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Studie6 were conductod to record the cohpar.tlv€

offect of va.ious doses of sanhr rays on the chrorc6ohal

b€havioqr dlrin9 microsporogenosi6 and some genstic p.ran€tere

of €oybean (Grrctnera!(L) M6rril.). sesds of swat-84 v.ri€lt
w€r€ ir.adiat€d rith 5, l0 and 22 Krad and during

nic106poro9enssi6 it was obEsrvad that,the control plant6

beh.ved as normal diploid with 2n = 40 ahd 20 by 20

di.j!nction. Sporocytes from th€ 5 Krad plant had moiotic

anonaly of th€ fr€qu€nt occu.r€nc6 of asyndatic chromo6on6s in

32: c6lls. Ths range ot agtndatic chro@5ones wls 2-4 p6r

.611. sporocytes of th€ 9laht raiaod froo ro Krad irradt.tod
3€€d showed the pr€s€nce ol unival€hts, trival6nt3 and

quadrivalents in 2o, 2s and 45 perc€nt c€lls. wh6.oas, th6
plant rai6€d from s66d treat€d with 20 K.ad 6hots€d 50, 23.07

and 61.53 p€rceni cel ls rith asyrdatic .hromosonos, trival€ntE
and qqadrivale.ts, .€spectiv6ly, Th€ i.creased radiation do365

increasEd n6iot'ic ahonali€e asFocilt€d,ith a reducgd pollsn

Anong the thr€s soybgan vari6ties, skat-aa pas

cooparatively ho16 radio r€3i6t.ht, th€n the Epps, wher6.e,

Lakota ra6 the leasi radio 166ietaht varlsty aeng th€n.



It
r'ror60v6r, gt.rt-atl prov€d ro be th€ ou! yietdins s.notyp. .fiong

th6 thre. cultlvlrs uaed during lhe p.€.e.t invoatigationa.

8!.tlstical analys€a of !h6 data roveat.d hjihty
signilioaht djtf.r6nc6s of radi.rlo^ do6€6 for s€rminallon
p6.cent.9.! flow6r initiatlon! prlhary and secondary b.anchea

D6. plrnt, pod l€ngth, nunb€r ot pods per plant, tooo Efain
H6ight, grrin yield por pl4t .nd pl.nt h.isht. S.tentticant
differ€nc€g of varjeti€s r€r..l.o .ocord6d jn s.rhin.lion
pe.c6ntag., primary and a€.ondary branch6s per pl.ntr pod

l6nsth p.r p1ant, nunber of pods par pl!nt, 1000-gr.jh w.lghr,
srain yi.ld p.r plant and glrn! h.ight. Varietigs inlo do8e€

into.action ra. siEnlfic.nt to. Dlant h.isht, poda p.r Dl.nt,
1oo0-9.rin H.jght.nd grdin yi.ld p.. pl6.t,



The 6v€r inc.€aa€ 1n slobal pop!lation aa6ociat€d

with th€ shrinkag€ in land and du6 to ihE

const.uction of buildin96 and highwayE hav€ envisas€d th6

huoan demand3 for bet!€r food with 6uflicjEnt quantity. ro

combat the Bofld nutritional dehanda aci€ntiEts hav€ th6 only

option io incr€as€ th€ fa.h productivity p6r unlt ar€a.

Sinc6 v€ry long tins plant br€€ding t€chniques havs

been used as a major tool for th6 inp.ovemnt of croD Dlant.

s6lection and introduction w€r€ th€ main toola in th€

beginning and hyb.idizltjon {as lat6. on us6d for the

evolution of with lndor6tandins th€ rechanism

of heredity and r€alizing th€ lini!.d u66 of the anci6nt

br€edins techniqu€s, th6 sci€ntists eore naturally inclin€d to

craate g€notic variability through artlfi.ial means.

Ionizins radi.tion i6 of much short.r {av6 'length

than visible lisht and hag a ouch srsat€r 6n€rgy content.

Example6 of ionizing radjation are x-ray6, gamma rays, alpha

particles, bota raye, neut,rons and protons. lf i t h t h 6

invention of x-rays in the last docado of th€ nineteehth

rith th€ isolatjon of naturally occ!rrjns



Th6 fact th6t ionizlng radiation of X-ray typ6 h66 a

nsrksd €ffect on genotic maisrial wa8 establi6hed in tho tast
twenties Drimarily through th. eork of M!11€r (1923), ahd

Altenborg (1923). Thes6 No.k€.s all show€d conclusively that
ths.6 is a mark€d corr6lation b€t*66n 6xposur€ to x-rays and

incr6as€ in production of huta^t offsp.lng. th6ir result€ H€.€

quickly confirred and €xtended by both genetical .nd

cyiological studi€s. Ih€ latt€r soon provid€d data indicating
that deg.ee of chrorcson6 dan.g€ {.3 al€o quiie di.€ctly
correlatad riih dosage (sat 1936, 1940). sinc€ the daHning of
th6 60 call€d Atonic A96 in 1945, lnt6.€si ih th6 blotoslcal

to lohizi^s radiarions of arr 6ort6

ha6 been sr€atly i nt6nsifi6d.

2

.adioisotopos at the turn of the c6ntury nan has had nany

available sourc6s of ioni2lng .adlations. Hence cager and

tlottram ws.e th6 oion€€r3 to r€po.! lhe inftuence of ionj2ing
radjrtlons on the Dlant body .nd .€ll division r66p6ctjv€ty.

The nuragenic cap.bititj€e of ganma rays oh th6
plant bodies and its dif?6.ent parts had b€€n obs€rved by a

but nohe of the 6arli€r work6rs Bero

succ€ssful in denonstratins mutag6n6sis quantjrat,ivety ri I l
Mull€r {1927, l92a) vho d6rch3trat6d thar virh rhe apptication
of X-rays under certain condition, th6 hutarion frequency of
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96n66 can b6 inc.eas€d upio 10,000 tln6s that of th€ narurll
incidsnce of the spontan€oua nut.tion. sinc6 that tin6 !h€

sci6ntists a.6 involv6d in nutag€nic sxperi@nt6 for croD

lnD.overents evolving thou6and6 of varieti€6 with better gsne

coriblnation€ (Micke, 1932).

De6pito the6€ consid€rabl€ €ffects, there are still
many blanks in ou. knowl6dE€, esp€cj6lly conc€.ning the nann€r

in which radiation producos lt6 eff6ci6. cama radiation have

also b66n us6d in biological 6yBten€ .nd it was found that
th6y a.o vs.y nuch sinila. in 6ff€ci€ to that or x-ray3. Th€y

hrv6 hlgh pe^etratihg ability and a.o obt.in€d f.om a ch€.p€r

eourc€ of cobal!. Radiarion doa9€3 biological organisn. in

6a66niial I y three ways:

f. it ki116 cslls and thu6 organism,

2. it mdifi€€ mstabolic ayst€ms senerally to the

d6trln6n! of ihe orgrhign con66rned, and

3, it induc66 changoa in g€n€tic nateriEl

d€trioental to aubs6qu6nt generation€,

chromsonal .h.n9€3 r€sultins f.om radiation hlv€

b66n of pariicular int€re3t to cylologi3ts. chromsonal

alt6rations provido a. €xcoll€nt dat. for the .tudy of
differential sensitivity .nd v.riation in ch.oho6on6
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organrzatron. In s€n€ral b6twoen the absorption of ..di.nt
€n6rsy and !h€ 6co.od confisuration rher€ ar€ 3 6r6p6:

r , primary 6ff6ct,
2. chrorc6omal broak.E6, and

3. h€alins or u.ion of b.ok6n ends.

Accordins to th€ target (diroct) th.o.y th6 prlnary

€ffect r€sulta from the chr@oaom t..v6rs€d by.n ioni:.lion
track and according io th€ ch6mjcat {indi.sct) th6ory by

production of hishly reactivB r.dicals.

Breakags presunably r.sqltB from disruption of bonds

inportant !o lni6g.iiy, 6l!h€. dir€cily o. aa a r€suli of
strain, whil6 hsalins or unjon of brokgn snds njght b6

consider6d to r€pr66ent son€ eort of saiislactjon of fre€

bonds. In .ny 6veni, it iB th6 resultant r€arrangoh6hte which

can be oba6rv6d and tron qhich deduciion6 ars nad.. (!iil60n

and xor.ison 1966).

Th16o lov6ls of aberra!iohs c6n b6 r€cogniz€d in
lr.adi6t6d chromo6om66:

', sub chronatid b.€akE o. orchans.3, in {hich

half chromatid ia invol ved,

2. chronatid ab6r..!ion, that affoct only on6

chronatid of a Oivsn n6tapha6s pair, 66d
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chromosomal breaks which aff6ct3 tio
chromatld€ at Exactly th€ sane sir6.

Radiatio^ induc.a nany othor typs6 of .nonalie6
{it.hih o. b6tw6€n chrorcson€s, n.ny of which cahnot be

tntsrpr€tgd eati sf actori ly, p6ndins ti I I f ururo inv€at j gatlon

kith th€ €loctron nicroscops,

6om6tioe isochromatid €rehansesoccur berwoen sjst€r
chronatlds, generating U-shap.d chronoson€ a.ns : occlBionat I y

th€ oppoaits a.ms of a single chrohatid can fus6 ro produco a

contric rihs .hrorcsone (DupraH l9?o). soretino6 tro sier6r
fragments r6dupl icaie and uni!€ formins a dice^tric
chromosom€. Du.ing mitosis th6 c€nt.otur6s of th€ dicontric

to the opposits pol€s and fo.h a bridge
betr€€n th6 dauqh!€r nucl€i that finatty b.6ak6 at son6 point.
at th€ noxt mitosis 6aoe cycl6 nay be rep€ar€d wit,h t,he

produciron of chromosonal ab6rration conp.lsjng n6w b.€.kage-

fusion b.idse€ rhat give .i.€ !o n€v genotypes (Robortis st

Ih Fakietan nqtailon bro€dins has b66n in pro9re6.

