BIOLOGICAL EFFECTS OF GAMMA RAYS
AND EMS IN THE M, GENERAT|ON,
OF RED GRAM (Cajanus cajan L.)

By

JAYANTHI, S.

THESIS

submitted in partial fulfilment of

the requirement for the degree of

Magter of Science in Agriculture

Faculty of Agriculture

Kerala Agricultural University

Department of Agricultural Botany
COLLEGE OF HORTICULTURE
Vellanikkara - Trichur

Kerala - India

1986



1§ 4

I hewedy declare tat this thesis emtitlied
"Blolegiesl effects of gemma roys and 55 ia the N,
gensretien of rod gren (Calnnns sAial L.)" s e
bonafide reeerd of resesreh work dome by me during the
eourse of resesreh work and thet the thesis has met
peeviously formed the baszis for the swerd to me of any
degree, diplema, sssccisteship, fellewship er ether
similap title of any other Uaiversity or Seciety.

Vellaaikiage, - SATANTEI, 8.
21-12-1968, .



114

CERTIFICATS

Cartified that this thesis entitled
*Biologieel effects of gamma reys and BNS in the N,
generation of red grsm (Gajanms saian L.)" 15 a
reoord of reseirch werk dome independently by
Smt. Jsyanthi. 8., under my guifence and supsrvisioa
and shat it has not previcusly formed the basis for the
avard of sny degrees, fellowship or associateship to herx.

Dr. K.M. Bsgeysnan Namboediri,
Professor & Nead, ’

Vellanikkara, mﬂ.d Agricultural
otany
31“‘"‘“"':'”“‘ Ceollege of lo;tieultm.

VYellaniXkkage.



iv
CIRTIVICAER

Ve, the undersigned, wenbers of the Advisory
Ceamnittee of Smt. Jayunthi. 8., & oandidate for the
degree of Master of Science in Agriculture with major
in Agricultural Botany, agree that the thesis emtitled
“Sicologiesl efifects of gamma reays and B in the lll
generation of red gram (Catagms s ial L.)" mey be submitted
by Sat. Jayeathi. 8., in partial fulfilment of the
sequirements for the degres.

Chaizmen: 440#:’% ‘}«/(Lzﬂé -

De. K., Nareyanan Nemboodiri

Neunbers s

\Qad. St

Szi. N, Remachandran Nair




My greatest persomsl indebtedness and Seep sense
of gratituie are due to Dr. XK., Neraysran Nenboodiri,
Professor and Nead, Depurtment of Agricultursl Botany.
College of Negtiguiture, Vellasnikkare for his direction and
valushle guidance at every phise of plamning and exeoution
of this research werk for the theeis. |

1 sk extzemely thankiul to the mgwmbers of my advisory
committee vis., Sri. N. Remsghnirsa Nair, Associste Professer,
Communication Centre, Nanmuthy; Dr. M. Arsvindskshen,

Diresctor, Centre for Tree Crops and Bwwirommental Nerticulture
and Dr. P.A. Wahid, Professor, Radio Trecer lLaboratoxy, for
their help and guidance during the course of the investigatioa.

Sinesre thasks are also due to all members of staff
of the Depertment of Agrigultural Statistics, College of
Horticulture, Vellaniikare for helping me 10 the statistical
analysis of th, data.

I wish to geeerd my m to Sri. V.K. Raju,
Assistant Professor, Depasts _,f{fﬂ lexteuiture, College of
Noxticulture, Vellanikiuze for all his help in the preparstion
of the nhot‘ocram.




I would 1iks to exprees My deep aporesistion to
sll the meubers of staff of the Departmeat of Agricultume)l
Botany and gll my friends for their whole hearted
co-gpasetion and assistance at vericus stages of this
fnvestigation.

Ny thaaks are also due to 8zi, V,.P, Ascken feor
having typed this thesis nestly ia time.

The avaxd of Research Pellowship by the Kevala
Agricultural University is gretefully askaovledgeé.

On a persomsl nete, I wish t0 place on recoed,
my whole hearted gratitude to my payents and relatives for
their affection, enthusiastic support and encouregemsnt
poured threughout the stwiy peried.

Abeve all, I bow my head before 000 Almighty whe
‘blessed ms with lots of health, genfidence and luck to
eomplete my M.5¢. (Ag.) programme sugcessfully.

%# oy T4
Vellanikkara, ‘

JATANTEIL, 8,
214=13.~-1908.



X.

9

 $ 2 &

v.

vi.

vit

IMRCUCTIN

ANVIEN CF LITERATURE

NATSAIALE AND METRDS

SWEARY

[ B J

e

s

S - 23
-

Q-7

7 - 02

i xix



widi

Takls Ne.

10
13
12

13
14

Btfect of prescaking of seeds, eoncentrstion of
ERE and duretion of treatnent en germination of
seols (prelimimary laboretery test)

AROUVA table of pre laberatory test of
2x3x2CRd (Pseterial igm)

Rffeet of mutagens on the totsl seed germimetion
(laboretory comdfitions)

Bffect of mutagens on the percentage of totsl seed
germimation (Field conditions)

Bffeet of mutagens on gexmination percentage with
respest to the contyrel en the 13¢h day
(rield cenditions)

sffect of matagens on humber of seedlings survived
(Leboretory conditicns)

Effect of 2o en the survivel of plants
{4 %) n_ma day (Leberstory comditions)

Sffect of mtagens ot the survivsl of plants on
the 30th Say (Field comiitions)

Bffect of mutagens on root eloangetion ia om.
(laborstory conditions)

Rifect of mutsgens sn shoot elongation in em.
(Llebeystory conditions)

Bffect of mutagens en plamt growth under laborstoxy
conditions

Bffect of mutagens on plant growth under field
comditions ,

uz-&a of mutagens on pellen fertility
Bffect of mutagens on seed fertility



»

® -w &

10

LIST OF PIGURES

Bffect of mutagens on the germimation, periocd
for germimation and survival.

Rffect of matagens on survival of plants on
the 30th deay.

Bffect of gamma rays on the ﬂt‘ﬂtcﬂm.\
Effect of M8 on the yete of root growth.

Rffect of gamma rays on the rete of shoot growth,
Bffect of BIE on the rste 0f shoot growth,

Bffect of mutagers on the root end shoot lengths.
Rffect of mutsgens on the rate of growth of plants.
RBffect of mutagens on pellen fertility.

Effect of mutagens on seed fertility.



LIAT OF FPLATSS

1. Different types of chlorophyll chimerss in the
», generation,

Iz. Pwarf matants spotted in tle lll getwration.

21X, Norpholegical variaticns with respect to leaves
in the ux generstiona.

v. Plasts with small round apexed lesves cbssrved
in thw "1 geomsration.



gnttooézcz‘[on




IIERCUCT IOM

It has long deen Enown that induced mmtations
could be useful for the solution of specific preblenwe
where more conveationsl metheds were insuffictient. Recent
experisnuce and indeed sutcess in plamt breefing lave
clearly shown thet mastering of mmtation hreeding
techniques may become crucial o fusrther sugoess ia the
breeding of many crop species. '

One of the m jor objectives of plant breeding is
mxinisetion of crop production. It sims st an everslil
quantitetive and gquulitative improvement of crep wvarieties.
In this process, breeding beheviour of individwal crep
with its isherest genetic strusture decides the realisstion
of the hreeder‘'s objective. The extent of matuzal
varfability, 4£f low, limite the seepe of grop imprevensst
by the coiwentionsl breeding techniques. In this yespeet.
mutation as & means of artificislly eresting variability
comes to the aid of plant breeders. It esn be an altermtive,
complementary or unique solution in erep improvement.
Mutstion induetion 48 s resl and proven way to creste
varistion within & oreop veriety and artificgial muagenesis
ofters a peossibility for induction of desired attributes.
However, it should not be the end ¢f a plant dresder's



efforts. Such artificial induction of variability cenm
sexve 88 the basis for further improvement and evolution

of new warieties.

