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tlae .,teet. of ••_ ..,. 1." .....tlc ......l..

(abo.....,.) ia lun_l .. In'adiatioa wit.1l

10 'kad 41d DOt DOtlGab1,. 1"..1. b1lt it .. ....,.

POOa' .t 10 ... •• ...., I&' (919) ".D tbft

.........1I1t1.. ~ twal in ,. ~ , 1 __

......1.. iD ".'i08 1... • ••• !nadlati.. to _lret

__1 wea- tit" ..,..too ta •.."i_l
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....... to ..,.. 1•• 1979'. A _t1_ let.....

aJaip we_ _ 1 alao .....

br (19'1) 18 __ la ". (1111) •

.......... a" ",,"'1 CIMl) _ ...,.. "PGlted ,111ft

WIG ..1 '0&' 1_1 ....th1 w1tb 10 .at 11 -...

.......m ,. dill Ie _at..,i.....

... •• .. I. t '1_ ,. _U 1d.l1.
doe 1..1 •• n at Ule 1_ 40.. ",1_t1_

of I ~ + J _. 9 5"11;1'1 (l'81)

..............eed• ., , ..,.'i '1.11 inadia,"

witll 10. 11 lint ,.• .-.i..1 Of 1...., ..

.........1,. .a .., .._ lattoa. _tile __till ..

....... "8 ao _. we,... 1Ill7 .... t_ ....1....

•."1.,, tl11 .t.it7•

..le 1 (1.11) , , &_1 of P'9.....

pla•• de ,,1'" 1.. d "fit.
CU'....1 .. al. (1~'J) alae ..1'" , _ , .... ia p1aM

....1w1 ill uS 'Mr , _., t __II 1dl1

«1... .. • a. •1IIf_ vitia _ ..,. ... 0.1 '0
0•• ""1l". kl•......., _ (1982) ,,,.'ed l •

....1..... of aft. 11 .... cd _ ..

wit_ ae. ~, to 10 .. GIl _ ••• boun. AI, 10 ..,.

_ to 1••1 ... -'toed _pt••0 11K. At: 10 ..,

...a...l .._ 1a .11 ,. ftltt....., tile __11 t ••,...
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..... ,... rut"........ »__ (lf11) 1. 1.& .

.... t\JO'_ of I. • ..,. (I a. 11 ltnd) .....

tMt taM_ tile awn_1 1_ .

ftIlI 'Id !lid'" "..1.

(il1) DaM I'"
....1 , nd II!' -.l__ __••

•• obae.." '" ,.... (11M), Dd St ....

(1N') ... PM a1.. ..- "I'll ... ~ ..~ Dl .1Id r ••

CI"9) ta ••.."........ _. ZD ••'1IlIF~ .t JMl

(1571) it va• .-toed , __1 ..... t_ ld...........

of.. L"" naul_.. lD a ",1i_ 1Ia 9I'owtll•

........ tM &'Oat ,nwtll." .-t .-.. • .., 4-. t "lett__

.)alp __ ........ , ••-. .....". OJ_.aI CbIIefIe (1972)

.1.. _tai", ,lie ......alt. "a __ pleat. tel,.,!..

.- u ....ieti_••1Itl1a..l,.. 9.....1 .......i_ ia ....1....

lMt1.91* with ........... cs.... of " ••e••• DOtl", _

..... III (1973) aD •.,.••, _ Lad....

................111 (197Ja) 1.1ew_ a keadletl.....

iD 1 Dy a..1 ale (111S) .....,... Ja

9 , -. I'll" , ted pleat. " •• abort•• tlta. ,lie

pa - , tn-ted wit" .............. tbe .taon....

ca"'.I10••_" al.. 1971)

.,. 1aonaalng _t.... a_ 11111 r .......

.......-niOBe'.l,. t .. red 'Ina ~1IM1l ...,* 19'.
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................ 1m) t. (19,.) ill

__I ... 911ft.,. .'tsla 1.. tllat lfta4I.......

1I1'h .0 bad ~I 1 owtb WIIl1e ..

1 at lat-.:r'..ect. A .1itblt~.. ill

pk.. pwtla at lo1Iu' 1 d.r witla r

.011......e..,. we nP '" ....,.. (1911) I..

""IM1.M D'U'M .., j •• (19'6.... na .....
A ........ 1.....11 _ vitia 1JIeha•• 1. 4_ of ..ml

....,. we ..port" la blae- br ...........,. .so Al. (1971) ,

I.. pive-PM It,. V...' l•• ale (1"') .111 :I.a __

""1" ...~ 1•••,. _ (1919) .....

dQM". 01 _"._ ..... ..,..-.4 to .,.1.. tlMee 01 c.-
__ zoe,.. ...-;.... 'raa 10 to 40 _ct. 1t -.1 t1In tile

...........ct1.....1tl.. 'llaa ,. ( 1Iu1ra_.
19M) ~ "edt..1. «1979) ..., , , 1 1 t_
relWlt". ill U _ "I' va pOft1-..

to t 1 la _ 01 .._ "I'll Of

..... a' " 0' ...,qnlOD. • "'_ 1D balVIat ..

_,.....,,. •• cleM ••Peet.... e_ tatl_ to W

........ __d.•tloa ,net_. 1_"", p ..t ...

tblaa • __ il'nd...'too to.~ tr..t: .

'fi1Mftdp _ (1979) .leo 1 '1Ma _ alta ill

DIM with .._I'd to 1_ he""'. • aott..

'''t the ill coedtel••• p1~. laRgt,1l w ...

PI'...-..d 1. _ tna'._. , •• ta .......,..

"
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V.llket••wa.... 1u d. Al. (1980) .twSied the effecta

of va I'll". (!) to 40 Uiut) and IJ;iS <0.02 to 0.06 tIM) 1ft

two Ftr of p1c;eonpea and netic'" that btt1I,Jht. was mc.t

l!lffecte4 at 30 and 40 )(red of V." r oa Y2 and O.O~ and 0.06 ..

1M5. Khan (1981) 1n R1Uog__n .ad lChaana and "'.rcbendard.

(1981) in chickpea also conf1J*! the r ••ult oht61nee by _BY

earli.r seient1.". 1 ••• e• ..,lln; helqht at _turity c1ecre••~

11De~rly w1th increa.ing do••~ of mutegen~. MaDjU (1981)

not1ced t.h1as r::o.e-pu.nt height relat1oMolp in 0.11 the c••••

exc.pt 1'0 20 lcrac! q~.. rr:-.Yt! a.Dd 0.0)" &IE treatMent which

showed an incr•••• in Might. She a180 notle.c • sever. plant

height r.d~i':>D with &-.5 treotmect tbtin with 9'1" rays.

In AO 91:'a. CbaturY\K1 A a!.. (19:)%) &.l!>o ~t:.:: lnee the a._
result. ii~ t.hey obte1ned t.h4t alSO clO£Qqe with refi;,.ct to

••.,11J'l9 hel0ht ... 10 K..nl.o .ne. 0•• - 0.'- refs;>eetively with

'f(riehlta8wmy aDd llatb1D1ul~ U982) treat.eC' ten 9reen

qraa .ar1~1e8 with ltMS (20, .&0, 60 and 80 !11M) after 12 houn

of !"8J:'aoekinq for 4 hourI! and notlcee tbet all cultt"a... were

tal.ram to 20 .. coneentratiOD and not record~ any reduction

in helqM:. Double tbat COl1centretlOD pc'O¥ed repr-es8:lYe to

two cult.1vil!sre: out of ten. a80 800 Iter) (1983) studied the

rmys1ol.o;lca1 .ariabiliti•• 1a blac\"" Q""''' ('Iu. to 9ft..

irradiation (10 to 60 kraa) an<l OOfi'!tl'Y-' t.blt 20 ltred indue-'
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iDCl'8.eed ••~1i.D9 QroAb while 60 'kn(! reduced it. Plant

height, ..Ullber o' DOC't_ and lnt.modal 18fQt.b Wh !oulld

to 1:Nt !avo••bly 11¥luceO 1n t be lower do••• wbile In the

blgher do... ~rtlcul.rly in SO and 60 ltrad there w•••

reduction.

(i., ) ,ert1\1t%

1l....uet1<m In fertility 1n III olants tB a rl!'\iable

08r",...ttlr for AhOW1fl1'J to. a,fWQti..,en<lse. of .ut,~<).ni(;

trMt,..nt ell' r.oort~ by Xtvl US6Z). Pollen and ..... fertility

w&1!l reduced 1ft oropoction to tM tlto.e of get.. rays 89

ob~e"ed by 8llftkowtIJk!' • M Rymssa (l ')10) in etua".9J.'II DAq,n.

3 nc:' bv Jtaf'Ol'Jl'flt (1910) 1n bt*oad bean. Louie finO

XadlJJIab;Ivane.eunC!an. (1913al all!o ol)t.."'l!n~ th~ IItlllltl result 1n

cowpea IinC alao notic.~ t.he r.lJSO for _lien ~t.rilit.V •• 8

ltr:n~. ilajae4khehn U 973) r...,_l.d the t in blcck (Jna

VCiriety li?U••-l, pollen fert1lity wae .x:111l\1m in the 98_

il:r.di.t~ P<1,pul.tltlon.. In black q~. 'lorl.t.y Co.1 9~" 1"6p

ind\llceO h19b eteri.Llt.y vbi}." tlw cheiUC8 1 nwta';Clll6li J.ndueec!

low IIteril1ty <aa.8WPlY, l:jf71). Vo IlUD9 (1)7) fOU-Iad that

in l.ltJ&, pollen .ert1iity WOff reduced by 1~ krad 9." ray••

In red vrtla Hobe••unci...... 0. 974) obHJ:Ved .. ~HJ.'.n re.9~1on

in pOllen and ...~ fertiilt., 4ue to 1.ncreaeiog 608.& of p-.

roy,. .and iU6 OWfl.U.• AJ,i)(b~n aM V ....r •••my (19'14), 51v.lt8WaIIY

(1974, ~Dd .aaCt.lJIHl (l':i'lt)) ,,_ported a ilr~-:..~l rel'\lCt1on.
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In Qre.D Qr•• the d.cree•• in ••elI fertility was I'IIDn with

96- ray••• CGIIlPlared to 1£H6 (PalaDiavaay, 19'5, 5U'••h,

1975) •

Kri.hMsv••y d...... (1911) report.eO t'Mt in 91'-.

Qr•••••4 fertility va.. r4l('1vced to 'OJ' 1n C)... ray tre._.M.

$r1n1v~•• n (1977) 11'1 b1s stUdt•• with G.... roy., SH5 aDd

their cc:ab1ut1on 1n red qrea, Ob.er'l~ the nollen and .eet!

sterility lncr.,. • .a ..r~~ly vith lncreaalno do.e1eonc.ntr~tioq(

atreDQtb of COIIb1aet1Oft. The cCBblNtloD tr..tmenta oroeuced

1••• than acldit1•• effen on ·pollea .Dd aee(! aterl11ty 11'1 ~

qeneration. ICban.nd HIIab1lll (1978) ••?Geed 4ry sHds of two

Yllri.tll'l& of Ja\m9bean <0-65 aDd 1"5-16) to v.eryinq do... of

co60 06-' 1'87''' rilft9blci1 Ire- 10 to 40 ltra(l. They fouae thft
.

••~ fertility 1n the v~rlety 0-65 abowea .t1.ul~tory .ffect

at .a5, 30 and 35 krad. The ot:her variety PS-16 did not sbow

any re.PQMe. 1ft both the ••rietl•• pollen fertility decr•••et1

witb lnc:.....i~ 60••• of racU.tion. Kulurni and shi,,".ban1al..

(1'178) repOrted that in hor•• 91'•• pellen fertility va. SOJ'

.t 25 'krad Va_ I"liye aad 7. at 1.5" Ok~ which ha. the

bighest do....plcyed ill that study.

VenJteteewualu .as. Al. (1918) reported that: in

p1qeOllPN va-- irn61atet" 'PO:P'llat1c'De showee3 l~r ~lleD

fertility then the re.pective centl'Ol.. Pollen fertility

<Seereasec! vith the increa.ing 40." of qa.. rey.. S1a1lar
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r ••ults vere obta1ned by V1D5h1ya••rJBan in J1QD1 .cl.
(1979) 'at1_t••n and He.hill (1980) 1,. IiIothbun (Pbt"OlM

Ac;ogt1Ipllult)' in 'AgU by SW>ra_n1an (1980) .~ by

ICban Cl9S1) 1n 1MIn9b••n. ".be percent-;8 of 0011en fertility

~ecr....d It.-rly with inc...... 10 dosel of g.... ray8 .net

04~ except in 0.45" aDd O.9J' D',s tr0ftt_nts which shOwed an

incn••e In fertility (Manju, 1981). '1'be re6uctlon v••

or••ter with 9a_ ray. tban w1th 1MB treet..lIt. PI'\I•••r'kar

ene APpadtarlfli (1981) notietK'! tbat ift red 9C'•• h19ber dO•••

re.ulted 1n lover r')C)llen e.nd • .., f.rt l11ty. Tbe rec'uctlon

1n fertility waa; aucn enhanced 1n tbe cC8bl~ treat••nt••

Chctut'¥edl at. 11. h 982) D.Otlcec! the 1.:>'0 1n ree!"4M to pol ;eft

fertllity •• 20-2S lcre~ in 08... ray treat..nte aDd 0.2 to

0.3" in e- tre"tD1nt~. 5_10 and Millr. (l98l) 1n ore.n

grall, j'i11poettl end Depace (1':183) In 111k .bJaI. billY. a180

reported • prOQr•••lve deere... 10 pOllen f.rt 111ty with

1ncrea.e 1n do.. of tbe•••ut.geM.

In lec;,... 1n the "I g8nel'8t1on, .fter autagenic

tr.a~"Dt witb i!:1E. chloropbyll deficient .oot~ were ob.ened

by Blixt ent, G.lin (1965) aDe they fOUDO • c10•• COI'rel.t1on

betwe.a 1.&£ apottiDQ and BIUt.atlcm rate. 'l'bey advOCi»ted

the ue of 1t as 11 cr1t.riOl'l for: ••1ectiDiJ in K1 oe~r.t1oD

for -plama which would 91•• h1t;her yield of ~tatlo_ 1n the
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M..a veneretlon. habaDid.. aDd Dflbelyi (1970) report~ that

ln pea•••le~ioD of plant. with chlor3>pbyll fr.. &oota 011

tlw lAaYell ln the ttl .fter treat_at with chell1cal aut-gens

and 9-'" rap. incAio8e<t the orobabl11ty of isolation of

mut~nt. in the )(4- Gobal.at. al- (1910) ob...rv~ tvo

chlorophyll deticl.at pldntlll~ 1t1 plants fr~ tr.e I'eeds

of ~MRPili tUUR..loM treated witb ilMS _ xtaD9 IlDl!