Einc€ 1960 S and hutation br.ed..s h.v€ r€l€a66d doz€n€ of
varl€iiee in ceroals, pul56 ls9un66 and in cash crop, Th6 {611

knotsn vari6ty of paki stan cotton, j. 6., NIAB-7a havo a)6o b€en

bred throush samma irradiation t6chniqu€s {Khah, tggg).
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soyb..n is a n.ily introduc€d oit !..d c.op in
Pakt€tan dd re havs y6ry f.r i€lt .doDt.d v..t6!i6s.
Th6r6for. Dul!i-dir6ctional r...a.ch i€ n...l.d in thi6
re6pecr. H€nc. a Froj€ct {.3 unde.rakon !o r.cord th€
hut.g€nic pot.nll.la of taim ray. on th€ ov€rll1 chronosoml
bohavlou. dq.in€ gmtog€n..1.4d llso !o ob..rv6 th€
coiparatlv. r.apon€€ of varlo!3 do..6 of sam. ray. on soF
.gronomic !r.it6 of soyb€an.



REVIEW OF LIIERATURE

Mstatlons provide .a* nato.ial6 lor evolution. th€

rols of nulrg€n€sis ra6 r.all.€d by bioroslsts rith !h6 tu.n
of th6 c.ntury rher6 th6y r€r. trylng to 6earch.€r ho.lzona

fo. cr6atlng g€n€tic div6rsjty in ihe €ristlns croD cultivar6.
Th€ Bord mutation Bas jnlroduccd by D€veri€s (1901) .nd lt8
cr€.tion throlgh iohi2ins radiltlon N.6 v€rifi6d for th6 iir.!
lioe by Nuller (1927 and 1926) ln oroaophila and by gt.dl.r
(192a) in nai26 and barl€yt Nh....at th€ rol€ o? lonlzl.s
radi.tion in crerting superlor !r.it€ hrd b.3n r.po.t d by

Gust.tseon (194t and 195r). sinc. ihon th€ €xplol!.ljon ol
ionlzjng r.diation ha6 siv.h ri3€ to 1Oo0 of 6uDorior

genotype6 9ro{ing on mllllone of hecta.€ of land (Mlck€,

19a2). In this chaot€r eom 3.1.c!iv€ lit€r.lur€ ha. b€€n

r€view€rl vllh 89€cial r6f.r€noa to th€ infl!.nc€ of geha

i rradt.!lon on 3oybean.

chnyr (1962) r€Dort.d th.t a 2.5 x 1ot r dos€ of
gamma rays of radioisorop€ colo .*pt.t.ry d.st.oyed ih.
sernination po{6r and sproutlns €n€rsy of corn s6€ds. X-.!y.
irradlalion of dry naiz€ e€od inhlblted c6ll division in th6



root tip. ol growing E€€diins. but.ppar€ntry had no €ft€o! on

c6l I €xp.naion (cherry 196/r).

o.ma irradiation of co.n.sds by th6 do... ol 5 x

10! r and 1x lO' r 6tinul!!.d grdth of 56€ds in i.itial
siag... A doa6 of I r lol r had .n inhibitory .ll.ct on

g6rnination (Fom€n3kji 6! !1.! 1964).

t{oodstock €t al. (1950) lound thar rro to ao k..d. of
gama ir.adiation had inhibi!o.y .ffo.t on corn a..dling
srdth and inhiblted th€ rat of r6.pi.ation.

ou.ng (1964) €hor6d that x-r.ys and thornal n.utron.

irradiation had linsar inhibilory .ft€ct on th€ g€rninrlion or

se€de ol {h.at, rico and b!rl.y varioti€8. q€roln!!1on

p.rc.ntaE. and grorth r.!6 ,.16 r€duced but till.ring waa

.on6id€..b1y increas€d by i rr6diation.

Arn!€€n €t al, (1962) ob.rv€d th€ eff€c! of X-r.y6

dos€6 ransing f.n ao00 . !o to,oao r on vursars wh.a!. of zos

dry vultlr€ rh€!! e6€d€ giv.n a doa. of 10,060 rr nono of !h€
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so.i.no (1961) oxpoa.d dry sraina of rics ro
dlffor€nt do... of sffa r.dl.tlon of 20. 25, 30, 40 and 50

krad. H6 found that do6as€ of 20,25, and 30 krad dld not

srsatly r€duc. th€ germination percenras€, whjl6 40 and 50

k.6d kilt€d no6! of rhe 6E6d5.

a.ruch.t at. (1e66) .!bj6ct€d th€ c.et.r oil se€ds

to 20, 30, 40 .. 9o krad do... of g.nna radirtjon colo 6ourc6

and found lhat do6€s fron 20 ro 30 irad increa60d the

96rmination p€rc6ntag6.

abrana (t96r ) irradi.tod ihe 6eed3 ol wh€ar, bartey,
ric6, cottoh.nd piseon g€ae with hjsher dos€s from different
50urce6 0f lrradiation. Th€ effoct of all th€a. r.diation

inhibjtory to pl.nt sro*th and s6rnin.rion.

norria €t al. (1962) traat€d the dorn.nt najzo sseds

of the sinsl6 cros6 hybrid jn 1952, 1953 and 195/r with X-ray6

ransing from 4 r tO3 r to 3.2 x lor r unit6 and with thgrmal

ngutron ranging f.on 5,a x 1ol2 to 5.1 x tol! th.rmlt n€urrons
p€. sq. cd. In 1952 obsorvationa roro nade on th€ fr€qu€ncj.6
and typ6 for .sciprocal tr.nalocations at mjoais and on th6
f.€quoncy of abho.hel poll6n, Th6 tow sponran€ou€ f.€qu€ncy of
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int6rchan9.a eas lhcreae€d by both lyp€e of radl.tlon but

th€r6 {aa no 6ignificant dlffor€nc€s b€!*6€n X-rrya .nd

th€ri.l nsutrone vith r..p.ct to diffor€nt kinda of
'lnb.ch.nE6€ except for t|o ring. of four,

{.que (1s55) ?ound that a three hour jntr.r€d

troathent b€for€ ahd att.r X-1rrldiation incr6!s6d !h6

oba.rvabl€ ohromson€ br€.k€ and reunioh in poll.n s.ajna ol
T.ad.aclntir bractsaia.

sdlth €t al. (1946) otoosod ba.ley a€od to x-..y5
and found lhrt th€ l.gquency of chroMtinic b.idsea ln root

!ip call3 N.3 rsducgd to h.lf. rh€n dormnt ...d. m..
subj€ct3 to barl6y.ubl€thal h.si t.6atm€nt af!€. l.radlrtton
.n lnc..q.. in mutation r.t. ea. not€d !5 conpar.d wlth th6

rato6 jn 3..d6 t.ea!€d {ith X-rays abov€ or boloq .uch lothal
h6at lr.atd€nt b€for€ i.radi.tlon. Th€r6 sas by

pert.ct cor.6lation b6trg.n !h6 fr6qu6ncy of chromt,inic

b.ids€a, tutatjon rat€6r lnd inJury rasultins l.d ditf.r.nt
tr€atn€6t,3 or combinationa of tr.atrent6.

Boadle (1950) €xpo.6d ZOa Ulyg 6€6d6 to atonic bomb

radiation rnd observ€d, th. d€v6lopEnial abnornaliti6al



chromoaon.l !b€rrations ihcluding jnv6rslons a.d tr.n6loca-
tion6. Ono lot of s€.d shorod offocts noa.ry squal to th666

produc6d by 15,00O r unita of X-rays, 31.5 per.eht of
survivin9 c6l ls contain6d ons or mr€ chrorcsdal aber.ations,
sor€Nhat nor€ ihan half of vhich w€r€ n€t t.ansniesibl. to ih6

(ihlnan (1961) r6vi€{€d th6 fihdinss of sar (1939)

rho d€non€trated that th6 frgqu€ncy of 6xchange6 produced by

x-ray3 do6age is depen<rent on tho doss rate.

s6j€r (1953) i.radiatsd the endosp€.o of !!9sgLhlr5

Lcqblrin€6 and observ€d th6 nltosls in c6l16 with frasn€nted

ch.omo6om6E on cin€-filh3 by n€ane of laps €quiDn6ni, th6

dev6lopm€nt of mitotlc sDindle 6pr€ared to b€ norn!l in
irradiatEd c€lls; during p.oneiaph.se oany fragmonta paa66d

tox.rds th6 poles and w€re 6lininated into th6 cytoplasn. a

f6w fraghentF ex€cuted v6ry p€cul iar mvemhts to ths pol6 rnd

return6d to th6 plat€: during ph.agrcolast forn.tion iho
ac€ntri. f.a9n6nts l6ft at th.oqqatoriar .egion rcv6d torards

th€ pol6€ and gav€ th€ inDr€.aion of s6cond anaphas€. An

atiemp! *aE mad6 to point out th6 €xlEtenc€ djr€.tjon of Fome



forcgs woriin9 durins nitoala. How€vgr,

conc6.nlng !h€1r n.tur€ wae gjv.n,

schea.tz (1950) studied rh6 behaviour of x-ray6

induc€d rlng chrorcaom in haiz€ invorving alrcrt ih€ rhol€
ch.omsoD€ 6. By croasing ov€r in.ing.6d h€t rozygous and

breakage of th€ r6sult6nt an.phaB6 brid96s, h€ found !h6t th6

flns wa6 conv6ft6d into r.d chrorcEone, .on€ ol the red

carri€d a dlplication and B€r€ transt€rr€d back to rjns3 in
sub6eqqont o.jotic division. th€ inclu€ion of lhe nuclear

orsanieer in th€ anaphaso bridg..eault€d in a hlgh froquency

of an ab€rrant 6pore quart6. ttpes.