The discovery of eahancing the mutation frequency
through mutation trestments ia Drosoohila Eslancaaster
by Muller (1927) fellowed by the demonstretion of the
effectivensss of radiation in grop plants like msise and
barley by Stadler (1928) led meny plent scientists to
adopt mutagenssis in crop improvemest efforts. Since then,
repid sdvangemsmts have resulted in the identificstion
of a wide array of potent chemicel mutagens having mon-
random effect and in the development of effective treatment
techniques to make most of the induced mutations to find
phenotypic expression. lonising radiations like X-reys,
gamma rays and fast neutgyoms still remsin the mest potent
tools for inducing variahbility. Among the chemiosl
mutagens tested widely, cthyl niethene sulphorate (EMS)
seelis tO possess many peeperties favourable to high
mateagenic effectiveness 8s well as high mutagenic efficiency.
Both physical and chemigal mmtagens are found to induce
morphologicel and physiclogical effects such as reduwced
germination, lethality, seedling injury and sterility in
the N; generstioa.



Pulses ss & group are considsred one of the most
important source of proteinm to humen nutrition. The breefing
Programmes undertaken in Imdism pulses are far less, with
the result the genetic variability in these crops has not
been fully utiliged. One of the main reasons for the
stagnstion in pulse production is our country is the non-
avatlability of suitasble verieties possessing high yield
potentisl both in terms of grsin yield amd protein content ae
well ae esrliness and synchronised flowering. The varieties
now cultivated often exhibit laek of one or more of these
important attributes. Further, netursl wveriability in the
germplasm is founc to be a limitiag factor to evolve
verieties of cuperior performence. Therefore., induction of
mutation often becdmes sn aumillargy source to create more
varistione that gan be utiliged in tie improvement programme
of pulse crops.

Red grem is 2n fimportant pulse crop of peninsulsap
India arnd among the various pulse crops, this is ons of the
most important ones from the poiat of view of per capita
consumption. In Infdis it ocgcupies 2.5 miliicn hectarxes
yielding 1.8 million tomnes of grein and is the second
impertent grain legume. Under the high risk, lov mamgement
snd subsistence semi-ariéd farming mim. pigeon pea is a
widely preferred grsin legume imtercrop component due to its



bardiness snd slow eerly growth. Present yield level,
which is very low, could marginally be improved and
stabiliged through better crop management. Increasing
productivity to make the crop suitable for commercisl
cultivation §s the matter of primery importance inm pigeon
pea breeding. Long period of growth snd maturity of some
of the existing cultivers limit breeding work to one
generation per year. Motosensitivity of the varieties
is another sspect which require immediate attention. 1In
order to overcome these Prodblems, the plant must be
restructured both morphologically and physiologicslly.
Mutstios breeding has the recognised potentisl to bring
sbout novel chenges in plast structure and productivity,

Hence the present work wes undgrtaken to fulfil
the following ohjectives:

1. 70 investigate the direct effects produced
by gamma rays and BNS on red gyem.

d. To study the effecte of different doses Of
gamma xaye snd EMS in the .1 gengration.
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REVIEN OF LITERAZIRE

In the foliowing review, the mutation studies
carried out have besn restricted tO pulses with special
reference to red grem.

Bthyl msthane sulphonste (RNS) s one of the most
videly wsed chemicnl mutagens in grop improvemsnt today.
Nany variables are involved in the imtersction betvween
the chemicsl and the cellis of the ehbryo. Two importamt
varisbles that should receive attention are the presosking
period and the durstion of post washing after seeld tredtmant.
Prescaking of seeds in water permits better control of the
rate of penmetration of the mwtagen while postwashing
snables the wﬂﬁ the remsining mutagen in the seed
tissues and the hydrsulitic products which ﬁy be toxie

(Ronwak gt al.. 1973).

Sivasubremeniasn (1578) in groundnut noticed
that presocaking would lsad to gradual reduction in germi-
nation percentags with the ineretsing hours of presoaking.
The effect of prescaking was moge severe in the higher



concentration of 60 sl vhich esused & drastic reductioa
in survival count mm to the comtrol and other
concentretions. Shatmsgsr g& al. (1982) in gram
sdministreted the EMS doses in two durations (6 and 24
hours) of treatment, £0llowed by prescaking for four hours
in 4istilled water. The trestment of 34 hours durstion
proved lethal to germination. In 6 hours treatment the
dose effect was obssrved where the germinstion percentage
wvas much higher in lower concentration. Zakri gt al.
{1982) prescaked the soybean seede for varying periods of
0, 6, 12 and 24 hours, tredted with 0.2% EMB for 3 hours.
Agcording to tham sfficiency was sthanced with increasing
pericds of presosking. This was evident when plamt injury
and gterility were taken as the criteria for biological
damsge. MNowever when lethality was considered, a
prescaking period weas not necessary for efficliency to ke
incressed.

Wﬁm

Both physicel and chemicel mutagens affect the
normal biclogical opganigation of an orgsnism and this
it expressed in differemt ways. These eoffscts seen in
the K, gemsration cen be cutegorised as effects on (1)
germination (i) eurviwel (114) growth (iv) fertiliey



(v) chlorophyll chimeres and (¥i) other morprhological and
developmental abnormslities.

(1) Garmination of saads

Sohancement of mutagen 4coses resulted in gradual
reduction in germipation percentage as observed by
Willensiekx (1965) 4in pees using geams reys and BMS; in field
beans Shirshov and Shain (1966) following gamme irrediation;
by Sidorova g% al. 18 pes using gamme raysy in phaseoclus
by Bajaj snd Saetler (1970) following gemma ray trestmemt
and by Al{Xhen gt u (1573) 1im Catanus saian with gemms
rays and EMS, Dahiys (1973) reported that among the differemt
gamns fadistion trestments, 30 and 70 krad decressed
germinstion of the trested mungbean seeds. e slso found o
that the grop was relatively resistant to resdiation
treatments and 8 dose as high as 70 krad could be given
wvithout drastic effect on the visbility of seeds. Louis
and Kadsmbavanasundagem (1973e) gould motice complete
lethality beyond 60 kxrad and the ID” was at 40 Xkrad.
Studies of Rejssekhazan (1973) in 4ry seeds of black gram
(Yigp: munge (L.) Hepper) with gamms rays showed that the
mu for germination was between 110 and 115 krad,
Ramaswvamy (1373) {a Co.l blagk gram studied the effects of
gammsa rays, fast neutrous, SN&, MNE and DES end he noticed



that germination wvas not sffected in any of the trestments
under controlled conditions, while under field conditiors

it was drastically reduced at highar doses. Similar results
weres also noticed under field conditions by Srivastavs gt al.
(1973) im bengsl gram wsing ENS and by Mobanasundarem (1974)
in red gram following gamms rey and EME treatments.

Mujeedb (1974) in bengal gram veriety chhola
revealed that gamma irrediation with 40 krad and above
reduced the germination. ‘W (1978) in cowpes
noticed a3 negative relationship betveen gamms rey doses and
germination perxcentege and the !D“ was found to lie between
€0 and 50 kred. In Phaseplis Ynleawsis. Rubaiheye (1975)
reported that ﬂtiz 4dryseeds were treated with gemms ray
doses of 0 - 21 kred, germinstion percentige was significently
reduced by the 21 krsd dose vhile other trestments indiceted
no significemt difference from the comtrol. In redgrem a
gradual reduction in germimmtion with incressing doses of
gemme rays and BNS was observed by Nadarsjan (1976),
Sivaswamy (1976) and Srinivasen (1:77). Kulkarni and
Ehivasankay (1978) studied the effects of gamas rsys
(S to 25 krad and ENS 0.6 ~ 1.5%) 4in horse grem and obsegrved
that the effect of employed doses of GANMA rays was Dot
drestic. Venksteswaralu gt al. (1978) noticed that germimetion



of the X, was severely reduced at higher Coves (30 and
40 krad) of gamme rasys 48 two red grem varieties.