Hallor•• (1975) obsl!ned ftC) chlorophyll aut.ntll in the 1«1

o.rwtra~lon of soYb.an with ~ trNt_nt. They _zoe of the

opinion that this 1. to bit eX];)e'ct;ed Deceu•• chlorophyll

.ut~ntl are norMll)' r.ce~.l•• and would b4t expreseed 0Il1y

tbrouc;b 'l!9reqetloft 1e the Ma end later geMratlcme.

lIara.1ftQblnl an4 K\Bf&J:" (1976) elsa coult! not soot cbloroPbyll

.ut.nt~ in the 141 QeD.ration of cowPtta plante_ &ru.nner (1979)

report e(! that when q-'e of ! lS1a fila. filM .'t.U. fJ nd

Pb4u!§ly YUWAr!. were treated with 0.3 - 1" BNS for 1 to 3

ho~" .t 20°C followin; 8 to 16 bout. presoa.lclDQ follow~

by " to 8 hour post treatment wa.hlag, the Perce.-ge of

chlorophyll and IIOrpbolo-.;lcel "atlon in the.." vas 52••9

a~ •• ASpect;.".,l.,_ NlnJu (]981) ob••rvec1 chlorophyll

cbiattr$' ift the -1 Qen.ra tlon of 9-" rftlY and IkS tneted

pleat. • '1'be frequency of EUch chimerio plante v.. ".ry low

and the frequenq was -.ore vl'-b P_I r.y. t.n vith KHS

tr••t_ate. Cbaturvedi.lS. Al. (1982) observed that there

w••• prO;I"_~lve decreas. 1ft chlorophyll delicleat plallta
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aDC' otber ....pbolOtjJlcal ODO~11t1e.with t.be 10"••• 1n

doeag. of autagena ana the LDIO .a1... ve.... 25 to JO lcra4

In 9-- ray. aoO 0.3 to 0•• in IMS. 'I'bey aleo Cba.ned

that all the treat_rata proQucec! 1••• tban a<* chlorophyll

ch1aier•••

(.1) Hvpbqloq1cal ur18t19Q1

Irradiated ploMe -Y' .bow abDona11t1•• 1n 8"t..,

b\1lSs 1 leav.", branches, flower. and fruita. t.rbe ty!'lt of

r .. flODS. (!e~nde u;pon the clurat10D of .x~.\U'e, &9$ and

condition of the plCint arid omr1ronaent (3\11'1119 and altar

."pclluC'e. PlaDta vlth v190rewt 'J~tb wen obt81JW(! 1ft fl.1et

heflin by Shlrtd~ acd Shein (1966) with 9-. ray trnt_ot.••

Sr1vastava .. al. (1913) BOt1o*, tbat by lncr•••1DjJ &Me

c:oncentr&tloa frca O.1~5 to O.3~ ~$ulte<' in reth:aced mabel'

of brLincnaB 1n 1JefJQel qrcu:a. 1ft b1cck qrd aejaaeltharen (191))

net., .n l'~uct1cm in JW!IboJtr of pod. ln the MUteqenie tr..t_nta

though it ald not I3bov aDy dOSe ...,lation.hip. In 1II\1I\9_ao

.~ • r8lnllt of C)4""" lrr4id1atiOD al'ld &t6 tnet_nt, 'rlltoo aDd

Ja10 (l974) obtG1ned ol&nt.. wit.b 1ncr"l!5~ pod oUftiber ranq1ng

from 10o-1!O ee cOIaPBr«! with 25 ~o S5 in control". In Qreen.

grail Surellh (1975) "pOrted that tbe m.lJf.9r of br.nche~ per

plcnt 1ncr....d over the control with tbe lner1Nlfle 1n. dO.tltle

of mute9"nB. rollowlnq a treatment vl~h o. '" JChS Jli40h8n U 980)
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111 _M,AMI xulg.GI ob••~ • _tent w1th d.rk QneD

rCNQh tenuref! le.vee with ••11 epl~e~l projection..

brittle stea...na l ..f petiol.. 5ubr__D1an (l980) treat"

thr•• speci•• of ligaa ••ed. with 10. 20. )0 and 40 'Uac!

of 9.... ra.,••n.s be noted that the leaf .bno~llt.le.".re

fouad to be -or. tD .etdlinqa troll the treatment witb hlQher

doe•• of fJ.... ray.. 'I'he locetlon of leefl.te in !lgD!.

Ic;o,*l&RJ,lI VIla very irregular a06 1n certain caee. oilly

one or two l ••flets. were obtle:r:ved in • l ••f. A etr1'1tlft9

aorpboloqlc.l ••rlat1on observed by MaaJu (1981) 1ft horse ;r••

wa. the pr•••ne• • 1. ctver' <p14tlta with blQber 408" of. D'S.

aut dWllrf plants wer. DOt •••n iD p-.. lrnciat.c 1t1

pam.tlatlon. Leaf ••rl.tl:.>DS auch •••lterat10n iD the I'.l\IIIber.

ttl.. aDd she.. of l ..flet. ".re noticed tn t_ firat fortatld.

secondary l_f lets. 'the.. leav.. laclced 0ft4t or two ll!tteral

l~aflet~ thereby ap~rin; ea bifollat. or un1fo11.t. 1.....

tnpt~lIt~ of .be no~l tr1follate 1.f. 'llippettl and

r epee. (1981) DOted tbet In Yigl• .lIRa 8 1u'ad do•• va • .-oEt

'!ffect.i.". 1n OI'oChlC1Dl;J broad rtaDqe of IaOl'PbOloqlcal v"lr1ant.

elthouqh .~ low frequencl•••



A1titetiaLj til'll A1ethoc6
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"be l ..e.tigation_ ..eport.. _l'elD OIl the

-1»101091_ 1 eff.et_ of 9a- 1'.7' .DC! IM8 in the "t
genentloa of I'ed 91"•• (",a_ .jap L.)- were unc5erte1cea

in tbe Depart_at of AQr1eultval Botany, College of

Hortioulture, V.llaDlJlkan (hari_ tbe period 198)-"5.

A. "".ltl.

Pur. ..... of SA-1 ....rt.ty of ftcS 9.... obta1ned

frta tbe D1r.ctor, scbool of O...tlca, .....11 ..c5u Afl'1eul­

tV8l UD1....re1ty, cot..ton wen _de u. of 11l the .tady.

0 .... 1l'rediatl00 va. dou 1ft the co60 941_

chll"r •••llabl. at tn. Aediotl'acer Laboratory .ttached

to tbe collec;. of Hortlculture•••11a.11tlcara. lfbe eoure.

hal • do•• rete of JI' 1dl pel' 'hov.

'f1'&. c"-icel ..e,en 'l.ed wa. .tbyl IlethaDe

.ulpboaet. (aNS) bevtaq • _leeular welgbt of 124.16.

'the cheaical has • aPeclflc gra.1ty of 1.18 at ao·e. It wu

obtained f~ Slsoo •••••rcb Leboratorl••• Ba.bey.

a. Met;hgO.

I. -'.UA ,rM'.U•
• ) 9&_ W.d1• t1opl W.ll c!rle<! ualfona .e"e of SA-1

....I'lety of nd VI'•• with ...1.t1ll". content of 1«* were



24

sorted out. rl.e •••pl•• of 400 ••ec!. each were irradiated

at f1ye different do.e, of qe~ ray. v1s., 10, 20, JO. 40

a ad 50 ltta(!••

h) Sihtll1Q1 1 t rMtaeB.'- 1 D order to f iad out the

opt1.ua duratlon of pnaoa1d.D9 of ••.,., concentratioD of

the cbea1cl\ 1 ant! duration of treat_at. a Preliminary laboratory

t.at wad COMtlcte6 •• 4.tal~ below.

Two duret10ns of PC'esoaklDV .,1z., 2 hourI! .nd 4

hour. were tried witb thl'.~ cor.centrat1onll of the ehemlcal

.,la. (I 0.''', O. 75~ aDd l.e. at two ouration. of treatment .,la.,

6 hour. eDd 8 hour.. Thu. altogether there vera twel.,.

treatment COIIb1utl()n8 •• 11.ted below.

1. 2 bour. of pr••oaklny with 0.5. lW...~ .nd 6 boure: of treatment.

2. .. .. a hour• ..
3. .. O.7.ZMS aDd 6 hours ..
4. It .. a hour• ..
5. II 1" aMS ao6 6 hour. ..
6. • .. 8 hour. •
1. 4 bour. • 0.5" EMS a.~ 6 hour. ..
e. • • 9 hours •
9. .. 0.75'" &MS .n~ 6 bour. •

10. .. .. 8 hour. ..
11. It 1. &MS and 6 hour. It

12. .. .. 8 boura ..
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rlft,. \lIlifo...11*1 all' dried ..... vere tNated

a. "1' the .abedul. 01"el1 alM»ve with two nplice~iOll8.

A't.r the tr..t_nt, the _1'. vaPobed thorouply with

vat._ 'or an hour t.o 1' the tra... of the ~laa1 !re.

the ...... &.-'. were thea Jcept in Petrid16h_ liM«! with

1I01.t filter peper for t ••t1ftCj their 9ena1Dabi11ty at r~

t ••oar.tv.. OeI1UDlU:iOft cowata vere ta'ken daily 'or 10 ~a.,.

end the percenta9as of geralnatiOD wer. worked out. '!'be.a

"al... of 98&'11i..tiOD ware tben tr.Dafo~ into aft9lllar

s1.._ aDd statistically a.lyaed to f1DC' out tbe .iGnificance

of the di'f.reace between the tr-.t_nts. Fro- the r.sult.

obtained, the W IO (The do•• which fIlAv. 50J' ana UOWa

IIOnelity) VIIS f01lId out by ••ployin; tbe _thad of OI'Obit

anal,.sis ....ed Oft the rerulte thus obt:c.inetl, f1". d08•• of

the cbeaioal at ....~lar imenel. witb W IO as tbe h19beft

dca.a w.... fixed a. 0 ••• 0•• , 0.5", 0•• aDd 0.'" for

'urther tr1al••

Uni,.. 8i_ seeds Of aA-l "ariet,. "ere care,ully

.elected. six s.-plea of 280 ••eda eacb w.r. counted aDd

pr:....Ud for 2 hour. and were tt..-teeS with fl". diff.hnt

concentrationi' of lie "i:&•• 0 ••, 0 ••, 0 •• , 0 •• aDd 0."'"

with 011. control t.reattt(! wit.h water for • 4untion of six

bow:e. !'h. solution of DiS at diff.nllt coac.ntretione v••

prepared with double dl.t111ed vater without l;ny buffer.
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The ••tade "e... tnated wlt.h the obelllcel at the rca.

'doerature of as .t 1°C for tbe requlr.e duratt'Oll of slx

hour.. In ore.r to me 1nta in un1fona concentration throU9hout

the period of tr..tment, tb. flolut10n with the .eet! 'I•• 9iven

lntermittant sbaking. hfter the ;:.r1oc! of trMtnaent the

seeds "ere tbr0U9bly "'eebec5 in tbe atr... of runn1D9 water

for one bour to nmov. the trace_ of the ch..1Ci\1 frOID tlw

••eds.

II. fit""? pf iN "'1 SlIMIj,t1oa
Ill) ktbqr",~Qr.x "~,._

S.sple. of 20 seeds per Oo.e 1. both the treatments

alan; with the coatrol were kept in petr1diebes 11ne~ with

.cist filter puoer replicated four t1-.& end tbe following

obse"_t lon8 vere recorded for ten daya.-

1. '»$" II ".8 SlKII1MSG'- Counte- of .eed~ 98rmiD6ted

in Pet.rld1sb•• were tliiun ...r., day for teft dey. to eetilllete

the DercentiDQe of get'lalnatlon..

2. t1ll8 DMP lor g-(II1M,j.0PI- Gediaatlon counts 1Mr. te~eD

at interval" of 6 he".. The _rqenc:e of radicle wa6 t~1t8n

ap tbe criterion for gerMination Of •••ds.

3. &,anqtb pf priMlY rQOt.- 'fhl~ we. lMoIusured 1n CIa e.t~ry de,._

4. _g1l\ 91 or_EY Iboa' 'fhi. wae ...sured in em f!f'/1ecy day,

the ....un..at beiD9 recorded frOM the ~iDt or differenclat10n

of root an<! sboot u?to the be•• of cotyleCOI'l.
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J'ZOOID the c1a~. obte1aec1 OD tbe 1engtbe of py:1_1'1'

aboot al'd r~. the shoot-root pt10 was worket! out \lt111.1ft9

the r.sPeCt1...e YlIIlwU! of rel.t1•• perce_a ge. otKa:C' control..

It) 11• 1" .t\l4IM

Two f1elc! .xper.....t. wen laid out, ODe with 9­

irradlated ••.ttl and anot.h.. with ......s treated .eed-.
(1) G, 37 1erada,'''' ..... 1- A fi.ld 'JlPlIZ"l.Dt vas ls 1t1 out

v1th .n lmtr••te<! oontrol 1n a 6 x 4 ..ndea1• ., Block D.51c;n.

'fhe treated .~. w.n Bowa OD the .... dey of tr.atlD'9nt.

J'1fty ..... wen _own on the __ clay of treet_llt ill II ...ow

at a apeclD9 of 1 • t>etw..n I'OW8 .nd SO _ between planta 1D

a row. '.the eultua-al.. _nurial .nd plallt protection ....ur••

v ..... (!one •• per tM Pec1tec;e of PRet lc•• R.cOIbendetlon8 (1982)

of the karala NJrlcult\1rill unlversity.

(it) W ~I'••~td 1.-".1- ADOther f1.14 _per~Qt, va. lai4

out w1th ZMS· treatet! ••ed!- aloaq with a control in .. 6 x 4

bndoad.ae<t BlOCK D.eifjJn. '1ftI' necta Per tr... tllWtnt vere sown

1n row adopt:1D9 a S'08clDg of 1 • between row_ and 50 ca bnween

plel2t8 1ft a row. Ifhe ••et!& "".n sown in tb. field on the •••

day aft.... treat....t. Cult\U'tll, .anurl.1 and plant Prot~10D

"'''\II'.e we.... adopt.d •• Per the PecQ9. of Pract1c_

itecc.r.emat1oD. (1982) of Kenla Aqrlcultural Univ.rsity.
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1. 9.1111.'128 01 ••ad.8- O.......tlon COWlts vere t.aken ill

the fi.ld on the flfthl "Ilth and flft••nth day after sowl...

to ••t18t. tbe Percen~a9' of totel ••ede Qel:l81nated.

2. Svy1.,1, 9.1 RlAD"'- 5.....1.81 counts WI... taua on the

15th and 30th <say .ft &owiDjJ. .Percent-v•• of survl..1 were

work~ out for the d1ff ent tnbt_cte baaed Oft the D~"

of ...tJ. sowrt. .D! the .wK.r of lleedl1D;i- survived.

3. BelgJat of ,9141&•••- 4fwanty s.ed llft9$ .elected at rand.

Per tree.t_nt per rep11C6tl,~ft v•••rltei' and the ......lia;

h."igbt wa••••ured 'rOle the 8011 .urfaee to the teNiDal bWS.

'the ..an plant helght VA6 .st1JMted alll4 _?r••••el a. PE!rceDt6Q.

with reeoect to tbe control.

4. bl.... "U11ity.- '.nate wa••t\ldled baaed on the .taillab111ty

vith 111 gll'c:erlA41 acetocal'll1ne. St,",y vas con!1ned to 20 plant•

•• lected at raDdoaPer treat... per r.plicatl00. In _cb

ca•• 15 aloroaCOP1c fi,ld. or 500 9..a1.11 veIl" .co~.

5. Chlorophyll Ah l 'I'II'- Th. plllDt. ill the ~ 9.nel:8tiOD v.n

.xaail1ttt1 for cht.8rleplent:a; .xbibit!.. chlol'Opbyll ddle!e.

patch•• or sectors 011 thelr: 1'."'8.

6. s• ." .t'ri1&SiI'- Stue2y wallo c:onf1ae4 to 20 plaDtB ••l ..cted

at I'fuXloa Pel' treat...t Per reoliC6t1oD.
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7. IUgJaploglq11 UE1at10A1 &- !'il plante were _.aiDed to

lOOIt. pl"~8 with -.rPbologiclIll ••r1.t1c08 sueD a. dwarf

plante, plante with alterat10u in. IlUIber, 61ze end ahape

of leeflets.

In. tbe N1 g_.rat1OA, the data were stat1at1cally

aDal.,.-. to fiDeI out tM .1gDille.ace of difference betveea

the treat..nt groupe and e~&"Ol, eaploylng the _tbOl1 of

analys1. of v~rl.DC~.. In tbe ca•• of qemitllltloB, .w:vlv~l,

;:lOllen and seed fert11ity, the perc:ent.age vdlu.s 'Were

trsrurfomaed llKo ilDgular lila•• end aubjecteCl to stat1fltlcal

analysis. The data OD ge...alDatl·:;,c Wlder l~boratory condition.

vere t ••ted for t~1r 81Qll1flc:aDCe by X2 "bod.