Gil€8 (1950) 8how.d thrt oxygen ha6 a n.rkod €ff6ct
in incrgasins ih€ eensitivity of ch.orc6@e6 in Il:c!.a9!!nqie
and other 9lant to X-rays.adjatlon reasu.od by thc fr€quoncy

of cytologlcally d€tgct€d .bo..atlons. Th€ 6ff€ct of oxygen

6r'is63 owin9 !o th6 production of a substanc. oont.inlns
olyson, by X-ray6 radio-doconp@jtioh of *ator in th6 c€lls,
r{hich cau8€6 an increas€ in abe.ration fr6qu6ncy. S6v€.al

rn.top€ndont lln6s of 6vid€nc. jndlcat6d that thia aub3tanc€
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Gi l€s ( 1964) oba6.v€d ihat quantitativ€ r.l.tionahip
betr€€n 6 dos€ of radiatioh and thB yi€ld ot .borration

depends on bolh th. typo of ab...ation. and kind oi rldjation.
with the x-.aya and gama raya c€.iajn type€ of br€aks {6re

rin€arly r.lat.d to the do€e .nd *ere appar6ntly o.oduced bv

the ralativ€ly conc€ntr6tod ionization at th€ tail ot 6ingl€

Aocordins to sjraj (1910), ro$. dos€6 (5 x 1ol r
and I x lo' r) ot s.j|m radiltion had son6 €linulltins .fl6ct
on plant srdlh, vhilo high€. do66s (2.5 t ro.'r.nd on ard€)

w€.e found io cau6e roduction in o€roination, D1.ht h.ighi
€tc. cytologjcal siudi€F ol 6oi.a!jc coll6 of centrrl mat€rial

6how€d 20 ch.ohosones! .11 h.vlng nedl.n o. subn6dian

Lin €! .r. (1972) indicatod fraqmn!.llon3 ahd other

chromsomal abnormal itie6 i,s.. anaoh.36 brids6a, aiickiness,

chromatid glp8 .nd n€iotlc d€1!y {h6n Grvllid.€ (orthoptora)

ea6 6ubj6ct.d to gama fadialion.

Fat6 i€re i.radiated ,ith x-rays by slvkoric and

P€cevski (19tr) and 42oo collB w6r6 6xdined. It ia6



inter66ting to not6 that th€ rats had onlv one klnd of

r6ciprocal lranslocation. This raa for th€ fir6t tine that

rranslocatrons had bee^ r€portod in.ats.

Accordinsly to Atab€ko* {193s} i.radiation 3€€hs to

induceE a higher fr6quen.y of 6b6rrations of iranElocatlon

type, which gives ri6€ to typical s6nisterilitv or partial

storillty and also inversion6 and oth€r tvpes vhi.h usuallv

surviv€ to n€iosj6 and can b6 nad€ r€sponalble fo. a

consid€rabl6 f.aciion, thoush not all, of th€ sts.llrtv.

scumgu and Lon€su (196S) found sood co.r6lation

after gamma irradiation boiw€6n chronosono abe.ration rn

nito6i6 and h6iosi6 on the on6 hand and pol16. viabilitv and

q6rninabiljty on the oth€r hand in cas6 of q|]ilul!

As soybeans have smll1 6ized

with a rath€r lars€ numbers (2n:40) ih6r€fo.€ a vorv limitod

cytological (Hyrcwitz, 1976), (lrvolvpic (Ahmad €t al.' tgaa)

and gengtic (Gruyn ei al., 19a5) work has b66n don6 o. lhls
crop. akilov (197o) tr€ated soyboan s€€ds rith s6nna r.v6 .nd

report€d dolay in maturity of the .ult'iva.s irradlat€d. The

incr6a66d radiatlon dose cala€d incroaaed plant h61ght and

s66d r.l9ht, whereas, th6 inllu€nc6 of radiatjon do36 *46
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inve.66 for number of pod6 p€r plan!.nd s€€ds D6r plant. sd.
not.nt6 w... s€l6cted both fo. t.te lnd earty ftor€rjng.

s6bok (1s72) conducrod rldi0166jstance exp...imn! oh

soybe.n and concluded that the ot.nt3 irradiarsd for th€
second tiii6 wer6 mo.€ rosietani ih.n ir.adiat6d for rh€ li.st
tin€. A! the third irradiation, r6.i.tan.s *6s tow€r th.n th.t
a! !h€ s€cond irradiation but w.6.till hish€r than th6 fjret.

cong! (19?6) r€po.i€d v..j.tion6 in jndivjdu6r ylord

cdponenta of aoyb€an tr€.t6d Nith g.ma ray, fst n€utronr

and €thyl n6than6 6ulphonat€ (EMS). A d€creas6 in pod l€nsth

assoclat€d wlth incr€a6e in 3eed *.ight was observ6d {jth th.
6inuliangoqe inc.6a6€ in the radj.tion dos€ of sama r.ya.

Chaudhry ahd HaC (1976-.) lnduc€d 6a.ly o.turjn9
ljn66 in Eanm irradiatod Boyb6ah. Chaudhry and Haq (19?6-b)

conclud€d that gdm irradi.tion h.d. n6sativ€ influ.nce on

ths se6d germinat,i@ and plant Burvlval of 6oybean5.

Brradj.oegars (rgao) atudjod the influence ot ganrnr

r6yE and fa6t n€utrons on soybean. H1€ fihdjngs.ev€al6d ihlt
th6 E.6dljng. height eas songrhat .stardsd by both the
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nula96na. In M2, tine6 fo. 6.rlinoss i6r€ 6et6ct€d arcng !h.

Dwivodi dnd pandy (t961) r€coroeo ih6 fil and fl2
g.n€ratrohs of g6ma jrradi.t.d .oyb6.n and .€poried that
nu!.hta djffer signjficantty lron !h6 cohffor poput.tion for
day. to ft4€ring, dayE !o naiurjty, ptant hejgh!, 1oo 6..d
w€lsh!, yl€ld p€r pt6n!, s6€d p€. pod.nd prot€in p€.c€niaa..
gon. of th6 nutanrs v.r€ s€t€c!€d for .r.ty @r!rity, de.rf
3tatur€, @rs pods p€r ptant, m.e tOO so€d N6ight, htghe.
yi.rd and hre oil .nd proi€in. zahor ei at. (1gs,r) ai€o
obr.in€d high yieldins nulant€ in g.ma r..adiat6d 6oyb..n.

M.khandzhiot and cechi.va (t903) treatod dry seeds
of soybean Bith 5, 10 and 20 Krad of sam. .ays and ahen
thDedlEisly treated iho 666d6 rlth o. t, 0.2 ahd o.41 of €thyl
n€th.n. sulphonate (EMs) at pH ?. Th€y ob66rved syn6.9istlc,
3up€r addrliv€ and inhibjto.y 6ff€ct of !h€ radiarion do66 of
5, lo €nd 20 K.ad resp€crivoly.

Nikotov (1sa.4) oblain€d hai.i€ss nur!n!6 in gena
rr.adiat6d a Krad soyb€an. ih6 nut.nt though highty 6t6rile
procuc6d mor€ p.otein containing M2. In N3 mut.nt6,ith dwarf



statu.e early maturiiy and out yielding p.rfornaoco r€r€

upadhyaya st at. (19a5) ir.adjat€d d.y 3e6ds of
Bra99 and Type-49 va.ieti66 of soybean Nith 15 Krld of ga@a

rry.. Data *ae coll€c!6d on s€parlt€ branch€3 of th€ nutants.
It was found that th€ high€€t .ar€ of nut.tjonB (SO:) in ,{2
*ae oDs€rvabt6 trom th6 seeds cott€cted f.od fir€t four
branches of lhe !1.

snutkupt 6t .r. (19a5) r6port€d th6 inftu€nce of
gana rays on th€ flouer cotour varjations jn soyboan and
observ6d purpl6 .otour mutan!. in ,hit€ cotour vari6ty
'wakashima aft6r 1s Krad of do€€, Upadhyaya (19S5) r€porr€d
that 20 Krad dos€ of sanna ray6 c.n produce th6 htghogt rate
of mutaiions in soybsan.

P.ln€r er at. {19€5) jnducod mutanr€ jn soybean
rhichrsre th€n qs6d in the tinkas. Etudi66. th€ rot6 of sanna
lrradiation in c.€atin9 b6n€fici!t mutatron6 rn soyDeln hav€

by patlt .! al. (19a5) and C.-olt or at.
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Yeahit. .t al. (tgra) Dl€crso

jrradjlt..t soyb.rn. lh. nurqht lth.e prov.d
oH..t ararur€ !ltt H9. th. erlin si:.
cdD.r.bl. to th. p.r.nt'and |{ r ..l6ct.(,

rirt n!3 frd eonn!
3a.ly h.turity ahd

ot nut.nt. r.r.

ch€n and Palm.r (i96!) r.port€d.t.rite and,..!11.
id .|rt. .t€.tr. eyb.o pl..t!. {.t@rs or th.
raa Dre{lon|lnantly chlrrct€riz.d by trivat.nti .tn

I but! iultlval.nle and univ.t.n!. w..e at.o



IIATERIAL AI{D NETIIODS

For reco.ding th€ influ6^c€ of gffia irradi.tjon the

experinent6 {6re split ihto th€ follorins main eet3.

xat6rial€ ussd du.ins ih€ present aiudi€3 v€.€ thr€€

soyb6an (cryctro mx (L) M6rril,) varieti66, i.e, s{at-44,

Lakota and EoDs. sosd6 0f th. rbov. vari.ti€s rer€ collected

f.on th6 agrlcultu.al R63€a.ch st.tion North at Mingora swat,

through, ih6 Ecohomic Botahist of th6 station.