Studies of Vadivelu (1979) inm bengel gram showed
that gemam rays to pPrestaked seeds resulted in higher
reduction in germination comparsd to dry seede. The LDy,
was found to lie between 40 and 30 krad for gamma rays end
SO and €0 mil for EMS. ¥When ¢ry sesds of six varietios esch
of cowpst and pigeonpea were treated with gimua reys
- (20-80 ¥A) & reduvetion in germimstion vas notiged in gll
cases by Chowdhury and Singh (1580). A progressive decresse
in gersinmstion with {neressing doses wes noticed by Subremenisn
(1980) in Yigpa following gemms ixradistion; Venketeswaralw
2t al. (1980) in pigecapes and by Khan (1981) in mungbesa
using gamma rays and EM8. MNaajw (1981) found that im horse
gran seelds trested with gamsa yays and 2M2 took mors time
for germination than the costrol. 5he also noticed that none
of the seels germinated following O0.73% and 0.9% ENS trestments.
In xed gram Premsariar ang Appedural (1981) cbtaimed the
Lbgo velues as 20 and 13 kred vhen gamma reys vas used and
30 and 40 mt vhen BMS was used. Al Rubseli an? Godward (1983)
abserved that in french bean (Phassclius milgaris) seeds
irradistsd with six different doses from 2.5 kred to 30 kred
gemms rays, germination was not sffectsd even by the highest
doss. Studfies of Balaravi (1983) in red grem with gamms rays
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zevealed that germinstion was low in all gesse ray treatments
and the irzediation effect was drastic at dose: adove 1% ER.
Chaturveds gt al. (1982) also seported that in red grem
germinetion was decreased comsidersbly with the enhancement

of redistion dose and congentretion of ME. LD, dose was
observed as 20-23 kred with geama reys ant 0.3 - 0.4% with mMs,

Thess mutagens were found to have & stimmlatory
effect on germinution rate in certein grops. Pressd and Das
(1273) found that when dormmnt seelds of six varieties of
JAthyEus astivus wers trected with gamms rey doses 10 to 350
kxad, germimstion wes not affected in five varieties while in
one variety germinstion vas incressed. With gamma izradiction
germioation in all trestasnts wes earlier snd the rete was
higher then in thw control as recorded by Khen & Heshim (1978)
in green qrem. Vadivelu (1979) in bengel grem reported that
gomm rays of 10, 20, 30 krad to 4ry seeds, 10 kred to
precoaked seeds and 10 mii concentration of EME induced
gezmination. In horse gram, Manju (1981} cbserved a higher
germination purcentsge in gamme ray treatments (10 kred to
30 krad) ané 0.13% RME compared to the control.

(44) gmcxvival of plants

Reduced survival at higher doses Oof gamma reys was
noted in field bean by Shirahov and Shain (1966). Teodoreudse
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(1966) moticed a decrense in survivel with gamme irrsdistiom
in French been snd sopbesn while 30 krad and above proved
lethal for Fhaseoliug. In seybesn 12 krad gave & survival

of only 0.3 per cent. Jagsnowski (1970) reported that when
dryseeds of Pisul AKYsAAs were irrsdisted with gammm rays
there vas & sharp fall in survivel rate shove 3% krad though
certain lines tolerated 30 krad. A preliminary study confucted
at IARI (1571) showed thst in pulses higher doses of gamm
raye resulted in sharp decline in surviwvel rate. 7The results
suggeated that 30 krad to 30 krad would be the optimum dese
for the pulses studied.

Alidhen gt al. (1973) studied the effect of physioel
and ghemical mutagens in two varieties of red gram and
ceported s gradual rdmtﬁ in survival with increasing doses
of mutegens. Louis and Kadembavenssuasaram (1973b) alse
reported the same effect in cowpes. Howgver, the reduction
vas significenkly lover oaly in the 40 and 30 krad trestments
and the Dy, was found to be around 40 krad. Stuiies of
Rajasexharen (1973) in éryseeds of black grem weing gamme rays
showed that the w,o for survival renged between 80 and 88
krad. A gradwal reduction in surviwel rate with ingcressing
doses of gomna rays and ENS was noticed by Remeswamy (1973)
in black gram and Nohamesundazsm (1974) im red gram.
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In gyamonsis 100 and 150 krad gamma ray trestments
were found to be lethal by Yesdhavae and Chowlhury (1974). Ia
cowpes plants, the iDg, for suzvival wvas found to lie
betveen 40 and 30 krad by Pelsnisveny (1973) wheress
Constantin gt al. (1976) motiged that in green house growm
populations of soybsan survival was umsffected by gamma
irradiation doses delow 70 krads. However in field it éecreased
with an inerease in dose of both gemms rays and B8, Similarly
proportionate reduction in survival yete with inarease in
dosss of physical and chemical mutagens haz been observed by
Hadarajan (1576) in wed gram, in covwpes by Narssinghani and
Xumar (297¢): Sivaswamy (1976) in red gram; Xrishmaswveny gt al.
(1977) in bengal gram; in red gram by Srinivasan (1977) and in
horse gram by Xulkarai and Shiva Seakar (1978). Krishnaswemy
a5 Al. (1977) else chsexved the LDy, for survivel as 100 kred
wvhen gamme Cays was used.

In pigecnpes Venksteswerslu gt al. (1978) studied
the effects of gaamma rays and notiged s drestic reduction
(about 60-78K) in survival at § kred. Irrsdiation with
10 kyed 4id not noticadbly weduce survival, but it wes very
poor at 30 and 40 krads. Brumner (1979) recommended that
doses resulting in 30% survival in the M, generation was most
effective in mutation breeding. Gamms ixrsdiation to presosked
bengsl grem seeds resulted iz higher reduetion in surviwl
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compared to dryseeds (Vadivelu, 1”9). & megeative relation-
ship between mutagen dese and survivel rste was also noticed
by Khan (1981) in mungbean and in horse gram by Manju (1981).
Premsarkar and Appedursi (1961) ia pigeonpes reported that
Dgg velues for survivel wese attained with 20 and 13 krad
when gamma rays wae used and 30 and 40 =i concentration when
BNS was uwsed. . Ia‘ the combimstion trestmente the half kill
dose for survival was resched even st the low dose combinetion
of $ krad ganma vay + 20 ait BNS., Vimod and Singh (1981)
cbserved when seeds of DPigeoRpes ewitivar T-11 vere irrsdisted
with 10, 18 and 20 kred gemms yays, survival of seedlings was
adversely affected Dy gammm irradiation, the same being quite
severe in 20 krad gamms rays. Only B9% of the seedlings
survived till maturity.

Balaravi (1982) notieed that survival of pigenpea
plants decxeased with incressing doses of gamme rays.
Chaturvedi gt al. (1982) also noticed the same trend in plamt
survival ia pigeonpea ané they found that the half kill
40se was between 230 and 13 krad with gamma reys and 0.2 to
0.3 with E)S, Krishnaswamy and Rathinam (1982) treated tea
varieties of green gram seeds after 12 hours of prevoaking
with 20, 40, 60 and 80 mit of 58 for 4 hours. After 10 days
no detezminant to survival was noticed upto 40 mit. At €0 mi,
survival was reduced ia sll the cultivers, th; oversll desrease



14

being 7.9%. Filippesti ané Depsce (1983) in Yigis fabe.
used twdoses of gamme veys (8 and 12 kred) and observed
that both the doses preduced survival rate below 50K.
The higher dose induced lewer servivel,

(111) Rlapt axowsh

Seedling growth was refuced by mutsgen trestments
as observed by Terstchenko (1964)7 Maslov and Stepanowve
(1967) in pes using gamma rays and by Merasinghani and Rumer
(1969) in ocowpea using EME. In a study conducted at IARI
(1571) it was moticed that in bengal gram the higher doses
of gamma yeys resulted in sharp decline in shoot growth.
However, the root growth 414 not show sny Jdose event relatioa-
ship wvhen compared to shoot growth. Ojoms and Chheda (1972)
also cbteined the ssme results in cowpea plants following
gamma irxradistion. Similerly s gredual reduction in seedling
height with incressing doses of mutsgens was noticed by
Feon and Im (1973) in soybean; in cowpea by Louis and
Ksdambavanasundaram (1973a) following gamms irradistion and
in bengsl grem by Srivastava gt al. (1973) waing BN8. In
green Gral gamma ray tretted plants were shorter thanm the
paremts and those treated with 60 kxred were the -m.ic.
(Sreerangaswveny gt al.. 1973)

By incressing mutagen doses seedling height reduced
proporticnately in red gram (Alikhan 2nd Veeraswamy. 19N
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and Nohanssundaren, 1974). Studies of Mujeed (1974) im
bengal gram variety chhels revesaled that gomma irrsdistion
with 40 krséd antt MW seedling growth while the
lower dcoses had stimulatory effect. A slight incresse ia
plant growth at lower doses and gradusl decresse with higher
doses of gemma Peys wes reported by Rubsihayo (1978) in
Ehasselns ynigaris end by Madarsjan (1976) in red grea.

