoWD iaprev_ 

for the eharaot.r •• uch a. 7i.ld. r •• i.UIIc. w lOdCiItl, 

.hatt.ri .. &Dd 41 •• e., earlY .. turi~7 •• hort .t ... winer 

hard111 .... higher ,%'01:8111 aDd Lap%'OY.d plaIIt t7P. (81gurb,or 

&lid IUcke. 1974). 

~h. _~or probl.m ill br.ed.iq aa'opaoll8 o%'OP like 

pollllClDut 18 ~ha~ 'til. a .... ila\18 _tara1 variab111t7 1. l1a1~ 



111, ... 1.,e wort 011 1114110414 a."eD .. 18 ba. be. a'tteB)Recl 111 

arollll4l1l11; Dut 01117 to oereal orope. 'lh. 4nalopa.Dt aDd 

r.lea •• of 110 4-1 1D Korth Carol1Da (GrecOrT. 1960) &lid 

frOabay crollDdllllt alltaDt. (Pat11 aDd fbakar., 1969) 1. ID41a 

are soapl .. of .uco ... achi~ecl ill thi. direction a. a 1" .. 111 

of X-raT indllced 8utation •• 

IJIY.at1p1:ioDII 1JIY0lTing oha1oal allta, ••• were ao.tlJ 

directed to a ••••• the pb7.iolog10al .... iti.,1ty of dift.r .. 1 

.,ariet1 •• of groUDdnllt (Aahr1 and Goldin, 1965. A.hr1 aDd 

B.r80g, 1972, Aahri aDd Levy, 1974). Informat10n on the 

effect of ohea1cal mutag ... 011 the ,lI&IlUtaU.,. character. 

of croWldnllt 1a aeasr •• 

ODS of the approaoh.. 1n alltat10D br.ed11l1 18 to .nuu 
the .peotrum aDd 1110r ... the trequeD01 of autatioD b,. treatj 

the _'-r1al with the pb7.1oal aDd oh.llioal au ..... aDd th.J 

ooab111&1;10.. (Sha.raa aDd SWaa1l1&thall, 1969). 

'lhe pr .... t 1n., •• t1gat101l was ther.for. uDdertalteJI w11 

the follow1D, ob~ect1.,..; 

1. '1'0. 1ncr ... the sp.otra aDd treqlleDOY of var1alt1l1 tJ 111 

qua11 taU.,e aDd ,II"U taU.,. oba,ractere 'by the II .. of 

Pb7a1oal a.d oh_cal .lItag ... aid their Ooab1ll&1010D, 

2. '0 a ..... the effect of allta,.10 1;r_tae.t. on oharaote3 

••• 001_ 1010. _Dd 
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UVlliIIf 0., LIflBAfUU 

... -.rob Oil lHUO" .. _UOIUI 111 reo.t 7ura u.. 
"Oil 00lldaoh4 ... U7 011 oeul ... 4 ao:r •• peoW17 011 

'lla:rl.." wh .. t .. 4 rlc •• tar 1 ... r .. u.:roh u.. "It .. 4011. 111 

orop. beloqiDC to otbar tutU.. (S1,u:rb~or...OIl aIICl 

1I10k., 1969). Io_ble aoopUolUI to thi. ar. p ... (:I'ft'l_o4 

b7 m~, 1972) .. 4 p.llut. (rft'i.,od b7 ChI.tat •• OIl .. 4 

Cla44,1965. Clr.PZ'7,1968 &D4 "l'I1011,1973). 

ft. acl ........ a1l4 410 .... _' .. that 10 with 

po1nl014. are tel t 111 IZ'OlUIdllat crop beoaa. ot ~. p ..... 

ot. all)' 4aplicate 10011 th. aulU.alon., vlnlon ... 4 

allhal.n. that we. r.ported to oocar at .010.1. 'WOald al .. 

,:r-t17 lntla.lloo th. popalatloll 47Buio. aIICl .ata1:1011 

tr .. aollOl. 80 •• t:ra1U ar. oOllt:l'01104 b7 daplioat. alld 

.alUpl. tactor. ud .. ooataiD 111411004 __ UOH wb.1oh 1'_111 

cZ'7P1:10 (A.b.:rl -.4 CIo14111, 1965). 

A.b.:rl (1972) 0011.1401''' 1Z'O .. 4Ba1: &II a .ai_bl. 

_te:r1al tOl' __ UOII lIr.odiBI .11100 it. _"'0. haylq 6-8 

leat p:r1aol'l11a with )a4. 111 th.ir axil (IarbZ'OlIIh, 1949 ) whioh 

p:ro?1d •• ft'eal pohDUal tar,n. tor .. ta1:101l. 

!h. aataceaio .1:1141 .. OD IZ'OlUIClaat 111 n. 0&1"11_ 

period wer. l' .. uloto4 1:0 01117 ~a1oa1 -tac .. , .. t17 

%-1'&1., la1:OI', ...- 1'&1., nonal aIICl "'t II"UoIIa lIllY. 11 .. 

.-pl0704 ( ..... Z'7 1956&, lba1:t .t1..!1.,1961. SII1'ftft~ U4 



Ruua lao. 19'" 1111.,. .1111., 1965). lion no.t17 

oUa1oal ....... lik. 41etb,J'1 •• lpllah (UI) • 

• tbTlaethu •• ulpu_t. (JtIS). .:. "etbTl LJU. Uo 

• ..nuo.ope.Jf1cu ... ( .... ). SoUIUl .. 14. (11). 'ftb7dllUl 

'broa1d. (D) a.d urinaTl •• wer. alao .-p)_07e4 (A.br1 

alld Go141D, 1965, to..,. ud A.hz'l. 19.",1978). 

Ptl,raloal .. ta .... 'baTe 'beaD oed 1D Met of tho 

_perla .... OD lDd.oed autatio .. lD trnuuat. I1U •• 

aDd De ViDOk (1959) foaad 1D ODe up.riaeDt that 

X-1l'l'&d1aUOD of •• ed. pl'_oaked lD water for 48 Ulll'a 

with 10,000 I' to 20.000 I' oaaoed ooapl.t. lethal1t7. III 

&DOther exper1lleDt ther oODOlucled that the ~o for 

.UlTiTal 1&7 'be'tw ... 2,000 to 5,000 1'. Jl1l,a .. ad Mart1D 

(1961) ll'l'&d1ated cll'7 o.edo of two Tariet1 .. with 

5 per out _l.tlll'. ooateat with do ... 1'UI.iJtI tzooa 8,000 

to .0.000 I' of X-1'&70 UI4 foaJlcl that wb11. ODe T&l'iet7 ohowe 

hip .1Il'T1T&l rate crY.a after the applioaUoa of hip_t 

40", ~O tor pJ:II1_tloa 1. the .... of &DOther T&r1et7 

... &%'Ollad '2,000 1'. 

III hi. tint 0.10 of exper1aeat. ooDelaot .. with X-1'&7 

..... 2,500, 5.000, 10,OOO.Del 20,000 I' 1Ut1, ... cll'7 ..... 

• t 8 per oeat _uWr. ooateat, ..... li7 (19550) I'QOl't" data 

n ~lftl aft_ ,. 4&7a ll1Cl1oatiltc ~O aroDd 15,000 r. 



lila,' .11!!. (1961) pne.a'e4 ... _ ot X-ft1 ettoou oa 

1I"OW1:1l. 4eYolo,.e1: aD4 tenW'7. app171ac 25.000 &Ill 

75.000 r 1:0 4rJ .... ot 1:1l. Y&l'1et, ·Spaa101l IaproYe4· 

U4 tollD4 J.D50 tor .1lM'1 ftl. (an .. 100 ...,.) vao allO.' 

25.000 r. !'aUl u4 lora (1961) 1r:ra41a1:e4 4rJ .... 

with 40 ••• :raac1ac troD 25.000 1:0 75.000 r. !be 1l1P'" 

40 .... waG repone4 1:0 b. al •• 1: let1lal wi1:ll oalJ allO.' 

10 per 0 ... 1: .1lM'1ftl.. n., to ..... 1.Uo 1noplartU •• 

1aola41q 1::raa.looaUoD.. 1 ....... 10. br11lC", ,......... &114 

l.acPrd. aa y.U as ap1Dn. ab.aoNal1U ... 

8h1Y&:ra~ .!l !l.. (1"2).8h1ftra~ u4 Jtaa&aa 11&0 

(196,) oOllOlalle4 troD n.ir .tall1 .. OD taot ... troa .tf .. t. 

t'bat tll.r. wao a Il'&d_l 40011a. of •• e4 COfti.aaUo •• 

II"OW1:h. poll_ fenUU, aD4 ,1014 yUh 40 ... lWlgillC 

troa 25 x 1012 to 5 x 101,./ .. 2/ ... (1Dteente4 flu). 

Aberraat •• 10t10 bebaY10q~ waG al.o r.porte4. 

O.lIOra. aDd LlaDIl.D (1961) r.porte4 .. :w,o t. 
t10U .1lM'1n.l ot straiD 'Spalltex t (4117 •• e4.) 1:0 .... 

10,000 r .. 4 ,.100 r.,. for !as1: ... uo ... 

n. ,0 p.r o • .at pow1:h re4.oUoD t. crelUl4Jlat wao 

r.pone4 1:0 be anllll4 "-45 k:ra4 aJlll a .. etal 40 ...... 

of 20-:50 kn4 ot .... Z'&J. has boOD r .. o .... e4 'bUe4 o. 

tho aport .... ptae4 fro ••• "10. Voa ... to r .. 40re4 l'.1 

tho lUlL 8011»0l'0401"l 1&_ra1:0l'7 (eo ..... .11 !l.. , 1911). 

5 



fte etlio1 •• , 01 P (ftIl1411111 RoIIi4.) i • 

.. laUo •• of 0.63 III! u4 1.26 III WU oollpU'e4 wUh ..,. 

(19.33 .. 38.66 III! .. d 58.0 III. O.~, 0.4" .. d 0.'" 

r .. peoU'Y.l.J) tor ohlorophJU. l..n.n, plalrt .i ...... 

poowth ha'tlU _taUo .. i. pouctHt (J..e'YJ .. d uh:ri,1915). 

a .. lIlt. of .we:ral aperia_t. ba'Y •• how. 

wid ..... 18 .apport 01 41tte:ren1&l .... !tint, of tho 

10DOt".. to _ta,O.1o tr_talilt.. Billla. &lid Ilartl1'l 

(1961) foaad that whilo I-irradiatio. at 32,000 r redaoed 

tho ,UlliaaUo. to 50 per oeat i. a 'Yarin1 48115. the 

deer .... 1D gUlli_tio. ".. DOt JlGro than 12 per ooat i. 

aDoth.r Tari.t, 28204 eT •• after tho applioaUo. of tho 

hip_t do •• of 40,000 r. 

az..PrJ (1956b aDd 19560) reooned a wide r&DP of 

T&r1&Uo. i .... 01 Un t7 to I-radiatio. of foar )IU' .. t 

.t:ra1 •• alI4 fh. ~br14 ooabi_tio... 'rho •• o.Ol"Y&tio .. 

wer. bued 0. tho data ooUeoted 0. X, .arrtftl, pl&Dt 

'YiPIII' aDd. tla. of flow.rilli. ·.id .... tor tho ..... iaUo. 

of ,_ot7P. with radio .. no1th1t7 O&D lJ. der1'Yed troa Nth 

I-r&7 and .. atro. tr_t •• at. wi til. differ .. t ... otn­

re.poll4iac 1. 41lferlilt ".,. to the two rad1&t1o .. •• 

(ctrOCOrJ, 19560 ) 



1&410 .... Uld'" et ,.... .. W ... _It&'14 ...,. •• 

of a .a.ql. en •• hu \00II nu41.4 1& papUaU ... "Uh 

Iloa&' "d .. , .... coao. bJ ~.IIU .... 04 _a.."v. e •• hat 

a'boTe "hr .. ho14 1wela Dow. ~ H ... oolato4 "Uh .w ... 

•• e41lDl 4-.g.. ft .... ta41 ....... 104 • ..,. .t1 11.(1910) 

to eoaolad. "bat par.hal -u,o. " •• 1D ... ual _1'. 

raUo "D.1U.,. ~D .1~r of r .. lprooa1 " _brl48. 

SllD1floaa" 41ft •• ao.. betw ... Y&rl.tl.. 1. tholr 

,_.1010pO&1 .... Ul ... 1t' to allQ'laUDI agen •• llOh .. 

DIS aa4 :IllS ba .... H •• ' .... trato4 .. ~.qo4 b, neil' 

... 
I 

,.ra1DatloD rat. aa4 •• edl1Dg h.Llbt (A.hr1 aDd B .. OI.1972). 

!h.., toaM that lD 'both r .. htaat aDd ._.ltl .... "'arltrt1 •• 

014 ••• ed. ".1'. _I'. aa ••• pt1bl. W 1D~1U'J thaa fr.ahl7 

har'f' .. ted a.Mla aa4 pr.aoak1q lD 40101l1s04 va". laor .. o4 

th ..... lthU' ot tho aoo4a "0 DIS bat D.t to lIIS. 

ft •• ar. aworal oth.r repone 011 the 41.tt.oao.. 1D "" 

.... ltl ... lt' to ra41aUo. or ehoa1oal •• tac ... botw ... 

oalUYUO 01' 11 ... 1D creaM.at (Blel'7 .!1 !!., 1970, 

1.wy aDd Aohrl,19T:5. Aohrl aDd 1."1,19741 Ln7 .!1 11. ,1979). 

fI1'.COJ:'1 (1961) eoDOl.401l VIa" tll. •• 1. 1' .... to 

lieU .... *,t 4 .. pi'" _. 41ft ..... frett •• aol •• of a1II11v 

__ tl0 •• obtai.oIl wUh 41tt.itIIt _t.,.... tho ohlet 

UaiUq faa. s.a __ U •• pZ'04aoU ..... atan r ...... _, 

10 ... ~. ,oale .. anl'atle. 01 tho ap.la_W 0qaa1aa ... 

_" .. he tne ot ........ 04. 



1'&I'1.ta1 diff ..... 111 n.,. ... t. _ .... 01110 

v ..... ", for ..... ti •• 71014 .. be .. report .. (UJuol 

.. 4 8014111, 196'1 AftOuJ. .. 4 ...... au,1968). 

1111117 (1972) 10l1li4 that ~v14. w ... "1'. radl0 

r .. l.ta.t ,baa par .. t. ..4 Tian. _taUo. tr .... 1101 ... 

"1'. wUh ... a1U".. , .. 0'1110 •• 

OhloroPh{ll _tatl0 •• 

IIItOr8at10D on 1n4ue84 ohloropbTll .utatlol1 1. 

1I'0000nt 18 .0&11'0. PaUl aad lora (196,) 4 .. 01'1"'ed the 

ori,1n of one ~ and on. Tir .. op' _taIIt aft .. 

irradiation. !ho .8II' .. at10. ratio of the ".1r .. e8Jlt "P •• 

va. not olear. It raII,ed tro. 1., .. 4 15., 1JI41eat1JlC tba, 

tho 4 .... 010,..lIt ot ohloroplqll 1. po ..... ut wa. ,. •• nl, 

oOlltrolled b1 raore thaa ••• , ... lOG... ShehOrl aa4 A.8hr1 

(1970) ban 1'.ported tbat xa .... lllata (ZIl) .. " ".1 ...... 

(".1')" w •• 1I01IO, .. 1e 1'80 ••• 1".... !h •• peov_ .t ohloroplqll 

.atatlol1 'ba. appeared to .... aarrow. 

Mu!.Uoll ph 

ft. rah. ot 111411084 _tatioll. tollowiJtc X-irradiaUOI 

w •• pr ... ated b1 Cl1''''1'1 (1957) 111 the follow1., ..,. 

1170 ~ plut • • t 1949 p".. 1'1 •• 111 1950 ,. 84213 12 plaII! •• 

uo., th.... til.. w... 11,502 ".1a11al.f aU.... plut. (14") 



ft. 112 ohlol'OJlhTU __ 1:10. tr~ .... , .. to ... 

w )e .u1.ua at 12 )lou. of P1'eeoakiJII wUh foU' ..... 

of oh_oal tr_1:JleDt. ft. 40 ... of :!SO kn4 of ..-

1na41&Uo. all4 40 .. of .us ueallleat wer. l'eponell u 

optiMa OD th. 'bu1& of un_ ohl.I'OpbJ'U __ ti •• 

fr~u8DC7 (SlTuabr ... ll1aD, 1918). 

ID the ooar .. of taU .taU.. of X-lna41aUoD 

treataeat with 18,500 r, Baaou (195' a, b) foUd a 

'oap' all1:aDt. It 18 oharaotvl.eIl b, a ooapla: ot 

aor,holoc1oal teatllr .... crlbe4 to p1.10troP7 .Iloh a. 

ll1Tolut. leatlet. 1. th. ton ot a 'OIlP' aDd ... 11, '1'01t • 

• Ilooul •• t .10 ... 'Clip'. ell 18 a aiap1. aoao,pic roo ••• iT •• 

Ilatut ph .. ot,., ••• howell rooo .. ll11b1. ~ .. of lIIt ... U7 • 

• ttribllted to th. iDteraotioll ot the 'oha .. eIl' , •• u4 

th. ao41!J1DI ettoot. ot the al tved ,uot7Pio bacltsrolUlll 

111 which it ..... aprea.ed. 

Grqol'7 (1968) 14eDt1tled "".Dt7 toar ola •• as of 

aorpbo10gloal 4..,.iuto. lJI a441U •• to tu OOOIlft'PO •• f 

th ..... ~or olu. chlu'act81'll iDUTUuall7, thoro &lao 

a"oarell ooouaioaal "301' olu. OOQ1-.Uo •• at TIlrio .. 

crad... Wl 'hiD • Ii TeD p1ut, two V _1'0 ohanotva 

III 

T&l'le1l iDtopoaclOlltlJ ill ~o, ooabillaU ..... 11&117 iDWlY1.llc 

two .. ~r olue olilluaotU'll Ht ooouio-.u, thHo 01' tou 

WU'll 4_1 .... 'eIl u 'paolt'. 'llc' aM ,)lot .. '. 



1. 

'fu1allu atf .. Uq ~., «.., u.aaotu of n. 
plan .a01l. .. :pl.aJR 1I.e1pt. lInacll1ac _bit. IM.f ohaftot .. , 

ohlozoe~ll ,«elo,_.t aJIII floral :pan. !laT. be .. r.pone« 

(hUl, 1966). IJrr.UpUo_ Of l.allri &lid Gol41. (1",) 

r.nale4 ,11.. 0001l1'l'''0. of 4.nut. to poowth )aabit atf .. U .. 

110" tUD on. oharacter thl'oUCh DIS tr .. 1:II.Dt. Jlatatio .. 

1II"lTl .. 2 or , character. at a t1Jle were lDt.rpr.te4 .. 

pl.lotl'Opio utaDt. with .rll4l'oae aff .. t. 

IIIhe1'1.tallOe of _crolllltaDt. )aay. be •• reporte4. 

!he DOl'OalltaDt. 'fiop'. 'Clip'. '11.' were .1aplr lnher1 ted 

and that thl laherl tance of the autantl 'hed.ra' aDd 

'corduror' were dete1'll1Dld br duplicate reee •• 1TI gene. 

(JIlIIIer,y .!1 !l., 1964). 'fh18 wal further t.ted bf r.o •• oh 

and BauoDa (1968) bf dlallel el'Ol". betwe .. the latter 

two alltaDt. &lid thl'OUCh 01'1 tioal teat. 1. !'2 aDd conflne4 

the , •• tio ooDtl'Ol. Shohon IUId ularl (1970) folUld that 

fln Ollt of e1Pt .. oroaataDt. d_1Te4 froa DlII 111herltlKl 

IIOlIo,.D1oall7 wUh aatallt allelea b.l .. fall1 r ..... h ... 

alaowll bf .zoeaa. bet;wou the alltaJlta wlth the or1I1J1al 

ftri.tr· 

AahZ'l (19 •. ) repol'ted the 1aolaUoll of a ater1le 

eachf1;le dwarf 111 Il'OlUldDllt atter 41ot1l,:rl •• 1,.100 

u_ta.t whi01l. 4 .... t1'&ted that ut.a1rable r ... al.,.o 

allel .. aeolllllll.ate4 111 a.lf-poUwtilll allph141plo1d a,..l. 



oo~ 4.pUnh 1001 •••• twart. w ... -U .. 

.-• ....-.l., 4o~ l_yoct allll • .s..hrilo. n.ir poc..,. 
pro4 .. oct _hr .. vpo. of ,laa~. (1) .. Nal wh10tl pro4 ... 

aonal. (ll) onr_ol7 roct .. oct wUoh prot .. oct .~ml .. aD4 

(111) ~ lBtuso41ate oa_ *-t ru_'bloct th. 111 plut., 

IIOZ'.al aIId. ."mlo. !hr •• twart _ ..... lac .... ., .. 
1JI po .... n w ... roportoct _0 'b. _ ... 010 ....... lY_ 

(Shohorl aD4 Aaarl, 1910). 

w .. oct pl,a .. a •• taUo .. aft .. UDC ~b M'bl' 

ot ,ouata MY. 'be .. roporh4 (lift7 aJI4 .uhr1, 1911) • 

• ".a10 tr __ en. of tho traiU .. liD. ta (f4) .... aU .. 

1JI 1.0laUOD of 1,5 .... , _.n. fro ...... 1804 liz 
taall1_. lollrto. of th_ 'b_Yed. u pla ... utauo •• 

(1 latao" 'b7 .... 1'&7., 6 'b7 lIIIS uc1 0 .. 'b7 aorltla'Y1ae). 

thO)" ha'YO al.o reponed. th. oooarr .. o. of 32 uail1ac 

•• taD,. roooy .. ed. fro ,.,95 liz faall1 •• toUowi .. tr .. __ 

of .~aral .... , 11 •••• 

th. aap1 '1140 of -.via'b1U '7 r.l ..... ~qJl .au 
.haDe- 1D4IIo .. 'b7 X .. irl'aUaUo. .. 'b ... well ........ " .. 

(III'''~, 1955). S. o1u.lf1.4 X, pl ..... 1ato t • .,..0.,. 

... Il u .-en17 ...... lY ... oo41iJtp (.I.) ... JIN'a1 .oo411ap 

(I) wIlll ...... "1 .ao411ap w .... aaotat .. (0), .I. ... 1 

s-lau _'YO 11 Y" 1'1 •• -- Xz at X, )tI'Opal .. ooatai __ 



111 th. 'OQ' ana" U'O •• boa th ... Uoa ot ... ...uOU. 

M4U1.. 1II'ou1fJ1II& .1' 1'.4110111& til. eQr.u1OJl of "'l • 
.. 10 ••• '011'. S1Jlo. th. 'OIlP' ..... , ....... 111 

Utt .... t ~ p1ad. tIao7 w ........... to r.proaoft 

Ufto:ret allo1 ... 1' &110110 117."... A 0U'ta1. proot of 

th.u bnIOth •• 1 ..... attor40' 'bJ th. Pleaot:nl. rw.a1o • 

... 1 ... eQr ... 1TUi7 of Doth .. r ..... 1T ..... ·hed .. • 

whloll ,.. re1rzoe41&ted. 

l'iT ... tan •••• (011,. flop, 11 •• h .... ad 

00"'Il:1'07) w ... h.t", b,. .r.o .. o1l (1961 ad 1964) 18 .1I01a & 

'W&J' that .. tan I'z plaDt. w.... onnot04 hoa D U'ftJ of 

a.tot :I .. taDt taa1U ....... taD, xoo.':1'0l taail1 ..... 

'Ia.,. w ... th •• 00.,...... ill tho 1', ....... 1;10D .bovill. th.r.1tT 

tlaat baokpooU4 ott .. t. w .... oparable fna t1a. _~or anut 

100... SlIp:POn 10 thor.),. pT. to tho poalUOD tlaat br.04l1 

Pl'OP''' • ..,. be .. h1w04 thrOllp th .... of 1a4Ito04 a.'&tlo .. 

IaaTiq .all ott .. t., W.D vitia tIa. baokpolUlCl ... ool&hlt 

vith 401.tor1ou .. tot. (r.. .. oh. 1964). ...., J1 11. (1964, 

OOJIolll4 .. ~, til •• a. ot •• bl. bat ... t .. baoq:roud. i. 

roooab1aaU ...... UnraU,. ,. 'h, ......... l1ait" ooU_ 

ot .o1t-JOlliaa'" TUi.t1... 1Il10:11 J1 11.(1965) oQU'&'" 
tho a.ln_oo _rk.... troa tho __ pout 111 , ... 1;10.. fhl 

1', tU111 .. U.J1aTiq r .. oooiT. ark .... w ....... r .... .. 

,.... 1l7bri. ,.,.1aUou ... til. ott .. , ot lIutpo_ .... IIN 

..... th ... Jal appe:r1q 1'1 taa1U .. 111 •• 1'4 ••• ",,10 •• 

l1pU1ean ftI'leIlo_ .... aott .... 



.. _ ._ .... , .. lIao ..... It.nOtb_ •• _ .. etu •• 

• ...,..aU ••• ~ a ely ...... , U4 .. U'I:'&7 .f .'bv X-ft7 

la .............. boa _ ..... a ........ l1J1o .. aU M 

IIEPOO'''' ,. 41ff .. a. a fll8OU ••• f 1Ib. "ll'eca'1JtI C."1IJ'po 

lIaOkgroua. of _ •• 1Ih .. an .. , •• 

1 

ADo1lll.ar o1p1:t1oan ... 'rilllld.D for 1Ibo lUIa.n1laD4iJ1c 

of aloro_taUo. wu proY1a ... 1», Grtt&01:J (19'5). Be 

poa'lIla'''' 'a' .. 1Ib ..... 1 'aa. of pbODOVJl10 .ff .. , of 

.ataUo. 400r ...... 1Il1.o trOCla .. 07 .f _1I&B1I ,laD,. l8Or ..... 

~ •• JR1all7. 8IIiall 1JI4ao'" 0 ..... 'baYO hip .. lIro_bil1v 

of off .. ,iJIc aD iIlprOY .... , 1Ibu larc .. oblaq... B. ro1&11" 

'b. pro_bllU, of 1IlproY ... , 110 J'i.bor'. "']I1I&Uo •• )Ib .... 

Nata1l10n a' Uttar ... t 1001 affootiDe tho .... ooapl.z 

uai' bay. th. off .. , of onr •• lJ ..u _pU.h of obaq. 

a' .... eral 1001 ..uoh bay. al ... t OClual obuo .. of iIqIl'OY1J1C 

or won .. l. a4apta,loJl. It 1a]I11 •• that if a 0 .... 1B 

:pIl ... wo 10 lorl. it 10 T01:T l1kol7 110 11. lIoth rare u4 

utaTOuUl •• wbor .. if l' 10 "'e1'7 ...u l' .111 !laT. 

approziaahlJ 50 JIU' o .. t pro_b1l1v of lIeiJa, faToualllo 

U4 .111 oeClIZ' with a frOCllle"7 ooZTo1atocl with 1110 41aiB1.hiJll 

01... Grqo1:J'. preof of 1Il1.1o It,Jpotb_1. (1968) with •• ppertll 

uta _ta1tlio'" U. 1a]IortaDO. 1B plan iaproT_on. 'bro. 
a""')III"1& .... tua of .01001110 •• 

_ .. 1:7 (1"') 0_1 .... t1la' U.V1b1ltiOJl of -. 

oft .. t. ot II1U'OaR1IaUo. i .... tta .... with off ... of 



aueIIftaU ......... II1Iut -1IIltuJ al., •• eft l' 1 • 

.. uln. w .:, ~, auo.a.Uo. 11_ 0.0 ••• 14. aH 

1I181'O ... tlo. o. tJa. otJaol'. 