Mutag€njc eff6ct. of g.nm! irradlatlon on

pollen f6rtillly .nd ch.ono.omal b€h.vlour at

reio.ia in olahta raised frd lrradiat.d

lutagenic effocta of glma irradlailon
various agronohjc trai!3 of 3oyb6ah.

For the firat 6Et of.xp€rih€nt a€6ds of seat a4

variety wer€ lreat€d ,ith 5, lO .nd 20 Krad of gama rays in
gamma cell of co!0 a! th€ Nqcl€a. Instiiuie for Food and
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Agrjcultu.€ (NIFA), Tarnab p6sh.u!r. Fiv€ oots out of a total
of 20 wgr6 lill€d with the planling n€dia prepar.d fro'i 1:1:1
soil (sand, cl.y and farm y.rd nanur€), Each po! N.. ptanred

,ith 3 seed6 replicat6d 5 rims fo.6ach rr6atm6nt. pot6 were

kept unde. close obsorvation !t NIFA and it6 wg€djng and

ir.isation ra€ don€ accordins to the ptani neod3. soring of
the seeds was don€ in July 19A9.

on 1,he on6et or flo{erl.g, potl€n f6.tiliiy of th€
plants va6 r6co.dod. A sin9l. plant ,ith ihe t.ast potten
f€rtility fro 6ach rreatuE.r ras 6€toctod for ch.@son.l
b€haviour at n6lo€is.

For .ecordins dare on poll6h f€rtility ftow6r6 wjrh
mature pollsn (y€t to €hed) wgre co|ected in.thanot. .the

put on the nicroEcopjc stide and sptt v€rticatly
in a drop of t.o: aceroca.nine. Eoth th6 hatv6s H€.6 th6n
p.€ssed rith th€ h6lp of a n66d16 30 that, !h6 pott6n w€re

oo:ed Inlo th€ slain. Ths debris and ahrh6r wattB w€.€ th€n

6taln drop wa6 cov€r€d rirh a .ovs.-gt.Es and

obs€rved undor a hicroscooe. For €.ch ptant data sa6 .€cordod

bassd on the av.rag6 of 1oo0 poll€ns. D€for@d a.d stainl€ss



consider€d a6 st6rit€. pott€n ferritity was

ng io th€ formula siv€n b6tow:

No of poll6n srainB 6tain6dPoll€. ferLitr!y = Total No of poll6n r€cord6d

For obs€rvin9 rh6 jnftu6nc6 oi mutag€n on the
chromoEodal behaviour, ftoral bud6 from th6 teaet fert,jle
plants w€r€ fixed in Newco@r's Ftuid (isopropyt alcohot,
propjonlc acid, peiroteun €th6r, ac€ton€ and dioxan6 in ths
ratlo of 6r3:1:r:1, rospectlv€ty) ro. a night and th6n
pr666rv€d ln 70r proptl atcohot. p.6prr.rions uer€ h.de jn
2.oor ac€tocarnih6. Stain pr€Dar.lion wa€ don6 ac.ordlng ro
the nethod r6port€d by Sharna .nd Sharna (tgSO).

squashing r.s done by ptacjng anlher in ! drop of
microscopic atid€ and knocksd with a equashier,

Oobris and the anrher ralts erc *er€ re@vod and tho srain was

th€n cover€d rith a cov€retip. th€ stid6 w.5 h.ated g6ntty and

ir.€n press€d in a foldod fitt6r paper. It w6s obs€rv€d through
the microscope. rf a stide is ov€r srained it, ts docotouriz6d
by passing 45i ac€tic acid through it, C€|s with ninihun
overlappin9 and clear chromosonal cohfigur6tjohs we16 anatyzsd

I associations. phoionicrograDhy and
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cytological studjes of th6s€ stid6s ,€16 ca.risd ou! st th€
cytog6n€tics laboratory of the Nationat agriculturat R66€arch

c6ntr€ (NARc) Islanabad.

Th6 e€cond e6t of exp.rjrenr includ.d rwo vari€ties
(Lakota and Epps) of Gtlcin€ rrx (L) M€rrit. s€€d€ of att the
r*o s€notype6 were tr€atod wiih 0, 1, 2, 3, 4, 5 6, ?, A, 9

rnd 10 (.ads of gahna rays from cos €ourc€ a! tho fiuctear
In6titut€ for Food and Agricutture (NIFA) Tarnab, p€shawar,

The seed3 we.e sorn .in N.v.F.p agricutiurat univ616ity
experinontal field at Matak6nd6r on JunB 12! t991. Sqing ras
don€ accordjng io Rahdomjz€d Btock o6ejEn wjth sptli ploi
Arransementa. varieri€s rere put in rhe m!jh ptot€, whlte
t.eatrent6 (radiation do€e€) w€r6 9ut jn th6 6ub-ptot6. Each

i.eatrent !a€ repsat€d thr6e tih.s rjth lro row6 wh€r€ ross
w€r€ kepi 60 cn apaft and th€ ptant to ptant disianc€ {as 5

cn. No f€rtiliz€r Has used du.ing rhe €rOe.imnt, Bhsr6as!
irrigation uas don€ accordi.g to the d€€d ol th6 cro9. Data

wa6 compat€d and an.lyz6d for vart.nca with hslp of conput€r.
oata wa€ coll€cr€d on the fottowing ag.onomjc t.ajt6 of
soyean varlery, srat-84.
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c.mlnrtid parc$t.g..
ln.lti.tion (t tlorn.tnt,
No ot Prifiory brech.. p.. Dlmt.
No ol .€cond.ry br.hoh.. p.. pt.nt.

No of rEd. p.r ptant.

Io ot sraln! p.r pod

IOOO ,rain. r.ight.
o.aih. yi.ld p.r ptrnt.

1.

a.

a.

a.

9.

t0.

O.mlnartd of tlF...dltn$ ra. r.cord.d rl!.r ZO

d.y. ol 3o|.lna |{h6n no lurlh.r c|r.rsenc. vs exo.c!... Th.
nur6.r o? ...rnlno. .r.rg..t 16r. count€d .nd th6 aornln*ion
D.ro.ntag€ rr catculdnd *ith th. h.tp ot !h. tol.t*.ine

s-dttns€ q.rifil
D6rcont.g.: = --------------------- t( tOOrotal ...d€ .o*n

At th. irittrtioo of tlor..ine to Dhntc,.r. laggod
in..cn ..plic.t at r.ndoo dd t!..by. t llorer iniit.rion
Fr. counrtd tror 3o|{1n9. Av6r.a. ot tho d.t! ,a€ oalcullr.d
by addint dry. to tto*.fing ot 10 pl.it! divtd.d by 10.
P.lnt.y and scondary branch4 nr. c@nt.d frd lo plet€ tn
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.!ch r.pl ic!!. lnd th.tr av..{tr r., c.lcutat d. pl.nt h.toht
l. d rv.r|i! of tO plrr|t €.t.ct d in.rch r.pitc.t , tt r|
mrlur.d lroh the.oil .urt.o. to th€ ttp ol th. Dt.nt,.

For reco.d.tft th6 d.tr on th. Fo.t l.nsth, nutrb€. o,
podc p€r pl.nt afit nunbo. ot gr.lns p.r pod,O pl.n!. rer.
..l.ct€d, tot.l nurntr.. of pod. *.r. cdnt d ,tn to pl.nt. and
dtvld€<, by tO, Ave.ai.! bE tlr.n oo.lrt d. pod t.nrth rs th.
.v.r.s. ot i0 pod3 plr pl.nt lnd r.n ot 10 pl.nb Do|"

r.pricaro x..€ rh€n .n.ly:.d .t t.i.ric.lty. or.im mre
countd in to pode ot ..ch Dt.nt to ptetr p.r r.pttc.t and
th. lv.rrarr *ero th.n catcuhtcd, rooo grltn3 e.teht ra.
crlculat.d rfter countlno iOOO grrtns tn ..ch r.olic.t .nd
ih.n y€lshlno th..t. For r.co.dtn3 dat. on a.arn yl.rd p.r
pl..t srltn! of tO plmt€ D.r r.plic.t ,s i.t9h.d and



CIIAPTER FOTJR

RESULI6 Al{O oISCUSSIo|I

R€sults obrain€d for obs€rvltioh of the nulag.nic
6ff€ct ol sama ifu.di.tion on rhe chromloa1 b€haviour and

various asronohic t.ait6 i. dj€cuss.d b.tor:

A. XUT GEI{IC €FFECTS OF (t tit R ys ot{ potlEl{ FERTTIIiY AIO
cHRotao60||at aEH^vrot R Al r€tosts

The i^fluoncg of glim ..ys on chro@e@.I b6h.vjou.
Nla oba€rv.d at netrphlr€ I ol n€ioet. s.n.r!1ty .nd .oE
lihea at di.kin.sis atao. Th. cybrogjcll €ff.cls ot gam!
ray. r3 diacuea€d und€. !h. he.dinls ol poltsn fertjttty,
..yndatlc chrmoadFs and huttiDt. a6soct.tion! of chrorcsoEe