M decresse in seedling height vith inersesse in d0se of gamm
rays was reported in dlack gram by Krishnaswasy gt al. (1977);
in pigeonpea by Venkateswarsliu gt a). (1978) and in Fhasselua
yulgazis an? Phaseclus limansis by Subrsmanian (1979). When
dryseeds of mangbesn wers exposed to varying doses of Ce%?
gamma riys ranging from 10 €o 40 krad, it wvas found that the
shoot was more radicsensitive then the root (Khean and Hashim,
1978). Vadivelu (1579) reported that in bengel grem the
reduction in seedling height on 30th day was proportionme
to the ingretse in ¢osage of gemma rsys., concentration of
8 and strength of eombimation., Reduction in baight at
msturity vas doss dependast. Gemms irrediation to presceled
seeds cﬁ combinstion trestments induged greater reduction
then gammm irrsdiation io dryseeds and B trestments.
Vindhiyavaramen (1979) also oktained the same results in
Yiona Sarima with regerd to seedling height. But he noticed
that the reduction ia radicle and plumule length was more
pronounced in BME treatmemts than in gamme rays.
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Venketesvaralu gt al. (1980) studied the effects
of gamma rays (5 to 40 krad) and B+ (0.02 to 0.06 =M) in
two rtreame of pigecnves and noticed that height was most
uffected at 30 and 40 kred of gemma rayr and 0.04 anéd 0.06 oM
gMs5. Khan (1981) 4in nungbean and Khamas and Maherchendani
(1981) in chickpes 2150 confined the result obtiined by many
saxrlier scientists {.e. seeldling height at maturity decreased
lineirly with incressing doses of mutegensz. Manju {1981)
noticed this cose~-plent height relstionship in all the cases
excopt in 20 Xraed gemma ray? end Q.03% EME treatment which
showad an increcse in height., She 2lso noticsd & severe plant
height reduction with EME trestment than with gamme rays.
In red grem Chaturvedi gt gl. (1932) also obt:inec the same
results end they obtiined ths wso dotage with resnect to
seedling height &% 20 %red and 0.2% - 0.3% respectively with

gemns ray and EMS trestowunte,

Krishnaswery end Rathinsx (1982) treste’ ten green
gram varieties with EM5 (20, 40, 60 and 80 mM) after 12 hours
of nersoaking for 4 houre and noticed that all cultivars were
tolerant to 20 mM concentration and not recorded any reduction
in height. Double that concentrstion proved reprecssive ¢to
two cultivare out of ten. Rao and Ran (1983) studied the
shyeiological veriabilities in black grem Sue to gamme
irradistion (10 to 60 krad) and observed that 20 krsd induced
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increzsed seodling growth while 60 kred reduced it. Plant
heligmt, number of noder and internodal length were found
to be favourably induced in the lower doses while in the
hichar doses marticularly in %0 and 60 krad there was a
reduction.

(iv) Eartility

Raduction {n fertility in N, nlants it a reliable
nsrameter for showing ths affsctivancas of mutagenic
treatment as racortad by Xivi (1662)., Pollen snd xeod fertility
wae reduced in oroportion to the dose of Jurmmas rays as
obrerved by Bankowska and Rymszza (1970} in Phasgolius vulgeris
and bv Kasorzyk (1970) 4in broad bean. Loulr and
Kadsmbavanseundaram (1973a) also ostaina® tins sume result in
cowraa ent also noticed the Lﬁso for wollen sterility as 28
krad. Rajasekxharan (1973) ravssled thet in bleck grem
viriety Pusa-l pollen fertility wa: maximus in the gamma
irradiated dopulution. in biasck grem variety Co.l gemma rays
induced high steriiity whiis the chemical mutageas induced
iow steri.ity (Remaswamy, i773). Vo Hung (31273) found thet
in ves, poilen fertiilty was reduced by 15 zad gamua reys.
in red grem Nohansgunderem {(1974) oLszexved a sudlan raduction
in polien ard zeed fertility due to incres:zing dozes of gamma
ray: and M5 while Adlixhén and Veeresamy (1974), Sivaswamy

{1574} ¢nd NHedarsjon (14768) reported a gruuual reduction,
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In green gram the decresse in seed fertility was more with
gemra rays a8 compared to IME (Pelaniswamy, 1975; Suresh,
197%).

Krishnsswamy at al. (1977) reported that in green
grem geed fertility was reduced to S0% in gamma ray trestment.
srinivegen (1977) in his studier with gemma roys, BMS and
their combination in red grom, observed the nollen and sead
stariiity increased markedly with increaxing dcse/concentrztion/
strength of combination. The combinstion treatments oroduced
less thin adcitive sffect on pollen and eeed steriiity in M,
generstion. Xhan and Hashim (1978) exnosed dry seeds of two
varietias of munghean {(G-65 and P5-16) to verying doses of
CO‘O gomre rays ranging from 10 to 40 kradé. They found thst
ssed fertility in the viriety G-65 showed stimulatory effect
at 25, 30 and 35 krad. The other variety P5-16 41d not chow
any response. In both the verieties dollien fertility decreased
with fncreasing doser of radiation. Kulkaerni and Shivsshankar
{(1978) revorted that in horse gram pollen fertility was SOX
at 25 krad gamma reyes end 73% st 1,5% 245 which has the
highest dose envlcyed in that study.

Venksteswaralu gt al. (1978) reported thst in
pigeonpes gamms irrediated populaticns chowed lower 20lien
fartility than the respective controls. Pollen fertility
decreased with the increasing doaser of gamma rsye. Similar



19

results were obtained by Vindhiyaverman in Vigna 2agips
(1979) Patimatasn and Heshim (1980) iu mothbean (Phassolus
aceontifolive) s in Yigoa by Subrsmanian (1980) and by

Khan (1981) 4n mungbean. The percentsge of dolien fertility
decreassd linmarly with increase in doses of games reys and
IM: except in 0.45% and 0.9 EMS tresstments which showed an
increase in fertility (Manju, 1981). The reduction was
greater with gamma raeye then with EMS trestment. Premsarkar
an¢ Appadured (1981) noticed that in red gram higher doses
reculted in lower mollen and seed fertility. The reduction
in fertility was much snhanced in the combined trestments.
Cheturvedi gt al. (1982) noticed the iDgq i reenect to ool en
fertility ss 20-25 Xred in g2mma ray treétmente and 0.2 to
0.3% in EMS trestments. Semolo and Misrs (1982) 4in Qreen
gram, Filipoetti snd Devace (1%83) in Yicie fuba have aleo
revorted a orogressive decresse in pollen fertility with

increste in dose of these mutagens,

(v} ghlegephvll chimeras

In legumer in the ul generaticn, after wmutagenic
trzatment with #M5, chloroochyil deficient svots were observed
by Blixt &nd Gelin (196%) and they found s close correletion
betveen leaf spotting and mutation rate. They advocuted
the use Of At as a criterion for seiscting in “1 generation

for nlante which would give higher yield of mutaztions in the
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K, generaticn. Baghanidse end Debelyi (1$70) ravortad that
in ves, selectiuvn of plants with chiorophyll free snots on
the lesves in the ul sfter treatment with chemicel mutagens
end gamms rays, incressed the vrobability of isclation of
mutents in the M . Gohel gt al. (1370) obrerveé two
chlorophyll deficiegnt nicnt: smony ul plants from the reeds