IDY_'1CatloDi r.1&tl.. ~ •• 1IOt10D pzooedarea 

tor iaprcw .. at of 10_01110 attr1lMlt .. are two th. efflOt 

ot a .eleoUOD pzooedll1'O lDYo1T111C tea h1cIlo.t aDIl 110. 

low •• ' 71.14lac pro.eat •• O. the X, aad %. 71.14 .... toUDd 

~ r ... lt 1D lack of aip1tloaat dlttereDo. "'111 the Jalak 

IN.'' (Grepl'7. 1955). th. 1 .. IN"" w.r. l.aterlor ~ 

irn41ded hiP, H •• how ... er. tollD4 .. t .... ot the u. •• 

11 

• ellOted 1D ~. ~ were OIIpol'101' to tho orla1J1al 11 ••• 

hl'tller uperia.,. r ... -.le4 tM' 10 p.r 0 •• ' ot tbe TilOro. 

100killS 11... po •• _.ed d ..... 'nlll. .ltpQ'lol'1 t7 1D 7101.4 

coapared to 008tl'01 (Ch'OPI'7. 1957). 

"!aU0. _u_ 
GrCOI'7'. pl0 •• erll1C work OD lD4.oed •• w.tlo .. 1. 

11 .... ' 'baa led to tJa .... o_.tul 1'01. .... ot a ."taD, ft.I'1etl 

10-4 x. the ao.' w14alJ cll1U ... ted pe&IUlt ftl'1.'7. IfO-I 

OOTerillS 15 POI' c.at ot .... at &01'". ot .. rth OUOU ... IIa4 

.... oot't e·oII1Jtp. It .... 01.0ped .. 1'10. ]104 orack. l1114er 

.utaiD 0011 ooDIU. tio .. wlth ....... oat .t.eoloeiaa 01' 4~ 

ot 'lao 1I:eraela .. ,"aDd _two Ih10 ·11: .... 1 ....... 

buU .. U7 1OWU'04 De tuli t7 U4 .ark. prio. of 1:Ja. 01'0]1. 

a ... taat ftri8,J JrO..4 lE I'el..... 1a "" Jau oavle14ed .... 



.. ~e eVa1a 11_14 .. haYUtc "'-ioke haU Ul4 pH 

"ul1t7 witb 1' .. 18tuo • ., pH Ol'llOU ('-"'l'7. 1960) • 

...... 1', (1956b) 1'01IOn" u lear_." rui ..... 

., •• aoD ... poo1t10 ~ .. 80101'0». nlh11. Cooper 

&Il4 ... l'7 (1960) 4.1:o0'h4 70 .lItu"O &oro or bo. 

r .. 1 ..... t. 0V00'Pop 111 a total of 84.21, Xz phDU. 

1 •••• a ratio of aboat 111300. !hh ratio tb.1I 4001' ... 04 

b, 'h. ollboO'lIlODt t .. tiD, IIpto X, COIl.ratioD. wl n 21 

•• tut. Dowl., .1I.taillc r .. l.taao •• 1 •••• a ratio of 

1'4000. B11qll".at!!. (1965) r.portoc! Datut. wln 

11101' ... 04 011 OODt .. , ruc1JIC froD 45.J to 5,., per Ont. 

PatH aD4 !hakar. (1969) toud that thr ••• nut. 
(1;-1. -" ud -6) ha4 a potOllUal of n.r 19 p.r O.lIt 

1Dcr .... pod ,1.14. !be II •• of oro •• br.1I41JIC _III 

_tallt. waa 4_oa.tl'at .. b7 PatH (1973a). 

SeYOIl bllaoh .pe .. ieouo •• (''''1 to "-13) 4OY.lope 

b, oro •• 1q two 1114l1oeel Dlltu'. -t.arc. pod- (1;.,) :It 

-'ir .. o.n- froD ·Spall1.b Iapl'CYeel 'ari.,,' .how" 2-4 

per 0.' 1I1Or ... eel oil OOlltnt OYA" 'Spoa1.h IIIps'oYe4'. 

PaUl aD4 .1111 (19'78) _TO 1.ola"eel 'IL1?' troD & oro •• 

It ..... two I'&41&Uo. 1114.oeel .. taDu, tlL1' .. 4 t:Daft:_ 

...... ' V1l1oh 1a .hOn 1. ..tu. witb boW k .... el. &Il4 )l.3,1Il 

po4aoUTl V. 



!'!!em"r MII091.UOB 

Illfor_UoII o. the effect. of autageDie tr .. taeat. oa 

obaraoter ••• 001.t1011 1. grouJldlIut 11 a .. gre. llteratio. of 

cbaracter a •• oc1atioll in the populatio. derived froa gaaaa 

irradiatiQA of grOWldnl1t has been reported (sathiaDlOorthT 

.!! !!. •• 1978). Their .tl1d,y r..,ealed that plant he1cht wu 

po.l tlv.11' ... 001lted with yield at 30 krad !JId .egative}.l 

.t 40 krad while there was .0 oorrelation in the oo.trol 

populatl0.. A. against the po.i 101 ve a •• ool.tio. betweeD 

pr1a8.1'J' brallOhe. with lieU ill the ooatEDl popu.latiOJl,llepU, 

relatioa.h1p _. oHern4 at 30 kr.d while there _. DO 

ooreelaU, •• t 20 krad ud 40 krad tr ... ellt.. The po.lti.,.e 

•• Iool.tioa betweeD pod Duaber ud li_14 obearved i. the 

coat£Ol population r .. ined unaltered In the tr .. ted populatJ 

The forecolag r..,lew thu oOYered the d1f!erut '.paot 

of induced autatiODl in grouadnut. !hi. 1. perhapa o.e crop, 

other thaD oer_l.. ill which detailed iDveetigatioBe 011 indue 

autatioDl baTe 'bee. ,tt_pted. Yet the achie,,_ent. are liaS 

lafor_tioB. OB the effect. of oheaio.1 autageal aDd ooabiJl!t 

of PhTl1cal aDd ohaio.1 autagen. on ecODOaiO character. are 

rare. !hl. po1Dt. to the .eed for criUcal ..,a1_ti •• of th. 

effect. of .ot oDlJ the phT.loal aDd ohea1cal autagea. but al 

their ooabiB.tio. oa the Dature aad extent of i_uoecl variabJ 

aad for 1.01.\10. of a.taate of ."aoaio iaportallOe. 



crnaterialt. altd crYlethodt. 



two iapro .... 4 oalU"f1U'8 of polUl4lll1". UY 9 IUlCl .lh 191' 

we. 0110 ••• tor "h •• "1147. DeU.11. of the Tui.U .. u. 

tar.i.hell ill fable 1. 

tA1L1 11 :tedier" u4 oharao"e18Uo. ot "h'TU'hU •• 

YuhU •• 

lartioalua ------------------------------------
_________________________ t!!_i ____________________ !h __ 1l!!___ 

'edier" Bybri44 .. iftUn Bybr1d 4 .. iftUT4 
o! A.ll 3490 of A.ll 4218 
(1!'o.1.-3) x (1l1l41,." .... ) :If 
Ah 477 (Bu81) .lh 477 (Bu.i) 

Charaot er!atio. 

Habit BIlDOh BIlJloh 

Du1'atiOD (4a,..) 105 110 

t .. ta ooloa.r Ro •• Ro •• 

KutY'II.1 au. ra:r •• ~l .,thaIl •• lIlpho_h (_) 

alld th.ir oo.lti_tiOD. w!%', _plo,.ed for ..... tr .. _.t. 

th.ir .01lZ'O'. 40.i.etJ:)' /halt. lit' ud ud. of actioll ar, 

CiTeD 1a falll. 2. 

tallh 2. Ku .... &Caro, alld acUo. 

____ !-;o;!!!I!! __________ !!!!O..!_ ______ !!O-!~~1!..!! 

1 ...... ra.,. 0060".... •• U 3175 ra.d./ai .. h 
(1000 oarie) a' 
faTl.Cola."or. 



In 

A. hal11 •• 0. IUIliaaUoa, .1II'T1Tal aa4 •• e4l1!l h.lt!lt 

l!.!It .eIl_UO! 

two bllD4reel •• eel. r.taia.d 'b7 21/64 iDOh .leYe _n ... 
_i.t .. _ oo.t_1: of 5.5 p .. oet " .. _ v_tH i! ~ll d ••• 

.. detailo4 ia 'an. ,. 

!larUc.lan Ph7eicall 
0... l'IIT. 
(kra4) 

OIl..toal. .. Oo.1JiaaUoD* 
<III) cae- l'IIT + -

(1aa4 + aJI) 
----------------------------------------------_.--_._--_. ____ ------------
·!r .. 1: ... 1: (4 ••• / 
cODO_vaUoD) 

CoD'l:rol 

Dllra'l:io. of 
1:r .. 'I:a_at (hou.) 

20.30 aDd 
40 

Dr7 •• H. 

Dr7 .. 04. 

!r!!t ... 1: gODdi1:io •• 

i) pH 

11) '.pera-Clll'e 24 
·0 

i11) .. la1:h. 75 
luua141\7 

h.t wulli!a 

40,60 ... 80, 
.olIlUolV' •• eel 
TOl .... raUo ,.1 
P:reaoak04 i! 
4010D1 .. , 
va"" tor 
12 Hill'. 

SOakeel • H4. 

hill' ("Uh 
1I1hl'll1 ttu" 
.nti,,) 

7.5 

24 

20 kra4 + 40 II!! 

Dr7 •• eel. " ... 
1rra41a"eel toUo ..... 
ect 'b7 preaoakiJIC 
.. 1.oheaioal 
1:1''''l:a0D'l:. 
In'1 •• H. 

10.. (wUb 1.hr­
ai-C"aD'l: •• ts.aa) 

7.5 

24 

I. ftlUli!c _p vat .. tor 1 lloIll' 

-------_.---------------------......... ----. __ ......... --.---------_ .. __ ..... -----
• tll. i_or to •• ot p ... 1rraUatioa .. 4 lIIS ooDO.atraU ... " ... 

ou ... tor 'th ...... 1uUO. v ......... to l'ect1Io. 'th.1t1.locioal 
4aace .. lit 1lUY1ft1 wu 1'04 .. 04 _1'0 tJIaD .. "U1Tel7 wi .. 
larl.4 ••• • t .. ., .. were ... ~ect (:o.U .. 4 lUUa .. ,1~). 

~. 
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It .... UOII ft ........ 1t~ .. t .. to alql. u4 

eo.lI1_Uo. v __ •• t. wu. i_o41at.17 .owa 18 tho ti.1C 

aloDC win tho eolltrol. ill all4oaia .. \look Coalp with 

tin r.pl1oaUo •• i. IIaroh 1975. two rewa of , • 1.DCth 

.pac" 30 .. apan OO •• Utllt .. th. ,lot .i... ", .. t7 ..... 

were 41bbl .. POI' row l ... ..,illC a .paciDC of 15 o. botw ••• 

..... 111 th. row. no tollowiDC o •• rTaUo_ were rooori .. 

18 tho .0e4l1DC .ta,o. 

Ge1"ll1J11lUoa 

SUrTi .... l 

S.edliDC he1Cht 

So .. l1ag. _., .. 11"0 15th 4&7 aftu 

.owia, woro OOUllt.. ud _pr ....... 

p.ro.at&!. of total •• ed •• OWD. 

Soedl111". .UrTiTed Oil the 30th 4&7 

af1;.r .0vlDC ver. oOIl.1;ed ue! expr ..... 

a. p.ro.aup oa total ...... OWJI. 

I JI_.lIl'ed ill oa OD 30th 4&7 after eovi .. 

fro. the oollar to the Up of the aai • 

• t .. for t.a ,laDt. oho ... at raD4oa/ 

repl1oaUoa/tr_'-ODt oC the ... 

h.1Chto reooN". 

:I. §ta41 .. 0' ",aliuH..., .utaHoa 

.. "amUo., S •• d. harT .. teC tro. fUt7 raacloal7 

.. l.t.d ~ pla.t. i. aoh tr_,-.t wu. adTallOed to rai •• 

liz , .. araUo. 111 April 1916 18 rall4oai ... "loeb with thr .. 

r.,lloaUo... Oo:atrol liD •• war. ra1a .. troa ...... lJUiD .. 

fro. ftII4011l.7 ob .... ,laDt. 1. tho pareDt ftri.U... !h. 



popala~ioD n1 ... all4.r Tarioa. v ___ ~. are )Il' .... ~ .. 1a 

!a'ble 6. 

i) ChlorophYll _tatioDeI fIl • .., plaDt proC_b. i. 

~ l.coatioD w.r. a&II1D.d apto 15th 4aJ afiar C.siaatio. for 

chloropbTll lIutatioD. !he autatioD freta.DeY ..... tt.ated 

aDd ezpr .... d a. p.rc.Dtag. OD ~ plaat ba.i. (Gaul, 1957). fh. 

auuDt aDd Dormal uedl1.ng. w.re COaDted •• parat.ly .., detarai •• 

the .eer.gatioD ratio. i •••• perctll1;&g. of autaDt. to total 

prol.Di... The chloropbTll lIutatioD. war. cla •• iUed aooor41DC 

to the ..,.t .. propo.ed by Gu.tat •• oD (1940) and Blixt (1961). 

8y •• rei" was oalculated by the foraala (a)+(b).~ - (a+b), 

whar. 'a' aDd 'b' are the two ~r ___ t. aDd 'k' i. the 

i.taraoUOD coettioitPIt. !he nl.u. ot 'k' .hould b. OD., 

it the llftaractioD 18 add1tiT.. DeTiatioD fr_ this Talue 

~owarda poaltiTe or DegatlTe direotioD woald .how .7De=l1.~io 

or le •• thaD additin ettect (8hBsa &Dd Bwaai .. thaD, 1969). 

11) Viable autationa: The ~ plants ware ob.arnd 

pariodioally upto aaturity for T1abl. anation. aDd aorphologiO&] 

4 .... iaDt. i4 .. Ufied were labelled aDd harT •• ted •• parat.ly. 

Via)l. autaUOD frequeDcy waa .. tt.ated OD the 'bad. of 100 

~ pluta. !'ro.eDi .. of. the T1a'ble autaDt. were rai.ed iD II, 
.eDeration 1. DOD replioated row. aloD, with the par .. tal 

Tarieti... ObIIarTatiODI on qUaDtitaUT. obaraotar. were 

..... ord84 011 want, pl .. ta ohoa.n at rand.a as detail •• 1Jt ta. 

~ .... ratioD. 
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o. Studi •• on quantitati ..... utationa 

i) !!e sen.rationa Ob •• nation. on .le .... n quallt1t&ti .... 

charact.rs d.taU.d below w.r. recorded on ti .... plant. cbD •• 

at rando. in eacb replioation. 

1. H.1ght of ma1n ete.a H.isht va. mea.ured in oa. 

tro. the collar reg10n to the tip at the .. in .t ... 

2. L.neth of priury braucha It was measured from the 

point ot attaoha.t of th. branch at the _in at .. to the tip 

of the pr1.ary branch. 

3. Nllmber of branch.aa Th1e 1nclllded the number ot 

pr1l1ary and .econdary branches in a plant. 

4. lulllber of !lowera/plantt Dail1 !lower produotion waa 

recorded from the 5th to 10th weelt arter .000ng and the total 

number of !lowers produced durine the per1oe! a ••••• ed. 

5. NUlllbat' ot mature pod./planta Onl,. _ture pod. were 

counted and recorded diacarding t.ature pod •• 

6. lumber of Iternela/plant I !he pod. were thoZ'OlIIhl,. 

1l11n-dried and shelling of the pode was done. The number o~ 

kernels obtained by eh.lliDg the pode of _oh plallt va. recorded. 

7. Pod yield/planta Th. pod w.ight in Ir&Il of iD41T14ual 

plant was recorded betore ahell1n«. 

8. J;erllel ;yield/pluta The IterD.l w.ight ill Ir&Il after 

.h.llinc was record.d. 

9. 100-,04 w.ight I 'fMe was Oalolllated tro. the weight 

aad Duab.r ot pod. ot iadi vidual plallt. and apr .... 4 1JI put. 
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10. HXHterra.l w.iptl .,.. the w.iCht &114 aa.HI" of 

kerrae1. of ill4iy14uJ. plaJlt •• thi ..... GalOlllated aD' .pr ..... 

la poaa. 

11. Sh.llilll per cellt I !he P1"Oponl0. of ken.l to pot 

b7 w.ipt apr .... d a. p.r 0.1110 va. I"Hol'd.d u .ll.llilll 

per oat. 

Pheaot7pio fl"eqlleD07 diltribatiolll for foar iaportaDt 

oharaot.n. -.el7. naber of _tar. pod., po4 7i.14, 

10o-lt.rll.l weight &lid .bellilll per cat are pr •• ated 1a 

craphli baled 011 the ob"!'YI.tiolle of :560 plallt. 1D IUh 

11. !, ,.uratioll! Se84. obta11l.4 tr .. 24 1101'11&1 

plallt. ohol. trOll 24 tall111 •• coataiaiD, aot 1 ••• thaD 60 

..... p.r plant 111 eaoh "treat •• Ilt 111 the "z ,.lleratloD wer. 

adTaaold to rail. prog.aiel in tb. ~ ,.aenUoa. Sia1lar 

I.l.etioa ot plaDtl val .. d. ia the pareat Tarl.ti •• to rai •• 

eoatrol 11ae.. !h •• perla.at .... raillCl 1. April 1977 1D 

raDdoa1.1Cl 'Dloolit h.lp with thr .. 1".p1.ioat1ou. n. popula­

tio. railld 1D ~ ,a.raUoa lUl4er Tarloa 1or ..... t. 1D the 

two var1eU.I eo_i_ed of 17,280 plut.. file prot_i. of 

\'1able l1li\&1110. rai.ed .eparatu.7 1D ... -rep11o.t •• ....,. iDold .. 

665 plUt.. Oll •• mUou OD ellYn quaMitatiT. ohal"aOten 

w ... reool'414 .. 1D ~ ,.a.raUon. Pb ... t7P1e treqllcc7 41drl­

'blltiOU for oharaoten ..... t1o.Id i. ~ ' .... tie. are 

pr .. nt .. 1. craPIUl. 



D. 'ftIl.9aS10P of prodgqUy. 19tU' 11Ra 

JQrty plant. which recorded higher yield in Hz tha~ 
that at oontrol were lIelacted tor turther atud.1. The progeDi_ 

were raised in "' in row. at 3 l!I length IlpaCed 30 cm betweeD 

rows and 15 011 between plants in the row in randomised block. 

replicated four times along with parental varieties. fen 

plants w~re cbosen at random in each proge~ per replicatlon 

tor yl814 aBsessment. 

~ seneration: Twenty one plante tram tln 11l1e. whioh 

showed posltive yield pertormanoe in ., were ohoaen at random 

and the progenies were raised in April, 1976 in '\ along with 

the oontrols in three replioationa. Th. row length, spacing 

and randall .&llpl .. tor yield a ....... nt were .illl1lar to that 

at ., generation. 

E. stati.tioal analyae. 

The data on .ean values in respect at quantitative 

oharaoters in "", ~ and '" generations w.re analysed lltatis­

ti08lly uei!lg the standard prooedur.s. Pereentagea were 

transtoraed to allgular soale and the trallstoraed valu .. are 

given in the text and table. while ln text tlgures actllal 

percentag •• are InUoated. The ditt.rent qll&ntltatlve 

oharaoters were co.,ared with oontrel by 't' teet aDd the 

variance by the 'r' 1; .. 10. 

h'o. 'th. 1;01;&1 Tarianoe 1n 1;he "2 aDd '" ,en.ratio., 

the •• U_t .. of c.not)'plc var1anoe and her1tab1l1t)' were 
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oalolll.ahd tollowiDl the •• thod of Brook aDd Latter (1961). 

!he ntl_te4 CeDeUc adyance UDder .. lectlon WILlI baae4 OD 

the toraal.e eusc.eted by Loeh (1949) aad JohDocn!! !l.,(1965). 

!he ,en etl0 paraaetera were calcaated a. detailed 

below I 

Genotypl0 Yariance 
(0.') 

Genotyplc ooettlol.at 
of yarlabillty (GeV) 

l£21!!!!!_~=-!r:£!£_!~ 
r 

where M.S. le .... q_re 
I' le repllcatlon 

_1_!_!Q2 
r 

where g 18 ,enot7Plc etandard 
4..,latlon 

'f 11 the .ean 

-~ 
p 

where I- 1. Slnotyplc varlanol 
p2 1e phenoVP10 yulance 

GeneUc uYaDoe aprHsed I h2 x Ie x P x !g2 
ae per oent 011 ... (CII.) I 

wherl p 18 the phlnoVPlc euJI4uocl 
deviation and Ie h the oonnut 
(2.06 >, the .electlon dUterential 
at 5 per clnt eellction inteDe1ty. 

Correlatlon OOltllolll1to were worked out betweeD yield 

aDd U. ooapon_to aDd alao betweeD palrs of yield ooaponeDte 

in the", .elleraUon to detera1ne the extent to whioh the 

.uugeDie tr_tlleDte had altered the 107,. end otreDlth ot 

olaaraoter " .. olaUo.. !he eOllponento oonelat eel with field 

vere, heicht ot t}Le aaill .t_. loath et pri.aar1 branch, muaHr 

at ltr&JICh., Bolter at flowere and nuber at pede/pluto 
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OD 
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EMS 

II! 
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GV 

(;Of 

h2 

GA. 

Gill 

DB 

SS 

I Or1t10&1 41tt.r.ac. at 5~ 1.,.1 

I Standard eITOr 

I lot aip1t10ut 

I Eth7la.thaa. .a1phoJl&'te 

• Mi1l1aole. 
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I G.aot1P10 00.tt101.Dt ot Yar1 .... 1l1t7 

I Her1tab111t1 apr ... ed .. per o .. t 

I G.aR1c adYaDc. expr •••• d •• per o .. t 
ot _.a 
General .... 

I Dr7 •• ad 

I Soaked •• .ct 





.1. &taU .. OD ,U'IIi .. UOD •• lUTiYal aDd •• e4li-. he1pt iD !!os 

,.DentioD 

!h. ~feot. of aataS.D1o tr .. 'taeDh OD poollDdIlat 

Tarhti ••• !Kf 9 aDd.1h 7911 w.r •• t .. died 1»7 .Qb~"U-, 

th.a to thr •• 408 •• of ..- :NT.. thr •• ooDc_tra'tiou 01 

BKS &D4 a coabiDatioD tr .. taeat of 20 krad of ,.... raJ. 

pl .. 8 40 II! of lIII8. Th. data colleoted on 'thr •• ~ Udic •• 

... 17. ,.rai_tioD •• a:rTiTal nd •• edl1D1 he1p't ar. 

pr ••• Dted iD !abl •• 4 and 5. 

1. Gerai_UOD 

a.a.a irradiation r •• ulted in redacticn in g.raiD&tion 

in 'th. Tar1eU.. ooapared 'to tIlat of oODtrol (!abl. 4 nd 

.li,.1 ). ID!KY 9, the ,.raiD&Uon p.r C.Dt va. reduc.4 'to 

62.12 at 20 krad. 59.40 at 30 k:rad ud 55.10 at 40 kra4 

ooapared to 73.10 iD til. oODtrol. ID.1h 7911. tIl.r. va. a 

reductioD iD ,eraiD&tiOD per 0_ froa 76.44 iD tile oODtrol 

to 60.57 at 20 kra4. 57.16 at 30 k:rad nd 53.79 at 40 k:rad. 

Deer ••• 1D ,.rai_UOD va. ob.ern4 a. th. 40 ... iDOr"ed. 

RedUCtioD 1D IU'IIiD&tiOD va. obaerTed at aoh oODoutra­

tiOD of 1118 trNta .. t ooapared to oontrol 1D th. n.r1.ti ••• 

lD 'fMY 9. th. ,.:ra1_tiOD per out va. 61.84 at 40 aI. 50.79 

at 60 .. n4 38.58 at 80 II!. ID All 7911, a .1a1la:r treD4 

1D redaoUoD waa ob.erTed. 
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OoIll»lu.tiOD ~r_t.eR .howed a p'_~er redllo~loD 

111 S.-iD&tieD ~haD tha~ of ~h. OO.pC)JUIl~ aiDgle ~r_~.o~ •• 

!here va. a1l11lar rHpolllle to .utasol0 tr __ eDt. IUIODS 

U.e Y&rld1ea. 

2. BurYl val 

Gaaaa lrra41atloD r.aalted 11'.1 redao~loD 11'.1 aarTIY&l 

(tabla 4 ud 11,.2). The lowaat .anlval of 48.25 per out 

11'.1 fJlJ 9 aad 47.,0 per oeDt 1a All 7911 va. recorded at the 

1I&X1II_ do.e of 40 krad. JMS treatileDt •• howed redllotioD 

ill .tlrYlY&l at each oODootratioD oo.parK to tba't of 

oOlltrol. III If. 9, the .arT1Tal .... redlloed tro. 69.5' 

per oat 11'.1 the OORrol to 5,.06 per oeM at 40 II!!, 44.42 

at 60 II! ud ,4.32 at 80 II!. ... .illilar trod was OHarTed 

111 .1h 1911. OOllblu.tiol.l tr_taeR .howed po_ter rKaotioD 

111 .arrlval thaD that of the OOIlPOD_t .ingle tr_tll .. t •• 

,. See4liq heipt 

aa..a irradiatioD .howed redllotloD iD the h.iSht of 

.eedl1q OOlipered to tbat of oolltrol (fable 5), !KY 9 

recorded 4.8 011 at 20 krad, 4.4 011 at 30 krad ud 3.4 011 

at 40 kra4 CO.parK to 5.2 ill the 001.ltro1. ID.1h 7911, 

thare vas reduction froll 6.1 011 ill the oontrol to 5.5 011 

at 20 kra4 ud 4.6 011 at 30 kra4 aDd 3.6 o. at 40 trad • 

.1 81111lar trod 1a rK!IOtioD 1. the helpt of .. e4l1q 

......... arTK i. 1118 tr __ e.te. III fJl'f 9, there,.. redllO­

ti.D tl'Oll 4.9 011 1a the oonrol to 2.2 .11 at the llUiIIa 
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oo .. ennUOII ot 80 II!!. All 7911 recorhd redllOtl0. h'o. 

6.0 011 111 the oonro1 ~o 2.0 011 18 the -.x1_ OOlloeatratioll 

ot 80 II!!. He1Ih~ ot the .. 0411111 111 the oo.bl_ttoll 

tr .. tlle.~ wa. lnHlled1a~e betweeD tha~ 01 the o_po.eJI~ 

.iDl1e ~r .. tlle~. 1D '.rM'f 9. ID Ah 7911, the Talue _. 

lower thaD that of the .1DCle tr"~"Dt •• 

Obaorratio ... wero recOrdod 011 the tretlleDol aJlll 

.peotraa of ohlol'OPh711 aDd nable utaUoD.. ObeonotloD. 

OD the treqUeD01 01 their oooarr_oe were e.tlaated a. 

percellta,e on "a plant. aDd the ohallCe. 112 ~h. ~traa du. 

W 41fl.rODt .l1ta,OD10 treat.et. are pr •• ened b.low. 

1. Ohlol'O~ll autat10 •• 

!he IreqaeDCl of ohlorophJll .l1tat10D. expr ••• ed a. 

p.r 001110 OD "2 plaDt. 111 ,MY 9 waD 1.26 lD tho o_bl .. tloD 

treataeat tollowed b7 1 .07 at 30 lI:rod 01 .... 1r:ra4latiOD 

('able 6). A fretaellel 01 0.44 per oet waG ob.e"ed 1ft 

60 II! OODo_traUoD ot lIIIS tr_ta_t. ID.lh 791" a .I1UUOJl 

tret.oD07 ot 1.44 per oet _. bdaceel b7 40 kra4 ot ..-

1r1'acllaUOD followed b7 1 .11 per 0_10 1D the ... lIi_UolI 

tr ___ t aDd 0.85 per oet at 80 II!! oODo_tratioD ot IllS 

tr_tIIoDt. 

n •• P .. trd of ohloropbTll uutio.. oll.erTed wc. 

allll_. alboTlrl41 •• ohlon_. !!!!!!! aJlll "ir141. (!able 7). 
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ne ft1'ieU .. 41ftered ill i:he1r re,po"e 1;0 _"_io 

v ___ t. with rep:rd " .pee,"a of obloropb711 aui:aUoDe. 