Merns fo. th€ polt.n f€rtj ty.! lff€cled by glmmi

r.y€ ia 9r.66nted in Tlbl€ 1. A3 €vid€n! from th6 da!! rith
th€ incro..e jn g.rm. raya inftu.nc€ th.r6 is ! g..dual

docreaso in porlen fertility. Ms.lso ovid€nt tha! lhough
qui!. diff6r€n! fron contrott6d orce, !h6 pt.nrs tr€a!€d rith
5.nd lo xr.d B€r€:'ot differ€nt fr@ each other. t€.st polt6n
f€rtilit,y ras r€cord€d in th€ pt.nt rr..t.d pilh 20 (rad. rt
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can b€ conctud€d tron the r€6utt. that th6 high66t radiatjon
dose cals€s great€r si6ritit,y in th6 polt6n obsgrv€d, Reeutts
of sinilar harur€ hav€ also b6.h obs€rv€d b, Sparro, ot !1.
(196a) in rcody ptant, Ashr€t .nd gas€tr. (1966) i,,r.sh
D6an, Krrshnan (19s61 in cathlranthus, Ahmld (1gss) in bA.l.,
and Larik (1975) in rh6ars aft€r E.ma i.radl.rjon. Att thee6
re€ulta are in confornity to our findinss

Th€ tow polten f€rtjli!y ot Dtan! tr€ar€d wjrh 5

to rhat of 10 Krad Dtan! in Tabl6 2 can most
probably be exDl.in6d on th6 pr.lenc€ of unival€ntsr ae th€
formsr3 was Nith 32t univatents and lhe tattEr was with 25: of
th€ c€lls wlth lnivat€nts. Thu€ th€ former ptant had a reducgd
poll€n f6rtitity cooparod ro tater (Tabt6 l). Ths n€gat,iv.
influ€nc6 of potton f€rtility by univatent hav€ atso b66n

observed by srivasrEva (1s74) and, Khawaj. and Etli€ (19A7).

rlul tivat€nt associarion6/transtocaiion h6rero2y_
gosity also effeci polten t6rtility (Tsuchiya, 1960 and Singh,
1973J, During th€ pr.sent inv€6tigatjon6 unjvatents w6re

oDs6.v6d jn association Birh m!ttivatent6 (Fjg 1, 2, 3, .4) but
no alr€fipts were mads to ascerrain th€ r6te of pot16n

t€rtirit,y ro univ.tenrs or nuttlv.t€nt chronosodal



Aut as both th6 anomatiee occurr€d in th€ sane
pollen noth€r c€tti th€.sforo th6 po]]en fe.tjti!y w.€
att.rbut€d to both and not to a sjngt€ meiotic anon.ty.
r.rdraviya and schutka (19a4) atso roporled reduc€d potten
fortility in gdmma irradiar6d t.nrjt.

Asyndatic chromosoma or univatent6 r€cordod during
€tudies ara giv€n in tabt6 I a.d th.i. occurr€nc€

in po.cantas€ valuos is Fresenr€d jn T.bt6 2. Oara .esarding
the occo.renc6 of asyndaric ch.orc3ore on 3insl€ c€lt blejs is
presented in aDp6.dic6E l-4. 46 6vid€ni fron the r€sults
naxinuh nuhbgr of univatenr6 {€rB ob€e.v€d in th€ pl.nt rli6od
froh 20 Krad iffadiat6d.€6d, wh€ro, atho6t sox of th6 ce|s
w€re {jth univat€nis and the rane€ of univat€.ts BAe 1_!r per
c€ll (Appondix tv). Th€ bst fr€quonr conbinarion {as c6tls
,ith two univat€nts. o!t, of ihe 12 c€|s obs€rved, 6 c.ttg
Nore rirh 2 univat6nis, a c€tr3 *Jrh a singt€ unjvat€ht lnd 2

cells had 4 univatents 6ach.

2.

Plant observ€d !ith 5 Krad h.d 32t cott3 with
asyndalrc chroEo6ohes in which t,h€ .ans€ pa6 2-4 univat6nrs
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p€r c6ll. ?5x of th€ tea€t aeyndatic chronoeonss w6r€ obs€rved
in th€ pxc's of to Krad irradi.t€d ptanr (tabl6 2).

Th€ a6ynd6ijc behavlour of chremosore6 may 6lrher b€

du6 to asynapais or d66ynapsi6. aeynapeis is a condition *h€r6
th6 homologou€ chronoso@s fait6 to parr jn zynoh6ha and in
oesyhapsls t'he honotogu€ patr jnjtlatty but s€par.t€5 du.ing
the early diplotene or jusr aft€r it but lsuatty beforo L1
(Schulz-Scha€ff€r, 19aO). During th6 pr€s6nt jnveetig.tione .
struggre ra3 made to confirn Bheth6r the a€ynoesrs was due io
asynapsis or d€synapsiB but it ras in vain partty du€ to th.
snal16r siz€ of the chronosom63 and partty du6 io th€ t6ck of
chronosomal 6preading in pachyleno. H6rc€, th6 univat6ni6 at
,{1 ,€16 eith6r due to asynapsi6 or desynapsis, or both.
z€eavic 6t al. (1975) Ahnld (19ss) and Kh.{aJ6 €t at. (1990)
6b3orv6d univat€nt6 in gama jrradiared barley. rn soyb€.n
deeynapric muranr hav€ b6ed roporr€d by palner (1914) and rhe
us€ of this mutanr in ljnkas.s studi€6 hav€ at€o b€€n
prosent€d by P6lne. (19?6). Asyndatic chrotuso@s b€aring
Dlanls ar6 ih6 main sourc€ of nonosonice which ar6 v.ry usofut
in qnderstanding the b65ic s€n€tics of €oyb€an comptem€nr



3. IIIIIIPLE ASSOCIATION OF CHROMOSOMES AT MI:

jnvostisarionE f6re trival€nrs .nd quadriv6t6nts (rabls 1 and

2). Both .ont,rolt€d and the Dlant irr.dlat€d with E Krad
3ho|6d no nultivat6nt associaliod€ .t Mt. oar. ..ga.din9
nultivalent€.ssociarion on 6in€t6 cstt ba.js js presenr€d in
Appsndlce6 III and IV. At th€ radjatjon d€6s of tO and 20

Krad hore quadrival€nt5 r6re observ.d 63 coDlred to
.inst6 t.iva1.na por

cell wiih oth6r a€sociation6 wh€r€ae ar 2o Krad 2s.o7t cell
h.d trival€nt3 .anging f.oh 1 to 2 trivatents p6r c€tt.

Ouadrivalont€ w6.€ obsorv€d in 61.53i pMC'€ ranging
t.on 1 to 3 quadrivat6nls p6r c6tt. oqt ol th€ 16 pMc,s

r€co.d€d with nutiivatents, on6 c€tt was with 3 quadrjvat6dt.,
th.e6 cell6 pith 2 quadrivat€nts each and 1o ce wtrh a

sin9l6 quadrivalent por c6lt. ptant ireat€d Hith 10 k.ad had

451 c6lls with a sjngts quad.ivat6nt each.

Th6 aopeara.c€ of nut!iv.tent6 6ignifi€. th€ high
genetrc r€.onrendarion b€tween ths hon-homotogous chrono6om6s.

ch.onosohal jnt6rchanggs or r6clprocat rranstocati
rnportant in linkage 6redies. It c.n be very €asity c.€ared
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61.53



throuqh gtua trradiartoh6 (Ahmd6, tgAs and Kha*Aia 6r .r.
(1990), Re6ut!s parati€t to ours hav6 areo b6€h r6port€d in
soybs.o by sadanga and crlnd.land (r97!). uhrch had be€n us€d
by Sadanga and N€fious€ {19S2) in chronDson€ napplne and 9€h€6
linkas6s of soybean. patmer (19s4) atso qs6d rrrsdlarion for
.reating int6rchang6s in soybean for ii3 chrorcs@.t studi6s.

Th6 pre66nt finding. a.€ in confo.nj!y ro ths
r€sult€ obt6jned by sh€ikh €t al. {19s0) who obe€rv€d reiotic
anonali6s jn Eanha i..adjat€d nuhgbean! btlck gram, tshtil lnd
ch1ckp6a. They r6port6d the iEiotlc anolali€5 ae uhivatents!
multivatents, .jngs and f ragrenG.

". #lafr8li3,^.IL.3to,T*"ffi rFF^Drarroil

The inftuence of ganna lrradiatjoh waE obE€.vod on
gernination p.rc€nrager initiatioh of ,rderin9, noib€. of
prihary branch6s p6r ptant, number of s€oonoary D.anches pe.
plant, planr h€ighr! pod tehglh, nunb€. o, pods psr ollntr
nunb€r of srains p€. pod, looo s.ain w€jght and grain yi€td

conpr€h€neiv€ discu6sioh on rn€ r€6qtt6 oblaihed
du.ing thg pr€senr 6rodl€s is given b€to,:
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r. GERTMM!I-E8!q!aIA9€:

Anatysie of variahco of th€ data r€garding lhe
€ffect of gaME irradiatlon on s€rmina!ron Dorc6ntag6 of
aoyo6an rs pr€a6nt6d ih Appendix v and th6 r€3utts lro
aumnariz€d in Tlbte 3. Atthoush th6re w.B an jndtcation th6t
lho so.mination Dercentag€ had . gradual decr.ls€ vith the

rrradiarion doe€. rh€ varl€ty djff6.€nce and dos€
diff€r6n<€s wore found 6jgnificaht. Th6 haxinun inftu6nc€ on
germi.ltion p6rc€ntase Na3 r€cord6d at rha irradjalion do.€ o,
10 Krad and ii6 l6ast €ff6ct ras ob5€rv6d at I Krad dos6,
Findinga 6init.r to th. p.o6ant r6sutt€ h.v. also b€on
..po.t€d by ouans (1964), sori.no (196,) in c6.€a16. oqr
..EultE ar6 atso in conlormity to iho fihdlns3 of Chaudhry and

Haq (r976-a), vho.€po.ted sjmjlar .€ductionat €ff€c!3 of
gamna ray6 on eoyb6an.