of Cyasopsls tetragonsloba treated with EME., Kiang and
Hallorsm (1975) observed no chlorophyll mutantz in the ",
generstion of soybean with ZkE trestment. They wers of the
opinion thet this ir to be sxpsctesd bescauss chlorophyll
mutinte are normelly recersive anéd woculd be expresszed only
through segregetion in the “2 and later generetions.
Marasinghani and Kuasr (1976) also could not soot chloropbyll
mutante in the Ky genevrstion of cowpea plants. Erunner (1979)
reported that vhen seeds of Vicia faba, Pilsum gativum and
Pharaplus yulgazrig were trested with 0.3 - 1IX BMS for 1 to 3
hours at 20°C following 8 to 16 hours presocsking followed

by 4 to 8 hour post tredtment washing, the nercentege of
chlorophyll and morpholoyical mutation in the “1 wae 52, 49
and 43% respectivaly. Manju (1981) obesrved chlorophyll
chimerzss in the NI generation of gamira rey and EMS troated
plants. The frequency of such chimeric plante was very low
and ths frequency was more with gamma reys than with ZiS
treatmente. Chaturvedi gt al. (1982) obsexved thet there

wes & progressive decresse in chloronhyll deficient plants
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and other morphwlogical abnormelities with the incresse in
dosage of mutagens and the mso valuez were 2% to 30 krad

in gamma rays and 0.3 to 0.4% 4n AMS., They slso cbeervad

thet all the trsatments procuced lese than 20% chlorovhyll
chimerass.

(vi) Morphologicel veristiopng

Irradicted plantes may show abnormslities in stems,
buwds, leavesn, branches, Zlowers and fruits. The tyoe of
rezonse dependz upon the duration of exrosure, ags snd
condition of the plint and environment curing and aftar
axpcaura. PMlanmtas with vigoprous growth wapre obtéined in field
been by Shirshov an’ Shein (1966) with gemza ray trzatments.
Srivastava gf al. (1973) noticed that by increasing EMS
concentrition from 0.135 to 0.37%% resulted in reduced number
of brznches in bergel gram. In black gram Rejasekharan (1573)
nctad & reduction in numbar of pode in the autagenic trsatmmnts
though 4t 444 not zhow any 40se relationehip. In mungbean
ac 2 rerult of gamse irrsdlation and EMS treatmant, Tikoo and
Jein (1974) obtiined nients with increased pod nunbesr ranging
from 100-.1%0 s compared with 25 ¢© 5% in controls. In green
grom furerh (1575) reportsd that the numier of brancher Der
plont incretsed over the control with the increace in dosage
of mutagans. Following a treatment with O0.74 Bx6 Nohsn (1980)
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in Phasecliuz yulgarcis observed 3 mutant with dark green

rough textured leaves with smell epilermal projection,
brittls steams and lesf petiols. Subramenian (1380) treatad
three specier of Yigpna reeds with 10, 20, 30 and 40 krad

of gamma rays and he noted that the leasf abnormelities were
found to be more in seedlings £from the treatment with higher
doses of gemrza reéye. The locstion of letsflets in ¥Yigope
acontifolis was very irregular ané in certain ceses only

one or two lesflets were observed in a lesf. A striking
morohological variation cobserved by Msnju (1%81) in horse grsm
was the presence of dwverf dlapte with higher doses of =xS8.,
But dwarf plamtes were not seen in gamma firraciated ul
pomlation. Leaf variations such as alterztion in the number,
sige and shape of lesaflets were noticed in the first formed,
socondary leafletz. There leaves licked one or twoe lateral
laaflets thereby aprearing ss bifoliate or unifoiiate leaves
inetezd of the normsl trifoliste lesf. Filivpetti and

Tensce (1983) noted that in Yigia faba B8 Xrad doss was mo:st
affective in oroducing vroad runge of morphological variants

althouch at low frequencies,
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NATZRIALS AND METHODE

The investigations reported herein on the
"biologicel effects Of gamma Tays and BME {in the ul
generstion of red grem (Coianus gafep L.)* were undertshen
in the lNepartment of Agricultural Boteny, College of
Horticulture, Vellanikkars during the period 1383-'85.

A. Mataxisls

Fure seeds of SA-1 variety of red gram obtzined
from the Director, “chool of Genetics, Tamil Nadu Agricul.

tural University, Coimbatore were made use of in the study.

Gamma jrradiation was done in the Co” gumna

chamber available at ths Radiotracer Lsboratory attached
to the College of Horticulture, Vellanikkara. The zource
hae & dose rate of 283 kR per hour.

The chemicel mutagen used was ethyl methane
sulphonate (ENS) having s molecular weight of 124.16.
The chemical has a specific gravity of 1,18 at 20° « It was
obtained from Sisco Resesarch Leboratories, Bombay.
B. Msthods

I. Mutagen txeatments
a) Gamme Airrsdiation: wWell drieé uniform seedes of SA-1

vaeriety of red grum with a moisture content of 10% were
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rorted out. Five samples of 400 sesds e2ch were irradisted
at five different doser of gemms raye vig., 10, 20, 30, 40
and 50 krads.

b) Chemical treptmentss- In order to find out the

ontimum durstion of prescsking of seeds, concsntration of
the chemiczl and duration of treatament, a nreliminary laboratory

teat way conducted as detailed below.

Two dureticns of presceXing viz., 2 hours and 4
hours were tried with thres concentrations of the chemicsl
vig., 0.5%, 0.75% and 1.0% at two curastione of treatment vix.,
6 hours and 8 hours. Thu: altcgether there were twelve

treatment combinstio-ng as listed below.

1. 2 hourrs of nresosking with 0.5% 249 and 6 hour: of tresatment.

2. " » 8 hours .
3. - 0.75%2ZMS and 6 hours .
4. * " 8 hours w.
S. " 1% BMS and 6 houre "
6. . “ 8 hours .
7. 4 hours “ 0.5% EMS and 6 hours -
8. . “ 8 hours .
9. » 0.75% B3 and 6 hours .
10. " " 8 hours “
11. . i» EMS and 6 hours “

12. . - 8 hours “



Fifty uniform siged air dried szeeds were treaated
as per the echedulg given above with two replicetions.
After the trestment, the seedr were washed thoroughly with
water for an hour to remove the trices of the chemicsl from
the reeds. Geeds were then kept in petridirhes lin»d with
moist filter paper for testing their germinability at room
temnerature. Germinetion counts were taken daily for 10 days
and the percentages of germination were worked out. These
values of germination were then traneformed into angular
sines and statisztically analysed to £ind out the significance
of the difference between the treutments, From the results
obtained, the LDy, (The dose which gave 50% and above
mortality) was found out by employing the metho? of orobit
analysis. Based on the reculte thus obtizined, five dores of
the chemical at regular intervals with wso as the highest
dose were fixed ae 0.3%, 0.4%, 0.5%, O.6% and O.7% for
further trials.

Uniform eized seeds of 8A-] varisty were carefully
selected. Six samrles of 280 se2ds each were counted znd
presoaked for 2 hours and were trested with five Aifferent
concentratione of EMS wiz., O.3%, O0.4%, 0.5, 0.8 and 0.7%
with one control trested with water for & duration of six
hours. The solution of BMS at different concentrations was

prepared with double distilied water without zny buffer.
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The seeds were trsated with the chemicul at the room
temnerature of 35 ¢ 1% for the required duration of six
houre. In order to meintain uniform concenmtration throughout
the period of trestment., the zolution with the seed was given
intermittant shaking. ~fter the seriod of treatmant the
seeds were throughly washed in the stream of running water
for one hour to remove the tiace: of the chemical from the
seeds,
II. study of the ¥, genegstion

s) Lebogretory studies

Samplas of 20 seeds peor dose in both the treatments
along with the control ware kept in petridieshes lined with
moist filter nener renlicsted four times and the following

observations were recorxrded for ten days -

1. ¥

g 8- Counts of seed: germinsted
in petridishes were tiken gvery day for ten deys to estimate

the »ercentage of germinstion.

2. Iime tuken for germinationt- Germinstion counts were tzken
at intexvelz of 6 hours. The smergence of radicle was t:iken

ar the criterion for germination of seeds.