While ~ &ad T1:r1di. were aoi: JIOUoed ill the ..... 

irft4iatecl popalatio_ of ~ 9, "h..., ocourred ill All 1911. 

OhloriJla va. a.eM ill tile .illS v .. tec1 poplllaUOIl. of 

All 7911 while 11; appelU-ed wUh a .l'lUlCe of 17.24 to 34.62 

per o_t iD the oorr_po.4iq popalatiollll of fMf 9. fhe 

ooourreaoe of ~..!.a!I. 1D tile JMS tr .. ted popalaUOD. 

of fMf 9 &JIll 1D 40 III oODoe.vaUoD i. An 7911 va. alao 

recorded. eo.bi»&t10D tr_.at r .. uUed ill the p.ro4uotioJl 

of tiTe 'type. of ohlorop'll111 auaUo •• 1D flIT 9 allll four 

t7'" ill An 1911. 

2. Viable autatio •• 

In f!IV 9 •• !reflu_07 of 0.66 per oent Of ."iable 

auallt. Oil ":l pleat •• 11 wu ob •• "ed at DIS 40 II!! 
tr __ eDt (!a'ltl. 8). nere va. reduotioD iD tretlUeJlO7 at 

bJ.cher oODoe.tratio... A ala11ar treDd of re •• l t wu 

ob.e"ed iD Ah 7911. Viable _utaJlta were !Ol1l14 iD ooabi_­

tiOD tr_tunt 0al7 1» DV 9. 

th •• pee,"_ ot Tiabl.e _aUo.. i.oluded Il\ItaUou 

tor Il.ipt (4wart), IZ'OWtil babit (a.-1 ap.rea4iDC .ad 

aprea4iq), leaf ai .. ad a)ape (_11 ,0boT&te aDd .. 4i_" 

ell1pUo-oboTa"a) aha,. ael _i:ure of poel. &JIll ke.raala 

<o,l.1JaU1oal pod. win :5 k ... e1a) .... t ... oolour (bl'OWll, 
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pvpl •• r ... white all(! T&1'i ... ~" h.U) (fable 9). 

wi4 •• pecUowl of Tiable .auUoJl. _. ob.ened a~ 

40 II!! of JiMS ~rea_ ... t ia fill 9. lluutio_ a!feo~1ac 

~ vaU.. Jl&Ilel.7. cronh habit 04 pod .is. were 

obeened a1; 40 II!! aDd oo.biDatioD ~rea~1IIDt ia fll'f 9 

ud 60 II!! ~reataeD1; lD Ah 7911. Jlautiou 1IIYOITiq 

thr •• ~rai~ •• aaaell,srow1;h habi~. pod .1 •• &ad t •• u 

ooloar were iadlloed "1 40 II! 00Do.Jlva~1oD of lIlS ia 

~he Tanett ... 

PlaIR. 111 ~ whlch dlffered aorphologloal17 ia 

ODe or .ore oharac~el'. fro. tha~ of the pareD~ Tarlet, 

were .el.o~ed od ~he1r Pro,., ia .., geur.tioD were 

.~adied to 14eD1;lf, ~he .aUJl~.. De.ori~10D. ot .aoh 

aorpholol1oal dty1&Jlt. are pre.eD~ed ill fable 10. 

Ob.erTa~10 •• OD the qau1;1ta~lTe oharaoter. war. record .. 

Oil WeDtl plant. oho.eD a~ raDdo. 111 ea.oh &lid ~h ..... 

Talu. are pr •• eJlted lJl 'fabl .. 11 W 18. '1&'IIls aatu~. 

lD4uoed 'b7 different 40 ... of aatagsD10 trea'tlleDtsare 

pre.erRed below. 

a. a.- 20 kradl fhe "2 popalatiOD ot .lh 7911 

ahowed two ;plaJlta pos.e.slDg bo14 keraw. !heir 

pro,eDi_ ia ~he ., geDeraUOD bred ~ras for '1101' Itenw 

(JIa~-' aDd -4). Th., were iD41atiqll1ahallle !I'O. n. 
pav'at T&r1.t, ao.~ for the iaoreued .1 .. 04 w.1sh~ 

of pod &ad ltarJl.l. !he .... 1QO-It.raol weicht wu 40.6 I 



39 
fA.ILI 10. Deeol"ipUoa of Table _'u'. 

----_.- ._-------------------.-.----------
., hol41117 "taJR Tarln7 fl' __ '" Duo1'1pUoa 

a_'ll .. _.'11 .. 
-----------------------------------------------------------------
7-5-2 1 I.h 7911 a..a Dwarf plaD', T4Ilr'7 uall 

,0 Ua4 po4. &l1li kenala 
14-13-9 2 'fMY 9 0.- Dwarf plan T4Ilr7 .-11 

30 tra4 pod. 

204-15-4 3 I.h 7911 aa.... ~h. bo14 po4. 1U14 
20 krad tenel. 

23-2-4 4 I.h 7911 a... laaoh, bo14 po4. aDd 
20 k.ra4 terDal. 

10-8-8 5 tMY 9 aa.a iuDch. ..all po4. 
30 t.rad 

312-8-1 6 !JlV 9 aa.... Bunoh, ocourreDoe of 
20 uad 3 .eeded pod. 

23-1-4 7 I.h 7911 0..- BaDoh. purple tenelled 
30 k.r&4 _uat 

21-7-10 e Ah 1911 DUl 40 II! Bv.aoh. PlIl'Ple ke:rulled 
.ut&llt 

24-10-1 9 fMY 9 20 k.ra4 + lIuoh. pllrple kene11ed 
40 II!! _t&llt 

80-2-9 10 Ah 7911 l!JIS 40 II!! Bwloh. 'llroWJl kenelled 
aut&llt 

145-1-2 11 fMY 9 EMS 40 .. lIuoh. 'II1'owD lI:erDelled 
autut 

194-10-4 12 fllY 9 IllS 80 II!! Bv.aoh, whi h ke:raelled 
alltut 

41-9-6 13 I.h 7911 ,0 tra4 Jaaoh. Ro .. kenel. with 
plll'ple l1D1ac of aiol'Opil 

77-10-4 14 I.h 7911 30 krad Juoh. Ro .. lI:enw witll 
PIIl'Ple 11D1.. of aiOl'Opil 

2'3-4-2 15 n 7911 IllS 40 II!! a.ai:rr_d1"~1e .. t" 
ken led ,.. a.taat 

156-14-1 16 tllY 9 20 k.r&4 + S..s..)1'_d1q, bold pod. 
lIIS 40 .. &lid t .. el. 

,aO-4-7 17 'lIlY 9 20 1I:1'&d + S..s..Pl'ead1aC)bold pod. 
.8 40 II! a_ 'ke:rael. 

145-11-4 18 fJCY 9 IllS 40 II! 8881.)1'_41.,,1''' Ite:raw 

29-7-1 19 n 7911 IllS 60 II!! S881apl'_dlDC 

235-8-6 20 I.h 7911 IMSBOII!! S881.)1'_41ac 
22 .... -8 21 !MY 9 .840 II!! S)1'_1DC 
228-13-11 22 '!In' 9 lIIS 40 .. apr_lac. )Old pod ..... 

'ke:rael. ------------_. __ ._--------------- -------- ._a_ ._ -



1Js ___ t-, ud 4'.2 , ill _tut-4 OOIlpU'e4 to ".0 I ill 

tU par_ (fabl.s 11 aa4 12). Th.r. waa. how..... r"lIeUOII 

111 tile ... 'ber of _tar. pod. u4 .hall1l11 per o.n ill tile •• 

•• __ t. oOllpU'ad to the par_t yu1at7. 

OD. plan with 'tIiIDch srowth habU hayilll tRee-.e"" 

pod. 1D a proporUoll of 20 per cet of total pod. waa 

0 • ...,." ill the "z ,eD.raUell of TMf g. Th1a plaut wa. 

fOlllld to bre" tru. to the trlLU iD the .... proporUOIl 

ill the "' CeDeratioll (Mlltant-6) (Plat. I). 

b. o.ma - ,0 krad. Dwarf pluta w ... ob • ...,.ed 1n the 

Mz CeIleratiell 1n Ah 7911 and 'rMV g. Th. trlle 1Ireed1111 

behaviour for dwarf plant t7pe wa. ob.ened in the II_, 
leIleratioll. The Bean height of _ill .t .. at _tlll"it7 waa 

6.9 c. in autaJrt-1 co_pared to 21., oa 1D the parent aJId 

that 1D alltant-2 waa 9.8 ca •• agaillat 20.3 c_ 1n the 

paret (Plate I). The .. dwarf autaDt •• howed r"uctioD ill 

pod yield and 100-lt"Del w.iCht COilpared to that of the 

pareat. (fabl. 11). 

OD. pl. .. t po ..... " ...u kan.b ill the ~ leD.ra­

Uo. ill fllT 9. It. progeD7 ill the .., ,.uratio. waa 

fo ... to lar." tne for •• .11 kaneb (attain..,). !Q 

100-kenel weicht of th1 •• utaDt waa 22.5 I ooaparad to 

28.2 I 1. the par_' (fable 12). 

4! 



.PU.fE -I 

Morphologioal t .. tar .. ot T1able .utaata 

a. Control (If", 9) 

b. Dwarf bunoh 

o. S_iapreadlnc 

d. Sealapre.d1ms with protoe braDohil1g 

e. SpreadiDg 107pe 

t. Pod oharacters, 

1. Co.atrol 

2. Three-.eeded 

,. SIIall .is ad 

4-6 • Tar1.tioD in oonatriotioa. 
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III ~. liz poplllaUo. ot All 1911,0 •• plan ........ 

keraoltl oo.ta1a1., pvple tuta. It. proCOJl7 1. ~. ..., 

, .. oaU.. .howoel ~. tn. ".ocl1111 "baTi.1ll' .t the 

JIIU.'P!e t.ta (Jlataat-7). 

two pluto baTilll roe. kenoltl wi ~ PlU'Ple 11111., 

U"01Ul4 aiol'OPTle w.re ob •• noel 111 th. M:z ,.lIeatlo11 111 

1.h 7911. fte trlle ".04i., _tur. of th. ' .... iallt trait 

vu ouarved In their pro,.,. in the ~ geraeration (Mutant-13 

aDd -14). 

O. EMS 40 II!!I On. plant oonta1Diq kera.18 with 

purple tuta aJ14 aDoth.r po •••• 81q Itera.lo wi th bl'OVD 

te.ta w.r. ob.ervoel 111 the ~ ,oeratlol1 1D .lh. 7911. !h. 

true "r.oellDc 'b.h&Tiour ot the elaraoter, tee. eeloar vu 

oHen.d ill th.ir pro,e.., ill the ~ ,.lIeration (Mlltallt-e 

all4 -10). In the ~ ,.neration of '1'Mf 9 J on. plant haTill, 

kera.l. wlth bl'OVll t •• ta va. ouerv.d. It. procell7 ill ~ 

bred true for brown t •• ta (Nutallt-11) (Plat. II). 

On. plaDt with aea1.prea41Dg poowth bablt lIaTiq 

keraoltl wlth Ta:rl.ptod teata va. oboervoel ill the ~ 

••• oratiOD of All 1911. It. pro,..., ill ~. "' .... raUo. 

Devoel th. tru .... oeliDC 'bebaTiolll' for ~ wo a .... 1ara1; 

Val"., ... ell poow'\b ba'bU aDt tuta 0010. (1IIRaIrt-15). 

0 .. plut wlU .ea1-.pr.diq habit &114 rod _nol. 

U4 We :plara1;a wUh apr_di., habit ooDta1a1Dg 'bOlt 

koraela were ......... 1. ~. liz , .... 101 ••• f ,. ,. '!U1r 



Variation 111 ken.l 81 .. &JIll ._. ooloU' 

(lett 1:0 r1p1;) 

fop row I ( 1) 

( 11) Purpl.. 1;_. 

(111) Yuh,.'II" tN. 

Jt1441. row. ( 1) White t_. 

( 11) 1Iecl1lDl .is e 

(111) Purple UJl1J11 UGud 
II1Ol'OP71. 

Botto. row ( 1) Brow t_1:& 

( 11) Red '11 .. 1:& 

(111) Coll'trOl 
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F .. ..,. 111 the ., , ... tiOD .how" the Va ...... 1JIc 

HUTioll1' to~ 'h. 4mu' uaU. (lInaIn-18. -21 UC1 

-21 ~ .. peCUT.17). !Ile lIll~t •• Ilowi_ ~d1al .,...nh 

ulIU (RIlun-21 u4 -22) po ....... 1ao~ ....... lIft ot 

priaal7 UC1 .aooll4u7 'baaoh .. '11 •• 14 .. blpft 7leU tuD 

n. pu •• Tar1.'7 (fable 18). 

4. - 60 m!! I OD. plaJrt wUh ._l.pr"~l11g ,rowtll 

habit waB oba.r ..... ID the "2 gen.raUoD 1. All 7911. Ita 

pro'U7 1. the ., generation ahowed tb. true br.ed1Dc 

lIellayloll1' tor a8ll1apr_dlq DOwth lIa'blt (Mutut-19). 

Iac~ .. ed all.ber of prl-17 .... eooD4&r7 'llaaoh .. wft. 

o'baened 1. thiB .uta. oo.pared to puent Tar1.t7 

(fable 17). 

•• 1118 BOa! I Ia the "2 ,eJleraUoa .t I. 9. ODe 

plat po ••••• ed kerDe18 with white t .. ta. Ita pro,.., 
1a the ., ,eJleraUoa ahowed the true br .... h' 'bebaTloll1' 

to~ wblta taau (Plat. II. llatu"-12). O.e plu" with 

... aprea41J1c poowth ba)11: was 0_ ... " 111 the ~ ._n­
UOD ot .1)l 7911. It. pro, • ., 1a t!a • ., leJI ... UOD __ 

•• e41aa va. to~ .8II1.pr .. diJlC poowtb ba)lt (Iiatut-20). 

t. _)Pl.tioD " .... ". Ia t!ae liz C ... 1:1011 ot 

!IIY 9,0" plan wi t!a ltlUlOll ballU OODM.1Jaiq 'bOU kenela 

wit!a plll"Jll. t.na ud M plu". ahowiJl, • ..uprea41q 

.,...nil _)U w1tll .1.4 keaw w ... ON ... ". film 

proc...,. 111 til • ., , ... ticD aIlo" til. Va ••• "1JIc 
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.... _n.v tft tho 4w1aJR U&1 t.. .. .. t.., ,. ..... 04 

HU "_la with pup\e t.na. 'he 1OC>-kva.l weiI'" 

Miq 40.0 « ooallU'ed to 28.2 « 111 tho puoat (hU. 13) • 

•• Uo. tor two trait ...... 17 .ea1.pra41111 

_1tit aD4 'boU "enaolll .... o'N.rred 1a _ .. t-16 aa4 -11. 

!h ••• 1iW __ n. .howed 1DC1I''''ed 71.14 .. 4 .h.UiJII 

P01' ... t. be.iII .. higher 100-kvaol weilll1i ooapared with 

tile par .. t T&l'ioV (!a'ble 16)., 

c. nati .. oa qun1_Un all_tio •• 

1. !!z ' .... t1o. 

O'baarraUo •• 1'000rded 0. 1114.04 T&l'ia1tllU, 1. 

01 .... qaaaUuUn ohanot ... tll41ed 1. "t , .... Uo. 

are F .... ted 'below. 

e. Hoiet of _1 •• t.. Ia!MY 9,4 .. 1' .... 1D tho 

.ean hoipt of aaill .t. va. o'Nerr04 at 30 &a4 40 kra4. 

40 u4 80 II!! &ad 00.'b1 .. tiOD v .. tae.t (!abl.1'). Ia 

All 7911. all v .... n. han 1' .. 01'1104 ro4an1 •• 1B .... 

Yal ... 0-JU'04 to thet of ooD1:I'01. 

b.r .... ill ,ODOVp10 'fILl'1&DC1. wu o_erred 1B til • 

• Ilt&fni. tr_Ulnt.. !h. iDor .... 1D GT ... three-feU 

at 40 Jaoa.. aa4 two-told at ,0 au. 4iO .. &a4 eo .. 
v ___ • 1a tIlf 9 eoapar04 to that ot oo.U-I. !h.n 

.. thr.e-t.U 1aOJ: .... 18 GT at 20 au aDd ooa1t1aa1i1o. 

__ -.n i • .tJl 1911 eoapar04 to tut .t ..... 1. fto 

51 



fABLE 19 f M .. n. vllriance. heritablli1;y alld genetic advance tor height ot 
.. in ste. (0.) in ~ generation 

-------------~----------------------------------------------------------------------------------Per oent Mean C.T G.O.V h2 G.A Tarlet1 fr .. ta.nt M .. n ±. S.B on square 
control. (between 

progeaie.) ------------------------------------------------._----------------------------------------------
fMl' 9 Control '4.9'.:t,.2' 100.00 7.74· '.05 8.14 27.37 8.78 

,.._ 20 Uad 15.43.:t 1.30 103.49 8.18 3.78 12.40 43.65 16.87 

30 Uad 12.63 ±. 1.68 84.71 27.91·· 10.65 21.87 76.31 39.36 

40 Ua4 10.77.:t 1.52 72.23 8.18· 12.86 12.40 43.65 16.87 

lIIS 40 II!! 12.67 .:t 1.31 84.98 12.09·· 4.58 16.89 75.81 30.30 

60 II!! 14.16 ±. 1.82 94.97 24.96** 10.77 23.17 86.32 44.35 

80 II!! 11.56!'.41 77.53 24.81·· 10.46 27.96 84.09 52.83 

20 Uad + 40 III.!! 11.:" ±. 1.65 75.99 16.37" 5.46 20.62 66.69 34.69 

.lh 7911 Control 17.08 ±. 1.73 100.00 11.99 3.41 14.38 40.24 18.79 

aa- 20 Uad 15.56 ±. 1.80 91.10 31.87·· 12.71 22.89 79.74 42.12 

30 Itrad 12.73 .:t 1.83 74.53 15.35** 4.33 16.35 56.48 25.32 

40 Itrad 13.47 ! 1.81 18.86 16.21·· 4.82 16.29 59.52 25.89 

.BMS 40 III!! 12.4' .:t 1.63 72.78 18.72·· 6.72 20.84 71.75 36.36 

60 II! 10.40 ±. 1.74 60.89 20."·· 7.31 24.00 70.77 45.06 

80 II!! 11.45 .:t 1.74 67.04 15.57** 4.78 19.07 61.32 30.76 

20 bad + 40 .. 10.79 ±. 1.89 63.17 44.76·· 12.35 25.74 86.47 49.31 

------------------------------------------------------------------------------------------------
·Signit1oant at 5% l.«81 

•• Significant at 1~ l.e •• l. 

Souro. S.B C.D 

Tariet,. 0.20 0.55 

freat .. nt 0.40 1.10 

Tariety x Treat.eat 0.57 1.56 

::.II 
r.,; 



Gal ftlll •• raqe4 frO_ 12.40 at 20 laad to 27.96 at 

80 II)! tr_t_eDt ill 'fMV 9 ooapare4 to 8.14 111 the eODtl'Ol. 

!h. GOY ftlue. 111 .lh 7911 ruge4 fro. 16.29 at 40 kft4 

to 25.74 ill the ooab1_Uoll tr_taellt ap111.t 14.38 111 

the oOlltrol. 

H.r1tabll1t, e.U_t .. ill 'fJl'f 9 nried tro_ 4'.65 

at _cb of 20 trad alld 40 trad to 86.'2 at 60 II)! of DIS 

oo.pared to 27.'7 1n tbe oOlltrol. III Ah 7911, tbe b2 

raqed fro_ 56.48 at 30 krad to 86.47 at oo.biD.tioll 

treataellt aga1nat 40.24 1n tbe oontrol. 

Genetic adTallCe in TMV 9 ranged tro. 16.87 at each 

of 20 krad and 40 lerad to 52.83 at 80 II! tr_taeDt api_t 

8.78 in the oontrol. III Ah 7911, the rallle ill ,8IIeUc 

adnDCe va. tro_ 25.32 at 30 Iaad to 49.'1 ill the co_billa­

UOD tl'eata8llt ooapared to 18.79 ill the CODtrol. 

b. Lellgth of priu.rl branch. III 'fJI'f 9, d80r ... ill 

5 

the ._n leDgth vae ob .. "ed iD the eo_b1_tioD tr_taeDt 

oo.pared to that ot oolltrol (fable 20). III All 7911, _11_81110 

treatlaeDt. haTe recorded deor ... ed .eaD Tala.. oOllJNU'ed 

to t ... t of control. 

Incr .. e iD ,eDCt1P1c nri&lloe ..... ob.erYed iD the 

au_eDie tr .. t.eJlt. except at 30 trad iD All 7911 1D vh10h 

there ..... reductioD co.pared to that of coDtrol. ID 'fJI'f 9, 

there va. three-told incr_.e 1:11 GY at 20 krac! aDd 40 krac! 



UBLE 201 Mean. variance, heritability and genetic adTance for length of 

primary branoh (em) in ~ generation 

---------------------------------------------------------------------------------------------------
Per oent Mean 

Tar!e1:;y '.rreatlllent Mealil ± 3.E on square G.V. G.O., h2 G.A oontrol (Between 
proge-
nie.) 

---------------------------------------------------------------------------------------------------
TNT 9 OODtrol 22.90 ± 2.26 100.00 36.73 4.19 2.03 10.15 6.42 

Quu 20 krad 23.69 ± 2.75 103.45 47.39** 16.11 16.93 68.00 28.77 

30 krad 22.65 ± 3.81 98.91 33.11 20.00 6.24 12.08 4.47 

40 krad 21.12 ± 3.82 92.23 32.62 16.89 6.15 20.35 10.77 

!J(S 40 III! 21.22 ± 3.20 92.66 31.75* 5.62 9.65 35.42 11.83 

60 III! 24.56 ± 4.43 107.25 69.08* 18.85 15.82 42.99 22.73 

80 II! 20.99 ± 3.14 91.66 40.13** 10.15 15.17 50.59 22.23 

20 krad + 40 III!! 18.15 ± 3.58 79.26 6.07 22.10 13.57 48.58 15.83 

Ah 7911 Oontrol 27.42 ± 3.28 100.00 6.08 6.07 15.84- 32.10 13.57 

aa- 20 Icrad 24.25 ± 3.52 88.44 43.82 9.52 19.75 43.44 17.27 

30 krad 24.60 ± 4.69 89.72 49.83 2.09 6.91 11.62 4.86 

40 lerad 23.68 ± 2.58 86.36 11.57 21.74 23.56 72.13 41.21 

liMS 40 II!! 18.76 ± 3.16 68.42 38.87** 9.44 16.37 48.58 23.51 

60 III!! 19.33 ± 4.49 70.50 66.58* 13.10 18.72 39.35 24.20 

80 lII! 21.33 ± 4.67 77.79 79.19** 17.83 19.80 ,0.44 17.27 

20 le:rad + 40 III!! 19.76 ± 4.00 72.06 21.48 8.42 17.53 49.32 15.43 

---------------------------------------------------------------------------------------------------
* Significant at 5~ leTel 

** Significant at 1~ lltTel 

Souroe S.B C.D 

Varie't:r 0.33 0.92 CJ1 ..... 
!rea_eDt 0.67 1.84 

" ,,. :7 .61 



of .... 11'8d1&1;1011 .. d fOIl1'-fo14 1Mr ... at 30 Ua4 

_4 o .. labatioD v __ .n. III All 1911. v_, .. ". 
40 krad &lid 80 II!! ha.... .howII two-to14 iJaor... 1Jl lIT. 

Ia D'f 9, the GCV Tallie. raq_ froa 6.1' at 40 Ua4 to 

16.93 at 20 Jaoa4 .... 1_~ 2.03 1D ~ 00111;1'01. III Ala 7911, 

~. lOY Tala_ Tarl_ f:roa 6.91 a't 30 Ua4 'to 23.'6 a't 

40 Jaoa4 ooapar_ 'to 15.84 1D ~ ... a'trol. 

III D'f 9, hcr1'tab1l11;, .. 1;1_10 •• var1e4 froa 12.08 

at 30 k:rad to 68.00 at 20 1tra4 'tr .... n api." 10.15 1. 

the 001l't:ro1. Ber11oab1l1t1 •• U.h. 1a All 1911 raq_ froa 

11.62 at 30 krad to 72.13 at 40 tra4 001lJlU'_ to 32.10 1Jl 

the oOIl't:rol. 

III !JIV 9, 'the ,.HUO adYuo. :ru,e4 t:roa 4.47 a" 

30 trad 'to 28.17 at 20 Jaoa4 a ... l.'t 6.42 111 ~. ooll't:rol. 

ID .lh 7911. the ca nrled troa 4.86 111 30 kra4 "0 41.21 

at 40 D'ad apiaat 13.57 ill the oo1lt:rol. 

5il 

e. IaIlber ot 'brallOh .. , III!IIY 9. sa- 1:rJl&41aUOIl 

treat .. au ha'YO d.or ... " the ae&Jl lIuller of bftJIoJl .. 0""''' 

"0 that ot OOllVol (!able 21). ft.re ... 1'04l1l0U •• 1. "lui 

a"ll ... ber ot 'bralJOb .. at lIIS 60 &It 80 .. a_ .. ald._Uo. 

v_ ..... t. III All 1911. utacOll1o v ____ )lay. :rooal ".a 1. "he bor .. e4 ... lIer ot __ 0" .... a]1aH4 .... , of 

•• Il'trol. ft. GT, lOY, h2 _4 ... Yala_ aro 1I1l. 



~A.u.B 21: Mtect of .lIa •• D10 vat •• aa 011 alUl'b .. of 'brallOhe •• _tlU'. pot ... 4 
kerDel./plaat 1a "2 CeDeratloa 

---------------------------------------------------------------------------------~--------••• bar of braaeh .. Ifua'ber of _tare po4./ .1IIIbu of Ieneb/ 

Tarld7 
b ___ • plant p1u1i 

--------------------- ---------------------- -------.~8.:! Per oat If_atS.:! Per oat If ... ±I.B ;Per OeDt 
OD OD oa 

---------------------------__________ ~t!!! _________________ 22!1I!1 ___ - __________ --I!!SIO-l __ 
!IIT , a.JIt:rol 7. 63t,0.55 100.00 20.82.12•10 100.00 34.0;12.46 100.00 

.... 20 kra4 5.81;10." 16.93 16.95;t2.at 81.41 26.72t.'.86 78.'" 
30 kra4 6.";t,.42 82.10 19.57,t2.61 94.00 30.81.;t2.,2 90.1. 

40 kra4 6.44,lO.64 84.40 11.95;t2.91 86.22 28.69£,.12 8,.a 

lIIS 40" 6.91;tO.11 90.56 15 .89;t' .26 16.,2 24.962;2.,2 12.92 

'D" 6.01;tO.87 78.17 18. 17;t2." 90.15 3O.11t.'.12 18.14 

eo4 ,.80;t0.39 16.02 16.5.'5;t1 .75 19.39 26.2B;t2.47 76.17 

20 kn.4+40 II! 6. 11;tO.46 88.73 15.29;t2.97 13.44 25.30t.'.42 7,.91 

I.h 7911 Coat:rol 10.05;t,.27 100.00 19.15;t2.50 100.00 29.87£,.02 100.00 

.... 20 bad 6.12;tO.89 60.90 12.22.1, .65 ".81 19,'7~.2' 56.00 

JO kra4 .,.I8;tO." 18.91 17.26~.08 90.13 26. 29t.'.92 18.01 

40 kra4 8.32;t1.51 82.79 18.12£2.81 91.75 29.572;2.95 99.00 

.as 40" 7. 36;tO.40 73.2' 13. 77;t.2.26 71.91 21 • 6O;t.2 .12 72." 