30

aepulte: of cb••rvatlon.s OIl the -B101og1cel

effecta of ;-a_ rays and s.- on )11 qtlneratioD of red

91'•••••pe(! Oft the stUdy eoncl~~ (hariD; 1983- '85 are

pr..eDted in tbte chapter. 'fbe elate collected frca the

~ qeneration "ere sUbjected t.o .uitah1. a.lytl•• anc!

tne .eD ..lues an PI:•••Dtec! in Tabl.. 1 to 14. Valuee

Oft tbe c:orn8PQDtUaq analyses of "ariance ar. pre••nted

in Appendlc.. I t.o VII. In the ca•• of vera1netlon. 8U"iV81.

pOllen and aeec! f.rtility, the Plnentav•••1".. w.re

tranSlfo~ inte aDQuar .1oee aDd ••jeeted to atett.ticel

a..lyeee. In tho•• C•••'. the original _n value. ace

91••n 1n bracket_ 1n tbl respecti"e tab1...

If'he data OIl the effect of pres.lc1n9 of .

concentration of IMS aDd (IvatiOD of treat_rat Oft ., lnatlon

of ..... obtt<lDet5 In tbe pcel1a1nary laboratory teat ar.

IC••entad ift Table 1 .nd the correspoDl!lnq Anewa ln Tabl. 2.

'I'M r •••lts pr•••nted 1n the above tt;bl•• be"e

iD:Jicat.ed the follovlDg I The two durat10ns of pneoakiftQ

via., 2 hour. an4 .. bour. tC'led ln the pr.sent ca•• c!14 not



1f.,,1. 1. .ffect of ~••oak1DCJ of .eed~, concentrat.ion of
WItS aD«! ~...t1Oft of treat__ Oft O.~nlDtIOft of
••fH!5 (lTelt.1nary laboratolT te.t)
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crna~t.
Geza1Mt:1on

(io ,.)

--
I. 2 hi" pr••oraUBI ... O.M &HI + 6 h.r treat.nt 89.0

2. .. .. ... .. .. ... 8 hi' .. 9).0

). .. .. .. 0.'. .. ... • 111' .. 85.0

4. .. It ... .. .. .. 8 hr .. 57.0

s. .. .. ... 1" .. ... 6 .. .. 6.0

i. It .. ... II .. ... a h&" .. 2.0

1. 4. .. ... 0.'" .. ... 6 hr .. 8~.O

I. .. .. .. .. .. ... a hi" .. 93.0

9. II .. ... 0.'" .. ... 6 hi' .. 61.0

10. .. .. ... .. II ... • Jar .. :l5.0

11. .. It ... nl .. ... 6 hi" II 2.0

12. .. .. ... .. It ... ahr: .. 2.0
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"able 2. ABaiA table of PC'el1alnary labor. tory te.t 01
1 x 3 x 2 au> ('aet.orial d••d.9n)

••

Source Dev"_ SU 01 .....n ,
of .quar•• aquar•• "elue
f ....,. ..

Pl"e.oaltift9 'boun 1 237.38 237.38 3."
Concentration of .. 2 16924.14 "'62.17 64.7'"

Pz-....klDQ bouft x 2 144.02 172.01 2.66ooac.ntratlOD of lUll

Duratloc of t ....~Dt 1 266.39 266.J9 ".11

Pr....1Ung bouc x 1 1."1 1.41 2.12'vatloa of ~....t_1l't

COftCeDtptlon of 8M! .. 2 Ml.17 420.19 6."'·elu..atica of tr..t"Dta

PJ.-eeoa1d.D9 hour ..
cOQC.Dt~tiOft of INS a 35.67 11.81 0.28
duretlOD of treat....

&rrOl" 12 117.25 64.71

Total 23 1"28.01
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differ eiCJDificaDtly. S••• we. ~be ca•• with ref.renc.

to the ~vo duratioae of tr..t ..t. of the ch.ucel ,,1a.,.1. hour. .ad ei,.ht hours. HoweY.r, tbe three concentratiolW

of tbe cbeldcal tried 1n tbtt pr...nt atw!y .1a., O.~,

0 •.,. and 1" prod\lce4 .19D1£10ant dil,••nee. on the

Qera1nat.lon of ••~.. Ae 15 ...D fl'Ola t1-. r ..ult., an

incn••• 1n tM concentration of th. c~1~1 is brin;1DCJ

about • cornaJ,:1OlJdiDQ nKhlctiOD. WheD tbe tr..tatnt

iDYolvlDq • cOIlcefttrat1on of 0 •• of tbe chelalc.l Q1v•• 91"

._n1_t10D of seed., the corr.sPOftdift9 •• luea for 0.75'"

and Ul ar••eeft to be S8.S,. aad .. n.~1".ly. AIIlODg the

different inte~etloDB, OIll, cODCeatratlon of IMS x ~ur.ttOft

of tr••t __ i8 e.eft to baye aionif1cairt laflaeace Oft ...4

9....1nat lon.

eaaed on the result" of ~ll_nary laboratory

te.t, IleU! trial. wer" c~ueted. In all tbe•• field

trlala seed- were pareoaltec5 for two hour. and w._ treatec!

with the ch.-1CCll for -.tx hours 81nce there wae DO 8iQnificant

l'lfferellOl bet.en 2 hour pc'e8oalt1ag aM 4 hoUr Pl'asoalt1DljJ

altld alao ~VMn 6 hour tx·..tllellt aDd 8 hour treat._.

How..... 1 the tbne cooc...ntnt1ona of the cbell1Cit 1 tried

1n the p,rel1alnary laboretory at\ldl•• viz., 0•• , 0."'"

aDd JS 41ff.,nd aqnlflcantly Oft their effecta _ .eet'

Qera1aatlol'l. OIl problt _.1,.81. of the dat~ Oft 08&-a1natlon,

the iJD10 (the doa. at whicb then wall 50J' and aboW• .crtallty)
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w•• oa1cnl1at.s a. o. 'M. 1"1... coneeatcatioD8 at regular

11lterva1a with W IO a. the hi,_at: "'1s•• 0."",. 0 ••• 0••,

0 ••• aDd 0 •• wer. tried 1n the f1.14 trial••

M PI'09I'~~ tba ••-.de kept for q.n1ll&tlon

11l the PI'.11ll1nuy laboratory teet could not be ob••"~

101' 10 clay. 'OJ:' want of ascept1c conrS1tlontt.

Uf•• of .-DDt AD ,. III .-,.\1.
1. g'QlW\10D 9f Ind.

Ob••J:"'Iet1ona on the .ff.~. of _tegens on the

9.""_tlO8 of ....... aftC! the ..n tiM taken for ,.ra1netion

are 91••n 1D -rabl. I.

Pre- the r ••u1t. pre••ated ill the aboY. tabl., it

1....n tb&t the tr••tJleftt diff.Rnces are not 8iqn1fieant

e1tber for qer:ainat1OD of eee4. or for .-an ~r1od of

~.ra1nat1on. "b18 11: the ca•• for both 9fl- raya and DiS.

In. tb••e. of 14_ 1rra~i_tlOD, the 08ra1..t10D

Percentlt'. of ....... doea aot ••• to hay. iafty regularity

with (loa.. A..-D9 the flve doees- tr1ec5 the v.ra1ftat1on

val._ al'fJ foUDd to vary fl'Ola 96.3" 1n ZO lcrad to 87.5"

in 10 aD! 40 ltrade. "be low.r dO.'1l of 98- irradiat10n

via., 10 aDd 20 'trade are •••" to ha",. a .t ilMtlat.ory .ff.ct



"able 1••"eet of .-t• .,.. oa tbe total • ...., (fea:winatloll
(Labo...tory CODlU,ttoM)
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_ ••ed Q.~_tl0D. !1ae _n Per10d talcen for Qentaatloft

of ....15 18 a.n to ••IY ,co- 49.24 hov. 11'1 the treat._

with 20 kracla to 5J.18 h0UZ'8 in the tr_tJaent with

50 1r.I:_ds. wltb ...'.r_c. to t1_ taHa for 981'11.t_t100,

it e&n b•••en t"t it 1. incr_.iD; 810DQ wlth the incr....

1ft 40... of q.... irradiation.

In the ••• of ..... tr_t~ with 1lMS, the

percent4uJe of ".IWinot.lon 1••••n to v.ry fl"Cll 96.3 11l the

treat..- wtth 0•• solut10n to 77.5 in the tr••t_nt with

0.'" solutton. It 1-. a180 ...n that the «5.ore8.8 in the

percentaQ8 of oerlDinat10n 1, proportional to the lner....

11'1 tbe concentration of the ~1cal. 'the t1Jle te1clen by

the ••eds for ,.C1I1D1ltioo til found to vary frca 10.8J boun

in the treat_at wlth 0•• Ilolutton t.o 24 hour. in the

tr..t ..at with 0.'" solutlon alV! the iDeI'.... 1.n the ti_

te.n for v_n1Datlon 1.....n to be t')roportionel to tlw

1DCI'M•• ift the concentration ~ the ch_lcel. It 1s alao

_H0111e.Il., noticeable that laver doe•• of EUe are ....

to bav~ a atlaulatQly .ff.ct Oft 9.l'ID1Dilltlon of s..ss •

• c:oaparlaon of the .ffeet. of ~iff.nnt do•• of9-- il'ndt.tion and IkS tl'1-' 1n tbll! cas., on total. seed

Q.r-1natlon bea 1~lc.t-' that botb the aateQ.na hay•

• 118CMt the ••• e'fect_ In re4uc1D;; the PeZ'cent~.. of
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q......, 108. ......., ..... t ....ted with~ pya u.

ob.erved to tab. loec;r.r perlot! for prtainatlon •• ea-Pered

to tho•• t.reated with 8MB.

,.he deta CD the .ff.cts of ..t_Q_ne on tlMt percentage

of tothl ••~ verainatloD "'.1" fl.1d col1l!!itiona ....

pa-e••Dted 1n '.fabl. 4.

(tJ'Ae>.dE 4)

'1''''' 1"...lts pc..ented in the abov. table hay.

indicate" that 1ft the ca•• of 9-" irradi.tion, tbe

percent.w- of CjJe.-toatlon c.'fo.. not appear to ba•• any

relatloaab1p with the 4oe., .itber Oft the 5tb dey 01" on the

10th flay or OD the 15tb clay. On t .... 5th day -perceDtaqe of

9.ndniltiOD 1- fo"" to be 4ecn••iao 'e- 10 krada t.o

30 ltra4- .fter which it is 1ncr...iag in the 40 lcraa dOlI.

fOllOWlDQ a rapid reduct1cn in the 50 lend e5oae. 'the __

18 the ca•• on the 10th aDd 15tb daY8. It 1. al.o ...n

that c:-.eDC1D; froa the 5th day, geminatioo 1. fo,*, to

C'..ch ita _a~ CD tb. 10th ~y after wh1cb DO further

incr.... ia ...ft.

1ft the ••• Of lIMS the Percent.v- of v....nation

1.... to be i.ara.ly proport1onal to tbe concentration

of the c"-ic"l. CQlDenciDg fre:- the 5th «5ay, c;eraination

18 •••n to be 1nc......1Dg on the 10th day and 'rora there

89a10 1ncr...iDQ on the 15th day.



If.bl. 4. Iffect of _taqena; OIl the Percenta.,. of tote 1 ••8<1 Qerainatlon
('leld eoD41tlona)

__ ".___-. _ ·"'_"__...._e

G... lcradlatloD doe. 18 kra4 Control SJIS - (loe. 1ft "Perl04 COiltrol ......-
10 20 30 40 50 0.3 0.4 0.5 0.6 0.7

,_ ....._.. -. _....--_.._-....- . - -

5th day 21.0 35.5 29.5 1'7.5 43.5 10.5 65 .. 5 50.5 55 .. 0 51 .. 5 46.5 23.5

10th day 75.0 80.0 60.S 69.5 56.0 44.0 80 .. 5 62.5 61.0 51.5 ~6.5 29.0

15th day 15.0 SO.O 60.5 69.5 56.0 44.0 82.0 69.5 65.5 55.0 52.0 33.0
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It. QOIIPal"i•• o! tbe two autagena be..., Oft t ....u
.ffect. OIl the percentage of tftcd. aeed c;enalMtlon " .....r

field condltio" bee sbowD the follow1D;. OIl the 5th day,

aMd. tr..ted with 96-' rere ba.,. exhi.bit.., a low.r

peR.Ill." of 9....1nat10ft a. coapart14 to tho•• tnated wlth

lUIS. Ilov...r, this .ituat.iOft 'U ••ellSto be rev eed, Oft the

10th aft&! 15th 4aye. A9ain 9." ray t.reate(! are seen

to attaln _xl.. gen1....t10D OIl the 10th 4ay while tbo••

treeted witb ~ rea. tbe ..x~ only on the 15t.h c!ay.

ott••"atlou Oft the 9.-1nat1011 Per:oentag.. of

••4I4s OIl tbe 15th day after ...ovlllQ UDeJeI' fi.14 coMltl..

are tranafol'lled lnto aD.1f.llar 81,.8. lfbey 81"e tbeD __"lied

a.....let.i•• pel'centaQ8 ot'er control. 'i'be•••e 1....1009

w1th the .aft V.l1D1Datlon "l'celltaCjJ. In brac_t. are

pr•••Dtef! 1n 'fable 5.

At! 1e ...B 1I'0Il the abcwe tlibl., tM treatJDeDt

(!Ilfferene•• are 81gnlflcant bot.b for ..... ir:radlation

and BMS.

With reprd to p .. irradiation, the ..... a1lbJ.ctec1

to 10 krac.' doe•••• exhibit.ed bigbut. geE'la1nat.lon wMall

ie on pal" with that 11l the contr:ol. O.nainat.ion n1ue in

the coDtrol i. aleo ob.en'ed to be Oft par witb that of .......
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'fable S. &ffeet of saut8c;enS OIl oena1nation percttfttaqe
witb reePeCt to tbe control on the 15th del'

(Field ooDdltlona)

Ifreatmeot.
Genination
Pel'C.~&9·

aelati"e
perc.nt6~.

OVer control

Control
10 'kn.c!

20 lcpd

30 krad

60 b'a'
50 'krac!

60.00
63.43

51.35

56.11

68.44

41.55

(75.0)

tSO.O)
(60.5)

(69.5)
(56.0)

(44.0)

100.0

106.7
80.1

92.1

74.7

58.7

SlqD1fio~nce

SE
S19DlfiCiiiDt .t ~ 1...1

1.71

S.l!

11m.
Control
O.3~

0.""
o.Sl'
0 ••

o. '"

64.89

56.48

54.02
47.97

46.15

)5.06

(sa.o)
(69.5)

(65.5)
(55.0)

(SZ.O)

(:1).0)

100.0

84 ••

SO.O
51.1

63.4

40.2

S 1901f ioanee
5E

CD

S 19D1f1c.eftt at 1" 1...1

2.56

1.73
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ill the 40 ltred CSoa.. Seed. which be.....eceiftd SO krad

c!o.. na•• recorded the l.owellt Qer:a1natlon .e1\141. ,.hu

the...e .e.-s to be no d1nct relatlonshlp betw.en 40•• and

oena1nat10n va1_.

1Wtth l:99ard to INS, ...118_ oera1natlon 1.

DOtloabl. in tl'Mt control vb1ch 1. 81gnlflca mly hl0b9r to

all ot:ber treat_Mil. Ifnt. 1. follow" by the doee 0••

whlcb .a exhibited h19~r vena1net1on OYer the rest.