PLANT HEICHI:

Anatysis of varianc€ of rh6 data r.ga.dins the
influ6nc6 of sama ir.adjation i. 9iv6n jn App6ndix vr. The

daia.ev€al6 thar rhe ptant h6ight *as slsnificanlty aff6ct6d
by th€ radiation dos€s. v.ri6ty djff€renceg ,ere ai60
sisnific.nt, wh€r€asi th€ jht€raction b6tw6en various do€€6



VARIEIIES

33.?6

33.67

33.5t 43.63

33.t0

30.33

67.10

85.32 d

?3,ll I
36.36 9

x€an for varletl.s 34.4s ab 31,71 b

LsD vr'lu€ for V!r16ti6s : ,.99
LSD vrlue for DoB.s : 2.f6

r{ote: xerru,or t|)€ 34 catogofy h.vjng !t 166st on. comon t.tt€r 6r€ no!Ergrrrrclntly dlffe..nt .t 5r lov.t of Drcb.blltty .ccordlns ro LsDre.t rL.!3! slgntfjc.nr dl fforone).



and vari€tres vere atso touhd sig.ificant,. Th€ data is
Iable 4. M€an6 for do6e5 shows thai generattyrh€

radration has dose specific 6ff6c! on ptant h6isht. Maxinun

plant height las .eoord€d fo. radiarion do66 of 4 Krad and th6
olhimum plant h6ight wa6 record€d for radiatloh dose ot 1o

K.ad. Tfre pre€ent fjndings 6r€ coniradicro.y to the r6sutts
r6port6d by Akilov (1970) who i5 of iho opinion that with rh€

increase in irradiation dos€ there ea6 ! sradlat increase in
plant height of the soybean. Our diff€rences of .6sutts are

dqe io the djffe.encc of genotypEs and rhe differenc€s of rhe

irradiation dosos applied. Th6 pr6s6nt rosutts ar6, horever,

in a broad senso in conformity to th€ findihgs of Owiv€dj and

Pandy (19a1) who obtained signifr'canlly different results for
gadma rrradrated soyb€an, Th6 significlnt differen.es due to
varretiss as rhe Least signjficant Djff6r6nc€s (LsD) resr
shows (rabre 4) on th6 r€s!lt3 ar6 in confofmjty to th6

findihss of sparrow et al, (1963),

3. DAYS TO FLOWER INITIATION:

the d.ta .69ardln9 th€ effect of ganm.

rays on the days to first florBr is preseDied in appendix vrr
and th€ data is 6unmariz€d in rabte 5. Th€ anatysis of
varianc€.evear6d rhar rhe radiatjon dosss have producgd



Av.rag. drtr on Pllnt
aff6ct.d by $ina ruy3.
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h.jsht ol lhreo .oyb.an v.rl€ries

VARTETIES

52.60 f
55.50 f

54.50 f
52.50 h

45.20 sh

53.r0 f

64.50 t

,2.50 d

55.20 f

40.39 d

3r.53 b

llo.. fo. v.rl.t,i.5 73.16 .
LSo valuo for v.rl€ti€3 3
LSo valuo for Dos€s .
LsD varvo fo. v!rr.!i€B x 00s.! lnt.rlction :
Not6: r4€an3 of th. 3l|D€ c.t.sori hlvtn! .t t€.!i on.

slgniticantly dlflgront .t 5t t.v.l of problbl
t€st (L€!6t 6jsnifi6.nt djlt ..no).

0.11

6.34

cqmn l.tt.r !ru not
llty rcco.dlng to LsD



36

sjgnificant .ritf€r6nc€s in drys to ini!r.!ion of flo*€rjns.
va.leti€s and vari€tios into dos6 in!6raction produc€d 

^on_argnificant riiff€.€nces jh d.ys to th€ app.aranc€ of fir6t
flowe.. M€ans fo. dosss in T.bt€ 5 shors that with the
inc.€as€ in irrsdiarion do6€s rh€r€ w.3 a gradu.t d€cr€a6e in
ih€ daye ro initiation of fto|ors and !h€ r€3pon6€ of att rh€
thrs€ vari6ti€5 to v6riou6 dos.s is id€ntical or th€ varieti66
b€hav€ sjhita.ly to the 6a@ i.radlation dos6. Exc€Dt in svat_
a/t Fhich p.oduc6d lare ft016/ins at 2 x.ad doeo alt lho
radiatlon dos.e inducgd 6arliness in atl !h. rhr.6 varieti€6.
Th6so findlnss ar€ ln.onfo.nity ,irh th€ r€sutts gobtjshod by
Dtiv€di lnd P.ndy (196r) ,ho r€po.t6d 6a.ty ftorat lnduction
in gann. i rr.djrt€d 6oyb6an.

chaudhry and fiaq (1976-b) a.6 .tso of tho
that 06nma rays induce €artin€65 of ttow€rlng 1n
Akilov (1970) and flikolov (tsO4) ar60 oblajn€d oa.ty
rn 96Ma i rr.djated eoyb€.n.

Anatysis of varjadc6 for th6 inftu€nc€
on th€ nlnbor of prinary brahchoe p€r ptlnt .3
app€ndix vIIl r€v6.ls rhat th€ radiation dos6s



flomr jnrtllt1on of thr.6 3oyb€!, vlrl. esas.rr.cbd by g.m! ..y8.

??:::,:i,:fl" sv.t-8. EPPS Larota 16.. fo.
Do.6s

6a.!o

38.50

31.16

t5.t3

11.a3

43.33

10.73

34.a3

45,a3

,4.11

't9.oa

63.73

84.6a

80.26

62.50

33.56

60.23

31. t3

,t.oa

ta.9t

r€an for varret1.5 33.37 !r.5t ---;;:;;--------------
LsD valu6 for Dolos : 3,04

Iiot€: lil€rns.of th.. *m_c.t€go.y h.vtng €t Io.Bt on€ cduFn t.tt.r .re nor
:l:i'l::::l'1,',111::"# Xl,ui.'""J.'"',"' .**t''.' .;;id;; i.;;
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srsnjlicant dtff€r.nc€3 th th€ nuDbor of p.lnary Dranchos D€.
Dlent. vari€ti€s w€re also eienjtic.n!ty arf.c!.d by th. geha
rays. sunharlz€d data in !h€ fo.m of D.ans a.c !h€i. m6a.s lor
dGeB (tabt€ 6) shows !h€ dirf€r6n..s ihduc.d by v.rloG gam€
r.ya int€nBitjes. Th€ hlshee! nmb6. ot prim.y b..nch6 i€r€
ob€orv.d at ih€ irr.dlattoh dG€ of 5 Krao rrr€.pscrtv€ of tha
v&r€ry. Atl !h. lrradiatioh doses hav. incre!!€d the nunbe.
of prim..y branch.s p€r ptan!. th€ r..utts ... jn conlormitv
rith th€ findjns6 of yousaf .t !t. (1991) xho ob6€rved
srghificant diffsrenc6s ih th€ nuh!€r of priDry branch$ p€.
plant in slnna ifu.di.t.d l6hti1. Oo!*.ri (19s3) ob€€nod wid€
variation ln nunb.. of tilrcrs p.r Dt.nt jn glma t..rdi.t6d
b.rr€y. slgnifjc!h! diff.r6nce tn numb.r ot b.an;h€ mre atso
repo.ted by Aboh€sazi (rgeo) in g.ina irr.di.t6d jn chickD€a.



Av.rage data on Prlm.y lrlnchaE p.. ptant of thre6 soyb6&
varl6tl.e 6s aff.ct.d by !d. r!yr.

11.35

14.50

14.23

10.44

15.31

16.53

11.63

13.30

r2,33

12-26

15.36

15,r6

14.26

13.56 f9

xesn for varl€tlos 17.33 a

LSD val@ for V6rl€tle. :
160 valle for Dos€s :

lo..t on. cdon lott6. ar€ not
of Drobability .ccordjng to Lso

1,30

ot.: {edns of thE sdo .6t€gory h.vjng .t
sisnificantly dlfl€r€nt !t 5: t.v.l
t€st (L€ast s jsnjf lcant d jtf.r.nc.)



Analyria ot v.rian6 for lho .tt.ct of o.rm. ray3 on

tho nud.r of .econd.ry br.nch.. p.r Dtant t. o.eenled in
A9p.ndix tx. th. ArlovA ..v..1 th!t, both th. v!.icrt.a and th.
l.r.diation d@€B h.v€ .jgntfic.ntly diff6r6nr r..ooG€ fo.
the nunb.r of e.cond.ry branche3 l|er ptlnr. x..n. for th. d.!!
lnd it. LSO ..ve!l !h.! rhcro i.rc.isnific.n! diff.r.hc.s .tn

s€condary bfrnch.. ol v.rlou. tr.atf.nta, th. hish.st nunbcr

of s€cond..y br.nch.. i6.c ob..rv.d for I (.!d do.6
irr€3Decliv. ol th€ v..i.ry. Th. hlsh..r mln {.s r€cord.d lo.
lho i.rrdi.lion do.. of I (r.d ed th. lo{ost fi.an Ba! that
fo. the irrddi.tion dos€ o? to Kr..t. vart€ty F.n tor 3i.t-a/t
Nra high.r .nd lore. in Lakot.. the djlfcr.nt.trl reioon.e ol
b6.16y v.ri.tie6 to ga@. ray! h.v6 b€an r€por!€d by xhatil at
ar. (1166). D.aling ,irh 2a sp.cj.. of rcody ptanls Sp!..d.r
al. (196S) cam to lhs con.lugion th!! diff...nt g.notypet

b.hrv. dlff.r.ntly to grm. raya axooaures.