'Dill! 6.59t_O.8, 65.57 ".97ot'·74 72.95 21 .85t.'.09 73.15 

eo4 6.21;tO.6O 61.79 12.87;12.65 61.21 20. 53,t.2. 26 " . ." 
20 1tftd+40 II! 8.13;t,.46 80.90 11.4611.08 59.84 16.01;12.89 ".10 

------------------------------------------------- . 
80111'0. S •• O.D 8 •• O.D 8 •• O.D 

Tann" 0.14 0.38 0.,6 1.01 0.62 1.11 

h-_,-_t 0.21 0.1' 0.73 2.02 1.24 '.<U 
Tarln" :It 

1.0' 2.86 1.75 4.85 'f1'_t .. Dt 0.39 1.07 

<;It 
en 



4. """1' of flow ..... ,.1' pluta 111 !JlY 9. ~ft" 

4Mr .... 1. tile ... b81' of now ..... at 40 kra4. 40. 40 aa4 

80 .. allCl o .. biaaUoII tr ___ , COllp&1'eIl 1:0 tha" of 0011,"1 

(fable 22). III Ah 1911. 20 krall. 40 -a. fa 1tJ!. 80 II!! allCl 

oo.b1Jlat1oD 1:1' .. taell' r ••• lte4 ill 480r ... e4 D .. b.r of 

tlowere coaparell to that of oontrol. 

113 !JlY 9, tll. c.lIOtn1o n.r1uo. iDor ... e4 ill aU 

.u~.lIio tr .. t ••• t. ~oept 1. the 00.b1Dat10. tr .. '.-" 

ill the 'two n.r1eUeo. !he QOV Tala •• 111 !lIT 9 aqe4 

fro. 1.51 at 80 • to 25.82 at 40 Irra4 treat.ODt apill.t 

6.94 ill the oODtrol. III 1h 1911. the GOV .... 1 ••• Taried 

fro. 17.11 at 40 II! to 21.84 at 20 kra4 qaiDat 11.26 ill 

the colltrol. III!MY 9. horitabilltl •• t18&h. ru,ed troa 

1,.08 at 80 II! to 13.19 at 20 kra4 001QU'e4 to 11.95 ill 

tho oODtrol. 111 All 1911. h2 Talae. ruCe4 fro. 25.28 at 

40 II! to 17.24 a' 20 kra4 co.pare4 to 21.18 111 th. colltrol. 

III ~ 9. , ... Uo a4TaDoo Tarie4 fro. 5.64 at 80 II!! 

to 42.,1 at 20 Irrad acaiDot ".94 ia the ooa"rol. the ti 

Tal ••• 1D All 791'. ZOUCe4 frR 18." at "0 .. to 50.41 at 

20 lI:rad tr ..... t aca1111t 6.70 ill til. oOlltrol. 

'r .. __ t. 20 trad. 40 krad &Del fa ....... reo.UeIl 

ill h1ch 4ecr •• of Tarlab1l1tl. horitabillt, &114 , ... tio 

UT&IIOO 111 th. two Ta1'1et1 ••• 

5' 



ftBLJ: 22: JI_n, variance, herUab111'tl &1111 .en.t10 adT&nce tor naber ot tlowe1'1l 

per plaut 1n ~ .eneratloJl 

~ -------------------------------------------------------------------------------------------------Per oent 
on 
control 

Mean _,lIare 
(between 
proge­
Di .. ) 

GY 

------------- _. --------------------------------------------------------------------------------
tiff 9 Oonrol 66.l!1,t).52 100.00 221.15 12.16 6.94 11.95 4.14 

a.- 20 kra4 6,.00.t'.92 95.15 627.38- 231.46 2'.91 7'.79 42." 
30 krad 62.9},t).29 95.05 350.90*· 94.06 15.40 ".61 23.24 
40 kra4 55 •• 7~.07 83.78 661.85- 205.14 25.82 61.91 41.88 .. 40 II! 51.4-'t,2.70 77.68 213.52 64.71 12.49 68.5, 38.35 
'Oil! 6O.00j:2.88 90.62 561.23.· 20,.48 23.77 12.51 .'.71 
80 II! 53.00±.'.47 80.05 252.64 16.52 7.57 13.08 5.64 

20 0.4 ... 40 IIJ 46. 22,.t). 67 69.81 101.64 

Ah 7911 Control 69.16.12•68 100.00 ,68.48 29.60 11.26 21.18 6.70 

.... 20 leNd 50."~.91 72.48 810.87.· "3.17 27.84 77.24 50.41 

30 krac! 63.56,!4.76 91.90 565.18" 184.10 18.72 55.28 28.'5 

40 tnd '3.59.t'.08 ".95 714.65- 211.91 22.88 59.30 36." - 40 4 48.32.t2 .29 69.87 165.52· 84.10 17.71 25.28 18." 

60 II!! 46.t8.t4.25 67." 754.'2 122.51 2'.56 32.48 27.66 

BOil! 5".71.t'.21 °'.53 '.5.79u 105.45 20.48 60.79 32.14 

20 krad+ 40 II!! 51.89,!.3.65 75.03 189.34 

---------------------------------------------------------------------------------------------
*S1gnU1oal1~ a't 5" le-nl 

-Sip11'1o&Jl1l a~ 1" 1 .... 1 

SOllre. S.! O.D 

Tvi", 1.03 -.S 

Ifr_tIIeIIt 2.06 5.72 

'fuh't7 II tra __ t 2.92 8.08 t.n 

"" 



e. "''ber of _tar. po4. per planl lIIItac.k 

treata.DU decr .... ed 'the .MII DIl.b.r of _tar. po4. uo~ 

at '0 krad 1D fHf 9 aDd at ,0 krad aDd 40 1r.:ra4 111 .lh 7911 

(fable 21). !h. GV, GOV, h2 aDd G:A 'Rill. are Dll. !he 

frequeDc7 di.trlbutioD of thi. trait iD autaceD treated 

POPlllatiOD. wa. oo.pared· with 'that of ooatro1 111 1ia.' 

aDd 4. ID!MY 9 •• 04al value of 15 pod. WIUI obaerYed ia 

40 kra4 of sa- ll'ft41aUoa 40 II!!. 60 II!! .. 4 80 II!! of 

lIIS IUl4 oo.bi_tiOD treat.en OOll;p&1'ed to 20 polla 1a th. 

OODtro1. th.r. WUI DO al teratioa 111 the lIOdal ftlll. 111 

,0 kra4 trea_.Dt. !he olll'Ye va. a b1llOdal Oil. ia 20 kra4. 

th. flr.t peak at 10 pod. aDd aaooDd peak of 1 ... fraqll.D07 

at 20 pod.. ID.&.h 7911, a lIIOdal ftl lie of 15 pod. va. 

ob •• rYad at 30 krad gel 40 krad, ooapared to 20 ;pod. 1D the 

00Dtro1. aaa.a irradiat10D 40 ••• iD An 1911 .howed a ;peak 

at 10 poel •• 

f. luaber of tUDel. per plalltl III Til¥' 9;th.r. WUI 

deer .... iD the .... Duaber of Iterael. 1D auulaDio v .. t­

•• Ilt. _c.pt at ,0 kra4 (Tab1. 21). ID.&.h 791" _ue_10 

vaatant. dacr .... ed the .... D_bar of ltarDw exc.pt at 

40 krad. ~h. IJJ, ClOT, h2 aDd k 'Rlg. are D1l. 

•• Po4 lia1d per plaDt I III ~KY 9, el.cu.· ..... 1D .... 

;peel 7ie1d WUI obearred ill _-, •• 10 v .. _.Dt. ('!altl.2,) • 

.&. ala1111Z' traDel of renlt va. oba.rYacl ill All 7911 except at 

40 kracl. th. IJJ. GOY. h' aDel k ftl.. are au. 

59 
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'fABLE 23: !:t!eat of al.1tagenlc treatments on pod and kernel y1eld in 

M:z gluleration 

--------------------------------------------------------------------------------POd 71e14 (r)/plaal Xerul :r1el4 (,)/Plut 
,.ariet:r 'fl'_tae.t ------------------ -------------------------II .... ,:t S. E Per oent llean,:t S.E Per 08." 

OD OD 
oontrol OODbo1 

--------------------------------------------------------------------------------
I'Kf 9 Oollvol 16.'6,:tO.9' 100.00 9.82,:tO.56 100.00 

au. 20 Ue4 '2.29,:t'.,2 75.12 7. 66!!'.12 18.00 

30 krad 14.46,:t2.5' 88.39 8.97,:t'.6, 91.34 

40 krad 1 ,.22!' .81 BO.81 8.11,:tO." 82.59 

IllS 40 II!! 11.64!,.09 71.15 6.86,:tO.79 69.86 

60 II!, 1'.49,:t,.97 70.2' 9.0S,:t'.94 92.46 

SOli!, 12.':'l,:t,.05 75.'7 7.70,:t0.82 78.41 

20 1tra4+ 40 II!! ,.89,:tO.84 60.45 6.59!!'.47 67.11 

All 7911 Control 15.78!'.15 100.00 9.1'.:tO.82 100.00 

GaIaaa 20 krall 9.58.t., .76 60.71 6.'3.!'.49 66.92 

30 krad 12.91,:t,.43 81.81 7.70,:t0.92 84.06 

40 krad 14.16,:t2.24 89.73 8.21,:t1.78 89.6, 

l!II8 40 .. 8.79!,.05 55.70 5. 65,:tO.43 61.68 

60 II!! 10.35!2.9' 65.59 6.29.:t, .72 68.67 

SOtt!! 10.67..t.,.29 67.62 6.",:tO.M 69.76 

20 1Era4+ 40 II! 8. 24j,O.62 52.22 4. 66,!O.72 50.87 

---------------------------------------------------------------------------------
SOurce S.F. C.D S.B O.D 

Varlet, 0." 0.85 0.18 0.50 

'fr_t .... ' 0.6' 1. '70 0.,6 1.01 

Tarln, x 
'tr_"tae at 0.87 2.41 0.51 1.42 

CI) 
,:) 



fh. trequao7 dh\rlbtlticm 1e pr_atec1 1.Jl 71,.5 &JIll 6. 

In TMV 9. the aoclal -.alu. ot 13.0 , reall1ed waaltered 

111 tar" oODeaVatio.. ot I!MS alld 30 Itra4 a. 1D the 

oODtro1 aDd the 8048 sot ah1tted to 8.0 I at 20 krad ot 

P" irradJ.at1'OD aacI CJo.1J111&t1o,D tr .. t_M. Ie A.h 7911 

sa- irra41aUon at :50 kracl powed a 1IOCle1 -.alu. at 

13.0 g OOllpared to 18.0 , 1D the ooDtro1 aDd sot ahUted 

to 8.0 , at 20 ud 40 krad, thr •• oollo_Vatlo_ ot 1111 

and oo.bi_tioll tr .. taent. 

h. J.:erne1 lield per plants !here va. 4eor .... 111 the 

.8&11 Itern.l 71814 in the .uu,a1c tr .. taellta exc.pt at 

:50 kra4 aDd 60 II!! 111 fMY 9 aDd exoept at 40 tra4 ill J.h 1911 

(fabl. 23). fhe GY, OCT, 'ti aDd {U n.l.u .. are 1111. 

1. 100-pod we1et, Decr .... 111 the U&D tOO-pod 

weicht was ob881"9'ed ill all treat.ellta except at 80 II!! 111 

fMY 9 aDd exce~ at 20 kracl. :50 trad aDd 80 II!! 111 All 7911 

(fabl. 24). fhe GV. acv, h2 and GJ. Talae. are lIil. 

j. 100-t!FJ!!1 wtichll III fMY 9. there waa 4ecr .... 

111 the .ean 100-kenel wtipt 111 the co.1I1_tiOD tr .. ta.n 
CO.pU'ed to t_ t ot 00lltr01 (fabl. 24). ID All 7911. 1!MS at 

40 II!! and oo.blD&tl011 ,re.taant re.1 ted 1D decr ... ed ...... 

100-ten.l weipt, Th • •• 11 100-kernel weicht at IllS 80 II! 
1DCr ... ed to 32.93 , oo.pU'ed to 30.89 , 111 tile ooatl'01. 

De (If. QOV. }!2 aa4 M Tal... are 1111. 
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UBL.I 24 : Effect of _tagellio treataente 011 1QO-pod weicht. 100 kerllel weight aDd 

shelling per cent ill "2 generattoll 
__ -L ___ _. __________________________________________________________________________________________ 

100 pod weight C,) 10O-kernel weight (g) fhelliD, per oeDt 
Yariet7 treat.eDt angles 

---------------------- ---------------------- -----------------Mean.tS. E Per oent Mean.tS.E Per cent Mean,tS.1 Per oeDt 
011 011 011 
control oontrol oomrol 

--------------------------------------------------------------------------------------------------
,1lY 9 Control 78.18j).32 100.00 29.04.11.46 100.00 51.11.12.73 100.00 

..._ 20 Itracl 11.24j).79 91.12 29.12!1.73 100.28 53.70j).43 103.85 

30 Itracl 73. 61.12.97 94.15 29.25.11.21 100.72 51.92.12•26 100.41 

40 Itrad 73.25j).49 93.69 29.61,tO.72 98.52 52.62j).36 101.16 

JIIS 40 II!! 72 .46.t4. 32 92.68 27.26.1' .92 93.87 50 .5:'.12 .5:, 97.12 

60 II!! 61.48j).46 78.64 30 .22.12.13 104.06 64.1O!J.12 123.,6 

80 II!! 76.34.12.92 97.65 29.58.11.93 101.86 52.42.12.35 101.'7 

20 1a'Il4 + 40 II.! 63.13!3.45 80.75 24.89.11•6, 85.71 52.96.:t".12 102.42 

III ~11 Conrol 81.35.14.21 100.00 30.89.11 .73 100.00 50.52.12•24 100.00 

Qua 20 krad 78.80!4.73 96.87 32.52.tO.93 105.28 54.14.12.76 107.17 

30 kraft 77.11!3.29 94.79 30.62.11.37 99.13 51.26j).52 101.46 

40 Itracl 73.01!4.58 89.75 30.42.11•63 98.48 51.00,t2.92 100.95 

llIIS 40 II)! 63.82!.3.18 78.45 26.22!,.29 84.88 53.55,t2.97 106.00 

60-1 71.04j).92 87." 30.13!,.53 97.54 54. 66.t2 .94- 108.19 

lOll!! 81.01.t4. 28 99.58 32.93!O.89 106.60 5,.98j).72 106.85 

20 krad + 40 II)! 69.49.12•94 85.42 26.14:t,1.34 91.10 50.29.1, •84 99.54 

.-------------------------------------------------------------------------------------------------
SoU'Oe S.1I C.D S.E C.D S.B O.D 

'farist1 0.76 2.12 0.31 0.87 0." 0.90 

bea ..... ' 1.53 4.24 0.6, 1.74 0.65 1.81 

larletl It 2." 5.99 0.89 I.S 0.92 2.55 beat._i> en 
N 
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!lha freta"7 cU.triI:lU'UOD tor thi. trait 1. pre .. llt .. 

in lig. 7 aQi S. b fKV 9. 40 II! oonceDtration of ]JIS 

aDd coabination treataant showed modal TalQa of 25.0 I 

colllpared to 30.0 I in the oontrol. !'he 4i.tr1bu1;1on was 

similar to control in other treatments. In Ah 7911. 

treat •• nta 40 krad of ..... irradiation and 40 II!! 
conoentration ot 1IHS showed modal Talue of 25.0 g co.par" 

to 30.0 I 111 the control. J. posiU ... shitt of lIOde to 35.0 , 

was obaer,..4 in lIMS eo lI.! oOllceDtratloll. 

It. Shellilw per o!!l. I» !MY 9 .. the 1Ilea.D shelliJIC 

per cent at 60 lI.! treat_nt illOreaaed to 64 .10 ooJlp8l'ecl to 

51.71 ill the control (!able 24). In J.h 7911. 1r.ra4iation 

at 20 Itrad ud three cOllcntratiolls of l!MS baYe illOreaaea ~e 

ahell1Dg per cent co.pared to tha t of control. !he II'. 

GOY. h2 and GA Tala. are nU. 

fhe fr .. aeD01 distribution ill !NY 9 showed aodal Talue 

ot 60 per c_t in 40 1cra4, and eo II!! treataeaY apinst 

65 per csnt 1J:l the coatrol. thera was a podtiTa shitt ill 

tha"dal. Talue to 10 per OeDt ill 20 Itrad. In Ah 7911. 

there was a declin. in tbe acdal Talae fro. 65 per cent ill 

the oOlltrol to 60 per o.t 1Jl 40 krad aDd 55 per o_t ill 

oo.b1Dat1on treat •• t. In J.h 7911, tun peake wera O_arT" 
at lD!fS eo II! tl'ea1aellt. ~. tirst 0 •• ot create fretae., at 

55 per o_t. the seoollll 0 •• -' 70 per ._ &Il4 tile ~rt at 

80 pel' •• t (:11,. 9 aa4 10). 
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2. II:, tgtgUp. 

O'beenaUo. o. 111_" TU1&ltlUt7 1. elw .. 

ql1a"ltaUn ohanet ... 11 ., ...... UOIl .,.. pm."" 
b.low, 

a. H.lpt of _Ia .tea !ben va. decr .... 11 the 

.eu h.lpt of .. 11 .'e 18 tbe .11_,.10 tr .. t... 111 

'lIlY 9 ('fable 25). III 1h 7911. :50 lIr.d, three oOllOmntlors. 

of 1118 alld coabiraUoJl tr .. t.eDt reellUed in 4ecr .... 4 .... 

helpt ooapared 'to tbat of oollUol. 

'lh. ,ellot7Pl0 Tar1a!l0. vaa hlgh ... 'than tbat of oolltrel 

111 'IIt&lenlc treata.llt. 111 th. 'tlIO T&r1eU... 11101' .... 

111 GT 111 'lIlY 9 va. wo-fo14 at 20 It1'&d aD4 :50 1t1'&4 of ..­

irradiation U4 toar-to14 at 40 .. aDd 60 II!! ot 1ICS tr .. 'tIItIII, •• 

III 'lMY 9,th. OCT TAl ... l"&DIed 1'ro. 10.30 at 40 1ao&4 to 

18.40 at 60 .. tr ....... ' &1&1 •• ' ,be oolltrol Tal .. of 5.04. 

'lb.e QC'f Tal" .. 111 Ah 1911 T&rlec1 fro. 6.91 at 20 krad W 

16.89 at 60 lI!! tr .. 1aeDt aca1J18t 3.19 111 the OOJltl"Ol. 

III ,MY 9. harltabUlt7 •• tl_te. Tarie4 troa 68.94 111 

the ooabll1atlo11 treat •• t w 92 .91 at 60 a!, tr ... eDt &pilat 

30.64 ill the 001lt1"01. tll.1h '7911. h2 nDge4 tN' 58.71 at 

20 kra4 to 90.17 at 60 .. tr .. t.ent &p1llat ,1 .15 111 the 

oolltre1. III 'fMT 9, IA raqed f1'O. 18.58 at 40 Itra4 '" "." 

at 60 II! ooapU'ed '" 8.'" 18 th. oOJltro1 U4 J.. AJt 1t11 t 

It raqe4 hell 10.93 at 20 UaII W 33.02 at 60 II! .... 1." 
2.18 111 the ... tal. 
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b. L!!w!h .f l!1-U ltftaoln ID t. 9. 4 ...... 0 iD 

tho .... lfllCth .f JIl'ia1'7 lInaoh ... oHen04 a' 30 ka4 

a4 tbr .. oo.oatfttio_ of .. oOlQlUoct to ,)la, of oolltrOl 

(talllo 26). A .1111_ tr .. ct of I'o •• lt ... 0.0"04 1JI 

Ah 7911. 00.1I1_tio. '1'''.''' 1'0llUltoct 1JI 4001' ... 04 .... 

loacth of PI'1aa.r7 lI __ h ill .lh 7911. 

11101'''0 ill •• oVP10 ftI'iUoo waG 0.0"04 at all 

tr .. tII_'. ill tllY 9 a4 a' 80 II!! a4 oGabl_tio. '1' ... 011' 

ill .lh 7911. Hip !leer.o of nrlabl11t7 wa. OHO"oct a' 

40 tra4 a4 oo.biaUolI '1'''''0.10. 1. tllY 9. tho GOY Tal ... 

iD tJIY 9 at 60 II!! aB4 oo.lIi_tioJl tr .... oat woro 10.58 u4 

11 .64 ro.pootiT el7 oo.par 04 to 3.55 iD tho oo.trol. ID 

All 7911, UXiallll oooltiol .. t ot nr1ab111t7 waG 0.0"04 

at 80 II!! 101' .. 10.011 10 1 • .lh 7911. 

aorlta'bl1U7 o.ti_, .. lJ1 tllY 9 I'&q04 fro. 12.01 

at 30 kra4 '0 49.23 ill tho 00.'b1_UoJl tr ..... llt. I. All 7911, 

112 Talllo. J:'&IlCoct tl'ea 22.83 a' 20 tract 101'''.0.10 to 42.27 

at 80 .. tr_ta •• t ooapar04 to 18.02 1. tho oonrol. fho 

.0.oUo acl~o ... axiIl .. ill tho oo.'bl.UoJl v_t.oat 

ill tlIf 9. 

o. !!II!!v ot ..... hMI 111 !Ill' 9. thoro waG l'oct1l!ti •• 

1. tho .... _'bor of 'bI'U.ho. at 30 trad act tbr .. 00_.'_­

Uo.. of .. ooaparoct to that ot ... trol (!allle 27). lJl 

.lh 7911, ,lao ..... "HI' of bl'llllGho. 18 .... a1o traata ... 



fABLE 26: Mean, Tariance, heritability aDd genetic adTaDce for length of pr1aarJ 

branoh in M3 generation 

-----------------------------------------------------------------------------------------------Per cent "ean 
Tarin1 boeataent Mean .t, S.! on .quare GV acv h2 M 

oontrol (between 
proge- . _________________________________________________ ~!!!l _________________________________________ 

,MY 9 Oontrcl 23.82~.36 100.00 31.54 0.91 3.55 10.16 2.33 

Ga-. 20 krad 24.50.t,2.58 102.85 22.30 7.56 4.26 15.26 2.89 

30 krad 22.00j;2.59 92.36 22.79 2.52 4.34 12.01 3.10 

40 krad 24.37!,2.36 102.31 21.38 8.56 5.13 21.90 4.94 - 40 II)! 22.6,~.69 95.00 45.62 7.58 5.56 20.42 ,.70 

60 II!! 21.56,t2.28 90.51 31.26· 5.21 10.58 49.00 5.42 

80 II! 21.64.t,2.26 90.85 26.65 3.74- 8.97 42.47 2.05 

20krad + 40m!! 23.82.t,2.81 100.00 46.93· 7.77 11.64 49.23 16.83 

Ah 7911 CDntrol 27.53.t,2.43 100.00 28.89 3.01 3.79 18.02 2.21 

QuIma 20 krad 27.13.t,2.51 98.55 24.59 1.87 5.93 22.83 5.83 

30 krad 25.23.t,2.50 91.65 23.34 1.52 5.73 19.59 5.23 

40 krad 26.31.12 •41 95.57 16.09 - 40 II!! 23.05.t,2.62 83.73 17.09 

60 II! 21.51.t,2.69 78.13 22.36 1.76 5.67 23.59 4.84 

80 II! 21.42~.13 77.81 51.12 7.20 12.52 42.27 6.17 

20krad + 4011!! 22.06,t2.83 BO.13 26.23 8.73 7.02 38.79 9.00 

-----------------------------------------------------------------------------------------------

SOU'O. 

Tari....,. 

'!rea ..... t 

• Si«B1tloaat at 5~ leTel 

S.E 

Tarlet7 x 'reat.ent 

0.21 

0.42 

0.60 

O.D 

0.58 

1.16 

•• 8 

0") 

... J 



fABLB 27:Mean. Tarianoe. heritability aDd ,enetio aclTanoe tor au.ber ot branohe. 

i. ~ ,eaeratioa 

.-------------------------------------------------------------------------------------------
Per oent lI_n 

h2 Yariny 'frat.ant M_n ;t S.E on .quar. GT GO' ell 
oontrol (bnw.en 

proge-
D1e.) 

-----.----------------------------------------------------------------------------.. _-------
~.,. 9 Control 8.0;t 1.1 100.00 ,.61 0.06 7.72 21.79 2." 

0._ 20 kra4 7.3 ;t 1.1 91.25 12.49** 2.87 2'.10 68.83 ".41 
,0 Itrad 6.8;t 1.0 85.00 5.44 0.74 12.66 40.13 16.65 

40 kra4 7.9 ;t 1.2 90.75 6.91 0.82 11.48 35.86 14, .. 16 

!lIS 40 II!! 6.8 ;t 0.9 85.00 8.9' .... 2.22 21.90 74.'18 39.·02 
60 III!! 6.6 ;t 0.7 82.50 12.84 .... 3.83 29.47 89.4, 57.40 

80 III!! 6.8 ;t 0.9 85.00 9.70- 2.36 26.59 72.97 3'.91 

20 Itrad + 40 II!! 7.6;t,.9 95.O'J 10.70 2.16 18.18 67." 30.17 

1)a 7911 Control 7.3 ;t 1.1 100.00 3.91 0.15 5.12 18.81 4.05 

a.- 20 kncl 7.7;t'.4 105.48 10.07" 1.55 16.25 46.05 ~2.72 

;;0 kr>ad 7.3;!:, 1.0 100.00 4.43 0.58 10.45 39.53 13.5.4 

40 Ir:rad 7.4 :!: 1.1 101.'7 6.,9 0.93 13.10 0." 17.17 

IllS 40 II!! 7.2 :!: 1.0 98.63 8.2' .... 1.84 18.93 67.1. 32.00 

6OB! 6.7 :!: 0.9 91.'18 6.29"· 1.:54 17 •. '16 6'.97 38.31 

80 II! 6.5 ± 1.2 89.04 4.59 0.29 6.74 22.55 4.92 

20 kra4 + 40 II! 6.9 :!: 1.1 94.52 6.29 0.97 13.48 46.~ 18.91 

---------------------------------------------------------------------------------------------
• SilDitioaDt at 5~ 1 ••• 1 

•• Slp1tlolUlt at '" 1eY.1 

Souroe S.B O.D 

Tarin, 0.20 0.56 

b_llllent 0.,6 0.90 

Var1ft7 x beataent 0.54 1.42 en 
'::JII:J 



wen .. ~ .1p1t1ouU7 a.ttw .. ~ fna 'UIa~ .f _DV01. 

11101'''. 1D tIY wae oM.no4 a1; all v_'-~. '.i1l We 

't'U'hU... fIl. 't'U'u1lllU7 ".. ll1&'beet a~ 60 .. v_~­

... t 1D !IIJ , U4 40 .. ~r __ " 1a Ah 7911. '1'be GOY 

Tal ... 1. !ICY 9 rue" f:ro. 12.66 at ,0 kra4 to 29.47 

at 60 .. ooaparo4 to 7.72 11.1 tho OODtrol. 

Ia .lh '7911. GOY Tal._ 't'U'led t1'_ 6.74 at 80 II!! 
t1'_~_Dt to 18.', at 40 4 oO.JIU"ed to 5.72 ill the 

eolltrel. 

I1wl_b111 V •• u .. t.. 1D ,MY 9 n.rhd tro. ".88 

at 40 Itft4 '1'_t ... t to 89.4' at 60 II!! oo.paro4 to 21.79 

1D the eoDtro1. Ia Ah 7911. h2 Tal ... 't'U'1ed fro. 22.55 

at 80 II!! tr .. _ .. t to 67.14 at 40 II!! api .. t 18.81 111 tho 

00lltl'01. 