1ioweV.... , lt 18 on Par with lta nearest hlgher doe., 0.4"

whleb 18 a1eo ...n to b. CD per with lts 1.nec.U.at. btCjJher

do•• 0.5" which agaln 18 •••"416 to be on par wlth 1t.

l-.d1at. b19her t!oa. 0... 'I'be do•• 0."" he. rec«ded the

loveat 4jlenalrat1on vi'll_ a.n; the d1ff.r~nt eoncentret1olW

of IMS trled. It 18 specially notlcet1 that ln the ce••

of DiS· tbe geralnatloft .a lues are inver••ly !X'oPOrt1!)nal

to lta concentration.

2. I,"tya1 0' P\antl

Data Oft tb••ffect of autaQ~ns on the nUibar of

••.,11ng8 8unlve(J vnd.... laboratory c0Dc11tlons for a ?erl04

of 10 day. arepre••nted 1ft !'able 6.

(Ti<.Bl..£ 6)

aeault. pressntee!! in the above table ba.e revealed

that ln the ca•• of \lemma lrradi.atlon ..x1mwo qermlnation is
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.e. to ha.. achle.ed on tbe aDd 4a., after keeping the

••eds for oerlltnatlOD. 'fbi. 1. the ca•• with r ••PeCt to

control elao. '1'01I1 tbe .econd day to tbe th1rt! day DO

r«!uatlon 1n the .""ivel of the .eeesliDJIl i8 ••n in any

of tJw treat_ate lnclud1n; tbe coDtl'Ol. A. slight reductlod

10 t.he surv!Y""l of ••ed111ltJ8 1s ..en ther.fter ln the

treat_nts with 10 kl'ad., .0 lttac5. aDd 50 uads a. 1ntU.cotee!

by lower 9.1._ on the fourth dey. !'hls reduction 1n the

survlve}, of ..eetJl1DQa 1. unlforaaly s••n not only in tbe

trtt*ited ••ed. but also 1n the control Ire:- t~ 6th day tl11

th. 9th day.

ID the ca•• of Ut5, aax:1a1aa v_mln.t1on le •••n to

bave achieved on tbe 3rd day after lre.pi~ the 884!K!1!l for

gera1_t1o". tIO rec'2uct1on 1ft the .U'Vi9~1 of ••edling! 1.

oba"rvecl froaa tbe 3rd day to the .th aay.

tb. 5th 4uy onward- reduction 1n tbe survival of 8~li~

1. obSClrv.c! DOt only 1n t he treated ••ede but .leo 1n the

untreated control till the 9th day.

'the data pertaln1nq to the Percent69. of plant II

aun1Y•• on the 9th day and .lao the ...lat1ve pere9ntog.

ewer control ar. 9i"0 ln lIabl. 7.

(TABLE 1)

All 1....n fraa 'be r ••ult. pre.ented abew.", the

c!iffehnt (loaee of ttle .ut.gena tried bay. not produced any



Table 7. .ff~ of '-avem8 CD the .nU'.l~l of
pleat. (tn ,,) _ the last day. (lAbort.tocy
cOMttlona)

-------._---------------
S\JrIlftl
~.nta9.

..btl..
Percentllge
ewer control

21.. &l'ffJc.'llatlop "0••
control
10 ltra.
20 kra4
30 krad

40 krad
50 'k&'ed

5 lQftlflcenoe

"11.0

72.1
71.3

71.3
68••

67.5

MS.

2.7•

100.0
96.6

95.0

9~.O

91. 7

90.0

.i!ft
COIltl'Ol 81.3 100.0
0•• 7S.0 92.)

0.4" 68.8 84.6

0 •• 6tLS 84.6

o. '" 63.8 78.5

0.'" 56.) 69.2

519n1£ lCi>nce as
~l .8. 2.29
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.1.9n1f1cant .ffect Oft the auni".l of plaftts ••Ph-sec! ••

pera.ntave. 'this 1. true ~ Oftl., w1tb reference to 9."

ia-rad1at1on t»ut a180 to INS. 80th the sautevena hay.

reduced the percen<tage of aurv1v61 of plante a. OOIIlPan<' to

the contl'01. In both the C*'".e the retlluct10n 1•••n to be

dir.ctly pE'oporti.ODltl to the (lo.e. 10wn the ren.,. in the

..urvival percent-ve of tb. seedling••.-cng tbe various

9- ray treat_nts: 1. frOID 73.5 to 67.5, the Be.. for the

"ar1ou8 concentretioDS of SHS 1s Observed to b!'! fro-

75.0 to 56.3.

Ob••EVet1oDB on the ?ercent8CJe of s\lIY1.al of paM.

on tbe 30th day ~er field concU.tiOl'ls were tra~fo.cmed

into eDg\llar sine.. ,..iwt relative ;;)ere«ntage. over the coAtl"Ol

of aurv1vc.l and lethality vere tben worked out. Theee values

along w1tb the actual _uni.a1 percentag89 inbraclfeta are

pr••8nt ed in lJ:.ble 8.

('rAlH& 8)

As 1Mic.ted by t_ f1pns presented 1n the eboft

table. the treat.at .ffect. hav" ~uc:., eiqnif1c& fit

differences 1n the survival percllJntaQ•• both in ca•• of 9a..

irradiation and 1M. 80th rautagen8 ere eleo .... to be

capabl. of reduc1DQ the 8uI"Yiva1 p.arcentaq•• ae lnrl1c:ated

by the highest 8urv1.0 1 ytJ 1ue. in the untreated controls.



'rule 8. .ffeet of .atagens OD t.he survivel of plant. 011
tb. 30tb ...,. ~1.1(! coaditio.-)
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Sun!.-l
perc_rat.g.

a.lati.e percentag_
0JItezt- control

Survival Lethality. ..
Go.. a.rl'.(l&a~ion tl0f.

cOlltrol 61.34 (17.0) 100.0 0.0

10 krad 57.10 (70.1) 91.6 8.4

20 lcra" 48.16 (55.5) 72.1 21.9
30 ltnd 51.94 (6Z.0) 80.5 19.5

40 ned 50.18 (59.0) 76.6 23.4
50 lcp~ ]>3.94 (39.5) 51.3 48.1

SlC;lllflcance

;oS

CD

81qD1flc:a nt at ur. l ..el

1.68
S.O!

IISi
CODtJ,"Ol

0••

0.4"
O.~

0••

o. '"

".89

'4.94
51.06
46.15
42.99

33.52

(82.0)

(61.0)
(60.5)
(5Z.0)

(4' .5)

(30.5)

100 .. 0

81.7

73.8

63.4

56.1

37.2

0.0

18.1
26.2

36.6
43.3

62.8

S19nif ice.nee

sa
co

Siqnltlcant at ~ 1.....1

2.89

8.73
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In the ca'. of .._ lrndlatlon~ the control and

the low••t doe. 10 1cr•• are obaervet!S to b. Oft par with .ach

ot.her. ,.hle i8 followed by the dOlI•• 30 krad., '0 kr.c!.

aad 20 Jer.". ill that o~.r whicb .... a180 ...n to b. on

par witb Olut another .DC! eigDlftca ntly inferior to the dOlI.

10 lQ'ad but .19D1fic~ntly auperior to the do•• of 50 lcre4

which baa recorde<' tlw ain1... aunt...1 ya1ue.

III the ca•• of INS, the aunt.al villue. ar....n

to be i_era.ly proportional to tbe do... The do••• 0••

and 0.4" an ob••rved to be Oft Par which 1••1~n1fioantly

lnf.tor to control bat eUPer10r to the doe. 0.5" which 1.

aleo on par with tl1e tlo•• 0.'''. 'fhe biGheat c!o•• O. '"

1e __n to be • i'.1nifleact 1y inferior to all the re.t 11l

t.~ 01 ~urviyel value-.

Ob.enlltloDS 1"818tlO(1 to tbe .ffect of lRut.gena

Oft I'~ .1onQat.ion \Ulder laboratory condition. an 91••n

ira 'fable 9.

'COlI the r ••ult. pre••~ed aboYe, it 1. se. that

root growtb DC•• witbin ODe de,. .fter tbe .etId. are

lcept for ;~_I.t1('Jn aar! 1. COfttimaou81y 1raol:8••1nv ttll

the 8tb day i.8. the entire per10t! during which the _toer1.1.



".bl. 9. 8ffect of lJluta9ftft. Oft root elont;at100 in c. <fAbor6t.ory .
coDdltlOfte) •

"r.etaenta G1"O'rtb ?erl~ (in da,..)
... - ---......,--

1 2 3 4 5 6 1 a
..--.-- . _---.. .......... -_..._~_.~-~--

i ... lrr.~i.\i2Bdo••

CODtrol OJ) 1.7 2.8 4.1 1.1 9.1 9.1 10.0

10 kracl 0.2 1.1 2.1 ..... 6.0 1.3 8.8 8.9

20 'tract 0.2 1.3 2.9 3.9 5.0 5.6 5.9 6.3
30 'knd 0.0 1.0 2.6 1.8 5·3 6.5 6.9 1.0
40 k.rad 0.0 0.9 2.7 2.9 4.1 4.1 4.a 5.2

50 kra41 0.0 1.0 2•• 3.1 3.4 3.1 3.9 4.0

HI.
Coat:rol 1.5 2.9 5.5 6.5 9.5 9.6 10.1 10.2
0•• 0.8 2.3 3.3 4.1 6.2 1.1 1.5 7.5

0.4'" 0.9 1.8 3.5 3.9 5.7 6.8 1.2 7.2
0.5" 0.8 1.6 2.9 1.4 S.2 5.9 6.5 6.7

0•• 0.8 1.5 2.6 3.3 4.9 5.2 6.0 6.2

0." 0.7 1.2 2.1 2.5 3.S 4.8 5.6 5.7

........ -
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hav. beera laept uDder obeerf'fltlOD. It. ttl al.o .e.a that

bot.h va... irndiat10n .nd DS ba.. eft inh1b1tory .ffeet

OD root eloaqat.lon alnc. t1'ae ufttreated coDtrole ha...

• xblblt845 or••ter el0D98tlon. 111 geD..al it can b•••id

that the J:at. ~ aup!?Z'•••1on o£ root elonQatlon i8 c31rectly

proportional to the incre.eln; C!oe. of the 8Jta,..en. 'l'h1.

1. the ca•• for DOt only 98- lrradiation but alao for

~. A.Iao~1 the varl0\18 -'0••• of C'Ja.. 1J:redlatlon trltH5.

tbe root .1ongetlOD 18 foUftCl to ••ry tl'Oll 8.9 CIIl to 4.0 ~.

,.he correeponding re age for the f!lff.rent ~O••F. of BMS 1.

ob••ned to be fJ:(a 7.1 ca to S. 7 ella. Both 98-- rays aDd

&HS an •••n to ba•• ap,?roxl_tely the .... effect 1n

.u~a81ng root el0D9atlon.

aeault. of Ob.er¥at10ft8 OD the .ff.ct of ~.oen.

OD the .boot elonqatlon uac!er leberatory eondit101Ut are

ore.anted iD Table 10.

(tr1'WLI 10)

Ali lfi •••n f~ the aboft tabl., .hoot 9rowtb

C~DCe. only on the third 4ay .fter the • ...,. an ltePt

for geralD6t1on. '1'hi. constaratly incr..... till the _h

day after wblcb the _tar1a1& could not be further Observed

for want of ••eptic conditione. In the CBS. of both the

aut8QeDI!; tried, the untJ:..ted coDt.JrOl. h.". rtt91etered



'fabl. 10. .ffect of ..t498ft. on sboct elongation in c:fft (Laboratory c0fKl1t lona)

-------------------------,------
't'reatments --------------------~-------------------

1 2 3 5 6 7 8

<it.. 1rC§glctlon ~Qf'

COIltJ:Ol - - 0.5 1.5 2.1 5.8 6.0 6.7
10 'kracS 0.5 1.5 2.0 3.e 4.2 5.0

20 ltread 0.4 1.5 2.2 3.6 4.1 4.5

30 kra4 0.5 1.1 2.6 1.5 4.0 4.0
• 0 krad - 0 •• 1.4 2.1 2.5 3.0 1.1I

50 kred 0.2 1.9 .1.3 2•• 3.2..
Con.t.r:ol 1.0 1.6 3.1 4.8 5.9 7.2

0•• - 0.5 0.7 2.4 3.5 4.3 5.4

O.'S - - 0.9 1.0 2.6 3.9 4.0 5.1
O.5l. - 0 .. 6 1.2 2.8 3.0 3.7 .....
0•• 0.7 1.1 2.2 2.1 3.5 4.2

0.11' 0.5 0.7 2 .. 0 2.8 3.2 ".1
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_x1_ eIIOUDt of sboot .100;at1oD tbenby indicatlDQ the

."PPIf••iag effect of botb tl» IIlUUQeU in eboot elonoetion.

AIIOD9 the "arioua doa.. ot qe_ irradiation aDd DIS tritd,

the rate of aUP9re_.ioft Of .~ elongation is ob••rYed

to be dlrectly proportloaal to the incr.... in doe. of th.

aut8q.D. When the raD;. 01 .boot qrowth on the 8th day

1n the ••r1ou. doe.. of .._ irradiation tried, 1. f~

5.0 CIa to 1.2 ca, the .... in the ce•• of BMS 1e froll

5.4 CII to 4.1 _. Thull it oan be ••16 that both the llUtagenll

hay••'Ppcox~t.ly equal effect 1n 8uppr...1nQ I5hoot 9rovtb.

Utili.i.. tb41 ".1_8 of root ane shoot .1onqatioD

of 8th day, shoot/root Atio vae caaputed. '1'"•• ".1••

alonq with the relative percentav_ of root ant! shoot

lenvtbe OVer the ner>ecti". control" are presented ill

-rebl. 11.

Tb. results pre.ented 1n the .boY. table ba.e

indicatee! the followlD91 The treat_rat .ff.cta bav.

proC!ucec5 ei91l1fiC"llt cUfferene•• DOt only 1n the ca.e of

root l.ngth but elao 1n the ca•• of shom: length.. 'fbi.

i. found to be the ••_ In the ca•• of ga.-a lrradlet·ion

and also II'.S. Sach ~oe. t.ri-.d 1e obsel'Yed to be 81Vn1­

fi.Mil' different Ire:- eY'ary otner 40•• tried of both

the .aut.qeD'; in ....ePeCt of shoot •• well •• root elonqat1oa
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•

.....pt in the ca•• 01. tbe do•• 0.... which ie ...D

to be OD par w1.h the .... 0." of •• ill the ca•• of

.boot eloaoatlon.

~ the 11•• -'"•• of 96 - Uradiation tri.,.

the sboot/root Atio is found to ••ry Ira. 1.1':' to 0.83.

';be doa.. 20 krad .nd 10 krae! •• COIll3ared to control

inhibit root Growtb _n .. COIaPttred to shoot qrowth .iDee

the•• tnat_nt. ba•• recor:ded .meet/root retio of 09.r:

oae. In the other: ~0••1!. auppE'•••iOD of sboot qr:owth 1•

...n to -.or:. than the root Ql'GWth. a. coapered to tlw

coD'trol. einoe the•• tr••t_nts bay. PrOduce(J .boot/root

ratio of 1... than 0 ...

~ the fl•• 40••• of B. tried tile eboot/root

ratio 16 found to .ary Ire- 1.02 to 0.91. 'th. doaee __

0.3 end 0.7 ,per cent •• COIIpallred to control lDh1bit root

qrowtb _re •• compared to shoot 9&'01rth .iace the••

treetmeDta ba•• r.corc!ed .boot/root ratio of OYer one.

Ie the othaC' (J0Ii... auppr...1oD of shoot Growth 1••••n

to ..r. thul the root vrGWtb. a. e:e-pared to the control.

8inc. the•• treat_Dte ba•• prOdueec! .boot/root 1:'6t10 of

1••• than ODe.

Ob.e"atlona OIl plant be19ht •••ure.' On 15th .DC!