3. Langth of opimegy xocti- This was measured in cm avery day.
4. Langth of oximexy shoot: This wae measured in cm every day,

the messurement being recorded from the point of Siffersnciation

of root and zhoot upto the base of cotylecon.
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From the data obtzined on the lengths of primery
shoot and root, the shoot-root ratio was worked out utilising

the resdective values of reiative percentages ower control.

b) Rigld etudies
Two £ield experimentz ware laid out, ons with gamma

irradiated seads and another with BEMS treated seeds.

(1) Goamona irxndiated peedsi-~ A field experiment was lzid out

with an untreated control in a 6 x 4 Randomised Elock Design.
The treated se>ds ware cown on the same doy of traastment,

Fifty seeds vere sown on the same dey of trestment in & row

at & spacing of 1 m between rows and 50 cm between plants 1in

a row, The culturasl, manurisi and plant protection measures
were éone as per the Package of Practices Recommendations (1532)
of the Kerala Agriculturzl University.

(11) M= _trested sesdss- Another field exveriment was laid
out with BME trezted seed:z alon) with a control ina 6 x 4
Randomised Elock Deeign., Pifty ceeds pPer tre:tment wvere sown
in row adopting a svecing of 1 m between rows and 50 cm between
mlantz in & row. The seeds ware sown in the field on the same
dsy after treatment., Cultural, memurial and plent protesction
meapures were adonted ss per the Package of Practices

Recommandatione (1982) of Rerals Agricultural University.
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The following observiti ns were recorded.

1. Germipation of sesdst- Germination counts wera taken in
the field on the £fifth, tenth and fifteenth dey after sowing

to astimute the vercsantage of totial seeds germinated,

2. Survival of Disptas- Susvival counts were tzken on the
15¢h and 30th day after zowing. Percentagee of survival were

worked out for the differsnt treatments based on thes number
of seeds sown and the number of seedling: curvived.

3. Haight of seedlingg:- Twenty seedlings selected st random
per trectment per replicition were marked end the seedling
height was meassured from th§ 201l surface to the terminal bud.
The mean pleént height wae estimated and exDresesed as pDarcentsge

with res»>gct to the control,

4. Polien fortility:- Thies was studied based on the stailnadility
with 1:]1 glycerine acetocarmine. Study was confined to 20 plante
selected at random per treatment per redlication. 1In each

case 135 microscopic fielde or 300 grains were scored.

5. ¢hioroohvll ghimersg s~ The plants in the '1 generation were
examinad for chimeric nlants exhibiting chlorophyll deficient

patches or rectors on thelr leaves.

6. Sqead atepiligyi- Study wae confined to 20 plents selected

at raéndom per treatment per renlicstion.
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1§ S~ ”1 plents wore exemined to
locate plants with morphological varfaticns such as dwarf
plents, plants with altearaticns in number, £ize &nd shape

of leaflots.
IIX. Statigtical anslvais

In the M, genasration, the dats were statistically
anslysed to £ind out the significance of difference beatween
the treatment groups and control, employing the method of
anslysis of variencs. In the cese of germination, survivel,
p0lien snd seed fartility, ths percentage vcelues ware
tranaformed intc angular sines end subjected to statistical
anaiysis. The dsta on germination under lsboratory conditions

ware tested for their significance by )(2 method.
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RESULIS

Result: of cbservetions on the "Biologicel
effects of gamse rays and EMS on "1 generation of red
gram®, based on the study conducted during 1983-'8S are
presentad in this chapter. The data collected from the
N, generation were subjected to suitable analyses and
the mean values sre presented in Tablee 1 to 14. Values
on the corresponiing analyses of variance are presented
in Appendices I to VII. 1In the case Of germination, survival,
pollen and seed fertility, the percentage vealues ware
trensformed intc angular sines and subjected to statisticel
analyses. In those caesz, the original mean valuese are

given in brackets in the respective tables.

Exeliminary laborstory test

The data on the effect of prescaking of cseede,
concentration of 2MS and duration of treatment on germination
of seede obtzined in the preliminary laborastory test are
presented in Table 1 and the corresponding Anova in Table 2.

TAB..ES 1 & 2)

The results presgented in the ebove t:blegz heve
indicated the following: The two duraticne of presozking
vig.. 2 hours and 4 hours tried in the vresent care did not
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Table 1. Effect of presosking of sesds, concemtrstion of
ENS and durstion oOf treatment on germination of
seeds (Preliminary laboratory test)

Treatments G“(:;“;;““
1. 2 hr prescsking + 0.5% EME + € hr treatment 89.0
a. o o + " “« +8nhr . 93.0
3. - " + 0.7% *» + 6 hr " 85.0
4. - " v » *« +#8nhr - $7.0
S. - . + 1% " + 6h . 6.0
6. . @ r @ “ +8nhr - 2.0
7. 4 hr . +0.% = <+ 6 Nhr " 8%.0
8. " " * - * +3nr " 93.0
9. “ - + 0.73% * <+ 6 hr » 67.0

10. " . .+ * * +8nr * 5.0

11, . . + In - + 6 hr " 2.0

13. . . L * <+ 3 hr - 2.0




Table 2. ANOVA teble of preliminary laboratory test of
2 x 3 x 2 CRD (Factorial design)

Degrees Sun of Nean F 4
Source of squares esquares value
fresdom
Precsocaking hours 1 237.38 237.38 3.66
Concentration of RN 2 16924.34 B8462.17 64.77*
PrescaXking hours x
concentration of ZMS 2 344.02 172.01 2.66
Duration of treatment 1 266.39 266,39 4.11
Presoaking hour x
durétion of treatment 1 1.41 1.41 .12
Concentration of EM* x 2 841.87  420.79  6.49*

duraticn of treatments
Presoaking hour x

conceotration of BMNE xn 2 35.67 17.83 0.28
durstion of trestment

grroxr 12 7717.2% 64.77
Total 23 19428.03

* S4gnificant at 1% level
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ditfer significantly. GSame was the caese with reference

to the two durations of treatments of the chemicel visz.,

six hours and eight hourz. However, the three concentrstions
of the chemicel tried in the present stuly wviz., 0.5%,

0.75% ané 1% produced significsnt Aifferences on the
geraination of seede. Ars ir seen from the resulte, an
increase in the concentration of the chemicil is bringing
sbout a corresponéing reduction. When the treatment
involving a concentration of 0.,5% of the chemical gives %1%
germination of ceeds, the corresponcing wvalues for 0.75%
and 1% are seen to ba 568.5% and 3% respectively. Among the
different interactione, only concentration of EM8 x duration
of trsatment if seen to have significent influence on geed

germination.

Based on the results of oreliminary lskoratory
test, field trials were conducted. 1In all these field
trials seedes were persocaked for two hours and were treated
with the chemic:l for s£ix hours since there was no significant
difference between 2 hour presoaking ané 4 hour oresosking
and also between 6 hour treatment and 8 hour tresatment.
However, the three concentrations of the chemicél tried
in the preliminary lsborztory studies viz., 0.5, 0.7%
ané 1% differed significantly on their effecte on seed
germination. On probit ammlysis of the dat: on germination,
the LDy, (the dose at which there was 50X and above mortality)
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was caiculated ar 0. ™. Pive concentrstions at regular
intervale with wso ae¢ the highest vig., 0.7, 0.6%, 0.9%,
0.4% and 0.3% were tried in the field triaie.

Ae progr:meed the reeds kept for germination
in the preliminary laborztory test could not be observed
for 30 days for want of ascentic conditions.

Effect of putagens on tha W, gensretion
1. garminstion of saeds

Observations on the effects of mutegens on the
germination of seeds and the mean time taken for germination

are given in Table 3.

(TABLE 3)

From the results presented in the above table, it
ies seen that the treatment differences are not significant
either for germination of seedr or for mesn period of
germination. Thie ir the case for both gamma rays and EMS.