G ... Uo "TUO. 1. ,MY 9. rulo4 fl'O. 14.16 at 

40 k1'a4 v_taellt to 57.40 at 60 II!! t1' __ OI.It ... lDd 

2.&2 1 ••• 00lltl'01. III Ah 7911. CIA rueed tl'O. 4.92 at 

80 4 t1'_tuDt to 38.37 at 60 4 ooaparo4 to 4.05 111 th. 

00Dt:ro1. 

d. "'"1' .f floware per plUtl In!IIJ 9. th ... 

waG ".1'''. 1. tho ... DIUI) .. ot floware 4 •• to •• ta,oa1. 

tr_t_ .. t. ...pt at 20 Irrad ooaparo4 to that of _Du.1 

(!a)to 28). In Ah 7911. at '0 Ir:n4 v_taollt. tho ... 

DUM1' of floware lM1' ..... to "".31 "-JI!lI'ed. .. 69.06 111 

69 



'ABLE 28: Effect of .augellie treataents on Iluber of tlowe1'8 aDel 

ahelliag pel' ceat in ", gelleration 

.------.. - ------------------------------------------------------------------------
IUlllber of flowers/plallt SheUinc per oellt (altgl. .. ) 

Var1et7 Treat.ellt -------------------- ------------------------------Meall .t S.E Per cent M_n ± 8.1 Pv .eDt 011 
011 comrol colluvl 

-------------------------------------------------------------------------------------
fJIY 9 Coatl'Ol 61.9' ± ,.71 100.00 57.2' ± 2.29 100.00 

Qaaa 20 1aa4 62.9' .t 4.1, 101.61 58.n ± 2." 102.62 

30 krad ".75 ± 2.65 86.79 57.19 ± 2.16 99." 

40 1t1'a4 '4.81 ± ,.16 88.50 60.77 ± ,.12 106.19 

.DIS 40 III!! 56.02 ± 2.92 90.46 56.75 ± 2.69 99.16 

60 II!! 55.26 .t 2.25 89.2, 54.70 ± 2.32 95.58 

SOm!! 57.09 ± 3.02 9Z.18 58.76 ± 2.65 102.67 

20 tad+ 40 II!! 5'.87 ± 2.93 86.99 56.1'.t 1.93 98.04 

All 1911 OoltU'ol 69.06 ± 3.06 100.00 5~.9,i .! 1.89 100.00 

au. 20 trad 65.72 ± 2.89 95.16 58.22 ± 2.12 102.2' 

,0 Jaoa4 77.34 :!: 3.52 111.99 55.54 ± 2.09 97.54 

40 krad 66.63 ± 2.45 96.48 5'5.24 ± 1.96 97.01 

lIIIS 40 4 57.18 ± 2.78 82.80 58.~, ± 2.32 102.44 

60 111 56.84 ± 3.21 82.,0 59.19 ± 2.65 10,.95 

80 II:! n.27 .t }.56 106.10 56.68 ± 2.57 99.54 

20 trail. 40 atI 6O.a. t 2.97 88.10 58.49 ± 1.&7 101..12 

---------------------------------------------------------------------------------------
801l1'O. S.B O.D S.l!! O.D 

Varin,. 0.96 2.:5';) 0.'1- 0.1'18 

'fr .. " •• t 1.71 4.75 1.03 2.92 

Tarin,. :It 
~_t.eDt 2.4' 6.71- 0.90 2.48 

-..J 
;:t 



no "lIt"1. tile .... "Mr ot tlowen at 40 ... to II! 
ad .. aU_ti •• tr __ on M:n doonu04 W 57.18. ,6.84 

ud fO.84 acatut 69.06 1. tho oo.v.I. no~. 10ft ).2 

ud IIA ft111_ aro IIU. 

0 •. Babor ot .. taro pod. por pluta III fJIY 9. 

oxoopt at 20 kad. t)'o al&ll .. ber ot _taro pod. 111 t).o 

tr_tocl populaUou woro IIOt .1p1t10aDtlJ dlttor .. t 

t"a tbat ot 00lltro1 (fablo 29). 

I • .lh 7911, thoro wu rocluc1:ioll 111 tho _aD lIuber 

ot _tllrO pod. at 20 krad,60 aDd 80 II!! ot _ tr_taat. 

ooapared 1:0 that ot oolltrol. 

!he , .. ot7Pio n.riallO. had iDor .. ed 111 tho allt.,.1110 

tr_1:& •• t. 111 tho ftriot1e. exoopt at 40 Itra4 aDd ooabl_-

1:1011 treataollt 111 Ah 7911. !h.r. wu two-told 1I1er ... lD 

IJT at 60 II! aDd 80 II!! ot JiKS alld toar-told 1I1Or_ .. 11l ~ 

at 40 Itra4 treataoDt lD 'lMY 9,at 40 II!! ot l!JIIS tr_ta_t 1. 

Ah 7911. 

!ho GOY ftlllO. 11l !MY 9 rue- tJr'Oa 7.54 ill tho 

•• aM_tioD tr_ta.t to U.24 at 40 kn4 apl •• t 1 •• 

lD tho oat"l. ID All 7911, tho IOf ru,ed t"a ,.86 .t 

40 bad W 12.8' at 40 aJ! ot l!iIf8 oollJU'ocI W 2.70 ill tho 

oon"1. 

71 



!ABLE 29: "_no varIance. heritabllity and genetic advance tor number of mature 

pod. per plant ill ..., generation 

------------------------------------------------------------------------------------------------:Per c_t "_n 
Tarin, 'frat_eat "ean .t. S.E On aqure 

h2 oontrol (between GY GOY Ck 
prog ... 
nies) 

------------------------------------------------------------------------
tNT 9 Control 22.6 .t. 2.42 100.00 13.26 1.70 1.82 22.19 4.56 

aa.. 20 Irra4 19.8 .t. 2.12 87.61 29.68- 3.81 9.94 "." 12.8, 

30 t.ra4 20.3 .t. 2.00 89.82 23.93- 2.6, 7.98 32.91 '.0 
40 tn4 23.' .:t 2.04 10'.10 45.19-· 9.51 13.24 6,.27 21.69 .. 40 II!! 20.4 .:t 2.75 90.27 18.38 2.95 8.42 48.19 12.04 
60 II!! 21.2.:t 1.96 9'.81 '5.51·· 6.69 12.20 56.56 18.91 

eo .. 22.7 .t. 2.09 100.44 47.90*· 6.69 11.40 41.92 15.50 

20 kad + 40 II!! 21.1 .t. 2.73 93.,6 22.19 2." 7.54 34.25 9.ot 

111 7911 OoDtrol 1.2.2 .t. 1.81 100.00 14.17 1.,6 2.70 14.41 ,.81 

... 20 tract 18.9 .:t 2.05 85.14 2,.00* 2.06 7.60 26.89 8.12 

'0 tnd 23.1 ± 2.39 104.05 20.72 2.11 6.29 30.60 1.17 

40 Irra4 21.9 .t. 2.25 98.65 2'.73 1.14 ,.86 17.62 11.54 

DIS 40 II!! 19.8 .:t 2.27 89.19 39.99· 6.47 12.85 48.'. 18 ...... 

60 II!! 17.' .t. 2.01 77.9' 20.18- 1.55 7.20 22.38 1.01 

aollJ 18.9 .:t 2." 85.14 20 • .0 1.86 7.22 21.40 'r.'P9 

20 bad + 40 II.! 21.2.:t 2.47 95.50 20.69 1.26 5.29 18.25 6.66 

-----------------------------------------------------------------------------------------------
*Sigaif1caDt at '" 1.Tel 

•• Sipitioant at ", level 

SOllrOe S .. E O.D 

"_let,. 1.08 •• S 
~ .. t __ t 

1.04 2.76 

"_im x 'fr_t •• t 1.24 3.41 
-J 

"" 



III t'lIY " llerl_ltllU7 _u.a~ .. ftZ'lea ~ 31.91 

a~ '" Ue4 te ".21 at 40 ta4 o_,area W 22.t' 111 " .. 

OOIl~roi. III All '7911. hI ftlu .. rue" tzoo. 11.ft a~ 40 Ue4 

to 48.54 at 40 II! a,.l_~ 14.41 ill til. OOMl'Ol. 

G ••• Uo aclftllOe 111 !lIT , I'Ug" tzoo. '.09 1. ~_ 

ooaltl_Uoll v __ ._ to 21.69 at 40 tra4 tr __ .Dt .. a)lU''' 

W 4.5' 1D the oODtI'Ol. ID 4h 7911, 1M I'Uled fzooa 6.66 

111 the ooalll_tiOD V __ .llt to 18.44 at 40 II!! of _ 

tr __ .llt aga1D.t ,.81 111 the CODuoi. 

lr.cIlla07 41.tr1l1atio. 1. !IIT 9 .how" aodal ftla. 

of 20 pod. ill ,._ 1ft'&diatioD ad IllS tr_ ... t. a« Z5 

pod. 1D the 00.lI1_UOD ~r __ .1It (~11.'). Ia Ah '7911, 

60 II!! of PJIS tr_taat .bowed a lIlaodal. cun •• the fir.t 

,_Ii: at 10 pod. aDd the .. oolld at 20 pod. w1th .1ailar 

f:r.cIII.DC7 (~11.4). !h. tl'_tuDt. ~ kracl aDd 40 trad 

:reoorded aodal Tallie of 25 poet. _oh. 

f. ..11.1' of terDei. per plat I !h. a-.rs lIuller of 

teraela w.re le.. ~hall ~_~ ot oODtroi a~ 20 ad ~ 1tN4. 

40 II!!. 60 II!! aDd ooallillatio. tr ___ t ill !lIT 9 aDd a" ZO 

II::racl alld ~h:r •• ooDOeIltraUo_ of .8 1 • .All 1911 ('alth "'). 

!her. wa. 1Il101'_ •• 1D GT du. to aa~eD1c 't:rea_at. GO. a~ 60 II!! tr_u." 1D ,lIT 9. !h. 11101'_ •• 1D GT ill 

1'JIf , waa toar-told at 40 li:rad u4 tin-fold at 80 II.! of 

73 



'fABLE 30: M ... D. nr1anoe. heritab1lity and genetio adftlloe for Duber of terael. 

per plant 1D "' generation 

-------------------------------------------------------- ---Per oent MeaD-- --------------------------------
aT GOT h2 Ql 

Tartet, treat.ent Mean! S.E on .quare 
oontrol (between 

proge-
nle.) 

----------------------------------------------------------------------------------------------
'f1lY 9 control ,7.87 t. 4.61 100.00 46.20 4.59 5.66 17.76 2.19 

Ga.a 20 lcrad ,,.,, .1 4.63 82.68 69.20 6.59 4.04 16.92 4.91 

30 II:ra4 33.69 t. 4.62 88.96 77.50 5.91 7.22 38.,7 9.11 

40 II:rad 37.47 t. 4.6, 98.94 141.10·- 25.60 13.50 54.4' 20.51 

JIMS 40 II!! '3.:58 t. 5.39 ee.14 62.57 8.19 8.58 '9.29 11.01 

60 II!! :53.84 ± 4.24 89.36 65.80 3.92 5.85 17.89 5.10 

80 II!! 35.40 ± 4.52 93.48 153.10" 30.61 15.6, 59.ee 17.,0 

20 trad + 40 II!! 33.08 ± 5.72 87.35 71.08 9.01 9.07 38.01 11.51 

.A.h 1911 Qoatrol 36.46 ± ,.76 100.00 ,1.62 3.62 ,.49 12.95 2.59 

.... 20 II:rad '0.87 ± 4.46 84.67 42.66 6.6, 8.'4 46.6~ 11." 

30 tracl 35.85 ± 4.18 98.33 122.26-- 23.22 13.44 56.97 20.90 

40 Ir:racl '4.17 .1 4.11 9,.72 74.52- 7.91 8.23 31.86 9.57 

JII8 40 II!! ,2.27 ± 4.13 88.51 126.54- 25.16 15.54 59.64 24." 

60 II!! 27.15 ± ,.85 74.47 64.12 6.56 9.4' 30.69 10.16 

804 29.38 ± 4.70 80.58 64.6, 4.59 4.6, 18.76 4.89 

34.06 ! 5.05 9,.42 44.4' 4.62 ,.74 10.96 2." 
20 kra4+ 40 -! 

------------------------------------------------------------------------- --

haree 

Tarlev 

'freat.ea'\ 

_ Slplt10aDt at '" l .. el 

._ Slplfloa.t at ", leTe! 

8.B 

Tarle'" :It tr .. taeDt 

1.27 

1.42 

2.06 

O.D 

•• s 

•• s 



- V_taeD,. b All 7911. ~. 1M ...... 1 • .,. ".. t1 ...... tlt14 

at 30 Iu:a4 &ael .u-toU at 40 II! of _ v .. __ OOIQlU''' 

'0 tba' ot oonrol. 

rho GOY 1. rJIV 9 ru ... troll 4.04 at 20 tn4 to 15." 

at eo III V._.D' &pl., 5.66 1D th.oonrol. b All 7911. 

th. GOY wu ux1a. at 40 lIP! tollow" lIT 30 trad v .. _.t. 

lieruab1l1v .. t.t.a .... 1.11 Uf 9 nr1e4 troa 16.92 

at 20 kra4 to 59.88 at 80 II!! ot JIIS tr .. t .. n ap1ut 

17.76 1D the oonrol. ID 1h 7911, h2 wu _xi •• ot 59.64 

at 80 .. tr_tII.Dt tollow .. 'bJ 56.97 at 30 kracl. 

Gen.tl0 a4 .... DO. ft •• ai •• ot 20.52 at 40 kra4 tr .. t­

•• t 1D Uf 9. In.lh 7911.40 II!! of]llS v_taen' had 

r •• lIlted ID hiCh •• t luetio aclTaDo. ot 24.73. 

g. Pod lie14 per plantl In 'fJIV 9, th ..... pod ,.1eld 

bad deoreued at 20 krad &ad lIlS 40 .. tr .. ,-n. ooapar" 

to that of oonrol (rabl. ,,). ID All 7911. there wu r"lIOtloD 

ID th ..... pod ,.1eld at 20 krad, tllr •• oo __ tratio •• ot 

mil &ael ooab1_tioD "r __ .n. 

GeDot;rp1o nr1aac. had 1 ..... ., 1. 1Il. utagea10 

v .. _ .. t. ..ept at 60 .. ot .. v .. taeat 1. All 7911. 

rhe laor ... 1.11 II' ".. wo-toU at 80 .. &Del thr .... t.U at 

40 Ua4 v .. tII_t 1. !JIY 9. III All 7911, the.".. wo-to14 

75 



~ABL:I 31 : 11_., TanlUlo., herltab1lity IUI(1 ••• etlc ad ... anc. tor pod yl.1d per 

plan 1 • .., ..... Uo. 

_____ a __________________________________________________ 

Per o.n Ilea. 
.. 2 'fu1ftJ 'fha"''' "_n.1 S.B oa .quare G'f QO'f III 

coDtzool (betw.en 
pro .... 
• 1_) ------- I • _______________________________________________________________________ 

tJlY 9 Ooatzool 14 .99 !. 1.14 100.00 4.9' 1.06 6.88 18.12 5.81 

41UU 20 krad 12.21 .1 1.15 81.45 8.49 2.23 9.09 4'.52 12." 
30 krad 13.15 !. 1.16 91.13 1'.17-- 1.82 6.59 ".80 8." 
40 Jl:rad 15.39 .1'.78 102.67 25.91- 4.4' 13.68 51.17 20.1' 

!ItS 40 II!! 13.62 !. 1.92 90.86 8.,6 2.11 15.49 25.24 11.04 

60 II!! 13.94 !. 1.51 93.00 15.01· 1.13 9.44 34.50 11.42 
SOli,! 14.12 .1'.41 94.20 17.81· ,.,, 2'.47 '5.59 19.5O 

20 Itrad+40 III! 14.08.1 1.87 93.93 20.88- 2." 10.80 ".21 12 •• 

n 1911 Ooat"l 16.84 .1 1.69 100.00 5.92 0.52 4.28 11.74 '.46 

a.- 20 krad ".34 :!:. 1.71 79.22 16.82· 1.70 9.78 30.34 11.09 
30 !trail 15.92 ;!;. 1.85 94.54 15.52* 0.61 4.90 26." 7.S, 

40 II:n4 16.27:!:. 1.71 96.62 17.21· 1.86 8.38 '2.41 9.8, - 40 II! 13.60 :!:. 1.60 80.76 19."- '.12 12.98 41.15 18." 

lOll!! 11.07 :!:. 1.69 65.7. 10." 0.51 6.45 14.01 4.97 

6'.) .. 1:5.23 :!:. 1.85 78.5' 11.11 0.85 6.95 22.8, 6.84 

20 1tra4+40 II! 14.10 .1 2.06 87.29 ".59 1.11 7.18 24.60 1.34 

-------------------------------------------------------------------------------------- -----
• SlgaltloaDt at 5" 1 .... el 

- Slgn1tloa.t at '" 1 .... 1 ...... 8.'1 • O.D 

'fan", 0.21 0.58 
fr __ •• 0.42 1.16 

Yu1.t" x tree_-, 0.59 1.6, 
....:J 
0') 



iMr... 111 G'f at 20 krad ... 40 krad ... tiT ... toli Uaoreu. 

lD iff at 40 lI!! of ., treat .. ,. III lIlY 9, tho Q(J'f .. 

.uiua.t 2'.41 at eo II!!. ID.lh 791" hiP_t ooott1olo. 

of n.r1abll1t7 of 12.98 va. ONerYecl at 40 II!! of _ 

tr ..... IIt. 

Herltability .s,s.., .. 1D IfJft' 9 waG -.axilla .t 
55.59 at 80 II!! of BIB'r .. , .. t. III Ah 79", herltabUU7 

va. hip .. t at 40 II!! trea_.Dt. 

":1".11_ ellletlc Uftac. of 20.15 at 40 kra4 

trea_eDt lD 'fJQ' 9 &Dd 18.48 at 40 II!! of 1118 tr .. _.Dt 

1D Ah 7911 va. oaerY04. 

Jreqll8D07 41strlbatlcD a, 20 krad &Dd 40 krad 

tr __ lIIt. 1D If MY 9 .howed .It.-a •• towarc!. poo1t1T. 

dir.,tiCII 111 ~ oollp&r04 to that of~. ID Ah 791" the 

.. dal .,.ll1e of 18.0 I at :50 krad, 40 krad &Dd 00llb111&tiOll 

trea_.1It .howed a po.U1Ta .bltt 1rt X, oOllpared 1;0 that 

of "2 (Plg. 5 &lid 6). 

h. ~erllol 11.14 per pla!, I In fIIY 9, tho .. &D lterllo1 

71.14 at 40 krad &D4 80 II!! tr_t •• t. wera .. 1181 1;0 tbat of 

001lt..-1 ('fable '2). ft. lieu lterllOl y1.14 at !IO krad. 

40 kra4 ud a •• U_tiell tr .. t.lllt 111 .lh 7911 were 11010 

.1p1floallt17 41tforODt fro. tbat of oolltZ'Ol. 

III.r .... 111 ••• VPlo TU'i ...... oM .... oI 111 •• 

• tac.1o tr ..... n ... ." at 20 Ir:ra4 U4 30 tra4 1. 
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'f.l.Br.E 32: J(eaII, Y&l'1aDOe, her1tab1lity aD! genet1c adYance tor kernel 11eld 

per plaDt in .., genera tiCD 

~--------------------------------------------------------------------------------------------
treat.ell1: Mean ! S.B 

Per cent Mean 
on 

eontl'Ol 
.,IIar. 
(between 
pl'Oge­
n1 .. ) 

-----.---------------------------------------------------------------------------------------
tIlT 9 Oontrol 10.45 .:!: 1.40 100.00 6.18 0.19 2.90 4.4' 1.25 

cae..a 20 kra4 8.82 .:!: 1.4' 84.40 6.68 0.17 4.66 7.57 2.64 
30 krad 9.65 .:!: 1.42 92.34 5. '15 0.10 '.46 5.25 1.55 
40 krad 11.56.:!: 1.64 110.62 10.8, 0.90 8.25 25.17 8.52 

lItS 40 II! 9.48 .:!: 1.57 90.72 4.76 0.87 9.8, 54.67 14." 
60 II!! 9.11 .:!: 1.20 87.18 5.07· 0.25 5.51 14.88 4.38 
80 II!! 10.24 ! 1.40 97.99 7.97 0.70 8.17 26.'2 8.', 

20 bad+40 II!! 9.36!. 1.67 89.57 6.26 0.71 9.0, -'4.21 10.81 

All 7911 00_1:1'01 11.94 ! 1.'4 100.00 6.40 0.34 4.88 4.63 1.48 

a..a 20 krad 9.46.:!: 1.51 79.23 7.37 1.18 4.51 7.41 7~53 

30 krad 11.08.:!: 1.58 92.80 ".2S· 1.27 10.'5 ".6, 12." 
40 krad 10.94 .:!: 1.48 91.62 10.67· 1.38 10.72 38.67 13.13 

IllS 40 II!! 9.75 .:!: 1.'4 81.66 12.51·· 2.38 15.81 51.46 2,.:56 

604 8.17.:!: 1.51 68.,(3 8.35 0.52 8.80 18.58 1.ft 

80 II!! 9.18.:!: 1.60 16.88 11.52 1.27 12.28 33.09 14.55 

20 krad+40 II!! 10.74 .:!: 1.70 89.95 8.'2 1.1, 8.'4 15.88 4.00 

----------------------------------------------------------------------------------------------
• S1p1t1caJrt at 5" l .. el 

•• S1p1/1eaJrt at '" 1 .. e1 

Ioll1'Oe s •• O.D 

'farie'7 0.54 •• s 

'frea' ... ' 0.92 2.47 

'far1n, :11 ~erea_ .. 1: 1.Z4 ,.47 
-:J 
c;.c 



fllY t. III BlY t ••• 1Jlo1'''. 1a IIf ... ___ fo14 ai; 80 .. and 

ooab1aaUo. b ___ t &lid i; ...... fo14 at 40 tn4 .. 440 .. 

b_ta_t.. 1. All 7911, th.l'. WIllI tbl' .... fo14 11101'''. 1. 

IJT at 30 ud 40 Dad .. d 80 ... b ___ t. ucl 81%-1014 

1aar ... at 40 .. oOllp&1'ed to tbat of ccDtrol. !he lOT 1a 

fIIY 9 raqed froa '.46 at :50 krad to 9.8, at 40 II!! coapared 

to ,2.90 111 tho 00.1:1'01. III All 7911, GOT ... aula_ of 15.81 

at 40 II!! i;1' .. ta.llt. 

lierltabllU, •• U_t .. w.r. tho hip •• t at 40 II! of 

llIIS b __ eDt 111 tho two T8l'lnl... !r .. taen of DIS at 

40 II)! had r .. lllted 111 hiP •• t .... Uo &4.,..110. of 2,.,6 111 

Ah 7911 aDd 14.96 111 fIIY 9. 

1. 100-"' 181," I Xu fIIY 9, lnad1aUolI at 20 tn4 

.. d 1IfS 80 .. 1;rea_ .. t. 1.' •• 111 ted 111 deer.... 100-po« 

we1lht ooapar.d to that of oOlltl'ol (fabl. ,,). 111 Ah 7911, 

there WIUI redao'UoII 1a 100-pod weipll at all treall .. t. 

uoepll 40 kr&4. 

lJIOr_ .. 111 ,eDotyplc T&J.'iaDC. WIllI oburT" 1a all 

tr ___ t. 111 tho bO T&J.'ln1e.. 111 fJI9' 9, 11101'''. 1a CJT 

WIUI f1Ye-fold at 80 II!! aDd bO-fold 111 the ooa'b1.Uo. 

tr .... ". IJa All 7911, the" WIUI thr .... fo14 11101'''. ill 

CJT at 40 krad aDd lou fold 11101'''. at 60 .. b __ eDt. 

Xu fJI9' 9, the lOT .,..1 .. waG uxi_ of 10.50 at 80 II! 
bea __ t. 1Jl All 7911, lOT WIUI -.ua_ of 8.62 at 60 .. 
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!.UIoE 33: II_D. TariaDO., llU'1tabil1V all4 ••• UO aclYuoe tor 100-po4 we1pt 

i • .., .... ratioD 

.. _------.... -----------------------------------------------------------------,._. ---P.r oent "ean 
b2 Tarl.V ~r_'ta .. t Mean % B.E on eqaar. Of GOY Ii 

oontrol (between 
prOC'" 
niee) 

------------------------------------------------------------------------- -----------
tIIf t Control 67.36 .:!:. 4.60 100.00 52.72 '.55 2.80 4.15 1.D 

._ 20 kra4 62.55 % 4.11 92.86 68.78 6.06 '.93 26.42 4.11 
:50 kra4 67.79 .:!:. 4.15 100.64 67.27 4.39 3 •• 20.19 2.58 

1 
40 lEracl 65.93 .t 3.66 97~88 68.86- 9.54 4.69 41.57 6.21 

lila 40 III.! 66.58 .t 4.66 98.84 70.31 3.15 4.99 7.46 1.12 

60 II!! 66.35 ± 4.44 98.50 76.43 5.80 ,.6, 22.78 5.51 

BOil!! 62.57 ± '.12 92.89 158.79·- 2,.20 10.50 81.6! 19.55 

20 kra4+40 II! 67.25 % 5.49 99.84 12,.6QIt 11.07 4.95 26.87 5.28 

Ab 1911 Go_trol 75.92 % '.99 100.00 14.87 5.99 ,.95 ,.96 t.61 

a.- 20 krad 70.11 ± 5.71 92.30 136.23· 12.83 5.11 28.26 5.60 

,0 kra4 68.89 % '.57 go.74 150.,,. 6.98 ,.84 13.93 2.95 

40 krad 74.50 ± '.77 98.13 125.,,-- 27.58 7.05 66.00 11.80 .. 40 II! 69.75 .t 4.99 91.87 '75.56 9.00 6.48 ,'.01 4 •• 

60 II!! 64.00 ± 4.85 84.30 162.91- '0.41 8.62 46.35 ".32 
eo II!! 68.01 ± 4.76 89.5. 92.71- 8.28 4.2' 26.80 4 .. 51 

20 II:rad+40 -!! 68.86 ± 4.28 90.70 95.34- 13.47 5." 42.38 7.15 

---------------------------- --------- ... 
• SignlficaDt at 5" 1 ... 1 

.- Signltlcaa1; at '" 1 ... 1 

Soare. S.B O.D 

farin1 0.6, 1.76 

heat •• at 1.24 '.47 

Tarl.1:1 :It freat.ent 1.59 4.45 
C.::J 
Cl' 



I. 'fIIY t, Up •• , 1a.l'1tUl11tl •• u-,. of .1.61 ... 

olJtailllll at 80 .. v ••••• ,. III All 1911, 40 Jaoa4 vea"" 

1' ... .1'404 up.n IaZ Tal ... of 66.00. 

U JIMS 80 .. voat ••• , 111 fJIY 9 aM 60 .. veatua' 

111 All 7911, h1all .eaaUo .. .,.. •• of 19.55 ... 1'.32 

""POOUT.lJ ... 1' ... .1'404. 

~. 1 ~"'rJ!!l w.W t III IllY 9, 1zftU .. UOII a' 40 Ir:rad 

..... lto4 111 1110 .... 04 100-tentel we1pt ooapar04 to tha, of 

oolltZ'Ol (table '4). III All 7911, there va. 1'04 ... 111011 1a 100 

kor .. l woight at 20 trad, 60 II!! alld eo II!! tr.at •• te. 

ther. .... 1.or .... 1 ..... ,,,10 Tart .... 111 th • 

•• tec_10 treata.n. BO.pt at 30 kra4 1. !IIf 9 .. d 20 las4 

veat ... t 111 All 7911. III !MY 9, tiTo-fold 1I1er ... 1. CJT 

... o'b.orT.d at 1IlS 80 4 tr_.OII't. !II IllY 9. 'laer ..... 