JOth cJey .fter eowinv of ••eds treated w1th different doae.
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".ble 11. "ffeet of nmtsg... on piaDt Qrowth under laberatory
coati1t 1one, •

'tn.t....te Root
le~b
1n OIl

a.latt.. shoot
percent0ge length
~ cont.col 10 _

a~1~t1y. S~/

percentage root
... control r~tio

-,----------------------------

Control
10 lEnd

20 1trd
10 ltred

40 ltrad

50 kr6d

11).0

8.9

6.3
7.0
5.2
4.0

100.0
fi.6

62.4
69.9

52.1
40.3

6.7
5.0
4.5
4.0
3.4
3.a

100.0

74.6

67.2

59.7
50.7
.7.8

1.00

0.83

1.08

0.85

0.97

1.19

S19nlf1~ftce 519n1ficeDt at
1'J' l."el

sa 0.a1
CD 0.62

CJ ·:l.i
C·ib..

CODtrol

o.~

0.'­
O.5~

O.b

o. '"

10.2
7.5

7.2
6.7

6.2
5.7

100.0

13.7
71.)

65.8

60.7

55.7

7.2
5.4
5.1
4.4

4.2
4.1

100.0
75.2

70.8

61.2
58.0

56.4

1.00
1.02

0.99

0.93

0.96
1.01

Significance S19ft1f1c~nt at
1,. 1.".1

SB 0.36

CD 0.12

l!h32

O-i1
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of 0-- raya aM 8KS aJr......Dt.. tn "abl. 12 alonv

wtth the "latt.. parc_ta••• ower contl'Ol.

'l'll. "eulta pc"...ntet'! in the abcW'e table ......1

that 'both the "a\l.u are fOWld to C'et!uce plaat. height

a. iadt_ted by the b1Cj1MI' .alu•• ln t.he r.sP8c::t:l.,.

uatrHtH cemtC'Ola. !'be reduct loa in plent beiqht 1.

ob••rvec!l to be tirectly pCoportlo_1 to the lncr.... in

4oe. o! the .ut..... Thi8 i. true DOt OIlly with nf.rence

to , .... irradiation bat aleo witb IMS.

Pleat ba19bt OD the 15tb 4ay i. found to r&ftQ.

IrOta 15.6 1n 10 'trad to 1•• J 1n 50 lend of 98- tna~latloa.

'rhe cOZ'l'••poDd1a; 119\\1'.' for IMS 81'8 •••n to be frola 12.7

fK the do•• 0•• to 4.8 for t~ do•• 0•••

"be ....ult. ha•• aleo iD3iceted eiQD1flciint:

difference. 1n plant bel'i1ht Oft the ~b day a.:>ng tbe

.arlous doa.. of the aut.qeDe triac'. ~n; the doe.. of

the two IDUtag.08 triac.'!, the r«tuetlO1'l 1n plant bei9bt Oft

the 30th day .._ ••en to _ directly pa-oportl~')nal to t_
iner.... ln do•••

Ie tb. cae. of .a_ undiattOD, the n..,. 11l

plaDt belc;ht OD the IOtb day 18 Ol>••l'Yed to be 58••

for the doe. 10 Vad to 45.) for the 4oe. 50 krad, whlcb
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'labl. ll. affect of lIutaqe. Oft plant growth under field
c:oarti~lon6

Plant. he:l.9bt io ~ on

___~_~.,~.,_,_.__...,1;........._..' _

aelAtive
perc.nt<t>ge
'*-' control

15th
cay

Helqht
------------------- reduction

30th day .Relati•• ::y3Ot;1
p.arcoD- (inJury
tag. ,,)--c::9Il$rQl,

Q!pPa 1rrad1etlon doeo
........ -

Costtrol

10 nad
20 1crac3

30 lend
40 )tnt'!

50 kr..d

16.1
15.6

14 ••

13.. 3

1a.6
12.3

100.0
, 96.9

91.9

82.9
76.3
76.S

fn.g

58.8

54.0

50.6

46.7
45.3

100.0

94.9

87.2
81.6

75.4

73.1

0.0

5.1

12.8

18.4

24.5

26.9

81qni f iC81nce

SEt

en -
S1(1oit1cent at 1% lev"l

0.79
2.38

~

Contl'Ol

0 ••

O."~

O.5~

0 .•

0.-'"

s lqn1fleance

ss
Qi

15.1 100.0 54.0 100.0 0.0
12.7 83.7 42.3 10.:1. 21.8
11.0 72.8 36.3 67.2 32.8
9.0 59.7 33.7 62.3 37.7
7.5 49.6 31.7 58.6 41.4
4.1 J1.8 29.5 54.5 45.5

- S 19Qifleant at 1" l ...l

- 1.51

- 4.55
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1. __n to be Oft PH' w1th th. 4oe••0 1cnd. All the I'..t

are •••'" to be 81va1f1caatll' f11ffel'ent f~ one aDOtheC'.

In the .ee of IMS variation 1D plaat 'height OIl
, /

the 10tb cJay 1. 8"D to be 32.3 for the 4o.. 0•• to 29.5

for the 40•• O.7Jf,. "he do••• 0 •• aDd 0.5" are ob••rved

to be on Per while d08•• 0.•, 0."'." 0.'" an .lao ...n

to be Oft r:-r.

4. bil. "nlleUy

Perceatege. of f'C)llell fertl1ity 1n tbe l)l._~ of

the 41ffel'eDt tre.~J*. of both tbe "a9en- vere tr.Mfo......

into angular 8ine8. tt'be relative percentag.. (WeI' the

control wer8 then COIDPQted. The .boY;'! values along witb

the pollen fertility percentag•• in braclcata an t:e••ented

in '1'able 13.

Jwj 1....n fl'Olt the table abowe, the tnat_rat

.ff.cts ba.e oroauced 81qD1fieant difference. in pollen

fertility Qercem:ages in the case of 9a- irradiation end

8MB. '1'he .alue. pr••ented in the abo," table bav. clearly

1DClic:at.4 the effect of !BUt_gena in re«tuciDQ pollen

fertility a. -velnat both the lINtegens. ,.he untreated

control. biIlv. registered the bl~he.t PlirceMti.ge of pOllen

fertility. ~'he reduction ln fertl11ty 1& .1.0 .een to be
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•

,.....t __• PolleD
'.rtllity
pec'OfJntave

a.l.tlve PI....nt.ve
__ COAtlOl of

F.rtll1ty sterility
••

GtE? IU'dMtA. ••

Cootl'Ol 72.05 (90.5) 100.0 0.0

10 1a'a6 67.N (81.') 94.9 5.1
20 .ad 64.19 (81.6) 90.1 9.9

30 Jcled 61.21 (76.8) 14 •• 15.2
40 Qe4 58.37 (72.1) eo.l 11.1
50 1rn4 55.7. (68.4) 75.5 24.5

Slon1f1c:allCe S190Ifl....t IS le..l
51 1.11
CIi 3.48

....
Contl"Ol 72.05 (90.5) 100.0 0.0

0•• 61.91 (71.9) 86.1 13.'
0•• 58.!6 (7a.a) 10.4 19.6
0 •• 55.37 (67.7) 74•• 25.2
0 •• 50.24 (59.1) 65.3 14.1
0."" 47.69 (54.7) to•• 39.6

5 1qnlfleence Slga1fioent It • leY.l
sa 0.62
a> 1."

T I
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dir.ct1J' proponloaal to tbe iacreae. 1n dose not only

for cp._ r.y., but a160 fol' lUti. Wben t.be ren;. in

poll.D fertility Peccentaqee 1& fr~ .,.~ to 55.79 .-onQ

tb. different doe'l! of fie" rays, tbe corr..pOI'tl3iDCjl

fi9urd 1n 3MS i. fl'Oll 61.96 to ~7••9. Xn the ce., of

p" rey., the doe. )0 'triad 1....n to be OD parvU:h tbe

do•• 40 'kz'ad wb1ch in turn aga1n 1. fouad to be on t)Q'

with the dos, 50 kl'ad. In tbe cae. of iUE), all the

CODClntratlonJl- tried al" found to b. significantly different

frc. ODe another.

5. Sad f.nij.ltl

PercentaQtt8 of 8'''' f.rtility ln the plante bel0ft9ilWJ

to ~iff.rent dos•• of 9~- irradiation and BMS wer.

comr.rted into anCJ'ller si._. '.the reletive Percefttaq••

of f.rtility aDd aterillty were COtIP'IteC1. I:'••ta pertaining

to tbe .bow••lon; with .eed f.rtility Percent:a.,. 1n bracket

ar. 'urnished in ~.ble 14.

('lAaiti...S 14)

M lli ••en 1n the table 9i",0 abcwe, the treatm.nt

.ffe~. be.. produce(! IilgnltlC11ftt d1ff.zo,nc::e1l ttl Be«!

fertility oerce.lltag8. in resPeCt to both the .utavene tried.

,.h. resPeCti". untrpt." cont~Jsba•• ril91ete..ttd the

h i 9heet see<' fertility Yell... 8. ccapered to the treated
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s_ fU'tl1i~y

Ptrftftta9_
aelettY. pe~cent...
OIl" OODtl'Ol of

••rtl11ty Sterl11ty

,.,. irE.fit.' loa $1M.

Cootl'Ol 69.21 (87.4) 100.0 0.0

10 bed 64.01 (80.8) 92.6 7••
ao kreel 60.67 (76.0) 87.1 12.9
30 lcra4 59.21 (,s ••) ••Ii 15.5
40 ne4 57.42 (71.0) 81.4 11.6

50 1cn4 53.91 (65.1) 74.8 25.2

S10niflcaDC4t S19D1f1cant at 1" 1..,_1
S8 0.75
Q) 2.26..
CODtl'Ol 66.66 (84.3) 100.0 0.0
0 •• 51.01 (63.8) 75.7 24.3

0 •• 50.94 (60.3) 71.5 28.5
0.51' 47.18 (53.8) 63.8 36.2
0 •• 42.18 (46.3) 54.9 45.1

o. '" 37.7' (37.5) 44.5 55.5

s 19D1fice DC. St9DlflcIHft at ~ 1...1
sa 0.81
Q) 2.43
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plaate t~ebl' 1..,lcat1111 tbe d1rect .If._ of both tbe

..a".u 1n r.<hsc1n; the ••..,. f.rtillty "rc_t6q•••

-the d.cr.... 1n .~ fertility t. a180 .... to 'be directly

proport1onal to tbe lnon••• ln do•• of the lRltaven.

Thle; 1. •... to be the ca.. for ~b the mutaQene.

AI8oIIO the various do... of p_ irradiat iOft tried,

tb•••ed fertility perceatav. is toUD6 to vary froaa M.Ol

to 53.91. It 1ts also eeen that the doe. 30 'krad 15 OD per

with the doe. 30 lcra(l which in turD 1e OD ner with the

~o•• 40 kre4.

In the n.e Of JPI8 ••~ f.rtility 18 10WIlS to

vary is-OIl 53.01 to 31.76 aIDOft; tbe fi•• dc.•• tried.

"be <50•• 0 •• 18 obaened to be on ~r: with the 40.. 0."-.

6. QlpI'Oobzl1 chi.....

The chlorophyll cb1_ra.. wer. ob.~l'Ved only UtOft9

INS tnatee' plant tl aDd tbeir frequency we. obfl4lrved to be

very low in N1 veaeratlOD. Chlorophyll deficient patch.

"'.re foUDd •.., 5Mb tr.ated plant. specifically 1n the

tre.~. lDYolv1QljJ CODCentratlon8 of 0 ••, 0 •• aDd 0 •••

'l'be•• patch•• were found CD the l ..ve. of ••Ven plant. in

0 ••• four Plants 1n 0 •• an(! two plant:. in 0•• ISMS

tJ:'..t_~. Variations we.... aleo ob••rved in tlMt natun
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and ~.Dt of ~tcbea (Plat•• la, Ib a" 10). In.~

c•••• ~ the cbloroPlarll ".,101._ Patohes appeared 1n the

early .tao.. ana later dieapPHred. Oft. plant. 1D 0••

tnat_nt sbQWe4 OM ~r1c bnncb "be..... other breftCbea

were noral.

'I'he 8ltagell1a tl'..t ..nts induced a f..., 1IlOrPbol0l'iJ1eal

variations iD the M1 population. Saae of the morphological

abDO~lltle. noticed durin; the iftYeetiqations wera the

followil'J9 I

Morpbo1ov1.cal Yariatlona were ob••~ Oftly aaoft9

£t\s treat" plant.. A .tC'i1d.Dg -orpl\oloq1cal variation

ob.....ed va8 the pr..enee of dverf plante In the hiqber d._"

of E* tr..tllent Yia., 0•• and 0.'" (Plat.. II., I It arod

110). "he hlqbeat do... (O.~) PJ:Ot'ueed dwarf olanta wltb

'ft brancbee (Plate II~). Howev.r, eUCb d"arf plante were

net ob••ned in the q.... 1I're<'9iation treabtents 1n the N1

qener.tion.

~f ftrlatloDa auch a. aiter_t lon in al.. alld

ehepe of i.flet. w.re noticed uOWJ tile treated plants.

With l'ee;,al'd to ._ lnredlation, h10har do... (40 am 50

krada) .xbibited erlDkilD9 of leaflets 1n the ..rly ataga.

of gr<NthPer1od. aow....r, thea. plante recover*' ana



- 0 ••
- 0 ••
- 0••

J. Chlo.rot>brll .~... (DS t ....tecJ pleat.)

Plate I.. V.riat1.. 1. ohloropibr11 C~A••

1. coat..l
2, 1, .... I
6, 1 •••
9 .DC! 10

'plate lb. ou.-rlc twig

9lat. Ie:. CbiMrlc plaDt

- 0••

- 0••



Plate I a.

Plate I b. Plate I c.
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late II a.
(Sl~ ie.rJ..uC~ fo '1qtR.)

Plate II b.

Cgt'~ yl2.flMC'~ 1c yg, I~)
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Plate lIe.eg,.~ )'euiuesuJ To y~/~)

Plate lId.

(St~ y~~ ic '/IS-II.:J
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~ot!ucea DOC_l le."•••ft.nr.~e. G_ irradiation

4i4 Dot show aft,. ..,phologlaal "ert.t10u in the lat....

8t.aQ•••

Cr-lft'kl., aPPeAranc. of the leaflet.. va••

etri1t1. I8OI'pbol0Q1oal variatioD aIICn9 IMS t.r..tea plaate.

'fbi. vee ob.e"-' in eix plante 1n 0•• , two pla-nte 1ft

0.4", one plallt i. 0••, .. plant 10 0 •• and two plante

in O."'. "ben va. variat10n 1n tbe pattern of CJ"lDlcliD9

alao (Plat•• IlIa .~ lIle). Clust.eri., of leaflet.. va•

••en 1ft ODe pleM 1n 0 •• Ziti tnet._nt. (Pl.te IItb).

a_l1 aDd aalTow l••flets v1th round aPeX "ere

obla_ned ill ODe plant 1ft 0.1" 1MB _DIS 1ft one plaat 1n

0.'" (Plat•• Jva and lYb). 8..1.1. le••eCJ p1..-nt. wen 81so

notlced at. tbe nt. of two ple.-nte 1n O.G. lIwab_ of

brilncbee aDd. lea••• vere low 1ft h1qber- coneeJ*ntioaa of

SMS .,ia., 0•• and 0."'.

Aaotbar 01).8...atlon 1n 8KS tn.ted plaatlJ. vith

0.3" .olut1on va_ ..rly flower1n; by as day. coaapahC!

to tbat of coat.rol. 819ber do••• ,,1s. , 0•• and 0._ sbowed

a tt.lay 1n flower1., by 30-40 4ays. lhamber of flow.r.

and pod...&, plaat ~s verr low in theSe CODc:entret1ona

e_.red to cootl'Ol alll! other t ....tment••



- 0••
- 0 ••
- 0 ••
• 0 ••- 0."