In the case of gamma irxrraciation, the germination
percantage of seeds does not seem to have any regularity
with dose. AmOng the five doges tried the gurmination
values tre found to vary from 56.3% in 20 krad to 87.5%
in 30 ean! 40 kreds. The lower dosxes of gamma irradiation
vizg., 10 and 20 krads are reen to hive a stimulatory effect
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Table 3. Rffect of mutagens on the total seed germination
{Leborstory conditions)

Treatments ::::::::::n ::i:::z:g. Period of germination
ovar control Nean Relotive
period in pexcontege
Gamms _ixcadistiop dope
Conatrol 87.% 100.0 49.88 100.0
10 krad 92.5 105.7 49.54 99.3
20 krad 6.3 110.0 49.24 98.7
30 kred 87.% 100.0 31.08 102.4
40 krad 87.9% 100.0 51.77 103.8
50 krad 92.5 105.7 53.18 106.6
Significance NS ns
5.8, .71
RiE
Control 91.3 100.0 15.24 100.0
0.3% 96.3 105.8 N 10,83 7.1
0.4% 92.5 101.4 14.3% 94.2
0.3% 88.9 927.3 16.14 105.9
0.6% 81.3 89.0 17.81 116.9
0. M 77.% 84.9 24.122 1§7.%
Significance ‘ NS ne

5.8, 1.14
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on seed germination, The mesn Period taken for germination
of seed: is seen to vary from 49.24 hours in the troatment
with 20 krads to 53.18 hours in the trasstment with

SO Xreds. With reference to time taken for germination,

it can be seen that it i¢ increasing slong with the increase

in doses of gamme irracdijstion,

In the cese of seeds treatad with BMS, the
parcentage of germinction ie seen to vary from 36.3 in the
treatment with 0,.3% soclution to 77.5 in the treatment with
0.7 solution. It if alzo seen that the decretse in the
percantage of germination ir vroportional to the incresrze
in the concentration of the chemical. The time taken by
the seeds for germinntion is found to very from 10,83 hours
in the treatment with 0,3% solution to 24 hours in the
treatment with O0.7% solution and the increase in the time
tzken for germination iz seen to be proportional to the
incresse in the concentration of the chemical. It is also
specificelly noticetble thaet lower doses of ZMS are seem
to have a stimulatory effect on germination of seeds.

A comparison of the effects of differsnt doses of
gemme irrecdiation and EME tried in thi: cass, on totai seed
germination hes indicazted that both the mutegens have
almost the same effecte in reducing the vercentige of
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germination. However, seeds treated with gamme roys are
obeerved to take & longer period for germination as compared
te thoese treated with EMS,

The data on the effects of mutagens on the percentage
of tot:l seed gearmination under field conditions are
presented in Table 4.

(ThbE 4)

The results presented in the above table have
indicated that in the case of gamma irracdiation, the
percentage of germinstion does not appear to have any
relationship with the doze, either on the 5th day or on the
10th 4day or on the 15th day. On the 5th day Dercentage of
germination is found to be decreasing from 10 krads to
30 krads aftex which it is increasing in the 40 krad dose
following a rapid reduction in the 50 krad dose. The same
ie the case on ths 10th and 15th days. It is alsoO seen
thnat commencing from the S5th day, germination ie found to
reach ites maximum on the 10th day after which no further

incresse 1is seen.

In the case of BMS ths percentege of germination
is seen tO be inversely proportional to the concentration
of the chemical., Commencing from the S5th day, germination
iz seen tO be incressing on the 10th dsy and from there
again increasing on the 15th day.



Table 4. Effect of mutagenz on the nercentige of totzl seed germination

(rield conditiong)

Gamma irradiation dose in krad

BN -~ dose In %

Period  Comtrol Control
10 20 30 40 50 0.3 0.4 0.5 0.6 0.7
Sth day 27.0 35.5 29.5  27.5 43.5  10.5 5.5 S50.5 55.0 S$1.5  46.5 23.5
10th day 75.0 80.0 60.5 6%.5 56.0  44.0 0.5 62.5 61.0 %1.5  46.% 29.0
15¢h day 75.0 80.0 60.5 63.% S6.0 44.0 82.0 69.5 65.% S5.0 82.0 33.0

§€



M comparison of the two mutagens based on their
effects on the percentage of totil seed garmination under
field conxdiition has shown the following. On the S5th day,
seede treated with gemma rzys have exhibited a lower
percentage of germination as compared tc those treited with
2MS. However, this situation £x seemsto be reversed, on the
10th and 15th daye. Again gemms ray trested seeds are seen
to attsin meximum germinstion on the 10th day while those
treated with EMS reesch the maximum only on the 15th day.

Observations on the germination percentages of
seedz On the 15th day after sowing under field condiitions
are trensformed into angular sines. They sre then exrressed
as relative percentage over control. These vclues along
with the mesn germinstion percentage in brackets are
presented in Table 8.

(TALLE 8)

Az 45 seen from the above tible, the treatment
¢ifferencen sre gignificant both for gamma irradiation
and EMS,

With regard to gsmms irradiation, the sewds subjected
to 10 krsd dose have sxhibited highest germination which
is on par with that in the comtrol. Germination value in

the control is alezo cbeerved to be On par with that of seefs
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Table 5. Rffect of mutagens on germination percsntaGe
with resoect to the control on the 15th day
(rield conditiong)

Germination Relative

Treztments percentsqge percentige
over control

Gammp irreciation dosg
Control 60.00 (7%.0) 100.0
10 kread 63.43 (80.0) 106.7
320 krad 51.35 (60.%) 85.7
30 krad 56.17 {63.%) 92.7
40 krad 48.44 (856.0) 74.7
S0 krad 41.55 (44.0) £8.7
Significsnce Significint at 1% lewvel
58 i.11
D 5.1%
B
Control 64.89 (32.0) 100.0
0.3% 56.48 (69.%) 84.8
D.4% 54.02 (65.5%) 80.0
G.5% 47.837 (%5.0) $7.1
0.6% 46.1% (82.0) 63.4
0.7 35.06 (33.0) 40.2
Significance Significant at 1% level
SE 2.%56
cb 7.73
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in the 40 krad dose. Ffeeds which have received 50 krad
dose have racorded the lowest germinetion value. Thus
there seems to be no direct relationship between dose and

germination value.

With regerd to ENS, maximux germination is
noticable in the control which is significantly higher to
all othar treatments. This is followed Ly the dose 0.3%
which has exhibited higher germination over ths rest.
However, it is on par with its nesrest higher dose, 0.4%
which is also seen to be on par with its immediste higher
doee 0.5% which ageain is observed to be on par with its
immediste higher dose 0.8. The dose 0.7% has reccrded the
lowest germination vaive among the different concenmtrations
of BMS tried. It is especially noticed that in the cese
of EMS the germinstion vslues are inversely nroportisnal

to its concantration.
2. gugvival of plantg

Data on the effect of mutagsns on the numbar of
seedlinge survived under laboratory conditions for s »eriod
of 10 days are presented in Table 6.

{T+BLE 6)

Results presented in the above table have revealed

that in the cise of gamma irracdiation maximum germination is



Table 6. Effect of mutagens on nusber of seedlingr survived
{Laborutory conditions)

No.of seede Growth veriods (in days)

kept for
Treatments

germimation , 2 3 . 5 3 7 )
Qapma jirradistion doeg
Control 80 1 70 70 70 70 64 64 60 60 -
10 krad 80 7 74 74 72 70 68 58 58 58 -
20 krad 80 6 77 77 X 74 613 60 €0 57 -
30 kraé 80 - 70 70 70 68 64 58 58 37 -
40 krad 80 - 70 70 68 63 61 $7 56 85 -
50 krad 80 - 74 4 73 70 66 59 56 54 -
BE
Control 80 4 67 73 73 72 68 67 65 6S -
0.3% 80 23 77 77 77 71 66 64 63 60 -
0.4 80 7 71 74 74 2 65 62 60 85 -
0.5% 80 4 70 7 71 66 59 57 57 -1 -
0.6% 80 ) 62 65 65 63 62 %5 51 - -
o.M 80 1 56 62 62 61 60 1] 45 - -
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seen to have achieved on ths ind dey after keering the
seeds for germination. 7This iz the case with respect to.
control eleo. From the second dsy to the third day no |
reduction in the survivel of the seedlinys is seen in any
of the trestmente including the comtrol. A slight reduction
in the survivel of seedlings is seen thereafter in the
treatments with 10 kreds, 40 krads and 50 krads as 1m1c&tod\
by lower vélues on the fourth day. 7This reduction in the
survivel of seedlings iz uniformly seen not only in the
trezted gseeds but also in the control from the 6th dey till
the 9th day.