6 . FoD LENG'IH :

Analy..l€ ot v.rilnc€ for lhe d!!. on pod l.ncth t.
prea.6t€d ln Ap9.ndix x.nd it'3 me. !r. pr...nt€d in t.bl.
a. Th. ANOVA r€ve.l.d that pod l.ngth yas .ighifioanuy



^v.r.s6 
datr on {unb.r ot ..4d.ry brlnchG of thre soyb€.n

variot1.s .s !ff6ct.d by 9m. r.y!.
V4RIETTE'

25.06

25.10

24.03

23.40

28.03

20.,0

22.43

16.00

21.6d

26.13

21.63

21.63

25.t3

18.00

20.80

i4,53

21.30 d

li$n for varietios 26.33 !
LSo valuE for vari6ties :
LSD valu. for !6es :

22,10 h

tleans of th6 3u€ c.t.gory h.v1ng .t laaet om @mon l€ttor
aro not slgnlfic.ntly d1ff.r.nt rt 5: l.v6l of prcbabillty
6c@rd1n9 to tso io3t (1..3r sis.iticant djfforonc.).
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;".g.tl*: (c.) or rnrr .o,t$ v.rr.tlr
V4TIETIEA

2 trd

t.at
l.a,
4.4

3.lt
!.el

t.,tt
a.t2

a,ot

3.1,

4.2i,

2.9t

Lt0
l.a!
a.t0

2.aa

a.2a

2.43

a.2a

c.ot

2.(l

l.t2
2.4
l.0t
!,&l
2.3!

2.t6

4.26

3.Oa

2.all

2.50

3.50.b

3,!l I
l.tl !
l.ot cd

3.te Do

2.la (b

!.61t .
3.20 bc

2.t4.

3.Ot b

0.ot
0.lt

ffi #,.Bffi tr?ffil*: ffi ffi.fl pr?fi r,
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aff€cted by dlff6r6nt irradi.tjon dos€E. Oiff6.snt varietje6
had 6rso significant inftu6nc6 on th6 pod l€ngth.

M€ahs for th6 do8€s showE tha! though th6r€ ua6 an

incr€as€ in the pod tength at th6 irradiation do6es of 2 and

3 (rad as conplred to th€ contrott€d planls but rh€ increase
kas not si9nificant sratist,ic!tty. €an6 fo. va.i€tie€ we.e

statistically diffe.6nt. Atao it js €vid€nt frod nBans for
varret)es that the oaxifiun pod tsngth was .€cord€d ih va.jety
Suat-84 and the mininlm pod l€ngth ras in variety Epps. In
msans fo. ir.adiation dos€s th6 maxinun pod tength was

obso/v€d in 3 (rad dos€ and the ninihun ras at ihs ir.adiation
dose of 10 Krad. rreans for do66s shoes, tha!, rhe pod lonsth

senerallr decr6as€d with lhe inc.oa66d .adiarion dose. A

pod 1€ngth due to increa6o in jrradiation do6€s

hav€ also be6h report€d by Cong. (1976) in Soyb6an, and by

7. NUMBER OF PODS PER PLANTI

Analysis of varianc€ for the nunbor of pods per

plant ln App€ndir XI rov€ala that, both irr.djalloh doB€s and

varietie€ into dos€ intera.t,ion w6r€ hlshty different in
resp6ct to the nuob6. of pod6 p6r Dtant..



M€ana of th€ d.t! ih Y.bl€
irradiatjon do.. had no tih..r arf6c! on rh. hud!€. ol pod.
per plant. Th€ LsD t63! rov.ll€d that lhe ..spon.. ofva.l.ti.!
wer€ not do3€ s96cific but th6 8dr€ do.e p.oduc6d diff...nr
€ff€ct6 in !rr the thre€ varieties.

9 ..v.rl. thrt rh.

tr.ahs fo. th€ varieti.a ahora rhr! !lt tho vari.rios
r€Epond djff€r€ntly to various g.ma ir..dj.tion do3ss.

xlximed numb6r of oods p€r ptant ras record€d tor
dos€ ,hich {.s significantly ditforont th.n th€ cont.ott.d
on.. 6v.t-6a producod naxiiuri nunber ot Dod. p.r ptant,

wh€r6.4, th. nininuh nunb.r of branchos rer€ r.co.d.d in
Llkota (Tabl.9). venk.rramhi (1952) rooor!.d €ihitar ...u1rs
i. lici-a f4!!. o*iv€di .nd Pandy (1961) .rso repo.!.d ..!ulrs
,hich .r€ in conforfiity !o th6 Dr.s€nt fihdines.

8, NUI,IBER OF GRAINS PER POO:

Anllyeia of v!.ia.co of th€ d.ta r.gardlng th€

humb€r ot.€.da psr pod ia prga€htod in App€ndix xII. lh.
ANOVA shda that !h€ v.riltioh .€EardinE !h6 nufib6r ol g.ains

D.r pod ia no! signiflcanrly diff.r.nt in the vlri€ti€3 .nd

tho radiatioh dos€e. l.radiltioh dG€ lnd vari€ti€€
lnler.clion raa in si snifjc.nt.



av€rage dat! @ Pod3 p.r DtM! of thre soybo.. variotles
orree@ by 9'm r.y!.

V^iICTIES

375.3 J-l

365,1 lfr

235.3 ..
,tot.a g-J

ro5,5 s.'j

2d6,1 q

325,2 no

255.6 rs

N.rn for varr.ries 396,2 d 3t8.? b

for Vari€ties t 0o$5 intorlction .
l|eds of th€ sfr 6.t€gDry hlving .t ta..t one comn letter
are mt slgntftco y dtff.r6nt .t 5r t.vet of p.obabihty
.ccording to tsD t.st (!6a3t slgnttjcant dlff€re@e).
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As giv€n in Tabt6 1o re6n5 for irradiatio. doses sho!6 a
sfadual incr€as€ jn valu€s for th€ numo6r or s€Eds p6r pod
till the irradiatJon doe€ of 5 Krad and nor€ therE ra6 no
linear corretation of th6 irftdiation do66 ahd nunb€r of
grain5 per pod. Maxinln nuhb6. of B€6ds *6re r€cofded for
Lakota at th6 irradiation doe€ of 10 Krad and jt Nas variety
specific rssDonse to rh€ i...dj.tioh! oEn6rr16€ both Swai-A4
and Epps shorod poor p€rfo.m.nce on the 6ee dose a3 conpared
to thsir .€sp€ct,iv€ control6, as rggards th6 nuhrE. of srains
pe. pod. f6ans for va.i6ti€6 6ho{s that narinun nuhber of
srains rere pr€sent in swat_a4 ,ho.€as, tho variety with
ninioun nunber of sraihs rls !akot!.

Att ihes€ r€sutts 6hows that th€ nuhbe. of s€ed per
pod rh soyboan js a potysonic charact€r ano rs conlrott€d by
a rath€r large nunber of gsn€s. Th.r€for€ lno muiarion of one

of sen6 ritt nor att€r this character Eo 6asity,
As means for vari€ti€3 showE (T6bte 1o), !h€ cumutativ€
effects of jrradiation Bas, incr6a36d nunber of srains jn
svat 64 and Lakoia as comp6r€d to conErore, wher6as, Epp6
failed to surpass itE controt.
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Av€rag€ d.t6 o. iluhb€r of gr.lns p.. pod of thE€vsri.tr€s as .ff6t€d by om. r.v3,

VT\RIETIE6

2.f2

2.41

2,45

3-22

3.16

2,62

2.a1

2.63

2.to

2.73

2.ta

2.96

3.03

2.23

2.12

2,54

2.46

2.fa

2.15

2.66

2.14

2.59

2.63

2.13

3.15

2.92 2.11

Means of th€ s.m€ c.t6go.y h.v1ns at 1..st on€ .omon t€tr€r
a.o not 3rgnif1..ntly d1ff..€nr nt 5i 1.v.1 of Drob6bl]ltv
ac@rdlng to LaD t.3t (1..!t srEnrflclnt djff€r6nc6).



'OOO-CN 
IN I'EIGHT:

Anlty8j6 ol v.ri!nc. of th. dat. r€eardino th.
ihfluenc€ of 9.m. rays on iooo-graid Eighi ts pr...n!€d tn
app.ndix xrrr. r€sn6 for rh€ d.r! reg.rding looo_srljn i.iah!
is p..e6n!.d id tabto I | . AIOVA for !h. dat. shor. !h!r highly
significlnt r€sutts 16.€ ob!.in.d du€ !o v.ri6tte., r.di.tion
doee6.nd, vari.ri.E tnto irr.diltion do... int raction. x..ns
fo. irr.diltion do!.. r.v..tod thlr, !h.r. ,.€ no 1ine..
corr.lltlon !f,tu6€n th. r.diat,lon do... tnd tOOO-€raln,.ight.
..n6 for v.rioti.. rev..t€d !h.t, lho naxinun tOOO-Er.in

v.lgh! v.. found ih va.i.ty av.t-aa, *hsr...r th. hinitur
lOOO-srlih r€ishr N.. found in !.kot.. D{tv€di .nd p.ndy

(1901) ob..rv€d th€ lnflu.nc. ol sanr6 lr.adiarton o. soyb..d
and.€cord.d v..iltions lD iooo 9..1n $isht in th. ir.!di.t.d
population. lh. .€sutt! o? you!.f €!.t. (t99r) tn t.ntit ..e
ln conlormity !o !h. pres€nt ltndin!3. Cong! (t9?6) .l.o
.6port.d incr.as€d erain€ r.i€h! tn lama i.radia!€d soyb€ln.

10. GRAII{ YIELO PER PLANT:

Anlry8ia of v.rilnc€ of rh. d.t. r.slrdin9 th. gr.in
yi.td p3r plant !3 .ff€c!€d by g!||rna .ay. is !,r€..nt.d tn
Appendix xlv. th. ANOVA revo.t.d thlr hiohly .igniftc.nt
diff..€nc€e *.re induc.d by gama ray. in th. grain yj€td p€r



a9

Avor.g. d.t. on 1000-g.al. Flght (9r) of thre
va.j6ti.3 6 .ff&t d by gl!ru r.y3.

rrc.? J-l

11t.0 fg

233.5 b

r6t.o h-J

142,21-9

t63.9 fi

150.t Jk

1r2-t g-1

156.t tJ

133.6 t
119.6 gh

115.5 c

1r0.t h

x6an for v..i.tios rtt.1 .