.... 1d01'&1I1. 1I1Orea.. 111 GOY at 80 4. tho Tal ... 'bel .. 11.0 

oo.,.".od to 4." 111 tho oolltrel. In Ah 7911. GOY .... lliP 

at 40 II!! &lid ,0 trad tr __ e.' •. 
III !)l'f 9. ller1ta'b111tl •• u-t_ raD&" trca 14.08 at 

,0 Ia:a4 to 75 .59 at 80 II! treataen. 001lpU'04 to 9.28 111 

,he oolltrol. III Ala 7911. h2 Tal .. O. T&r104 tr_ 21.0' a' 

20 Ia:a4 to 7'.99 ., 80 .. v_ ... , ooaparecl ,. 16.06 1a .. 

oo~l. 

Ia lIlY 9 ..... U. aclTUOo Tal'ie4 troa ,.21 at ,0 IcnC 

to 19.10 a' 80 .. ot .. Vea.oat oollpU'o4 to 1." 111 no 
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fA:at.I 34: ...... nriaDD •• ll.r1t&b11U, ad c ... t1a adTlUlC. tor 1QO-kera.l weicht 

1 • ., c .. erat1oD 

.... --_._--- ------------------------------------------------------------------------- ... _---
Per oent Mean 

OJ! quare 
coDtrol (betveeD 

pro,e­
Die.) 

------------------------------------------------------------------------------------------------
f)lf 9 Oontrol 28.21 .! 1.51 100.00 10.95 1.36 4.13 9.28 1.48 

a... 20 krad 28.95 .! 1.75 102.62 14.91 1.92 4.'78 38.58 6.11 
30 krad 28.28 .! 2.90 100.25 28.44 1.38 4.16 14.Cl8 '.21 
40 krad 30.63 .! 1.12 1oe.58 12.65- 2.96 5.62 70.21 9.T1 

IllS 40 II! 28.30 .! 2.09 100.32 14 • .,9 2.45 3.36 37.26 5.20 
60 II! 27.30.! 1.74 96.77 14 S, 1.80 4.92 '7.17 6.11 

80 II!! 29.44 .! 1.84 104.,6 41.62*· 8.49 11.00 75.59 19.'70 

20 treA+40 II!! 29.22 .! 2.9, 10'.58 19.83 1.96 4.80 29.'78 5.40 

All 7911 Oontl'Ol 33.00 :to 2.47 100.00 12.67 1.90 4.17 16.06 2 • .58 

aa- 20 krait ,0.41 .t. 2.02 92.15 15.59 1.11 3.46 21.33 3.29 

~ tn4 31.27 .:t. 2.67 94.76 :54.12 4.42 6 • ." 38.24 8.51 

40 krad 31.65 :to 2.27 95.91 18." 2.98 4.13 44.90 5.71 

:.& 40 II!! 30.69 :to 2.54 93.00 :54.60* 5.06 7." 4'.90 10.01 

601Ifl 30.57 :t. '.19 92.64 40.32 ,.25 5.89 24.16 5.91 

80 II!! 30.~ :to ,.02 91.82 13.99 ,.45 ~.13 73.99 10.86 

20 k.ra4+40 II!! 31.04 .:t. 2.15 94.06 22.09 2.72 5.'2 44.'6 1.'2 

-------------------- ---- --------------------------------------_ .. _----
• Slcn1t1oallt d '" leTel 

.* S1gn1t1oaat at '" leorel 

Be ... s •• O.D 

Tarle" 0.52 1.46 

fr_ ••• 1It 0.84 2.35 

'far1.t, :It b>eataeat 1.42 '.97 



'0 ... 1. Ia ~ 7911, IA nqt14 boa 3.29 at 10 tzoa4 to 

10.86 at 80 .. of .. &pi_t 2.58 1JI 1:h. ,,"ro1. 

het .... T 4lavlbaUo.. of 1 QO-IrU'llOl we1c1R &1'. a ... 

1JI PiC • ., aa4 e. Ua1ao4al ,an .. wlth .. 4al ... 1 .. of 30 , 

wer. obaerYe4 1. 1:h ••• 1:&1.1110 tr •• a_ta. th. ,arT" 1JI .., 

aovt14 a poalUT. ahitt 111 1:h ... 4al Tal .. '0IIpU'04 1:0 t_t 

of ~ at 40 .. of .. all4 ooabl_UoJl tr .. _ •• 1. !JIJ , 

.. 4 40·11:ra4 of ..... 1rza41atloD lD Ah 7911. A ahitt 1. 

1:h •• ",UT. 41reotioD _a oboerYt14 .t 80 II)! of ilia 

u .. _.u 1. Ah 7911. 

Ir. DilliN pF 9." ft ...... h.lll., per 0 •• 1D 

DY 9 ftIlct14 froll 54.70 a1: 60 II)! to 60.77 a1: 40 1I:ra4 .. aparo4 

1:9 57.23 18 the ,ourol (fable 28). Blplf1o .. t 18or .... 1 • 

• h.lllq p.r ,.t vu 0) •• 1' .... 4 at 40 II:rad tr __ •• t 1. fllT 9. 

n Ah 7911 ...... holUD, per o.t l'UI,04 tro. 55.24 a1: 

40 II:ra4 to 59.19 at 60 II)! api •• t 56.94 1. the oo .. rol. n • 
..,. lOT. h2 &D4 fIA ... la.. &1'. D11.. 

Prota.oT 41.tr1baUODD are pr ••• 1:o4 111 PiC.' aa4 10. 

OOaparlaOD b.w •• 'th. OllrT .. 1. II:! aDd "' r ..... al.4 a 

po.1tiY •• bitt b 1:h. _4al ... 1 •• 1 • .., , .... 1:10. at 30 tn4 

... 40 1I:ra4. 40 II)! ot lIIS ... 4 00abl •• 1:10D tr ..... u 111 _. 

T&l'loU.a. fr._eIlt. 80 II)! 11l !JIJ 9 .. 4 60 a! 18 Ah '1'911 

al .. allovo4 po.niT. ahlft 1D th • ..tal 'ftlll. 111 .., 

, ... nUo •• 
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~ABLB '\'1: 'otal correlation ooefflolent8 between pod 11eld and it. co.ponent. 

In "' generatlon of !NY 9+ 

----------------------------------------------------------------------------------------Length of B •• ber of 
pri_cy branch .. 

IJuIIber of Buber of Po4 
nowez. pod. 11el4 

branoh 

----------------------------------------------------------------------------------------
aelght of Control 0.148 0.407·* 0.285- 0.24'* 0.277-

_In .t_ 
20 kra4 0.622** 0.574- 0.371·* 0.208 0._-
,0 krad 0.813*· 0.418** 0.,03*· o.,o~- 0.288* 
40 kr8.d 0.808*>< 0.469><* 0.258' 0.15 0.281* 

40 II! 0.887** 0.673- 0.282· 0.371-· 0.,61-

60 II! 0.757** 0.496- 0.111 0.271· 0.174 

80 II! 0.764** 0.406- -0.701*· 0.137 0.197 

20 !trad+40 II!! 0.808·* 0.526·· 0.712*· -0.357*- -0.328** 

Length of Oontrol 0.209 0.150 0.242· 0.204 

prlmacy 
branoh 20 kr&d 0.682·* 0.492*· 0.488*· O • .,22-

30 krad 0.607·· 0.249· 0.406·- 0.375*· 

40 kra4 0.523·· 0.338** 0.;so6*· 0.359-· 

40 .. 0.711*· 0.419** 0.526·* 0.517-· 

60 II! 0.577" 0.431·· 0.636** 0.460** 

SO" 0.414** -0.758-· 0.320- 0.3,.-

20 kra4+40 II!! 0.539** 0.132 0.2,.- 0.211 

_.lter of Ooauol 0.473·- 0.438-- 0.4'1** 

ltftlllOh_ 
20 !trad 0.320** 0.500- 0.394·* 

30 Itra4 0.393-- 0.418- 0.,,.-

40 kra4 0.157 0.263· 0.2"· 

40 II}! 0.383-- 0.55'- 0.517-

60 II}! 0.263- 0.438·- 0.271-

SOW! -0.184 0.360- 0.272-

ZO kra4+40 II!! 0.422* ,. 0.305*· 0.286* 

_.be af Oontrol 0.551·· 0.52'-· 
nwera 

20 kra4 0.52'- 0.'''-

;SO 1Era4 
0.1'70 0.84'-

40 krad 
0.309·* 0.209 

40 II! 
o.,~ 0.581" 

60 II! 
0.517** 0.5"'-

SOli! 
0.119 0.20!5 

10 bU+40 II! 0.437" 0."'" 
....... ., 00 ... 1 0."" ,... 

ao IrnA 0"'''' 
O.~ 

JD .... 0.904·· 
40 lrra4 0.9,2** 
40 II!! 0.811-60" 0.824-
80 II}! 0.8'''' 
20 kracl+40 II! 

- --- + 0ba .... U. ... were raoo"''' •• 360 plaII1;. 1 ... Ill uea ••• hOlt 1; ..... 

Hfllo·U.... . 
• 8lplflttaIR ., '" 1_81 .. .......,....... a' 1" 1_81 



total correlation coeffioient. between pod ~ield and it. component. 
1a '" s .... ratio. of All 7911 + 

--.-----------------------------------------------------------------------------------------
trait Pod 71eld 

Leqtb of luber of luller of luber ot 
pri-l'7 branch.. flovera pod. 
bra.oh 

--------------------------------------------------------------------------------------------

_"1' .t 
tlowen 

Oontrol 0.576·· 0.492- 0.168 -0.121 -0.103 

20 Itrad 0.61'·· 0.243· 0.154 0.148 0.114 
30 Itrad 0.857·· 0.213 0.155 0.871·· 0.229 
40 II:rad 0.537- 0.321*· 0.900*· 0.566- 0.707-

40 II!! 0.648·· 0.,21·· 0.199 0.134 0.190 
60 II!! 0.681·· 0.164 0.945*· 0.114 0.983-
80 II!! 0.899** 0.615·· 0.301· 0.415·· 0.372·· 

20 ltra4+40 II!! 0.763 H 0.173 0.341·· 0.405·· 0.66,-

Control 0.489-· 0.140 0.513-· 0.574-· 

20 1t1'&4 0.292- 0.306·· 0.269· 0.337·· 
30 II:rad 0.322-- 0.155 0.151 0.294-
40 II:rad 0.271· 0.309-· 0.328- 0.359·· 

40 II)! 0.426·· 0.314·- 0.442·- 0.492-
60 4 0.314- 0.321-· 0.367·· 0.420·· 
80 II)! 0.556·- 0.267· 0.405- 0.,382-

20 II:rad+40 4 0.272· 0.185 0.513-· 0.944-

Control 0.211 0.343-· 0.269-

20 II:ra4 0.288· 0.163 0.183 
30 lI:rad 0.281· 0.362- 0.356-

·40 tra4 0.363·· 0.337·· 0.394-

40 II!! 0.282· 0.553·· 0.48,-
60 II!! 0.348-. 0.317- 0.346-
80 II! 0.218 0.345·· 0.341·· 

20 lI:ra4+40 II!! 0.225 -0.802- -0.113 

Oontrol 0.492- 0.411-

20 II:ra4 0.308- 0.102 
30 II:rad 0.305·· 0.185 
40 11:1'&4 0.435-- 0.315-

40 4 0.404-- 0.310** 

604 0.61'·· 0.""· 
S04 0.477- 0 •• "''' 

10 ta4+40" 0.110 0.111 

0. ... 1 0.901** 
0.835--20 la'ad 
0.834·· 

30 Ir:ract 
0.904·· 

40 krad 
0.900'"· 

40 IIJ! 0.926-
60-!! 0.916-
SOli!, 

20 ltrad+40 .. 
0.902-

+oN .... U .... ere 1' .. ort .... 360 pluito 18 .. 11 ___ an boa tlana 
soeplJ..aU ••• 

• 8lcB11'1 ... t at '" 1eYe1 
__ ... _.a .. ....... at!: t" 1..-.1 

'I 

co 
en 



ot A.h 1911. th ••• rrelaUoa ooett1 .... n ot 0.343 wa 

0).el'T04 'be~ •• tho DUlber of u....1l_ aJl4 til. DWl'b .. 

ot pod. 1D 'the oODtrol PO)MllatJ.oD. n. oorrolaU •• 

• oettto1_t 'b.twon 'th ••• two oharactera 1D the ... 'b1_t1.a 

tr_taeDt waG -0.802. 

D. W!!!t10! ot EGA.UT! "Ha' U •• 

70rv plaat. i. liz ..... UOD wbtoh ,.,. .... 04 Il1per 

po4 7iel4 'blUl ')la, ot ooDUol 'II" •• el.'114 _4 t)leir 

proC.1 ... er. rai •• 4 tor tlll'ther "1147. ot 'th ... , tiT. 

11 •••• "el.7 110.19 aDd 20 (!Ill 9. EMS 40 II!!). 24 aD4 2'7 

(fJn' 9. ,0 kra4) aDd 39 (n 7911. 20 krad + 40 4) reoo1"404 

h1p.r 71el4 thO ,bat ot GODVol ('fable 37). ",.n7." 

plllllta ..... el"t04 at r&D4_ iD th ... tiT. 11 ... 1. "' 

aDd tho1l' pz'OCOQ' were to.tOll tor 71el4 ,artor_DC.. !he 

71014 data are tllrJli.h.4 ill fable,s. 'h ..... pod 71014 

por plaat iD toar •• 1 •• '1oD •• 191/2. 24 11/7. 24 11/8. &Il4 

" 11/10 r&D_OIl troa 2,.8 _ to 25.5 C. 'h. 1Dor .... OY" 
.. atrol b.1al 22.1 'to 30.8 pel' .. at. 
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8"8 

'fJ.BIdI 37: :red 71eU/plaa" et _tan 11.... 1. "' ....... 1;1 •• 

------------.-._--- ------.-------------------lIuv.n 
"-- pod Pere_v.s. o. lllltan " __ pod Pore ....... 11 

11 •• 7101d ----- . ---- 11.. ;rj,01d --DUII~" "pi .. " 
~IIY , All 7911 1I1IIl1I .. ir/plut flIT 9 Ail 7911 ----------•... -- ---

1. 13.2 91.0 95.1 24. 20.8 143.5 150.1 
2. 11.6 80.0 84.1 25. 11.3 11.9 81.9 
3. 9.1 66.9 10.3 26. 14.5 100.0 105.1 
4. 13.3 91.1 96.4 21. 16.9 116 .. 6 122.5 
5. 14.5 100.0 105.1 28. 11.5 79.3 83.3 

6. 14.5 100.0 105.1 29. 14.9 102.8 108.0 
7. 13.4 92.4 97.1 30. 11.0 75.9 79.7 
8. 11.5 19.3 83.3 31. 11.0 75.9 79.7 
9. 10.5 12.4 76.1 32. 14.0 99.3 104.4 

10. 12.9 89.0 93.5 33. 13.2 91.0 95.7 

11. 13.7 92.6 99.3 34. 13.0 89.7 94.2 
12. 14.2 97.9 102.9 35. 12.2 84.1 88.4 
13. 13.6 9,.8 98.6 ,6. 13.1 90.' 94.9 
14. 8.8 60.1 63.8 :57. 14.1 97.2 102.2 
15. 14.2 98.1 102.9 }8. 14.0 96.6 101.5 

16. 11.0 75.9 79.1 ". 16.0 110.3 115.9 

17. 13.2 91.2 95.1 40. 13.0 89.1 94.2 
18. 11.0 75.9 79.1 'IIY 9 14.5 100.0 105.1 

19. 15.8 109.0 114.5 Ah 7911 13.8 95.2 100.0 
20. 16.7 115.2 121.0 fJ.M 13.2 91.0 95.7 

21. 13.6 94.0 98.6 S.E 1.59 11.0 11.5 
22. 12.5 86.2 90.6 O.D 4.45 30.7 32.3 

2'. 9.2 63.5 66.7 

_.-----------------------------------------------------------------_ .. -
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tABidI 38: n.u pezotonuo. of .. leoti._ trOll ., l1.He 

1D .4 ..... UOD 

-------------------------------------- ------------- ---
S.IIo. lel.UOD \'&I'1e~7 ... u .. ~- KMD Per •• n 

D""" allit 71.14 .D 
IIplan fllY 9 ------------------------------

1. 19 1/1 'Ilr 9, lIIS 40 -!! 22.5 "5 •• 
2. 19 1/2 fMY 9, lIIS 40 II! 24.0 123.1 ,. 19 lIe fK'f 9, lIfS 40 -!! 21.5 110.' 
4. 20 11/10 ,MY 9,!IIS 40 II!, 20.0 102.6 

5. 24 11/5 fllY 9,30 krad 22.0 112.8 

6. 24 11/7 fllY 9,'0 krad 2,.8 122.1 

7. 24 11/8 fIlY 9,,0 krad 25.0 128.2 

8. 24 11/10 !1lV 9,'0 krad 22.5 115.4 

9. 24 111/1 !1lV 9, ,0 krad 21.5 110.' 

10. U 111/2 fKV 9, 30 Ir:rad 20.5 105.1 

11. 24 111/8 !IlV 9, 30 krad 21.5 110.' 

12. 24 IV/5 fIlV 9,,0 Ir:rad 18.5 94.9 

n. 27 1/' !IlV 9,,0 krad 20.5 105.1 

14. 27 1/4 DV 9, 30 Ir:rad 22.5 115.1 

15. 27 1/6 BY 9,30 II:rad 20.5 105.1 

16. 27 1/10 !JlV 9, 30 krad 20.0 102.6 

17. 27 11/10 fllV 9, 30 Ir:rad 20.00 102.6 

18. ,9 11/6 A.h 7911,20 Itra4 + 17.2 88.2 
40 II! 

19. ,9 II/7 Ah 7911,20 II:rad + 21.5 110.2 
40 II!, 

20. 39 II/t Ah 7911,20 II:rad + 2,.0 118.0 
40 II!, 

21. 39 II/10 Ah 7911,10 Iaa4 + 25.5 130.8 
40 II!, 

22. fllV t Oon1'01 19.5 100.0 

2'. All 7911 OOD~1'01 17.5 89.1 

S.E. 1.4 1.1 

0.]) at '" '.9 20.1 

-------------- ... ------ -----_ .. --------





ft. at .. , ot Oftp 1apft .... _ 18 l1lli1ie4 '0 the 

.ft1la'bl. ll1h ..... , .... r1.'bW'7 tor 1iJl ... oDOllio obarao, ..... 

'!'h. sr.'" the .... riaW1V, the "', .. wiU 'b. 'h •• oop. 

tor 1IIproy.lIlt. IB 1' ..... 10 U ... , plat 'br.ed ... ba ... . 

• tt-.pte4 to 11101' ••• the nrialll1U;y tor q-.slUt.U ... . 

oharac' .... b7 iDdllOed .auI ... 18 (DaaaDOYlc .!1 !!., 1970 

111 what, Baat .!! !!.,1974 1D oottOD, CoDe.r .!1 !!., 1976 

111 "7'b ... ed !atl1 aDd fbakar., 1969 ill sroall4Dat). 

Br.edll1C tor hiper 7ie14 1D ll"Ou4Dat baa be.D 1D 

pro&1"". 1D ..... eral oellv .. aDd the artiticial or .. UolI ot 

... aria'bl1iV baa 'b •• a a"..,ted .. lDI ap.1tl0 -..arleU •• 

an4.aue", (etrecoZ7,19681 1.""7 _d A.hr1,19751 PaUl &114 

JIoul1,19'78). IacluUoa of ftria'b111t7 111 10c.U". aclapte4 

-..arlet1.. ot poouclaa, woll14 'be rwar4111C tft. the po1nt ot 

... 1ft ot na'bllU7 .t pertomaao. ot 'he Jllltan,.. two ot 

th. h1ch 718141 .. TU'1.u.a !IIY 9 _4 All 7911 ot 'h. 011 ..... 

ll .. anh C .. V. of the taa11 .4a AI1'1aultual 11a1 ...... 1'7 

W • .I'. ..b"lIOted to plt,ya1oal, oh.uoal aII4 00.b1aaUoll 

tr .. '."'. 04 'h. -..arla'b11U7 011 .. " .. Nth 1D qaalluU .... 

aDcl q_IIUuti .... obal'ao, .... are 418G ••• ed. 

A. S'acll. Oil ,.I'111_1;1oa, .1trY1ftl .J14 .... 11111 h.ylat ill !!, 

' ..... tiOIl 

ft. 'blolOC1oal att .. ,. ot the aanaaulo tr_' •• U 

W". 4.ten1aecl bell th. 0'b ....... 1;1011 11&4. iD the ,UIIiDa­
t.t... .~lftl ucl •• .aiD. he1tb' 1D lit ........ Uoa. 



l'zosr".1T. 4 .. 1'''. ill ,HII1MUoll "UIl inor ... 

ill 40 .. of .... rqa &all ..... o'b .. rYe4 Oil '11. wo 
Tarl.U •• (table 4). 11Il1la:r relaUouhip 1» ...... 40 •• 

a84 etf .. ~ bait aUo b ... ollaerYft ill the 1na41a'e4 

,,'a:rial of srGUCUlIl' (Gr .. I7,1968). oottOIl (bal1ta,1918), 

NqalCJl&ll (Ulawal,196J), l)a"oly nlerie (KR~.., &JIll 

Gr.1,,1973) .. 4 ,... (Sbafta,1965) aDd .... aIl4 DIS 

tr .. _ •• t. 1 •• 07'beaM (eo_tuUD.!1 !!,.,1976) aDd 

DIS va .... 1D Tida .t!l!!. (Hun1D .!1 !!,.,1974). 

Data haT •• bowI! 'Ilat oo.bun10D '1' .... 11' calUlft ar.'" 
rftllcUoJl 1. Cera1D&Uo. tIlall that of .1D1l. treat.eDt •• 

8ach lDOr ••• b reallOt10D of gezs1_tiOD 4". to oo.bl .. -

tl0D tr .. ta...- ... OHerYe4 lD rio. (81441q aD4 Swaa1_thaD, 

1968 a.d Swu1 .. tha. n !l., 1970) IU2d 501'_'" (81'" 

.... lll, 1970). 

It -7 'b. clear fl'O. 'fabl. 4. tIlat .urY1nl was 

redllOed with 111l0r .... 11l 408 .. of ..... :r&J'. &Dc! lIlS. 8l1ch 

bTer •• relaUoD nt".eD 40 •• &D4 nrYiYa]. va. OHerYft 1D 

srGUdDllt 4u. to X-11'l'&41aUOlil (Greco1"7. 1968) u4 1. 

ootto. 4 .. to ..- lrra41aUo. (IhaUfa, 1978). DES .. 4 

lII8 tr .. "_. 1 ... 7'11 .... (eo •• taIItllll .t1 !l.,1976) aid 

.as v .. ta ..... ill TiMa lUll (Bu .. 1II, .t1 ll, •• 1974) wer. 

al •• tolUlCl t ......... 1' .... 1D .1lrY1ft1 with 1Dor ... 1D 4.... Ia~. pr .. en .'.d7, red_Un 1a 8IlrY1Tal. .. abo., 

SO per .0. vu caOft 'b7 40 tzoa4 of .... r&JW .. 4 60" 

of _ '1' __ .' (lfa1tl. 4 .. 4 ftc.f). I4dt1cal 1' .. ,. ... 
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of th ... ftr1eU. ~ -uaa1e w ...... ., be 

"14 ... t ~ the uta o. nrn..,al. Oo.lIlaaUo. W .. ~t 

... fo.1III to r ..... the nrrlftl. to • Il'_"e ..... t 

thaD n." of .1q1. w .. ta.,.. CoaltlDaU •• of ,._ ft,J. 

w!'th DIS lD ltarl..,. (Doll &lid 8u4t •• r. 1969) • ..- ft,J. 

&lid :1-ft,J. with DIS &lid IIitl'O ... 't)I,Jlu .. lD so.o 
(Sr •• JlaaDla. 19'rO). ha .... oau ... Il'_ter rell.Uoll 11l 

.u...ln.l thall tha't ot 111111.,14aal •• ue.lIO. 

Dau OD •• edl1l1C h.1SM (fabl. 5) han belloated 

grown r.41lO'ti01l with ll1er ... ill do ••• of ga_ 1"&7. aDd 

DIS. there were ..... eal r.port. 011 .Ilch pow'th redllctiOll 

4 .. to •• ta ... io tr_1a.JR.. III crolUldllat. i1'1"&41a1;1oD 

w!'th Ll'&J'a <lila"" .!1 !! .. 1961, Grepr1. 1968) ad 

n.na]. 11 .. ,,"11 ......... 1'8,J. ( .. "" .!1 Jl.. •• 1961) .. 4 

lD .07lt ... ,tr .. ta •• _ wlth p)I,J.1Dal ........... oh .. 

f18.1011 •• tl'OlIO &lid p_ ft,J. &Il4 w!'th oll.aloal -tac ... 
• ach .. DIS ... DIS (Co_uaUIl .!1 Jl.. •• 1976) we. DOft to 

oau. redQcUoJl i. n. ..edl1llc Il'OW"h with 1IIc1'_" lD 

40 ••• 

III 'th. pr .... t .ta41. the two n.r1.t1_ .howell 

14_tical 1' •• ,. ... to •• tac.1I10 tr_ta ... t. wi tal regard to 

gera1Jl&tl01l &lid .arYln.l whl1. 41ff.renlal r.apolla. was 

lJldloated 'b7 crowth redlloUolI. a...a ft,Ja ha .... red.oed the 

h.iSht of a.e4l1Dc 111 !lIT 9 to a gr_ter "'ellt thaD .-s. 
Bow"er. tlUa we114 was r"erae4 11l Ah 7911 lD wh10h :IllS 
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.bowed IZ'-t .. H4I1OUOD OD •• edl.1ac h.1cJlt thaD t_t fd 

..- 1'&7.. .~ ot •• e4l.1... 18 the .0aU.tioD 

v __ e.t .... 1 ... na. that ON ...... 18 .1acl. v __ e". 

&Ild the efteot ....... prO .. DO. 111 All 1911 tha. 111 

~JC'f 9. !h. 1IIo~ ... ~ •• ot1.. 111 poowth a •• to oo.b~-

tio. va_en ... oba.n. 1D lIuh.r (Ko .... k .11 !!.,1961, 

lIf1aD .11 !l •• 196, U4 JIohaJI Rao, 1972). DUter_Ual 

~ .. po ••• ot th. T&~1eU .. to .lItac_io tr ..... t. a. 

oba.ned to~ .... l1rc poowth iD the preul'lt .tu~ haD al.o 

b ... reported 111 IZ'OIIDdDut (111qa .. alld JIar1:1D, 1961, 

1!IIer.r .!! !l •• 1970a :Lft7 04 A.hrl. 19731 A.hri aDd Lft7.1914) 

alld iD other orope each .. wh .. t (Walther aDd BaIlI,197'>, 

P •• (GeliD.!! !! .• 1958. llixt,1972) 04 rio. (SwaaiDa1:han 

.!! !! .• 1910). 