ZII. Variat10u 1. ~h. IIOrpbolov1 of lH... (82S treetecl plaDt.)

Plate lIla. Variet10u in l ..f cr1Dlc.llD9_

1. CODtaol
AI 3 anc! 4
5 aat ,
7•, _ad 10

Plate IIIb. Plant with clustered leevall - 0••

P14t" IIIo.. Plant witla c,rlnkled lea... -0••
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Plate IVa

Plate N b.
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Inc!ueed -aqe.el. haa~ ODe of the

iJaportaM tool. in recent y_n In the batXIs of plant

bree4... to 1.pz'oye th. crop ftrl.t1•• accord1.. to the

need_ and nqulr~tlil of the f.~r. ant! faZ'lB1ftQ _Yllt_.If. tara a.tatioo ..... introdu.ced iato D10109Y by

HUQo 1). Vrie. in 1900. Be lIuvqe.te4 tbe concept of

lDthlCliDtJ artlf lelal smtatlca8 aDd utl11al1l1Q thea 1n the

bntedinQ pc'09ra_. Artificial loauctloD of lRtatlone

a. an approach 1ft the br.eCI1D9 progr.... wae reC09Die. by

_oy blo1oo11ta 1n the early yea" of thle c_tury. 1IotM••r,

it 1e oaly after the ela••ical woE'k of Muller (1927) in

Dcoosophila on the "-9"0 PI."OPerty of x-nya that

laductleD of _tat1oae has been widely pra~1." ln the

CI"OP lnlprOYe_at ...-0;1'..... Subeeqwa&*ly, Stadler (1928)

artlflc1ally induced IMItation. In barley and ..1.. ue1n;

pdlatio... "l'be.. d18COV'erle. of Muller al¥l Staaler

prOYldec! • ftew footlnq and paved the way for furth41"

IIlltattoD breed.1DiiJ ...."arcb. wtth bi. nonettr1Q9 work 1n

... a.,rtculturel aope l1ke barley, wh_t, oat., rye,

PeA etc. Guatal••on (19.7) recOJDi88d the practical

\ltll1..t1on of radiation to induce ...e'u1 lDUtatloM.

,,



_..id•• rediatlou, ......1' of "beatcal. an aleo

rePOrte(! to hay••utagenic proPerti•• and have b_ft ueCI to

lnduce Bltatieu in plant. (BbreDberQ a\. Al., 1961,

Xoaalt ... A!.., 1965). ,1'.... (1963) cla••d.!l~ ...lcal

aautaqena •• ba•• analogue .ubatitut., cS,.•.•cl~_, -nale

aid alk.ylatiDg .genta. In hiQbel' plante, the leat 9roup

e.peclally INS has been PI'"*' to be .,.ry .ffecttv.. The

relatlv"l,. low tOJlic: and b19b pDetlc .!f.~. of DS COdDl.

1961) aDd it. blgh lMltageD1c .ffect1v_._ ., vell •• efficiency

1n hiqber plllDtf.! (Konaelt!lS. &1.,1965) f.vour for it.. eftbance4

nacticel app11c:etioa.

atlC! 91'•• 11 an iaportant pul•• crop of penlnsular

India. It 1. perba~ tlMt _fit UAportent pul•• Cf'Ot' frOll

the point of view of Pero4p1ta eona..ption. aece.uSt. of tt.

M9b prote1ft content of 22••, it ta an excellent source of

prote1n ••peetally in the veqfttarian ldtcnan. Sv_nthouqh

it is widely cultivated 1n the ;»eD1neular 1l\431a beceuee of

ita adaptability to low ..aag...ot 1...1., It.. i.portance ••

• rich source of prote11l aDd vltea1na has DOt been fUlly

rec09n1.e~. In view of the lalted al80UDt of vltrlabillty

which 1, S*'8.ently available 1ft pal••• in venenl and in red

91'•• 1ft pa~t1cul.r, probably ~u•• of ita ..sen~i.lly

••If-l.nl11aet! Datun, it 1. eoMI~eI'ed ••••n~1.l to linden_ire

_thode of 1ftdu.ciD9 ge.tic variability thro\lQb inthac.:!

.uta98..·i••
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IJa ~be 11gbt of tM f.cto.... _r.ationed .boYe, the

choice of tbe proI»l_ 18 fUlly Jutiflable. It .lao .......

9r..t eignificance and biqD practical "lue.

'l"he pc"...nt .tudy we. t."keD up ,,1th the obJ.ctiY.

of !indio; out tl. ~ireet effect. prod~ by 9.... irr.diation

aDd &16 OIl r-' 9r•• and also the effect. of diff••nt ~o...

of the 8ft8gena in the M1 g.neration. In studi•• lUte thi.,

tbe optUa\D do•• 1:81198 of the aut.oene i8 very 1IIlportant

.1~ hlqber doa•• vill briav aboat letbality. Infoe-atiOft

."'liable fJ:'Ola ...iiar studte. of .111«1 c:roPl! i. of 9r••t

•• lue 1ft Heid1.. the doe•• ". be trt.s of the ..tagena.

0.... irra~1.t1oft foe-seee of tbe widely u.ed Pb~ic.l

_t60ene of tbe "a.,.. Iliff.nnt do... of gr.... irredl.tion

are reported to be effective in various _teriais. In the

ce•• of tbe ~1ff.ft,* pul•• Cl'Ope (!1fferent 40•• raDg4t8 MY.

b.en rePO&"tecS to be effectl" by .arlo\18 author••• 4eteiIe4

below.

1. Dahiya

2• .PJoa••d aDd Das
3. Re. 'kanth aAd

...t-r-."
4. V1Ddhty••a....n
5. MaDju

6. It\tDdu aDd Slngh

7. .. Laapell9 d. &l.
8. bo aD! ltao

1(7)

1971

1919

1979
1981

1982
1912

1981

tl\tDg-.ea

,.taB. 'at1yUl

poll" ltbllb

V1aM wriM
Hor.. 01'••

Black 91'­

Black 91'••

Black 9r..

30-70
10-50

10-50

10-100
10-50
10-S0
0-90

10-60
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Ita allah iDOlll.10n of 9&_ rays .....tagen

1n a do•• reDge fl'Ol8 50 kr~\c3 to 10 lcrlid 1. amply ju.tifled.

athyl _thane Ilulphonate, popularly known •• IHS,

1. the cbelDlcal .uttuJen included 1ft the PJr•••nt "tueSy.

,.h1s hila been recOtlniaed as one of the ...t efficient and

.ffecti,.-e challice! autaoen tnrou<;Jbout tne world. InformatioN

• .,.ilable io literature on the effttetive doe. ren;e of

SMS 00 pul••• io geD8I"~1 and red 9"" 1ft Particular are

confllet11l9. affective do•• range of aDY' chemical. a\rta98D

•• a .atter of feet ls coneS1t lOne(! by the RIOt.ture COl'lteDt

of _terlal to b. treated, the concentntlon of the em-1c.l

and .1ao the cUl"&tioa. of the treatment. A chan;. 1n anyone

of the three laeton will be reflect" in tile 8ffeatt.-nea.

of the c....1c.1 ••• aautac;en. Aa auch, 11'1 the ea•• of

ob.-!cal mutaoen it 1. alva,. ~e.ir~bl. to fix the dose

raoq. baaed on SCIIle prel11linary C)baerYatlone with the _terlal

uDder the coaditloNi of .xperi_ntt;tlon. It 18 ln thie

context tbet a prelt_nary laboratol"Y trlal formed the baeis

for lilting t.tle (!oeefe of DIS ill the pr•••nt 1n.,.~t19at1on.

a••ult,. of the ~ll.,.nary laboratory t.•flt lnvol'Yino

two durations of preEOf1'f1'11"l1Q vic.. 2 hour!! e BS .. hour!! with

thr.. ccncsntrlCt10M of the ehelll1CRll v1.a •• O.!"", 0.7. and

J3' at hc durations of tre.t... 1... 6 hours Gnt! 8 hours

have ytelde4 i.nt"rest in; and .a11e! eonelueioM.. AIJ indicated
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by the r ...u1t., thero hae been flO _19n1ficoM diffoC'once

betve•• 2 boUr. of pneoald.D!I aDd 4 boure of pr••oa1dDIJ

aDd .1eo between 6 boure of tr..tmeat .~ 8 hours of treat_Itt.

1ft other word. 2 hours of pr_.lf,laQ with 6 houre of tr..t_ftt

i" ••_ to 1>••••ffecti.. a. 4 hour. of presoakinQ and

8 howe of tr..t_at. ,.be 0Il1,. .1c;ft1flce nt. ~1ff.....nce

ob••"ed i8 between the thr•• concentrationI' of th4 cheaicel

ftlUtageD via., 0••, O. '75" at¥! 1". tt1w percentaqe of CJeralnat10n

of ..... tr..ttlt' 'With thft _toQon in the abcl'l'e concentration.

i. 'oUlad to .ary f~ 91 for 0.5" to 1 for Utt. I'J:'ClII th1s

tM U)SO (1.e. the do•• at which there 18 5<* and abew.

aortality) hae been e.t1lwat~ to be O. '" whlcb he. beeD f1xed

•• the 1I19M8t coneentr8tlOD of tlW eb.aleel llUtagen ln all

fQl'ther at""1.. • .1.. cODefllltratloM at regular lnt.rve le

with U)SO •• tbe b19heat do•• "la., 0 ••# 0."%, 0.5", 0 ••

ana o. '" with 6 hour treat_nt of f1eedll r:>remoa'ked fOl' 2 hour.

trte-' ill .11 ....qu•••xPllrta.•• , an theE'9fo.... baa" Oft

actual _Per1aental &'8ault. of the ~.li.nal'Y lebar.tory test.

The par•••nt atuOJ' has been Wldertalcen witb • 91.,

to f1nd1D9 out the bl01og1c61 .!feet. of g.... ray. ant!! JJM5

1ft the ~ ••neret101l of 1''' 9"-. In otMr word. it 18 to

••pla11l the poaelttl. chit••• which the ..uta••n. cae br1ne;

aHut 1e the "'1'1008 11f. pa>oce.... of ret! qna that the

at1J4y hae b..n carried out. In all e...lly prOP8Q&ted
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floweriDl plant•••--' 1. tbe initial startiDQ point of

the life cycle. the visible actiyity of which beGin with

Qel'l81nattoll of ••ed. A .eed after CJe~Mtton yie1.4l11 •

...dliDO which .fter growth end CS...lo....-* produc•• flower.

1n which the ••••ntial "productive orVt'.IDs. the en4rotte1um

aM VJDOeci- ar. located. After pollination anCI ••rtl1i­

..tiOD. Inah fruit contaln1n9 ..... are produced. th••

...d. _valD fonainq the biuda for the bt9i.nnlll9 of next

cycle. Bence tft an7 st~y Perta1ntDq to the effects of aD

.';rent on the 11f. actiyiti8s of any plant, it i ••sEential

that the stUdy .at be init iated froaa the beglnn1nt;;1 of the

11fe cycle aD! c_plet.., with the eDd of the s.me. In the

liqht: of tb••• fae'ts, IltUdle. \1Ilderta'ken in the pre••nt Cese

Oft the effects of .tbe RlUt.&08" on .eed germination, ...d1.1nq

BurYlv.l, alent growth. pOllen and seed fertility etc. ace

fUlly J.-tlflable.

a.sulte of etuC'l•• on tM eff.ctf' of mutegen8 on

••ed gera1nation ~b UDder laboratory .00 field conditlone

hev. yi.ld.... va 1_b1. in!OI:IDBtlona. In the laboratory

trials. DO significant .ffect 1••een to bave been orOduced

by tba different ~O&.. of va- irradiation or t·~f!. of IMS

8itbec- on the ged1nat 10n percenta9. of seed- or 1n the

ti_ taken fOr qel1a1nation. '1"be lower d088e of botb the

.ut6qens via., 10 krecS and 20 ltrad of 96" irradiation ani'

0 •• and 0 •• of &NS are ODs_ned to hay. soa-e atimulatory

•
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.f.fect OIl the T;)CIl'Cent••e of qerllinatlon ~ the•• treat_nte

0ger their respect1•• COM"l. (.1de 'te.1). slal1ar

atl_1.tory .ffect of 9-- irradiation and iMS on ;.1'IIl1natioft

ha•• ear11el' been "port.~ by Va41••1u (1919) tn ••0;61 gr••

aft! Heoju U 981) In bor•• or... III the ca•• of~

lrradlation, DO atrlk1DIJ r.lat lon.hlp i. ob••rt'abl. 1ft the

Percent-••• of .......tlO1l aad 1ft the tic.... This is not

true with refennce to DIS wher.ln the Percentaq. of qend.nation

1••••n to be proportlonetely d.or...11'11\J with the 1ncreelin;

concentration. of the chea1cel. 'fhi. 18 further substantiated

by the .an tl_ teba for gera1natloa by the .eeel. 1n the

r ••pect1.. treat_.s. Aa til the ca•• of percentao.. of

qeras.natlon, tbe ....n tta. taken by ....& for 9~1:'8l1natian

in tb4t ••ri.. tre.t_Qte of 0-" ray. doea not a?PNr any

bearing with do... aow..er, BMS q1.,••• e1ffereM ?icture

in tnt. reoel'd. The tl.. taken bf ....s for qel'latnat1on

18 found to be proportlcnetely lDcree.lag with lncr..~1n;

doae. of the l8uteven (.ide rI9.1). In other wocd. the loweEt

coocentrat10Jl of IMS· via., 0 •• 18 ...a to bav. reqlflt.ered

• v....nat1on perc:9nta. of 96.3 with the _an period for

gee-1net1on be1ng 10.81 hour••• coaP8&'~ to the h1pe.t

concent.nt1OD of iMf.. of 0.'" with. oerminatlOil percentave

of 71.5 end a -.aD Qeriod of Qera1nat.iOD of 2. hour•• 5.....

treat'" witb 9-- rey. 81'e observed to talee a _ch hl0her

tt. interYel for gel'll1natlon a. cCIII~red to thotle treated
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with ••rious COf4CentratioD8 of ao:.;. 'J'blli 1& becau•• of the

dry _ture of Il.....e treat@(! with 9-- rap un11ke 1n the

ce•• of BMS in which ca•• , the Ned. ba•• been eoaJce(' in

v~r1ou. eonc:entntioDe of the acquou••olution of the ene.teal.

aesultE of field trial on tbe effecta of sutageft8

on gera1n&lt1on of ••..s. an in a9re.ment of thO•• c:o~uct.d

1n the labor<>.tory, except In the fact that the treetaent

.ffects both urXler 9-'" irradiation and D1S are ••en to be

s1(Jnifleent with reference to tlw geralnat10D ~rcenteg...

Ab••nce of any linearity 1n the genl1netlon value. req1.tered.

in the various tre&t_nte with "ference to dOlle" of v.­
irradiation, sligbt incr.... over t'be control 1n the oeraa1nation

value of the 1(1\0<'. doee6i of ga... irradiation, a pro~rtlonet.•

reduction in the 9erUr;etiora percentag•• obtai~ 1n tbe

variou. tr-.t_nt" of EMS .lon.~ with the incr...ift9 concentra­

tion of the cb9JUcal etc. obtained in the flelt! eXPeri_ntr;

of the pr...nt 11lftetigat1on support end "treDtJt~n the

tr.nda obte1Ded 1n the a boratory studte.. aow•••r, the

tDtS treated -...sa .... founc1 to Uq • 10098r time interval a.

OOIIperec' to the 9a.. ray tr..tett .eede for attainiD; _xl..

Qe..lB1nat1on III the field. 'fbi. ob••rvation 1& coatrary to

tM results of the l.aboratory studt... It. A ••ODtible explanation

of. the .... tI~naf1 furth41r det6.1lecS 1nve.tlget1on. It .leo

ob••rved that ••ed. tre~t" ,,1th ._ r<1iya .ftC 8H6 MV.
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a-"1.~_" a 1...1" qePl1natlon val.. 1ft tbe field ¥bell

coapar" to tbe ••• ill tbe laboPtory. ,.bia i. per'ha.­

becewae of the 16_1 conditiou lor gel"ll1natiOft in the

laboratory 1Jl COIlpadeoD vi~b tbe .a. in the field.