10.09
for v..iotiB x DG$ int...ctlon :

ll6.n. of th. sm c.t.gory h.vln! al 1.!.t om cDmn l.tt.r
!r..ot llgniticlntly dltLr.nt .t 61 1.v.1 of prob.billtv
lccordlnE to 130 t.3t (l.a.t sirnlfl.tn! djlt!..nc.),



5o

plant. var1.!i€B r.r. .l.o prov.d .ianific.ntly dilt.r.nt,
*h..ea6, hishly €ignllicln! ...ulta r.r. .l3o ..cord€d tor
varieti.a into do... int r.ctiona,

N6ah6 for th€ d.!r ln T.b1. 12 ..v..ta !hrt, .ll th6

rhr€€ varielies *€re slsniflc.ntly ditlsrent.a c6DAr.d to

lh€ir .6so.ctiv. cont.ol.. ri..n. lor irradialion d@€3

.ev€al€d th!!, th€ irr.diaiion do!.. produc6d vfi.tv aD.citic

€ffects and .6 th. tgD rev.al3, all th. varioli€3 rerFond

diff€.onily to th. €.m <lo€€. Ho$ver, th. i...di.ttoh do.. of

5 Kr.d wa6 vo.y 6ff6clivo in €nhdcins th€ €.ain vi.ld p€r

plant. R€sulls of .imilar n.tur. h.vo .l3o b.€n r€cor!€d bv

Dpivodi and Pandy (1931) in sam. tr.adi.t€d sovb.rn. zah€.

(1964) and consa (19?6) r€16 !lao of !h€ opinio. th.!
v..i.tjoh is sr.in yi6ld Dor plant ia €xpgo!.d in !h€ samr

i rradlat.d aoylEan.
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Ch.orb€dEt o.oolrtton.t Ni .tn Facts otg.t|F r..adt!t d (20 xR) soyb..n.

Nulttvrl.ntalll rv v vt

7

'to
it
12

t3

t5
l6
17

ta
19

20

21

22

21
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2A

I

1

1
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i

t
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I

I

I

I
t
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11

.20
20
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Ap96ndix-V: An.ly€i€ of vrrilnc. for e.rmtn.liont.rc.ni.9..

sourc. of D.gr.. of autr ol N.4 F,lr..dd rqu.r.! .qu.r$ V.lu.

R€plicltlon. Z l/r.39? r.lga 0.9739

vari€ti.6 2 a26.22a ta2.6l4 6.44!a,

1 77,01a 1A.251

lo ag3?.oot a63.7oo t9.a3t3 t
v..i.ti.. x 20 2ta.2ea tt.965 t,3o9a IaIto€€a

Er.or-b 0o 516.1ae a.666

Total = 99 A006.0A9

. = si9nlfl6anr rt 5t t€vel ol Drobabiliry.
NS = xo^-elcn.lficot.



,1

app.ndjx-Vt:  n.tysie ol v.rt.ncc ,or pt.nt h6i9h! (cn).
:--------------------sourco of o.er.. or ah ;; -;::l----:----
r::l::::_____ !i:::r___i{:il____!!!i"* t;,*
Repl ic€tion. 2 alo.66a ao6,26a 226.6093

20 1772,91e

4126.44

?.166

r 1726.960

2712.722 1616,a167 *

t.749

1o r 172.596

6a. a/r7

i 0,703

109.t029 *

e.a62g .
ao 042. t60

:-:-:----------------rot.r = se zOset.zzi

t . gignlftcant .t 5! lev.l ot prob.bi.trry.



App.ndix-vlt: An.lysiE of v..iano. fo. th. lt*.rlnttt.tton.
:-------:------------D.a... oa 6uh ol {... F.
::M* f.o.dd .qu.n. equarea vrruo

R.Fllcallon! 2 31..tS! l!.217 /t.337a

vA.leti€. 2 90.219 15,125 4.1739 Ns

x:i::"t* , 2o 205.670 ro.2s3 o.es.. Ns

Error-b aO a25.404 to.4z3

rotrl = 9g ,eg6.636

r = argntttcaht .r 5: 1.v.1 o, probabitlty.
xa = Non-sisnitlcanr.

1 ' 11.aaa 9.a21

ro toa9.36a tog.!39 to.45t5 *



75

App.ndir-vrrr: 
ll*{:t. * va.i.nc6 fo. p.imry brdcr.. p.r

Sourcs of Dog... ol eun of {.rn F.fraadoD .qqa.aa acurF. val[
REplicalioh. 2 9_654 4.a27 12.O53e

varlolie3 2 32s.1ot t64.096 4oi./t4!4,

r.635 0.409

lO ats.oit ri.60:r e0.3792.

v!.ieti€s x ZO 17.152 0.657 O.4O9Z NS

Er.or-b 60 l2E.6Ot Z.osJ

rottl : t6 oooo,ooo

* = slsnific.nr .! sr t.v.t of problbtt1ly,
xS = Non-.teniltcanr.



10

5?3,336

21.542

20/ar.a30

20 aa.r7a

ao I154. n6a

266.669 46.€tat9 I

4,116

204, t64 to.aoot

1.1L 0.2a1I M'

19.211

rohl = 9a :t20,1.320

slsnificdt.t s: t.v6l ol ,robab ity.
Non-.lEniftc.n!.



76

App.ndir-x: An!ly.t! -of v.rt.nc. fo. H&y..! tnd.x : :q.rr. yratd x loo abov. eround pt.nt yt.rd.

g:!t!:.f D.s..oor s;;;;----;:;--;:---:-fr€eddr squaraa .quaraa valua

ie;ric.tio€ 2 o.!OO O.soz 2A,22:,G

v.rr.ti€a 2 2g,La t4.?2a ttgi.a2ala,

0.053 o,oig

ro , 10.1a6 1.0i9 9.tao9 :
v.rtetl€€ x 20 2.g6a o.ra3 t.2go,a Ng

Error-b 60 6.67t O.tl,

total = 96 49,A40

t = stsni?tcdt ar 5tl t.v6l ol probab tty.
N6 : Xon-.lgntfic.nt,



19

lpp.ndix-Il: An!ty.l. of v.rtr|o for lurb.. o, pod. p€.
p t.rt.

aou.c6 ol 0.gr.. oa svn ol t.fit...dorn squar.. squ!r.! vat ue

Replication. 2 4696,2aa 234?.6& rs.g8a3

v.rieti.. 2 35931.443 32s66.722 1s6.12L '
4 0?1.3t5 t6t.6e9

oos€6 10 6a6a65,6t3 665aO.aat 2t6.09?g,

va.i€tioc x 20 i54a7,6g9 Tra,gtf 2.6oea ,

Earor-b 60 rO615.a!a 300.594

9A 7?2r6a.859

i : stahjajc&t .t Er i.v6t ol probabitjty.



ao

App€ndix-Xtt: Analyii. ot v.rlmc6 for N6t€r o, grrtnspor poo.

l-"91:: 9r *e... or 
",- "i- -;;--;:-----fr€.don squ.r.. eqqr... val u.

i.ptioatjon. 2 o,5aa o,zas o,to7a

v..ietie3 2

v.ri.tln x zo rz.ot6 o.ao, 0.9156 NB

Error-b 60 39.372 O.a6O

Tot.t = 90 5a,926

NS = Non-elcni fic.n!.

o.ta4 0.392 0.5061 l{3

2.17a O.6a/r

3./tl:t o.3/ti O.3ZO2 Ng



a1

^pD.ndix-xrrr: t$l:.t. - vartalM ror tooo_sr.tn r.tsnt

Sou.c€ of D€g..a ot Sqn of {.anfr€.{td aqu!.n squer.. valu.

R.plication. 2 1113,1t2 2221.67a 22.6191

v.f ioti.. 2 11oao.117 toaa.223 71.6a21 .

4 392.a97 90,21a

ro t965,10.6t6 136s1.062 1.!s.2112.

v.rl€ti€3 x 20 61tr.oa3 323.956 2.5217 '
€rror-! 60 aa?i.a6g 1t4.5s,

Total : 99 t 6aao5.9,t 7

* = Sjgniticlnt .t 6l l.v6t ol probabitily.



ApD€r<tlx-ltv: Anllyoi. or vari.n@ tor grain ytol.l F€rpl.nt,

sou.@ ol Desr€. ol gun ol x€.n F,?.e.doh squ.r.. €qu!... Val u.

R.pllclllon. 2 3412,0,19 1706.021 S49.2a50

v$l6ti.a 2 tego3.3o2 9/rot.a6t 46oo.o42a ,
. 0.095 2,OOg

lO ?4933t1.534 7493s.4a3 13824.3aA3 *

v.ri.ti.. x 20 1151.701 72.6a6 E.eolo .

Etto.-b 60 33r.429 5.6a4

lot.l - 9a 7t3347.0a0

r E H'tghly .t9niticart.

i
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Fla 3. [etrphqaa I of sanr.quadrlvrl.nra ard 3
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:1,
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l.r.dirt d et ctra
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cel ls ol saDha ir.adiated*1th 20 bivat€nts 6ach-

r
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Spo.octt€ of g-.
.rnsr€ qr.drtv.tsr.rrr.dl.t d elycrm r' rith .r|d 3 uhivtlst -



of ga|m lr..dist d aoYboln r.lth tuo
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\
rl+t''\c

I of gama i rradi.t.d Soybo& rith 20 brvat€nts.