S._liD, 1A;J1lI'7 .. reT.led b7 th. reduello11 111 the 

h.lIht ot •• 0411111 due to .u1:&l.1I10 tr ... _t. hu be .. 

atviDllt. to cUtter .. t oall.e. Uk. aWt1D a •• tl'llO'UOD 

(Sa1th alld ~er.t ... 1942), iDll1bitioll of aWt1D .7Dth •• ie 

(Ge1'do., 1954), 0-111" 111 ... .,.. •• peoitioU7 (Cherz'7 04 

Mea ..... 1961, 1D40. 1967), iah1bitioll ot DIl .,.theai. 
(lU.kaalao •• 1968) aid r"!lOU" ill raoUTiv to W 

(Jliua .t1 !l.,1914). ft. l'IdIlC1:1 •• i. the .... 11111 poowth 

1A tile "'.... iJrr .. UpUoa Il1cht un De .. 4 .. to 0 •• or _1' .. f the taoto.l'. __ erate4 abo ... e. 
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KnaUo.o _1oh r .. 1Il '-4 111 larc. ph.ISO~1c etfooto 

o.oll .. ohlol'OplJ,Jll &114 Tiable ~t10 .. 1D liz C.eraUoD 

wer. 00D014er04 1IJl40l' tlllallt&UT. _UtiOIlB. .u apiut 

94 

th .... IlllaDUutiY. lIIft_tolo_ wer. thoo. atfooU .. oharactora 

w1th oon1llao ..... ariaUo. aDd baT1DC .. 11 .ffoot.. kill (1965) 

orltloal17 4i.o •• 004 th ..... tatiODB 1DYolTilll qllal1tatiT. 

aDd IlIl&DUUUT. oharactero llDd.r aacro- aDd .1ero.utaUoD. 

auOtatO.OD (1969) " ... the torao 0111OautaUoD (OllICc.Bie 

_taUOD) ad poly _taUOII (po17c_1c _taUOD) to 4.DOt. 

pbeaotlP1oal17 lar •• aDd .aall effect. 1' .. ,.eUTo17. 

1) Chlonpblll autaUolI. 

'fh. ohloropIJ,Jll .. tatioD fr8llaoDCl apr •• ooll ... 

POI' ... 10 OD liz plaJIt .. 10 (fa'Dl. 6) wu 1.44 at 40 tra4 

of aa- lrra4latloD v.atuDt 1D .lh 7911 whioh wu tho 

aziaaa o'b.U'YoIl 1a tho pr ... t 010114,. 

I. coapari .. D of _rller report. Oil the 000l1l'i'.0. 

of ohlol'OplJ,Jll III1totlol1 111411004 by .... rar. oa4 1ICS 1D 

prollallnat (Aabrl aDd LeY7. 19"4) ohow04 the low -.pitll4. 

of OOOlll'l'OIlOe of oueh a .. taUoD 1D tho pr ... Dt otu4J. • .. h 

41ft ....... 001114 ba .... ario .. 4110 to 41fferential roapo •• 

of the C.ot"" 'b0814 •• titfer .... 11l 40 ....... _tadt 

OOD41Uoao of aa1oag.1o treataeato. n. low fr .... .,. of 

ohlorop!lJll _taUOD II1pt baTe aloo 'b •• 411 ... pIl ... tJp1o 



ltlltter1JlI U reportell ill hexaploid wheat (Mao1ttIJ. 1961). 

All jJrOlUlClJIut u a -ph1plo14 (1H&D1'7 .!1 !!. ,1951 aDd 

Raa. 1959) ad .wenl. trait. Il'"'e OOJltrol184 It,. 4aplloate 

taoton (Oresol'7 .!1 !l •• 1951 aDd BaIaoDlt. 196,) tbe 

~.k111C .,1:ec' .. aU lIa'u redllOeII the apr ... iem of 

ohloroJh711 _tatiODlt. !h4.. treDII ot 1'414110101011 1JI 'he 

ra'. ot 1JI4UOell ohlerop~ll _tatioae w1th iaoreaeiq 

ohJ!'OlIOaoae IIlImb.r _a JIOtioed b7 Sta41er (1929) ia 

frit10UII aDd !!!!!!. and ]a I;. er b7 MuDta1Dg (1942) 1JI 

tetraploid barley. LeYaIl (1944) 1JI tIc. Proier (1946) ill 

wheat and oate and by SIIltb (1950). Mackq (1954) ad 

.tara>1I .!1 !l •• (1958) 1JI wheat ad b7 maa.taraJI and 

Swall1_U.1I (1962) 1JI wheat aDd lIarl..,.. 

!h. 4ata O. ohloro'_'ll •• tatioll trequenc,. baT. 

ohewll tbat the two Yari.tiea were i4_tioal ill th.ir 

1' .. ,.DIt. to ..... ra,.. a4 liIIS. 00.1I1_tioll trea_ •• 1a 

'rIl'f 9. was tollll4 to 1D4lao. ohloro~ll _tat1011 1D lJ1'eater 

heq .... ,. tbaD ,_t ~ .iql. treat ... t.. 81'lulrSi­

oaloulat04 011 til. 11&01 •• f to%'llllla 8Ila .. ted by 8baraa aDIl 

Swui_thu (1969) 1IlcUoated 1 ... tlwt a441tin effec' 1D 

,he ooalliaUoa 101' ___ 10, CoII.Ulltia!!!l. (1914) J!'8POnell 

cnater tball additiT. effect at the hlcher 40 ••• of .... 

ra,.. aDd ... tro •• p1_ JIll &Il4 l .. a thaD additiT. at lower 

doa .. 1Jl 'barle;y. I_teao .. ot 111ol'eaaed autatieD fr8llu..DOT 
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111 ~~ OGII'b1aUo. U_tIIen _ .... _ ... N)IOrte4 1. ,... 

(1IeItaJIcl~14W. 198). tnaob _.. (1farPJ, ~~.. 1913) &Il4 

!!S.I!!!!! (Dell.l~1 a. fta .. bllDObu, 1m). 

n •• peoU- of oblOZ'~ll aauU ... iJldllOe4 1t7 
_tac •• 10 u_~_~ .... 1a~e4 of al,1 ... al'bo!1r141a, 

,blo:r1 ... !!!9! ad ... 1:r141' (tall. 1). !he .pect:rIUI ... 

foud to Tar7 aooodillC to tho -taa... clo .. eapl.'7e4 ucl 

"'1'10107. While all tho thr .. OOII ... tratioDII of _ baYO 

1Dd •• 04 allli. &114 ... 1;141' 1a All 191" lIIob aatut. wor. 

oHon04 111 tiN 9 at 40 II.! of IllS ,.17. a..a 1Era41atio .. 

_ .... 1 ........ I!!1Y. 111 Ab 1911 .. 4 IIOt 111 !ICY 9. lIIS 

tr ___ ~. wor. fou. '0 1l14ao. ,bl.riM 111 fJIY 9 aacl IIOt 

1. Ab 1911. .iar11 or r.port, ha.... DOVII 1I1. oooarrao. of 

~ ...... Tir ... a, _tallt. aftor %-1Eracl1aUOII 111 

po.Il4 .. ~ (ra'l1 &114 ~ft, 19"). Ohlor1_ ... 0' .. rn4 

fr_ a oro •• 'otw •• X-rq 1114.0414 "'il .. oat _tallt &114 

.polltaDoou 'kr1l1kl. loaf' _tut (,.t11, 1913). Xut_. 

!!l!!!! u4 Tir ... tD! .. laIIt. _YO 'be.1I 1II4llC" 117 1a41T141lal 

tr __ •• u of .... ra,r. aII4 - (A.hE1 .. 4 :LeT7, 1914). 

thr .. _~.r C." wor. foall4 to o'lltrol obloftl'bTll 4«e1.,_ 

a.1It ill POIlIl4I1.~ (raUl, 1m). 

2. 'f1Ul' _ta11, .. 

Data .11 Tialllo 8tat1011 fr ...... 7 011 ~ ~ .. 1. 

(!able I) _ ..... ..,. it. "oarr_ ••• p~o 0.66 pOE O.~ 111 

Uf 9 .... 0." p .. '_ 1. Ab 1911 at 40 .. 'f _ tr ___ t. 

96 



Low .. f ........ ,. of ... labl. auUn .... oltaeI'YlI4 at Up .. 

oo __ tra't1o .. of _. 'ooapar1.o. of ohlozo]l1l,JU aIl4 

rtabl. auUo .. 1a41oate4 '1l ............ of til. la"_ 
at a low .. f ....... D07 , •• tII.t of 'the ton.... IllS. J&rll-

oular17 at low ... OODO .. traUO_ ot 40 II! ... tOaH '0 1JI411O. 

h1&1ler frlll •• aol of T1a"1.. _'aUo. 1 .... \WO T&1'1_U ••• 

ft_ .... pou. to _ ..... 1110 treat .. at wa. 41ft .... at iD wh_t. 

Ra41&Uo. iD wh_t _,.,1&117 at Up_r le .... l. of ,101417 

ill4aoe4 Ja1c1ler fr ..... 1lO1 of ... 1&b1. _taUo_ (Kawai. 1969). 

III 6 :II: wh_t ioatllDe rad1&UoD w .... r.porte4 to 'be 1101' • 

.tflOie.t iD 1a4aolDg Tiable _taU.D. than that ot ohMioal 

......... (Itaottl1. 1968). n ... _IlU. w .. _ iDterpre'te4 a. 

iDdi.aUae 'that alk71aUDg ag.n. w ... _1'. .tt1olen 'thaD 

ra41&'tioD tor iD4aoiDI poiDt _taUo_ but le •• .ttioiet 

tor iD4aciDg ohzoao.o.e ab.rrati.1lI which Ii .... 1'1 •• to 

ph.DOtnic chaae .. iD polnloid plut.. Swaai_thaD (1965). 

llow.,. .... r.pone4 0 .... wh.r. lIIS ..... .tt .. U .... .. sa­
rq. iD illda.iDS ohlO1'O,Il711 _taUo .. aDd _tatio .. at n • 
• pe1to1d .Ilppr_ .. r 100 •• Q 1. lar.uwb._t. 

:rolnl01d • ..,. be .,oote4 to tolerah oUo_.a]. 

ab ... aU.DO 'to a p.o_'t ... .non "'ball tipl.oll ap .. ba. !h ... 

n. ,o.01"illt7 of p.o_'''' pro,ortl.D of T1a"le _taUo .. ill 

t.traploid aa4 llaa,olo14 __ t haG " ... 4_nnrate4 

("art 1'61). Bow.,. .... low tr ...... :r of ... 1&"10 IlIltaUo. 

0_""" 1. n. pr_'" Ha47."" 'be .11. to .pl .. Uo or 

diploDt1o •• 1",,10. (awe·t-thaD, 1971) or " ...... n. 
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1.4 ... _uU ... ~ .... _dOlI1aaJR U' 1'88 ... 1... ., 
_taIlh e •• 1'4111&1'117 ... .u ... 1a .... 7 .... f.r til • 

•• 1 .... 4 taU. "".we. 111 oaIl.IIOt M ...... tbat aU 

the YUiut. .h.1Il4 pr ... 1iOM07 .... 1D JIII'OPJ17 t .. t. 

panloalazolT .1 ... OJIUtatlo iJltuaotlo ........... an 

Spootna of .1&bl. IlUUUO .. 1D4110. 'bJ Tarloa. 

u_ ••• t. oo .. ln" of a.taUon. illT01Ti .. 1a.1Pt 

(4wart1ea). bn.l .is •• ,,-.u ooloar aDd poowth habit. 

IIIltaUo_ r •• lll.t1Dc i. iacr ... ill th. allabc of It.n.la 

per po4. alteratioD of aorpholopoal f .. tur .. of po4 aDd 

leat .is. aD4 .bapo baT. al.o Md DOtiC •• 

A. a r •• ult of ..... 1rrad1atl0. at ~ kza4 1. 

Ah 7911 aDd tJIY 9. two 4ft.tic alltate wer. 1801ato4. ID 

_tat-1 all4 -2. t. he1clat wu re4Uo ... 00.pa.1I4 ~ 

rod.oUoD 1. the apr .. 81oD of other obazaotft.'ll •• h .. 

10O-pod welpt &114 10O-bnal w.lPt (table 11). the pod 

aDd kerael 71014 wu al .. rea,,0o4 1. th ..... ta_te. Reel".­

U.. 1D he1Pt .. oolQ&Jli.a ~ buUo rod .. tiOD 1_ otlle 

plaat parte uoh .. l-.fln •• pod. &Il4 •• eel. baT. Md 

r.~. 1D th. clVU'f .. tat. of pelUlll .. , Clhollol'l &D4 

Ub.rl, 1910). the ~et""7·.f the •• 1'_ .. 01 •• aauti ... 

wu low 1D all alRatioa OXJ'Ol'iaoata. ID poU4 •• t al •• 

• 1a1lar I'epon. _n o,ppo&l'" (I.ooooJl au ...... , 1968). 

Qaal (1964) .... ld .. ,)at tJuoo ... t iIIporlut .au .. f ... 
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th. DO ..... of r .. eH1T .. w.-. ~ u.oo1&Uo. of 

IUltatiO •• with .uo.o .... a1lel:raUo ... ..ufi ...... Uo 

tra.aa1.&10. act pleiotro" illTotT1 .. allcl •• 1ftL_1. U&ita. 

Ia the p.r ... t .taq. th. obaraoter1.Uo. ot utat-1 act 

-2 baT •• howa th. po •• ,11t1l1t7 ot p1eiotrop10 .tt .. t ot th • 

.... .... 1J1T01T1q llDIl.ira'bl. tft1 t. lIh101l Ilu red.o" til. 

pod aDd kera.1 obaraotera _ •• 14 •• reel.ot10. 1D h.1«bt. 

Whn. Shohor1 ad Aabr1 (1910) oNernd -DOC.Dio r .... &iT. 

1uor1taDO •• PaUl &IIcl Moull (1975) ban .1lowII t)lat 

dwarf1 .. 1. eroallcl.lIt .... oolltrol1l4 117 a pa1r of r .... e1T. 

faotor.. flloach th. drutio al1taDt. 1. til. p.r ... llt .tl1d7 

wor. DOt .l1per10r to oolltro1 1. OOODOaiO obaraot.r1.Uo •• 

1t upt _. po •• 11t1. to dor1n _.ttor ,trJIOt7PO. 1D oro ••• 

w1th hiP 710141 ... alt1T&n. SlIOh al1tut. 1D peu 

(Gott.o~lt. 1912) U&l lIh.at (KoDilU. 1916) baYe M_ foud 

99 

to 71.U 4 .. 11"&ltlo reooa1tiDaDt. 1D 01'0 .... It.tw ... _tat. u 

w.U u wi til aol'Ml plat.. Dwarf _t .. t. baT. _ ... T~ 

freqllOllt17 o_.erT.d 1D .oreal •• 110h a. wh_t (1l.1ta ad 

Salao •• 1968) ... lIar1e;r (Y-.aoll1 .!1 !l .• 1914). ft07 

wor. oUraoter1 ... 'b7 .1Ion plat h.1pt &lid at tile .... tja. 

1D aJI7 iMtaao .. rectaoed plut OrpDII 1IIcl10aU .. arowt;h rat. 

red.otlo. 1. aIl7 or all plat part. tIlroaclloat their _Ur. 
lit. 07010. Bow~.I'. t_r. WOl'O __ pl.. 1D Sorpaa a4 

aqaroa.. 1D Wioh plat part. 01' orpu wor. 41.proporti ... h17 

redllOed i. &i .. (Ru •• 1 !1 !l .• 196" Japth_ allcl 1f11Uaa. 

1916). 



Ion 

RataUo. tor iD.r .... t .... l 81 .. w1tJ1od 11tY01T1ltC 

_~or olwtc .. 1. otber ~":.-rt. )aU ~ ... ON ..... 1a tile 

popalaUo. clerlYe4 trea All 7911 .. ~~ .. t .. to 20 Dad ot .... 

1zoft4i.Uoa. !bu, .... t.-, UI -4 were ... rp)aolOCloal~ 

1D4J.n1J1l11h1la'b1e t2O. tb. par- YU'iev tlQept tor bo14 

klll'llela. n ••• a.tu\-, UI -4. lIow .... er. were DOt .. ,.1'101' 

to the par_t 'fIUI'1n,. 111 tb.ir ,.1el4iq ab11U,.. 

Jlata ti... 111T.lTlq al t.raU... 1. t..ta oolofU' ban 

b ... ONOft'e4 111 tu popal.aU ••• al.o4 tna ..... lrra41aU.1l 

at 30 1rra4. .. tr_ ... 'O at 40 II! ud 80 II!! &ad eoabi_U.D 

b._a" (IIIIt •• ,,-7 to -15). Ivple II1Id 'bZOOWIl t .. t. ooouro4 

1. tb. a. __ tr.to4 popalaU ... of th. WI) Y&l'ietlo •• 

)b:oowa tHta appoaro4 to ..... Il" ftriaat. .lao .. the oth.r 

t •• ta .. 10fU' a.tant. ob.Oft'ocl were tbo •• with 1'''. Y&l'1.pto4 

&lid wIU'. 'Hta. o_paro4 to th. 20 .. 'H. ot the 

par .. tal Y&ri.tl... th ••• t ••• oolour .lItaat. wOllld b. 

Il0l'. ot aoadoa1o iater •• t thaD ot oooDoale iIIport..... !h. 

c •• nie taotor. attooUq t .. ta oolofU' baTe beeD ohowa to .... 

ollaracter1.04 b7 tba iateraoUo. of tln priU17 looi. 

altbo.CIa oertaiD a441t1oDal 1001 alpt la. 1llTob", 1. other 

.,eoU10 1 •• tuo .. ( ..... !' •• 196,. 19'73). ll'apo'f'iclru 

&114 I1CCai (1952) report" that pupl.. t .. ta .... 1aocapl.fte17 

401l1 .. t to n .. b alld tbat dart parpl. 4.pelldocl llpo. 

aU ... , WI) .. ira .t C .... with .aaalaU .... ott .. t. 



Barr. (1961) alao to ... ,U'p1e _ ... _0 .... 1MOIIpletel7 

etOll1l181lt W n.h uc1 al.~ap til. etRi.alR ••• (a) ... 

!lOt reqai1'Oc1 tor tb. C ... o,...t ot pvpl. t ... , that ••• 

ellC _UfJ it. apr .. llio.. hoaa •• ot til. 1atOl'O.Otlo. d 

-lilt' t._ 0010111' ...... C _h. 41tfiollU7 ot olu.1t71 .. 

oolollra .t ~1aa 1."'.1t7. _h ...... 10 aKPlaaat10 •• ot 

tho 1DOI'l_ •• ot ••• 0010111'. _T. be.D l ..... l8ta"'. 

III tho pr ... t .tll47 It apptU'O tbat tho pupl. t ... 

oololll' olt.OI'Tot II1pt baT. b.e CII. W aatatioD ot tho 

_41flon whloh atf_t tho oxpr ... l0D of thi. oba1'aotOl'. 

llIata_loD. tor •• oct ooat 0010111'8 _T. al.o bee reportoct 
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1Jl othor oroPl 8IIah .. tr .. oh beaD (lioh. 1911) .. 4 bleak ana 

(~. 191,). 

Jlgtatio .. 1JnrolTiIIa ~h ubit wOl'. tollJlc1 W be 

1II4IIooct b7 _ all4 o_b18atioll tr .. taet. S..s.apreac1Iac 

VP" of alltuto OOOlll'l'oct 111 tho two Tal'1.U .. wlll •• pl'Mc11 .. 

tno. ot aIltuta wore obaOl'Toct 111 !lIT 9. !he obuaotOl'1.tlo. 

ot IUltaat-16 &Jlc1 -11 wU:h • ..s..preadiDC Il'OIf'th bablt (tabl. 16) 

!laT. ahOWll iJIOr .. oct pot uc1 k.n.l .1 •• bolliet •• ll1p.r poet 

aa4 kon. 71014 tUD tut of ooDtrol. ~II •• th •• two 

• ..t.pr_cl1DC tno. of lllltallt. 001114 .... ot OOIl.14orUl • 

..... alo iII]Ion&Jlo.. tw IUltut. with .:pr0a4i11a powtJl 

ultlt, --el7 _tut-Z1 .. 4 -22 wore laolatoct 18 • popalauo. 

4orlToct troD ~JII' , .lIlt, .. toct to 40 .. of .. va_ .. t. 

th ••• preacl1aa W. of .. taato uYO .hawD ... 1Ii4 .. n. 
l_ra .. 1a thoir 71el.c11aa &1»111t7 _ .. 14 •• 1IaTiaa 1801' .... 

pot .. 4 UI1Ie1 mo. 



~he C •• Ue. 01 cnwtIa lIa~t U crOUil1lln )lay. 'M .. 

r .. l ... bT ... eral aatllor. 1. reo_t 71&Z'11 ( ........ 1913. 

ootte1t, '9741 Ann, ",,). fU .. 41ftenll\ ~_ alii 

tRoo Utt •• , ... 1..,. 1 .. 1 haY. lie .. 14 .. title4. file 

102 

pl. ..... Uhno' 41tt •• I1\1.7 wUIl plauD .... II1Uy ..... 1..,. 

C .... 'hen. ""en1a1q •• tIler til. pla.t. will ~. ene' 

or ~l1q (A.Jarl. 1976). LeY7 aa4 .... hr1 (1918) llan 

1_lah4 oa. 'ra .... .u.C Uail1ac .... t, u .u .. tOI'll 

of .pr .. dlac VPe. troa booh oalUftI'8, ftioh )Ia. 11 ... 

lDtVJll'.te4 .. ..cr .... Uo. ot hnvo-pla.... arielDC troa 

plaaoa alltaUo... n. OHVY" • ..s.-.preadlDC &D4 .pr .. 41ac 

t7P8. of aataDt. 1. the pr •• eDt .tll47 alpt lIaYe arb .... 

a r .. 1l1t of pro_lib pl ..... natloD. 

SlIoh .. tatl0D. tor p-owth haUt lIan 11 ... report .. lD 

other plat .peel... Pronnte, .pr .. dl .... pa.ne aD4 

r •• nh 1111:. 'tiTP •• haYe 'be .. 1114 ..... lD aJQ' plaDt.. llataat. 

with .11;,,", powth Z'7tbll .howiae .haIloo4 or ro4ao.' powth 

nt. a' panloalar powth .tac .. (f041D. 1954. Iaapree". 1958. 

lai • .1111:.., 1962 • .hnch., 196,) tOft a partloalar ern, 
.t crowth _~u _tat.. TacTa aDd 1101'1'1. (1957) r.poned 

•• _4.te:ra1aa' to_to an .. t. 

III til. pr .. _ "11117 ... taUoa aftee'1ac .1q1o ~" 

t ........ leU' wu eNVY" 1a .ataat-7 to -12. n.r. w •• 

__ tie •• t.r .. VIIi'., .... 17 crowth JaalaU aD4 k ... e1 

.1 •• iJl ..... '-16, -17. -21 &D4 -22. JIa1;a,lo .. 1aWl't'Ui 



'llJ.' .. vat". -.l.J' ponJa JaaM '. kene1 81 ..... t ... 

001.U' .ora ." ....... 111 _ .... '5. • .. Il ..... 1 .... .. 

_taU ... tor __ .r _h Val_ .eo r.,one4 ....... 411. 

to pl.lo'lh:tl0 ott ..... (.la1lJ.'1 aDil Nt7. 1974) u4 .. 

prod_e4 re1atiYel.T Jaipor Pft:JOrUo. ot ••• )1 ..... u. 
h .... t oll.om-Uo •• lIIno .1I.owJa tJao eooun .. oo of .1_.1 ... -

D.... _atatloDO tor two or _ro traJ. t. 1B JIUI &lid 00.b10-

tloD treat_eDt. Gott.oJaal.k (1968) a •• how tat lD.tuo .. 

lD whioh pleiotropio •• 0 acUOD .oro a ••• _ oou14 be du. 

to a1aal .. eou _ataUoD ot .ei«)lbo.riDe ....... r~oale4 

117 t .. t of 0r0881DC ovor lD h7br1d1.atloD up.ria.t •• 
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... taUoa. lnolvlq vario •• plat oharaotero )av. 11 •• 

tolllld lD poOdDllt. Greaor7 (1968) obeened WeDt)' tour 

01& .... ot nabl ... tat. b7 %-lrra41atio. ot 110-4 varlot7. 

'l1Oh viabl. _taJlt. )avo alao be .. reponed 1. o1;he po17:Pl014 • 

• _h .. w1lJ.'oad l_ved- _utat 1. tollaooo (Pat.l aDd 8waa1IlathaD. 

19") wftoto-1u .. 81Uv.- _tat 1 • .,u 5 oottoD am 

-8laOn braDoh.dw _teDt wltJa elllater1:ac habit 1. B 14 oo1;tn 

varlot)' (laat • .!1 !l., 1914). 

c. St_le. OD ,aalatltativ ...... tlGlll. 

IDdllCtio. ot lIlltaUou 1. the quaUtatlvo ohuaotora 

ar. 4ot8Oted 1. the ... o .. alv. l.traUo. ot .. _ •• tr_ted 

_"erial tbroqh ... u4 varlaDo. eo_parillO •• (800.81ro11.1911), 

1. tho pr ... t atllC7. tho _tv. aDd ext.at ot .. rialll11 V 



104 

1114110" 1Jl1Iz aII4 ., ... _tie. 'b7 )lb7e1oa1 ...... 1 .. 1 

.. ac ... lUll -" .. ___ 1JlaU ...... 41 ....... with pt.I'U.~ 

.. at ....... ........ .unn ... . 

1. lit IIL.J!;, c •• U •• 

I. n .• liz ..... u ••• ~_. waa d ...... 1Jl ~ ..... 

Tal .... f alpt oat of 01 ...... haraohrll ... ol7 helPt of 

_1Jl .t_. _'ber of 'bnao... flower.. _tv. po4" ItU'llo1 •• 

pod 7101d. ItU'llo1 7ieU all4 100-pod ".!pt (talIl. 19,21 1;0 24) 

1. ~. v_t .. popalaUou oa.pve4 1;0 1a1at of co.vol. 

Sach door .... 1 •• MJl nl .... d •• 1;0 .aac .. l0 tr_ ... t. 

PT. 11 ... o'b.ernd ID srollJlllDat (GrepZ'7. 1968). 'brad 

__ t <_t1& ad 8waII1Da~. 1962, Joro~ ... lc. 1965). dara 

__ t (loo •• 1roli. 1966) aDd 1Jl diploid. lilt. 007'b ... 

(Ra"li ... .!1 !l .• 1958). 'barl.., (Gaul. 1964) am J.ra'b14oP!1. 

< Bro.It. 1965). • ... oral upl ... Uo. pn 'b.P siT .. for ~. 

ohift 1D til. ..... Tal ••• of qaanitaUn oharact ... cla •• 

..... io v __ ••• (k'eaorl. 1961, Broolt, 1965 &lid Gaul 

ad AaIItTalt. 1966). IlIatatic •• iD a qa&DUtatlT017 i .. _it .. 

obarllOter woaU 4epa" Oil ~ •• alt ... f ..... 1JlnlT". tU 

ro1atiT. proponl0. of .a .. "ith poa1Un a4 .... UTe 

ott .. " .. 4 t. . .... t. wt&1.h t ...... f the )&l'.1Ita1 

..... o~h .. a lIalaa .... n (:IIo.It. 1915). flai. apla_ .. 

Uo •• f Bzooolt alP' 11 .... d4er" appropriate. fla. lIIor .... 

1. tho 1'r!poril0. of .... wi'll .... Un ott .. t. ewer t1lat 

ot po.IUn otton. ui.1q .. a roealt of _tapalo v __ Mto 

walt _T. roea1 , .. 1a •• r ... oU .. of ... n.l ... ot 

.... 1INl •• _"en J.a liz 1a the praat o.OZftU ••• 



Ia til • ., .... u ••• _ ..... ftl. •• of .... eral 

oJaaraot .. appZOaOll_ t)lat of oo.zool whU. til .. ... 

r_.n1e. lit th .... ftl. •• lit th. liz ...... U.... )'or 
... ,1.. Halter of 'bn.aoll. 1& th • ..- 1rft41aU •• 

vata.t. 1. All 1911 (lu1. 2'1). pot a4 koraol 71014 

at 40 krac1 of ..- 1.l'ra41atioa V __ .Jrt 1& !JIV 9 

(!able 31 a4 32) w ... folUl4 to 'be OIlul to tbat of 

00Dtl'01. It as.pt .n 'b •• til. otten of .el_tiOD 

.... 10_ 1& liz .aaoraUoa. luh a JIO •• 1b1l1t7 •• 'be .. 