-.xt to qe.-s.natioll, t'be _'898D8 ar:e lilee1,. to

have ... f.vo~able or uafavou.rabl. eflecta OIl tbe aeedling••

Slfeat. of the autav•• , 9- rays aDd "5, OIl the

••ed1ing. have be€'lD .tudl., in tbe pr8••nt ca.. botb under

1abontory and fi.W cODdition... In botb the OIl••• th.

re.ulte in all ••••Dtial featur•••, .... with neb other.

It 1. t .... that the treataent effect. did not produce

sipif1CflDt difference. OD tbe Bw:vl.al percente"e of

",_liDQIl in tbe trial coac1uetec! \lader labontory 5ltuation.

liOweYer, the t ..end of the reeulta 'baa giV'In stC'OftQ i~icationa

that both the autaverte reduce aunlva1 :Percentagee of

••eClliaq. (vid. 1'19.1), th• ...suction 11'1 8urvl..1 vetlue.

be1ag proport.ional to tba iacr.... 11l tblt 40•• of the IlUtageft.

"he•• f1r.d1q. have been further lIupponed by the r ...1t.

of trial cCDduete4 in tba f1.ld iD Which eiQn1fie4'tnt

diff.r.ac8. cou1cl be GOtto" ill tbe HUJ:'V1val Percent,8Q••

a-q1stereC! by t ..eat_Ma 1llYolv1DQ dlfl.nr* do••s of 9­

irp(l1atlon alMl lIB. lotb the Rl\l~C:lg.n. MV. rec3uce<" the

,,,"lYel Pen:eftt• .,.&, tbe reClUftlon be1DCJ v1thiA the 1111l1t.

of accept.!»l. erro.." proportional ~o ~be 1nenee. 1n the

ct... of the ...gen (.1d. 119.2). '.the.. flM1ft;fi are in
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89"-- with the ....ll.r' ".POrtii of Shirabov an:! Shain

(1966) In h'encb beao aDd .oybeaD' JaraDOW&kl (1910) in

Pi•• lna.w, Louts aD! JC.a4.-'VlJMfIlunderaa (t913b) 10

COWPea, a._IN.., U~73) In black 91'018, "re.i~han1 aDC!

J(wur: (}976) In cowoea, JtrlehnasvallY .d. Al.. (1976) in

beft9<61 gr:aal KUlkaX'ni anc.' Sbl'¥f;sankar (1978) In hor•• Qrea

ICban (1981) In munvbean eftd HaaJu (1981) in bor•• ora••

othc than reducing the !!\ll'Vi.. l percentllQ. Of

••ed1ing , it i8 reasonable to ••81:841 that the Ia\Itaqene _1'

.xert their iDfluenee OD other Ol'OWth para..tar!?, of the

.e4ld11aq1'. A plant Is coapoa~ of tbt rootfi .s well ••

the .11001:8, the Incr:.... in leD9th of which a.peetelly in

the ....11' CjX'owtb pe..iOd ceD ••ry vell be eonsic'Jered ae tr:ue

lrw51ce. of !'l.nt 9rowtb. It is Oft tbis tt.c:qround tb8t

the .ffacts of the different dose£< of tb. m\ltageD8 on root

aD! eboot elonvatioos bav. bien studied Wlder laboretory

coDdlt ions In tbe pr••ent l_eetigation.. The result" point

t.o clear tn:'iiCfitl0ft8 that both the SlUt.qens, the fjJ6.-na rays

alld U6, suppr:ees root .a vell a. -boot elongation In red

<).1'•• with alJaOSt lt1entical effects (vide '19- 3. 4, 5, 6

aD! 7) _ It; 1. al.o further seen that 'the rate of l'uppre.s1on

In ca•• of both root and .hoot is directly ?J:oportilftal to

the iocr..,_. In (to•• ~ Oftly with reference to ...

irracUatlon but aleo with Sle. A .1111181' reduction In

.ee~11nq 9~b by va... irradiation and EMS bae previously
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FI(i- .... EFFECT OF EMS ON THE
RATE OF ROOT GROWTH.
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FI~·5. EFFECT OF GrAMMA RAYS ON THE

'RATE OF SHOOT GROWTH
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F/6j·G· EFFECT OP EMS ON THE

'RATE OF SHOOT GROWTH

I

G

Sca.le: Xa.:cto : 2c.n1. :::: Id...(j'
YO-X.IS : 3cII1. = I ern 811.00+ lenatk..

~/
,
~

o~
u

I

/
/

°1, I

f Io I

Z I
f- i

~ +~
>- i

~ I
- I
~ i
Q. i

L ~1
o I

I:r I

f-.
\5
Z
ttl
...] 2

I
:i

I I I
3 4- !)

~UMeEft OF ZJA'IS

/

./

!
,

I
I

/
I

I

,

-
I

'1
I

S'



--_.. -...-..------- .-- .-. _. --- .. _----------- ---------.=---1
__• - ---- SHOOT L.EN(ir~

- - ._- ._-,._.._.,---_.- -----_._.._--~---_._--_._. ._---

GAMMA RAYS EMS

Se.a.fe: Xo..X.IS: 2rc.m3 0 +ml reyce.l1t
Y<1.:lC./S : ~ (;m~.i.O pevee.nf

I
0-7

I

0-6

I
4-O~-44V'---1r--

00() o-:!

I

6°1
i
r

I

~
I

100~
\
\

~o~ ~\\
I '\
I \

~j \,
i

10~

Sca.le : Xo.XIS .' 2Cfn =:i.Okvo..cA
Ya.X.IS : 2,~h'l '" :i.O/,~en+

\
\\to

'0

-------..--- .DOSE IN kyo.d..------------·--·------· -- ..---------- ;POSE IN ml PE.R C81'JT .-.-----

FI~··t EFFECT OF t'1UTAGtENS ON THE 'ROOT AN:D SHOOT LENGtTHS.

1-----------.._-.--..



73

been nported by ".ntcbeako (1966), .... lOY .DC! Stepanova

(1961) 1ft Pee ualng 0-- ra,,- and by tl6res1ngbanl and

~r (1969) in COWPeA.

Th...boot-root ratio calculated on the ba"t. of

relative ;»rcentagee of root •• well a. shoot elol'l9atlon

ov.r their re'P!8ct1". CODtro16 bas ebown thet the ooses of

lO lu:-d and 50 'kra4 of 98_ ray. end 0 •• and 0."'" gM,S

he... eu~r••8ed root elODPtlon lIOn than ehOot elongation

.s 16 in.d1e-ted by the _onitud. of eboot./root rat10s ewer

one 1n the .bot's tr..tEDeftte. Aqain the doses 10, 10 ana

.0 'krads of we... irra~1at1on and 0 ••", O.~ and 0 •• of

&MS MYe shown tbeir ~fenr.tee 1n the eu~pre.8iOll of flboot

.longation ..~~ than root elongation, since the .h~/r~

l'atioe rtt91et.r~ &g&iD8t these treetlDeM5 have been found

to be 1••" than ODe. Howev.r,th••• firrlings will have to be

eupPOrte6 by further detailed lnveetlQations.

".ult. of ob••rYetlol18 on the .ffect of muta091W

on plant. growth umer field cemeltlolUr, meaEured 1n tena.

of plant hei9ht, are 89a1n 1n sUPpOrt of tho~e obte lnee 1n

the laboratory telit. 'rhe t .....t_a .ffeet,. in re",pect of

bfth the mutagelW 'hIY. brouqbt out 81go1.flcent differenc••

1n plant gI'OWt h .spr••8«1 in t.I."" of height of plant on

the 10th day. Both 9 c lBma Irradiat10n aad ~s are fOUM

to reduce olant hel9nt, the rate of reduction be:1D9 directly
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pro~ioDal to tbe inane•• in 450•• of the .\lt8gen (.ide

r19 .8) • This ill in a9l'_- with the results front 1M! (1971)

with reference to 9-- irradiation In case of ~D9al gl'a••

It 1. also observed that alOOlI9 the two ..tageM incl\1l!Jed ift

the pn.ent i ...e.t1get10n and a1&o within the tlose. trlet!,

DIS, 18 .eea to b. MOre effeetl.e 1ft reduclDC;1 plant beiqht

under fleld eo~itione. lIOW4tYer, this needs further conflr-

..tlO1la by conducting detalle«! eXPeri_nts.

A plant after 1ts growth pba•• enters into ltE

pr~uetl.. pbII.e when Iltructuns dlftatly or lndlrectly

CODnected '11th reprOductlon teu thelr 01'1910 Oft t.he plant..

AIaOftQ the vlirloua structure. conc.rned with rePrOduction ln

plaDt., androeclwa aDd CJY'ftOeclu. are conel45ered ••••••ntl.l

str1lCtur... It mlght be ':)Ga.lbl. that tbe lOta9.DB _1' bave

se.. actlon Oft the•• entltl•• elth.r directly or indlrectl.,

resultlft9 on • chaDcJe 1n the _..-1 f.rtility status of the

plaDt. In thle context studies aDdenaken Oft the effect of

autageu OIl pollen •• v.ll as .... fert111tl•• in the pr.s.nt

llW.lJtlgatlon bec_. _nln;ful.

R.eulta of 6tu41.6 on the effeat of IIlUtaqene on

pollen fertl1ity ba•• lft~lcated 81981fl088t treatment effects

ln nepeet of pollen fertl1ity percentave. wlth reference to

both p_ I'll'" .nd 1IMS. Both the .....D8 aft o'beeI'Yed to be

capable of re4uc::1DliJ polleD f.rtility, the rate of re(!uction



r~

I

EMS
Sc.oJe: Xo..X.IS : g,c.tn::. O·in".! P~y ~e.t\t

Y11.x.l S : 2J Ut\ = :i.li f e. yc.e.n f

70

51fi
I
I

1
I
I

-4<)i
i

RAYS
Sc.ak.: Xo.X.1S : Z,Cm. ~ :Loha.d.

Yo..X.IS: /!,c.m =:LopeYC~t

\ ,
\ ,

\

"

\

,

GtAMMA
10

90
w
~

~
Z
.Id

~15"
111
~

W
>
...
~80
(i

as-:+-~--"''''tV.,.----ri------,.i--~--...,j-----...,I,..-------.,t
(")'0 a·15 0,-1- 0'5" ~.~ 0'"

~o.s. IN ky~d. --~--_.----- ~---~~_._------ .I>osI;: IN h')1 PERC.ENT ------

FUn·a-. EFFCT OF MUTAGENS ON T~-1 E RATE OF Gt'ROWTH OF PLANTS.



75

be1n; directly proportioaal to the incre••• in do••• of the

.ut.gens (..id. '19.9). '.fbi. 11.' otl......erl to be the ee••

unifo_ly foC' botb 9-- ray••~ B~~. ~or.over it i6 aleo

eb••ned thilt w1tb.1n tbe liMits of ••cepteble error, trMS i8

••en to ba sao,..e .ffective in reducing pollen fertility in

colft,;mr1eon with 061Da ray.. Th1. inference 1~ drawn froll the

fact that w1thin the do•• ranq. of 98- pop anC! BMS inol~ed

in the Pre.ent study, re(!uetlon in fertility Percent.:.'q. of

pollen grain. is found to vary f~ 67.94 to S5.79 in ca.e

of V.... irradiation and 61.96 to 47.69 ineee. of EMS.

a.suite of studies on ••ed f.rtility obtained 1n

the pee••nt ca•• clearly IlUpport tho•• relatlnq to pollen

fenility. 80tb 0-- &'fly. aDlS s:MS ba...e reg1ater_ e1qn1flcl'lnt

treat_nt .ffectl!· on • ..., fertility. 80th t'be _tagan. 6re

aleo fcum to be reducing ••ed fertility, the r.te of C'ftduetion

beiDQ d1r~ctly proportional to increa•• in the doee of the

mutagens (vide '19.10). 'I'he hi9her efficiency of l'<H5 over

98- irradiation in r:e6ucio;pollen fertility le se.D to be

I80re cl.ear.l.y pronounced ta CBS. of aeed ferti lity.

'.tbull it is clearly seen that the mut~qen. hay.

similar .ffeeta in c~ngiDrJ the f.rtility of both the poll.n

and the .eed. This 1- ...11" understDnaabl. and i8 in

agre_art with ai_ple r'fl!!6IlOftino tbat pOllen 1s OM of t he two

••eentl&ll entiti•• involved 1n the formation of ...d. Af; pueh
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an., change .ffectiag polleD 1s likely to be ref leeter." in

the ...d •• vell.

The frequeDeY of chlorf$byll chiMrP.!8 ba. heen

oJ:)••"~ to be very low • .., bae been .pOtted only 1n stE

treated population••0 cbi_ric pl.n.t l'aE been reqif'te.nt4

11' the 96- ray tr••tec!l !lOP\llatlon. lfhl" i.e not in agree_at.

with the report of MaDJ1I (1981) 1n boree 9r~.. 'fbi£ t!lffer.nce

..y perhaps b. due to the l.im1t-" 81_ of the pooulation or

to the natuN of the _teri8l aUbJec:ted for the study In tbe

pr•••_ c..e. l1oveVer. th1. needs further confirmation by

subsequent "t~l.!t. S••n in the lDi.-Cll. treated 'OOpul.~t1on

chlorophyll cb1aer•• hay. been oo.erved to confine only to

the lower do.•• of 0 ••• 0.4" aDd 0.'''. Hone bae been

r_llaed In the higher do••• of 0 •• and o. "'. AQain the

frequency of chimeric plants i' found to h. ~.cr._slng _loDQ

with the 1 ncr...e 1n the concentration of BtE _ Ae for

e..-ple when sev.n chlmericplants have been IPOtted In

0•• c:oN:eMratlon of at.B. only four and two bave be.n •••n

tn 0."" an4 O.!J' concentration. real_ctivel,._ This 1.

1nc'uc"ttYe of tbe fact tbat under: conditions of _~r1.!!nt4tton

in the pZ'ea.nt ca•• lower do... of iH6 are id.,e 1 for brllt9tnv

_ CMDCJ8 or destruct 10n to the chlorophyll 1n tr. d••irtll!

le.el. 1t haa a1.0 been •••n thlst theC'. ere veri.tiena

in tbe IMture .DIS extent of patc'bAte. tbe•• variations being

8ucb •• to hev. DO do.e CJependance _ A unique plant Qb@erved



,

it

1n the treetatnt 1119'01Y1119 O.J" .olution of ....S aeeda 8ptclal

aentl00. ODe braach of tb1. J)leDt produced chlorophyll

cbt.ere8 wber••• other branches are DOnal. Thi. -I' perber­

_ due to the fact tb6t oa11 part of ths ."1'1'0 bal1 b..n

.ffected by the .utaven. the r ..t r_ln1ng noral. S1n\11ar

1nelc!ence haYe been report" by Swerup aDd Gl11 (1960) in

i'rencb beell' a••haDid.. ana Debe1.,1 (1910) eft(! Shifrin (1;;,72)

in PM. Gobel G. &1. (1970) 1ft cluater be.IU' and llenju (1981)

1n borse 91'•••

Different tyl;le8 of aorPholoq1cal abnorrswlltl•• bav.

h••n cau••Cl by mutagena. tn tb. pr•••nt caee. such IDOrPholo­

glea1 Yorlatlorut are s.en to be confined to only'" tnated

pol'Qlatloa. The chief --119 the diff_lteDt type. of ~rpholo­

91ce1 v&riatl·:>ftIl obli."~ in the 1;)l.'esent stUdy are d....rf

plante, plante with crlnJtl-' lea... , p16ntf1. with 8_11 narrow

leaflete with roUDd aPeX, pla.e with reduced eaaopy 8i...

plaata with ~rolon9ed ... vell •• reduced flover1D9 C5uratlon

.n4 plenta with 1••••1' ~r of flower. and pOd.. 'ailur.

1n the reCOYerr of such IDCIlI'pbolOQically different ty;,.>e8 in

the .... rey t ..ffilt.d population "1' orobebl.y b. due to the

1.1a1te4 sl•• of the pOPtllat1cm .nd aleo due to the nature

ot. the IIIBt.rial 1nv••tigated. In the Ebli treat4;td population

ftO dose dePendance 1" ••eD 1ft the realization of I'INtClnt.

with the above tyPe ot lIlorPbol~1ce1 tyoef:' of variation.

However, there ball been. predoad.DIlnce of such ty':Je8 apoeariaq
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ill the htfttber doa•• of B. ,,1a., O. "" and 0... A.ppearence

of each _rpbolOCJical .ariatlO1l8 1ft the H1 q...ratlon bae

been reported by Sjodin (1962) in !1S1l, A.a=1 and Goldin

(1965) 1nQ~ nat, ahir.~ aD! Shain (196') 1n pea ao4

~Dj. (1~81) 1D hor•• 9raa.

1'1'_ the forfJ90i~ cU.Boue.loa. it bee.-.II clear that

the tva altage., 9'1" ray. aM aMS vithin the dOt'. ran<Je

trlec! 1ft the prel'ent oe-8. are capable of elteriDIjJ ••4115

o_eMinatlOft, ••..,1:1.119 119u.rvl••1. sboOt •• vell a. root elonptioJ\,

f.rt1,Lity of pollen aDd • ...,. cblorophyll a. well a • ..,rpholo­

oleal abDoraalitl... r •• \l1~ID9 OD a vide.. aPeCtrlB of berlt~ble

"rut108 in the treated _teI:'1al. 'the ...ariabillt.y thua

ind'IICec! w111 offer btltter B.PI for the breede.. to •• lect. the

~.notype with t.he QlIlree5 COIIbi_tloa of characteri.t!"••



gumma.'llj
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11W••t19atloea OIl 'b. ·.1010;1_1 .ffect. of

••_ Rye and .. OIl the ~ 9.,,&"8t108 of nd g....

CCatllMI .'a. Lt.)· wen \1.,.rt._o 1n the D.P8I"tMnt of

AIIrlcult.\1l"d 1 Botany, Coll.,. of Hort1culture, V.1len11tltara

"ur1119 t.be pes"lad 1983-'85 • Pur. ..... of SA.1 'ftriety

of ncS 9.... vu_ .ubject" to fi•• d1ff.rent "0••• of 9a­

1rretJ1atlou (10 to 50 be") aD! f1•• doe•• of lIE (0•• to

0••) aDd tbe ~ 9..r.t108 wa. I"ataed aDd 8t;\dlec!.

0be....at1oDII OD aeees .....1JIatloll, ....lin; .....1..1, .boOt

a. vell a. root eloagat1orut, polleD anil seed f."111t1.. ,

ch1.-opbyll c~.... _rP!lolovical Yfl;&"lat1ou etc....

ncol'dee' froca tbe ." ve......tloa plallt. '1'be data so collect"

were aubj.cted to eUitable nati.tical a.1ye1.. 'l'he

leportcd at fi-'lUU.a.. • ...riMil below.

1. In tbe pntlUatnal"Y la",at01"Y te.t It 1. e_o

that Ca) 2 bow:' pr.soa1tlll9 of ..... i. •• .ffect I.,. •• 4 1\0\11"

.....oaltlDQ, (b) • boua- tr"t_at of &II> 40•• DOt dlff.r

at••lfieaatly f~ 8~ treat...t (0) .~ Q.~natiOft 1.

c'r••tlcally reduced fro- 91" to _ vb.n conceatratlCft of

IMS incne••• '&'OlD 0•• to 11' ana hU the !"l)SO for ••

i. O.7l'.
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2. atudtee Oft tbl .f'.- of _taoene Oft verat_tieD

of ..... ha"e .bawa tbat (a) t_ tr..t_nt .ffe<*a are not

a19n1flceAt eltber CD tbe geni_tion perc.Ma;. of • .., or

1a the tl_ teken for vent_tlon (1)) Lower do... of both the

aut.ge. a '1aulate, oull1.tion (c) DO doe. 4.PeDllenee Oft the

pel'c:eDtaqe o! ~.m1_tlon 1. 00••"-' in tbe ca". of V."

1.-red1atlOD whll. In the ••• of .. the plI&-OeDteoe of

verainatiODproportloaetely aecr..... '11th lncnar.ln; CODCen­

t ..atlODe of tbe cbela1cal. S.... tree'" wlth 9011 1 ray. take

a 10ftQer t1.. for veNiDation as caapared to thoa. tr..tec!

wlth BNS. Mo dOli. dePendaace 1. orb••"ed 1n the dee of

..... treete. w1th 9&- 1'8". ln tb. t1_ t .._n for vel'll1nat1on,

wile 10 tb. ca•• cd &Ie tbe tt.e t.'ken by ..... for

' In.tlO8 proportionately 1~..... w1th 1ncreasing doe••

of the .utao.a. a_\11ta of field tl'lal on the eff.ct. of

-*1l98D Oft ned Q.1'Ia1net10ft ba... rtlljJ1et.red slgnlf1e-nt

tnat....ffecta on oelSlnatiOft. 'l"be•• r.sult. perf~ly

.0.... vlth tho•• obtalne(! 1ft the laboratory trl4tla.

3. StucU.•• Oft thl .ffect of _taoene on I'Ul'Y1"Cil of

••edlll'11ll COM\ifted ln both labol'fttory and 11.1.(9 corr:=lltloM

his... &,891.t.r"" 1S1CJDlflclAIlt t ....t.nt .ffecte only 1n the

ca•• of ft.W tl'tale. 10 botll tn. ca.e. both 9 6-' ceJII .a'iI. ba". reC!UC*! the sun1Yal l)el'Cel*av. of .--'liftOff, tbe

rat. of r ....u~101l beiDQ proport10Dal to tncreaaiD; do••• of
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the ..taVeD 1n both the ca••1! UDder botb tbe sit_tiona ..

4. ae.ults of laboratory studt•• condUcted OD the

.ffect of aut.,"ft&. OD root aid ehoot .loJlf;6tlO1'l. ba•• showa

that Ca) both the GlUtaven. l!Iupp&"e.a &"edt ant' sboot elonqat1ona

with 1".ntlcal .flllata aftCt (b) eet. of aup:::>htl.ion le

directly nGPOrtlonel to iDC...... in c.'oses of both the .utaqol!ns.

5. ae.ulta of f1e14 .tadl•• conducted on the .ff.ct

of ..t..,.n. on plaat 9rowtb. .xpr•••'" ln terma of plant

h.iQbt on u. 30th /Jay ha.e prodQCtlC1 .1p1flca nt treat• .­

.ffecta. 80th v«ama hy. aDd ~ ba•• reduced plant height t

the rate of reduction belag directly proportional to increas.

1n ao••••

6. a..ult. of .tudl.. on the effect of ..t8980. on

pollen •• vell •••••6 f.~illty have ll'K!lc&ted 8i9niflcant

t ....t ....ffect. ill both. 8oth._ reilye .~ &MS ba.e

reduced poll.n aDd meed f.I't.t1it!.. The rst. of reduction

In the 1.l'tl11ty of poll.n aDd ...a hat: been ~lr.ctly

proportional to the lnc&'.... in clo... of both the rautaven••

~ the two altevent; •• i • .on .ffecti.e in reducln;

pollen and ••eet ,.n111tle••

7. ChloroPhYll ch1Dlena in ".rylow freqwlDCle.

'ba•• b..n obs.erved only in the as tr..ted populet:1on.



8. StrUt1D9 IIOrpbolO9t_l ftr1atto.. ob••J:Yed

1n the -1 veD.atton include dwarf plante, plants '11th

crlD'k,lec.' leave., tbotle with ••11 DU"row leeflet. with

rould apa, thoe. wlth red• ., ceDOPr elM, thoa. with

pl'OloDile4 a. '1.11 at: r.du~ f lower1nv durations alX! thO••

with 1••••r aWlber of flow.r8 aDB frulte. 'IM&. _rpbolo­

91cal vilrlatloa. an r.fttrlcted to INS treated population.
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SOU'CNt 1)410.... of &.01 ....n ...1_
f&-..s- equal"• .......

9._DD

• look • 289.41 96.47 8.21*·

~....tII.Dt I 120.91 24'.18 21.1S··.,..... 11 1'71.30 11.69

"ota1 21 1700.62...
B1__ S '4.25 24.15 0.9.&**
'tnat__ I 2121.11 424.11 1•• 1..••

brew 15 3M.61 26. SO

If••1 23 219.01

••

*. 81981f1caat at • left1



Appead1x II

ADal,.1. of ....,1al2O. table for the .ffect oJ ".ge"•
• tbe 8urv1.,.1 of planta Oft the 30th "y

(r1eld COD41t1on8)

-
SO\UCe nev"''' 01 Sua of Mea11 ., ••1ue

f...-a- -qu"•• aq-n.... ... n ••

IA_UD

Block 3 t1S.11 61.70 5.49·*

TreatJDeDt 5 1230.24 246.05 21.91*·

8rr_ 15 168.46 11.23

Total 33 lS13.84..
Block 3 193 ..6' 64 .. 23 1.91

!'r••tMDt 5 2112.61 5".25 16.1'··

lir~
,. 503 ••5 33.56......

Total 23 3408."



"""'111 III

AllalJ'llI. O•••I''''~ t.b1e for the .'fect of 1INt.9....
on not gaowth (Lebo"t-.y ~ltlOfta)

-
Source IJeql'''' •• Sua of Ke&a:. , ...al_

I~Md_ aquar•• aqua,..

Of... 'ip

• lock ) 0.14 ••1' 0.28

lfrea~-'=
, 102.2. 20.45 120.)'··

&1'&-01' 15 Z.S5 0.17

"otel 23 104.11...
Blook 3 0.49 c. '1 2.9

'rl'''tllent 5 11.05 10.a1 176.4)*·

£r.... 15 0.87 5.6

Total 23 52.41

•• SlQDlflc..t at 1" leY.l



Appe....... 1'9

Aeal,eie 01 ft~ia_ ,.tal. I. tlw .Ifeet of laUta.,..
_ .hoot poowtb (x.......tory eendit:10.. )



A.....1s.

Allalyal. of .ariance ••b14 .OC' the .ff~ of •••9-"
Oft p14aDt el'OWtb ad.r fl.14 C!01'ldlt 10'"

SOUE'Ctt
Degre.. of 8_ of "aD ., y~l_
ffted_ aq_ru square

Qt• •DD

810011 3 )7.12 12.51 5.01

Tr_t-.Ilt 5 .9.62 111.8S 68.86··

&&,.-0" 15 31 ••• 2 ••9

'rota1 23 91••19

....
a lock 3 a....9 9."9 1.04

"net..- 5 1615.1' 327.16 35.92··

-...... 15 136.62 9.11

'rote 1 23 1800.19



AppentU.. YJ

ItoDaly.ia of ••rlanee t&bl. t .. the • .ft•• of -.tAge.
OD polleD fertility

-.

Source 1)""_ of S. eI ....D 'I .~l_

'"ell. ....... .quanta

Cit.. DD

8 lock J 22.39 7.46 1.39

'f.-.at_. I 755.05 151.01 28.25"·

&r"r IS 80.17 S.M

'.tottill 21 .7.11

....
Block J 5.51 1•• 1.19

'l'ntatllent 5 1441.59 289.12 186.29

.rror 15 23.28 1.15

trota 1 23 1474.4.



Anal,.,.. 0' "1'1... 'altl. tOI' the "f.at of .aa,..
OD ••., 'enlilt,.

•• Si9Uflceat at "" ~.l



BIOLOGICAL EFFECTS OF GAMMA RAYS

AND EMS IN THE MI GENERATION

By

JAYANTHI, s.

ABSTRACT OF THE THESIS

suomJtted In partial fulftlmem of

the req ulremem for the degree of

fflaster of ~cien(e in ~gri(ulture

Facult} of Agriculture

Kerala AgrIcultural Ur.l verSH\'

Department of AgnculturaJ Botany

COLLEGE OF HORfJCULTURE

VeIJanikkara . Trichur
Kerala IndIa

J 986



'lhe .'.U." ...port_ ...e1D were ena1ten AD tbe

nepan-Ilt oj A9..1C\llt~1 .otany, Coli of IIonleultun,

Vellaa11tlcara dulnq tbe p8lriod 1183- 185.

aeeels Of SA-l ....tet, of ref.! 9.... (Gat-•• ,,'.D L.)

wen suJected to tAd.oed auta.._••1. uiDQ' f1._ d.e. of

9." ...,. ClO. 20. 10••0 _Dd 50 )[Nt!) _., fiv. l'Jo••• 0'
&MS (0•• , 0."-, 0••, 0•• and 0."') .Dd their biolcqlcel

effecta OD tbe ~ 9_.retioa wen st.,1*'.

1a the preUII1DeQ la"'atol:')' t ••t lt va_ feua&' tbat

tbe two n ..081tlDg tl._ .1z. , 2 boars aDd • hour. tlld not

dill... e1QDUic:actl,. Saza 15&. tblt c... with tbe t:t'O

d._t.a.ODIi of cbea1Ctil t ....t • .,.,t. Y1e., 6 houn aDd • howe.

'I'be ~b&'1t. concentrat1oDa of the cbelliceil "la., 0•• , 0.'"

and • tr1ed 4i4 Cllffer e1QD1flc.nt 1)". '1'118 LJ)SO ya 1'1. _a

obt_iDeo •• a.bIt.

r..owe.. (Joe.. of both v.- 1"6'" aDd BJE .t1_leted

• ..., gel'181aetloD. .0 c!o•• dependance on tbe Pel"centaCje of

gen1nat1oD we. DO\1ced in the ce•• of ..... lr.r"'''l1atloD

"Ail. in t.be (I••• ot atai, " ..Ma1net101l P!lrc8mage jX'oPGl"tl<..t.ly

deane.eel witb tQcclwu;1n; CODCel1'tht1ona of the cbell1cel.

Cia.. 1".:'1 trecte8 ••~. t<xlJc lOD;;er t.1.. for Qersalnattoo

cc.pared to tbo•• tl'eCit«J with IMS.



••~U«101l va. oM...., 111 the ..."1..1 'PeE'ceata..

of ...c!l1Dge w1th lDCJ:'.... ln do... of 9- r • .,. ......

:Root leD;Jth, .boOt leWiJtb aad pleat. bel<iht .ere

..educed by ,_ ...,.. • .., ••, the ..a~. of ndu«1OD bel...

4t"ctly proport10nal to tbe ....r .... 1ft dOlI•••

9011•• aDd -eed fert111t1•• deorea• .a 11Qeorly with

........ 1n 4oe•• of both 9&- ray. .m' JIMS. -ClIIV the two

_at_,ena, !MS vaallOe- .ff.otl•• ta reduclA9 polleD and ......

'."tlttt•••

Chloropbyll chimeR& , 1•••IT low IreqU8ncl•• were

ob••rve4 0Il1y 1D the &Nfl tl'-.ted popalatl0A. MoC'PbOloqlce 1

" • .,1atloNJ DOt1ced iDelud~ elwer. pla.a, pl4iats w1th criDkI"

La.y.a, tho.. witb l'tt6uctld caMPI 81.., t.bo•• witb ~roloaq_

•• vell a. re<h,eetj floweriag "","tiona, t.ho•• witb 1......

D'WIb_ of 'lov.l'tl aAd fruita. ,,-.- ...Pbologlcal .er1ationa

w.re re.trioted to 1t;4S tr_ted populatiou.
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