1&410ah4 1'zOII .el"t10. rulllUq 1& n ...... a,PJ.'O&O)l1q 

that of oo.'l'Ol 1& 111'-.4 _a'. toba .... oot1:o. &ad. 

aato'otraploid. 'barle7 (8wu1.' .... 1963). Ilea. Tal •• 

of , .. lIt;ltaU",. olluaot ... 0Il1lal to 'nt of 00.t1'01 &ad. a 

arat. 'ftl'1a'b1l1V 1 • ., aDll ". tu.. 1& liz W&II folUl4 1. 

what (f1'll~lUo aDd. :anaaooll1't. 1972). 

1lnaa0Jl10 va_au haT. ro •• U_ 1& 1JlOr ... 1& 

T&1"1abUIv for ........ 1 _oD01I10 oharaot ... 1& tho ., 

.u ... U... _ v .... _t a' 40 II! DO __ tRUOD 1_ All 1t1, 

va. tolllll1 to 1.aor .... tho Y&1'1a)1l1t7 of JRIII'b .. of k .. olo 

a4 1£ .... 1 71.14 .u tLa .. aDIl that of JI04 71014 aDd. .aU.r 

ot .. taro JI04. tlTO U ... aDd. tllr •• tLa_ 1'OfPooUyel1 

ooapar_ to that .f ooDVOl (Iu1 .. 29 to 32). lII8 at 

80 .. va_oat 1D tJlY 9 11&4 1&01'''_ th. Y&1'1ablUV of 

1~ w __ .. 4 1GO-k .. ol woJ.ah1; fLY. UIIo. nat of 
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tllo ... uol (!Ple. " &ad. 54). .... 1fta4LaU •• at 40 kN 

va. f ..... to 11101'''. ,Jut 'ftl'1a'b1l1'J of konol 71 ......... 



100-,.4 we1c!R ill a 19', ....... '111_ ....,. .. to .. , 

o~ 00 ... 1. • .. Il 1fta41aU •• a' 40 tad 1a ftIY 9 .4 

renl ,.. 1. ~ •• r u... 1801' .... ft1"1a..,1l1 " ~.r JIIIUer 

o~ _'are ........ "or o~ k ... ela .. 4 tItr •• u... 
1_1'." 1a ft1'1&1t111V ~er ,.. ... kenel 71.14. Jlarl1er 

report. ha ..... 1l0Wll tIlat •• ft1'1 .... ~or po4 71e14 1. 

poo IUl4nt •• 'b... 1_1' •• " 'b7 racUatloll toar t1aea oyer 

that .... ared ill th •• 0111:%'01 prol.l. (ar...." 1955). 

A toar-to14 ill ...... ill 1 •• Uo ft1"1a ... tor Ilab.r ot 
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k .... t. per .pik. va. rOJOrt .. 11l WIIe.t (Bo%'O~""io, 1965). 

Suoll 1801' .... 11l ftr1allo. 11l _tas_l0 tr.taell1:. waa al .. 

o'b.VYed 1Ja 41p1014.. Bawl1.1lc..!!!!. , (1958) tou4 

.ppzooxiaatel, tlY • .folt 1Ilor .... 11l ....nao. 1Ja 1rraU.t .. 

.. ,'b __ tor ,1.14 .. 4 .... 01 •• u4 Brook &D4 I&tter (1961) 

r.port.. .. 1_411." 1 •• Uo ftl'1&Ilo. 4 to 5 ua. larler 

t •• t.t ot eo_tro1 ~or fioweriq ua. 11l .1I'b.terru ... 

olo ... er. 

I84I1O" ftl'1&'b1l1V ill " ... U_U.,.. oharaotera waa 

aloo .llowIl .." til. flo ... ...., 41nr1'batioll 01ll'Y". Jllltaat 

plan. with larl. pheJIOt,plo 4~.t101l. were DOt iaol1l4" 

tor ......... t o~ ftl'l."lUV o~ ,,1l"UuU"'. oharaotva. 

S,.a.vie&l. Uatrl".ti.- tor po4 ,tel4 (:ril. 5 ... 6) ill 

.., aDd 100-k ... el volpt (ftl. 7 aa4 8) 11l ~ &D4 ., 

I ..... U •• alPt 'b. iIlterprn .... 411. to 1aUy14_1 

...... ot .pproxs..tel, .. -at Baber o~ pl .. _4 aiIl .. 

ef~ .. u ...... k (1",) .hOw" that ..,...u, wao rei .... 



ia the fl'etll"'" I1avll •• ~. __ ........ 1Itc .Wi ... 

-.rplutl..Poal. - __ tao ~ (1''') .h09'e4 ,,"t •• 
_1'. 00.Pl..hl1' all .. ta.JR plan. of lar •• "'''''7P10 
4 ... s.aUoJl 'W .... 1' .... 04 frea _. poptlaU.II _. are 

q_.v1oa1 it b ..... 1 •••• Uoal17 lUIOOrrolato4 .... U-
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ta.Un ob&aehre. .Ia'", (1959) 1'ft'1_1Itc 0IIa .d. !l., (1958) 

aM SUa1 &114 a.allk1 (1964) .... to th. oppodh OOllOlaolo11 

that DOt 01117 'W ...... aUo 0 ....... l"'aoe4 u141r .. Uoal. 

111 .ft .. t bat of .... UT. 01... th. obo09' .. 101l. ia 1iIl. 

pr .. .n at....,. how" .. , }laT. ohova thot th. iaterprnatioD 

ot CJr.Pr7 (1968) t}lat tho Da.ber of .. pUT. allll ,.aUT • 

•• taUo .. 1. th. po17 ... qat_ are Dearl,. .. aal .. 4 tlIat 

U 10 the -caUd. of ph.DOt7P10 ett .. t ot a .. taUOII wh1ch 

PT" tho JUp.t1T. ott .. to &114 Dot Uo IID1Ur .. Uoaal D&tUl'. 

alpt b. "1'. appropriate. 8aoh phoDOt1'P10 Uovibll'Uoa for 

._ber of It.rula 1. kiUoa. a .. Una wao ohova 110 1l1d1oat. 

tho Tar1a'llU,. 111 X, •• lIeratioD .. ne4 b1' the ap~o. of 

plao aad .illao T&l'iaDt. (Ioro309'10 alld Joro309'1c. 1968). 

IDO:r ... ill ... t1',10 Tar1ab1l1t,. !o:r , ... Uta.tiT. 

oha1'JlOte:ro OOat:r1HU" _ ,.!o14 1D ., .... :raUOII bllt JlOt 

1D liz alpt haTe boa ta. 110 til. faot tJaat .. tate4 .... 

'We. DOt IlOIlO.,..... 1a liz fe all 1001 bat aocr ... to4 fIl:rth .... 

allOll iJIO:r ... 1a 'llU'iab1l1V 1a the ., ...... Un of 

1 .•• Uy. &114 1 ..... t ... vate4 1D irraIlato4 

poPll1aM •• (a. ••• U-li, 1''') &IIel aloe ill n • ., ..... U •• 

La .eat __ t, to ....... onto. _t .. _tn_pl.14 1Ia:rl. 
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(8wa1_'''. '963). Jal ..... (1966> 1da1l. ri~ n. 
propo_. o~ .el--'10. ~_ ..-vio ... _.u.taU .... olluao" ... 

Qd. 41tr.eft .el_U.. pr_ov.. 1a th. propai .. zai ... 

tro. X-1rra41aUoa o~ ..... o~ __ , ooao1a"~ t_, .eleo'lloa 

._n~ 1a ., wa. Mr. et~eotl.... ttaaa 'the oa •• tart04 1a 

"to !h. 0.01"1'04 laor_ .. b -n.rlab111V for eooDOuo 

oharaot ... 1D the ., C.DoratiOD of the pr .... t ltu", bu 

.Junta tha' 1t 1I1P' b ... r. appropriate to .tart .. 1 .. '10. 

1a ., thaD 1D "z. 

11101'''. 1D do ... of IllS wa. follll4 to r •• lI1t 18 

bOl'''. 11l C"")71o -n.r1uoe. her1ta'b1l1t1 alld SID.UO 

&4ftJlO. ~or ... b. ot _tll1'. pod. aad pot 11el. 11l BY 9 

(fabl •• 29 &JII1 31) _d tor kU'JI.l 71114 1D All 7911 (!able 32) 

11l th • ., ,ID .. UO.. Bow ...... noh 180r ... waa .. t 

proponl0.h to th. iDOI'''. 1D 40.... J'or ___ pl.. aula_ 

ftlll .. tor th_. CIDft10 )IU'&IIn.1 wer. ob ...... 1d at 60 II! 
~or .uber of _tv. pod. 1. ~JIY 9 ad a' 40 II!! tor klrDal 

71114 1a Ah 7911. .l .1a1lar IlOIl-l1IlIU trlDd of lDer_ •• 1a 

CIDot10 pazua.tera for Illlll'ber of klrD_lI wae 01111 ..... 04 111 

n 7911 '!able 30) wltb 1Itl. 11l0r_._ 1. 4oe_ of paa 1'&J' •• 

Ira thie ... _ 'b. 1IIor ... 11l the p.otic pIIaIlet.re a' 

30 kn4 waa hlp.r na. t_t at 40 krad tr ___ at. Sacb 

iIIor ... 1D , •• otio ftl'i&ltil1t, DCt1i proporUo.t. to th • 

• 0 .. o~ X-1'&J' v ___ ,. waD r.pon •• tor plaJl1; h.iCht. 

ha&41DC elate aDd puiole loactll 1D rio. ( .... .I!. !l., 1910). 

a .. b do.e-onr1&DO. re1aUo. wu a_ .. parted La ,.17P1oU 
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like IIr ..... ' (800"1&'011, 1965. 19T1). ft. bior". 18 

TVialllUU7 Wbloll ..... , .-oJOn1o.,. 110 ,lie 40 .... 

0 ..... 04 18 tM ..... on .,.., 001114 llaTe ari8. .. a rOlll11t 

ot ol1a1aUo. ot bV1Mnal. or ...... palll ...... 'UOIiP 

.... '10 or I17SOU •• et .. U_ ( ..... 1Joo11. 1965), or .,..,. 

4.. to artit10ial .ol.o'i ... 

'fb. kta OD b.r1tabU1ty aIId .e •• Uc adTuoe for 

.... om.o olluao' .. ba .... _owa tbat there waa 00 •• 140rabl. 

lJlCr .... 4 •• to •• ta •• 1o tr ... eno ill ~e ~ .0eraUo •• 

H1ch heritability &Dd go.t1o ad't'&DO. tor ._lter of 

_tu. pod. •• aaber ot k01'Jlelo &Dd pod y1014 were o ..... ned 

at 40 krad ot .... 1JL'radlaU •• tree •• , i. 'fMf 9 aM 

40 II:!! ot !lIS 'ree ••• ia All 1911. IllS at 80 II!! OODootraUoa 

wu tou4 to .baDo. ~. heritabUity aDd gOD.-io adT ... . 

tor 10<>-k.:raol w.ight 1D the two 't'&:r1et1el. Suob lliCh ... al •• 

of .... 1010 :pa:roa ..... for 1 ClO-pod weight wer. o\)aerYed at 

eo .. ot BMS tr ... _t i. !J(f 9 aDd 40 nad of sa-
1:r:radi.'ioJl ia An 7911. 

a.lootioa .xe:rolled tor _aab .. of _tare pod. aDd po' 
7iol4 18 th. popalaUo. 4eri ... ed tro. 40 krad tr ..... Dt 1. 

!K'f 9 aa4 tor ... "er of k01'Jlelo at 40 II!! of JIIS tr ..... i_ 

n 7911 IliPt 1' ••• 1' i. ll1Ch 710141 .. VPe. ill ... 1_ of ~. 

hlp he:rita'bUU7 ",,_"D1 •• 'by rel.atiTol7 hlP .... tio 

d ...... tor th ••• olaaftot... • ... it. ot path &Dal.P1I 

.'1141 .. 1D po ...... , hay. - ... tou4 to 'b. ill ooDtond.V ,,1'*h 



,- O.Ol'ftt1o_ 01 ,_ , ..... , fttII7 u .... _, .0 

.1pUl ... 4iron "D.ll1.UoD to po. )'1014 117 .... 1' 01 

_tllr. poct. 1a .""._41 ..... _, Vp- allll 100-11:.n.l 

we1Pt 1a !PI'adlIfC '»e. (lIIulwal ... JIarHu 8111P.19"). 

a.l_UOD tor 100-teno1 we1'" a' 80 IIJ! of 1118 va_en 
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1. fKY 9 IliCh' aloe 1' .. 1111: iJi laproT __ t for ~1o oharacter 

1D Tl_ of 1_ h1ch heritabUlty aD4 relat1T.~ hip gODetio 

adTUoe. SaDCha aDd SaD4ha (1910; 1975) haYe _100 reported 

noh h1ch hari tabUl_ .. d ,ell et10 a4Talloe tor 100-lterno1 

woiPt 111 r;r'Ollll4all1:. h.dbl. sain t~ a.leoUoa _111'010 .. 

ill obaractero .bow1Jlg hip heritability aDd ,0.eUc adTa.o 

baYe bean 1D41oated. tro. the .. rlier o~erYat1oD8 1D groudllat 

(~ecory. 1955; r.o .. oh. 1964) aDd 1D o~er polyplold oropo 

8Il0h u 001:1:011 (OlaDdrallattq, 1978) and wh_1: (Sooaa1roli 

.!1 1:1., 1966; Goad, 1967) and dlplolda lik. barley 

(lIoro~ ... lc. 1966) Gelll • .11 !l., 1969) a.lll. AFab14opei, 

(kOok !l. !l .• 1972). !he obal'aoten 100-kerao1 w.iP' aIl4 

Daltar ot po4. 1D Cl'OIlII4DII1: 111 whlch hip herltability aIl4 

... .tlc adTaDC. baYe boo. obeerY" ware report .. to b • .or • 

•• poadable for 0010.,10. 011 1:ho baai. ot pheao_pic perto~o 

(Saqha aIl4 SaDdhll. 1'15) • 

,. "Wlle. o. cb!!'!C'er u.OOiatioll 

l1111:&t1011 lJ1Y01Tlaa , ... titatlTe oharacters re •• n 1a 

'Ut. al'orat1oa of anooiatlOD of certab obaraoters _loll 

_1ft" 111 •• pt,reatal ftd..ty. A bowl .. ,. of alt .. ,_. 

IlJYOlylq 'Ut. u.oolaUo. of yleld w1~ It. ooapoDat 
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obanohn ..., h _etal b to.-laUq .eleotl0. )1Il'00 ...... 

la 'h. v_'" popalaUo •• foUl oonela'lo. oo-.Ul.' ... 

oltW ... fftIl II;, ••• nU •• 1a ~. popalaUo. '.dy" bOa 

..- ftlI'II. - .. _.ltl_tlo. ___ at ... tha, ot 

0081.1'01 &1'. pr ••• e4 ('an •• " all4 ,6) ... 41 ...... ed her •• 

!he .'lIel7 related 10 the ..... iatiOD of fly. 

oharaohra. "'el.7. h.lcht of uiD .10 ... le..-th of pr1ar7 

lanllOh •• ub.r of b~oh ... DIlIIber of flo" ..... Dub .. 

of pot. "Uh poel 71014 1D th. two Tar1.U... III the ooDtro1 

populaUoJl of ~e two Tar1.U .. th .. e va •• 1p1tloaDt po.Ul ... 

..... l.UOD betv •• n pod 11elcl OD on. hand aDd Duber of 

braach... JlIl.ber of flo"ers &lid DUIlb.r of pod. OD th. oth.r. 

Bow ...... g.D.tl0 4111 ... Jlo. b_tv •• D tho two Tarl."1 •• -7 b • 

.... id.n fra th. 41ff ..... 1. tho .... OiaUOD 111 two 

la.taDo... H.lP" of _iD .,,_ waa 10Wld 1;0 ... poe1Uyel7 

... oo1&ted "Uh __ b .. of pod. aDd pod ;r1elcl 1. 'KY" , w11. 

~.7 "". llDOon.la"., iD Ah 1911. SlgnifloDt po.1UTe 

".OO1&tiOD b.tv .. l ..... h of pr1llar7 bruoh &IIel pod 71.1d 

waa o.on .. 18 All 1911 aJlll DOt 111 fJIY 9. 

OOJQ&rlaoa of th. correlation oo-offl.l •• t. obtai.ed 

trOll ooDtrol ... treate4 populaUo. baa ahowa that 1. a f. 

lMUlaO .. tho r.laUo.uUp b.tweOD tho oharaotera waa 

..... _. tor ... pl. 1l.1&ht of DiD .t_ "Uh 1 ..... h of 

pria17 1tZ'II.II01l 1. tho ..... 1.rra41at1o., - &lid oo.bl_tto. 

v __ .t. 1. !IIY , polnlag to a 00 ... off .. t of _taUo. 
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o ...... la"" tni". (1 •• , ple1ovop1o etfen .. 01» ...... 

1. __ t (100 •• 12011. 19(6). I. 0 ... 18 ....... f_ 

---pl ...... 1&t1o. 1»n. ....... 1' of pot ..... pod 71014 

18 tbe two ft1'1.U •• aDd loJtCth of F1IIu7 .... h aael 

1I .. 1»U' of pou 1D !IIY, .. aUuat10. WU 0_ ... ". III 

a fft iII.tuo .... 111 the ..... of a •• 001&t10. 1»etw ... 

... 1»er of bl'&lIOh. &.Del. poel ,1el4 at 20 It1'&d .. d c_1t1_UOII 

"" .. 'tIl.1It 111 .Ah 7911, there wu detinUe iller ••• ill 

00l'l'.1&t10D poilltin& to a break orrelat10D8hip whioh esiated 

111 th. oODtl'Ol popalaUoII. lfoD-el.t.ratioll of the poa1UT. 

''.OOlat1011 betw.en pod Dub.r &114 pod ,ield in the tr_ted 

popalaUODS of n. pr ... t .1;1147 1. ill ooDtonU, witll the 

earlier ob.emUolI. (sath1aao0 rtllJ .!1 !!.,1918). 

th. DepUT .... 001aUolI b.tw •• 11 a Toc.tatiT. obaraoter 

lilt. h.J.pt of aill .10_ alii reproclDotin oharacter like 

8Ulb .. of pod. IUII4 pod ,hld ill the ... bil.tion tr __ .t 

18 !'ICY 9 pronda. opportu1t1 for etfootiJt« .el.ct1o~ 

plaata with .horter helPt aDd iIIcreued 1ield. liik_ia., 

the neptlT. cOl'l'elation b.tw ... IIWlber of bl'&D1:h .. alii DUlber 

of pou In the population derlTed troa oombination 

tr_'tIlent in Ah 7911 111410.ted the po •• lb111t, of •• 100'\10. 

of pluta with 1 •• _b .. of 'braDl:h •• aDd IIOre 1i.U. hoh 

••• irabl. ohaD... 111 plaDt arohi t .. tgr. Dot ordi_rlly 

attaiaalJ1. b7 rOOOllbiaat1 ... 1»r.ecliq Au b •• n •• e po8e1lJle 

... to _tag.Dio ",,_taeDU. !hi •• 7 be olear WhOD OOq&re4 

wUh 'tIIlo ,..itl"o ro1aUouh1p botwo .. D1Dl1»er of 'ImIaoJla 



ad ... b ... f pod. repon. 1Jl tJae .ecr .... u.. popalaU •• 

of latenar1et&l. on •••• (L1a. 1966). • .... 1114110. 

alterat1o. 18 olaaotor ..... 1aU .... 18 til. pru_t 

.t.47 lIaa b ... obae"" 1. oth .. uopa •• h •• ootto. 

COhaJa4ftatb1'. 1978). to ... o (Soara.ola-lIllpo .... 1968). 

wh_t (Soo •• 1rol.l ~ !l .• 1966). croo. era. (Xr1alma ... i. 

1977)., ... (Du41ta ud Sutka. 19'70) aDd rioo (Rao aDd 

S144iq. 1976). 

n. Eftluation ot praduotty •• utaDt 11D .. 
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J'ort)- plaut. wlth lacr ... pod Duber aDd 71!l4 w ... 

1.01at. in ~ «eneration tro. Ollt of POPl1iatlO'll ot 2,.52' 

plut.. Their proc_ie. wor. t •• ted 1n If:, COlleaUoD. !he 

7io14 4ata (fabl0 37) 1ndlcated tbat ln tlyo 11'1le. there vas 

.1pitioat 71.14 iucre .... OYer oOlltrol. twoDt7 on. piaDt. 

were .ele.ted at rando. 111 the .. tly. lin •• and farther 

to.ted 1n 114 c.neraUon. It _,. bo .oen tro. Table 38 that 

in toar .olection •• 191/2 (!MY 9. EMS 40 m!). 2411/7 and 

2411/8 (fMY 9. 30 trad) and 3911/10 (Ah 7911. 20 kra4+40 ~). 

there va. dpit1cant incr ... in 1ield rangilll trOll 22.1 

to ,0.8 p~r o.nt oyer control. 

:rollovinc ....... tlll expers..ent. ot Greor, (1955). 

the a.etlllJl .... f all_tio .... tool for gzoUndDut 

iapNT •• t lIaa b ......... tahd (PaUl. 1973., PaUl and 

nakaI: •• '9" &lid PaUl u4 IIoll1i, 19'78). IupU.. of 'till. 

41ftiOllltT of •• t_tine po.1Un Tiel4 lIII .... t., thor. 1. DO 



••• ltt altoat th.ir _lato.De ... Balter of JIIIua olilUftrII 

with illOr .... 71014 UY. Ito_ 1'01 ..... ill aD7 01'0»­

(l1car'~0Z'D800B ... Mioko. 1974). 

114 

Reoalh ill the preoeJIt otll47 UT. ohOYJl the ooourr.uo. 

of hl«h 71eld1a« .atlUl'ts iD l1'OudDllt which M7 b. atillo .. 

111 appropriate br ... 1DI prosr ..... 
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!h. eftect. of IUIIIa n7. &Del :.IS ID411'ldaall,r aDd ID 

oo.blDatloD OD two 10cal1, a4apteel P'OuDClDlrt YIU'1.U ••• 

fill 9 &Dd 1)1 7911 w .... tu41.a to f1ll4 oat th. fraqllaDO, 

aDd .pectra. of 1II411Ceel .lItaUo_ ID qaal1taU". ch ... ot .... 

IDdUCed T&riabllU7 tor quaatltaU,.. oharaot_.. aDd their 

la:tllleDC. oa c1ll.raot .. a.aoolaUoa •• 

1. ID the II, CaDeraUOD, carat_tloD, .unl"al aM 

•• edlag height, deer •• eel with 11101'." In do ..... of phT.loal 

aDd ohaioal .lIt...... Oo.bll1&tioll tr_taent re.ulted iD 

great .. reductl0. thaa tbat of .1agl. treata .. ts. !he two 

"arinle. were U •• tioal 1D thelr ... sltl1'U, to .lItag_l0 

tr_t.ent with ret.renoe to geratnatio. a.d sunl,..l while 

theT differed .lg.lfl08at17 with regard to .eedllng helght. 

2. QaalltaU,.. .utatio •• 111 ~ coas1.ated of ohloroPhTll 

aM 1'lable _tut.. !he speou_ of ohloroPhTll _tatiOJl 

.howed 41ffer .. t1al 1' •• ,0". of the two "&rhUe. to .lItas .. l0 

tr.t ••• te. Co.bl_tioa treat •• nt la !JIV 9 aDd high.r 40 •• 

ot ..... n7. in All 7911 r •• ulted 1. le •• thaD &4dlt11'. 

"ala •• for ohloropbTll .utatloD. 

,. laduo.d Tiable utatio_ 1ac11l4.d utaUo. for 

dwarfl... kenel .1... t .. ta cololl1' aDd poowth he'bU. two 

.utallt. haT1q • .-1-.pr.diq growth hablt po ..... ad 4ea1rable 

f.tur •• of ahort .tatll1' •• ll1e1ler poet alld kenel 7ieU, bell 

kem.la .... 1IIor .. ed lIhelllq per out 0,..1' control. 



lIIa.tio_ tor , ..... loar .... hh. ot 'IInwIl. pIIl'Pl .. 

ro4. whU., nrlopto4 aBel parpl. U.ias uouct 1Iio_P71. 

oo.par04 .. 1'0 •• , ... 111 'h. 008t_1. 

4. b. apr ... 10. of tllUtUaUn ob.a1'ao'on 1a "z 
...... Uo. 1a til.. popalaUo .. o"1;&l •• el tHa ... 1'IIl' •• IllS 

.Dd ... "1 .. '10. 'r ....... t. wille 1 .... t ll11t ..... low.r 18 

the tr_to4 'hall 1. th. ..e_ted popalaUo .. . 

5. III th • .., •• er.Uo •• th .... nl.el for ellffer •• t 

... -cotati .... oharao'ore aBel 71.1el .ttrl".t.1 1. til.. pop.1.tloDO 

ctor1 ... o4 troa cl1ttueat .atac.Dio tr_ta.lltl were 111 .aT.ral 

1anuo •• otaal to th.t of oOlltJ!Ol. 1J •• ot7pio T&r1aDo. tor 

..... 810 olaraotera iIlor •• o4 two to .lx-fo14 oyer ooat_1 

1D Utton.' .atac_10 treata .. t.. fh. 11pit10aBo. ot 

th ... OHerT.UO .. are 411"a .. o4. 

lIS 

6. bor .... 1 .... arl ..... herl ta"111 V aBel , •• Uo unao. 

tor ... ".r ot tera.lo OUerTed iD ..... 1rradiatloD tl'.taellt. 

1JI All. 7911 ".. Dot 00.11It_t with do... S1a11ar iJlOrea •• 18 

, ••• Uo paraaot.1'8 tor Dl1III"er ot .. tar. pod •• Del po4 7ield 1D 

Dtf , aBd t.1'IIel. 71eld 1. Ah 7911 wal o".erTld 1D _ tl'eatalDta. 

7. !h. otteot ot aata •• Dio trea"utl •• th. oharao'or 

..... 1&U •• waG .tacl1ed 1D til. • ., , •• rati... BopUn .... 01.U. 

"atw ... h.1Cht .t _D at _ .. 4 pod 71.14 18 !IIi , aDd It.tv ... 

Bah_ of ~ .aB4 ..... r ot pod. 1. All. 7911 ... oueno4 

1'b ttie ... "l_tio. e ..... ap11l.t the ,..11;i ......... 1&U •• 

18 tho reap.UT. JIIU.".t popalaU.... tho po.1tiT ...... 1&\1 •• 
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b.b •• 11 D1IIIb .. of flow.n oa 011. baJl4 aII4 a .. ber of pod. aDd 

pod 71814 oa t_ Oth.r whioh uieted 111 the ooJltro1 ,opalatioD 

of !IIY 9 -- aot ob •• n.4 1D 80 IIJI of 1JIS tr_1aeat. n. 
,o •• 1b111t7 of •• 1.ot10D for 11eld with t.pro.ed plaat 

architectur. froa autac.D tr_ted POPUlaUOIIII _. 1D4loated 

b7 the al t.red obaracnr a •• ooiaUolI. 

8. "utaDt SeleoUODS w1th iaproved 1'ie1d have beeD 

14.lIt111.4 b7 furth.r progellT test1ng 1n "' and "4 gellerat1oJl8. 





or..,. 

" ulS Gol41Jl. B. 1965. th •• aue_l0 acUT1t7 of 
-~nrr:ii:l:''bT1I:: 1 lalfah lD 1'_Dlltl. !!i!!l. !!t. 2' 4"-44'. 

• uc! KeNO.. .z. , 912 • Differ_Ual pb781010cioal 
-~8"!':"~lUT11:7 of 1'~llt TarleU .. to I.'" trea_ut. wiU, 
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