In the cere of EMS, mwaximum germination ies seen to
have achieved on the 3rd dey after keeping the zeeds for
germination. Mo reduction in the survivel of seedling: is
observed from the 3rd day to the 4th Say. However, from
the 5th duy onwards reduction in the survivel of seedlings
is observed not only in the treated seeds but aleo in the
untreated control till the 9th day.

The date pertaining to the percentsge of plants
survived on the 9th day and alzo the relative percemage
over control ere given in Table 7.

(TABLE 7)
Ae iz seen from the results presented abov-, the

different doser of the mutagens tried hava not produced any



Toble 7. Effect of mutagens on tlw surviw:l of
plantes (in %) on the last dey. (Labor:tory

con’itions)
, survivel Relative
Trestmsnte percentage percentage

over control

Gamms irgpadistion dosg
control 78.0 100.0
10 krsd 72.9% 96.6
20 Xkrad 71.3 95.0
30 kred 7.3 9.0
40 krad 68.8 91.7
50 krad 67.% 20.0
Significence R
SOE. 2.1‘
S
Control 81.3 100.0
0.3% 75.0 92.3
0.4% 63.8 84.6
0.5% 68.8 84.6
0. 6% 63.8 78.8
0.7 56.3 69.2
Significsnce Ks

s‘.!. 2'29
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sigrificant effect on the survival of plinte expressed as
percentige. This ie trus not only with reference to gamms
irradiation but also to BNS. Both the mutagens nave
reduced the percentage of survivsel of plants as commared to
the control, In both the ctees the reduction is seen to be
directly proportionel tc the dore. When the range in the
survival percentags of the reedlings among the various
gamma ray trsatments is from 72.95 to 67.5, the same for the
various concentrations of ENMS 45 Obsarved to bs from

75.0 to 36.3.

Observations on the percentage of survival of plants
on the 30th day under field conditions were transformed
intc angular sines. The relative nercentages over the control
of surviv:l and lethality were then worked out. Thete values
along with the actual survival percentages in brackets are

presentec in Table 8.
(TAE £ &)

hs indiceted by the figures pressnted in the above
table, the treatment effects have oroduced significemt
differences in the survivel vercantsges both in cise Of gemma
irracdistion and BkS. Both mutagens are 8lso seemn tO be
capable of reducing the survivel percenta;jes az indicated
by the highest survival vclues in the untreated controls.



Table 8, Effect of mutagens on the survivel of plants on
the 30th day (Fielé conditicns)

Relative percantage
Survival oxner control

Treatments percantage
, Survival Lethality

sdletion dos

Control 61.34 (77.0) 100.0 0.0
10 krad 57.10 {(70.9) 91.6 8.4
20 krad 48,16 (55.%) 72.1 27.9
30 hrad 51.94 {62.0) 80.5 19.8
40 krad s0.18 (39.0) 76.6 23.4
50 kraéd 33.94 {39.%) 51.3 48.7
Significence Significant at 1% laevel

5B 1,68

<o $.08

§ .23

Control 64 .89 (82.0) 100.0 0.0
0.3% 54.94 (67.0) 81.7 i8.3
O.4% $1.06 (60.5) 73.8 26.2
0.5% 45.15 (52.0) 63.4 36.6
0.6% 42.93 (46.5) 56.7 43.3
0.7 33.52 (30.5) 37.2 62.8
Significence Bignificant at 1N level

8 2.989

CU 3.7}
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In the care of gamme irradiastion, the control and
the lowest dosze 10 krad are Observed tO be on par with each
other. Thie iz followed by the doses 30 krads, 40 kradre
and 20 krads in that order which are alzo seen to be on
par with one snother and significantly inferior to the dose
10 Xrsd but significuntly superior to the dose of 30 kred
which has reccrded the minimum survival wvzlue.

In the caes Of EME, the survival values sre reen
to be inversely proporticnal to the dose. The doses 0.3%
and 0.4% are observed to be on par which 1is si;nificantly
inferior to control but szuperior to the dose 0.%5% which 1
alego on par with the dose 0.6%. The highest dose 0.7
is sesn to be sijnificantly inferior to sll the rest in

terme of survivel values.

3.2lapt growth

Obsgrvatione relating to the effect oOf mutagens
on root elongaticn under laboretory conditions are given
in Table 9.

(TABLE 9)

From the results presented above, it is seen that
root growth comnences within one day after the seeds are
kept for garmination and 1s continmously increasing till
the 8th day 1,e. the entire period during which the materials



Table 9. Effect of mutagens on root elongatiocn in cm {(Laborstory’
conditions).

Growth period (in days)

Tradtments

1 2 3 4 -] 6 7 8
Games irrsdiation dose
Control 033 1.7 2.8 4.7 7.1 2.1 9.7 10.0
10 krad 0.2 1.1 2.7 4.4 6.0 7.3 e.s 8.9
20 krad 0.2 1.3 2.9 3.9 5.0 5.6 5.9 6.3
30 kresud 0.0 1.0 2.6 3.8 5.3 6.5 6.9 7.0
40 krad 6.0 0.9 2.7 2.9 4.1 4.1 4.8 S.2
S0 krad 0.0 1.0 2.4 3.1 3.4 3.7 3.9 4.0
J-1 -8
Control 1.8 2.9 5.5 6.5 9.5 3.6 10.1 10.2
0.3 0.8 2.3 .3 4.7 6.2 7.1 7.5 7.%
0.45% 0.9 1.8 3.5 3.9 5.7 6.8 7.2 7.2
0.5% 0.8 1.6 2.9 3.4 5.2 %.9 6.5 6.7
0.6% 0.8 1.% 2.6 3.3 4.9 5.2 6.0 6.2
0.7% 0.7 1.2 2.1 3.5 3.5 4.8 5.6 5.7

¥
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have been Xept under observition. It is 2lso seen that
both gamms irrsdiation and EMS have 2n inhibitory effect
on root elongation since the untreated controles have
exhibited greater elongation. 1In general it cen be said
that the rate of suporeseion of root elongation is directly
proportional tc the incressing dose of the mutagen. This
iz the case for not only geamma irradiation but also for
EME., Among the various dores of gamma irradistion tried,
the root elongetion ie found to wvary from 8.9 om to 4.0 om.
The corresponiing renge for the differant doser of EMS is
obzerved to be from 7.5 cm to 5.7 cm. Both gemma r2ys and
EMS are seen to have apdnroximately the same effact in

suporessing root elongation.

Resulits of cbaservations on the effect of mutagens
on the shoot elongation under lzboratory conditions are
vresented in Table 10.

(TABLE 10)

Ag is seen from the sbova table, shoot growth
commences oniy on the third day after the szeeds are kept
for germinsticn. This constantly increases tilli the 8Sth
day after which the materials could not be further oreerved
for want of aseptic conditions. In the cese of Loth the

mutagens tried, the untreated controls have registered



Table 10. Effect of mutagens on shoct elongstion in ¢un (Laborastory conditions)
Growth perio? {in dsys)
Treatments
1 3 4 - 6 7 8
Gapma_jrpadiction dore
Control - 0.5 1.5 2.1 5.8 6.0 6.7
10 krad - 0.5 1.5 2.0 3.8 4.2 5.0
20 Xkrad - 0.4 1.8 2.2 3.6 4.1 4.9
30 krad - 0.5 1.1 2.6 3.5 4.0 4.0
40 Xkread - 0.8 1.4 2.1 2.5 3.0 3.4
50 krad - - 0.2 1.9 2.3 2.8 3.2
B
Control - 1.0 1.6 3.1 4.8 5.9 7.2
0.3 - 0.5 0.7 2.4 3.8 4.3 5.4
O.4% - 0.9 1.0 2.6 3.9 4.0 £.1
0.5% - 0.6 1.2 2.8 3.0 3.7 4.4
0.6% - 0.7 1.1 2.2 2.7 3.5 4.2
0. % - 0.5 0.7 2.0 2.8 3.2 4.1

68
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maximum smount of shoot elongation thereby indicating the
suppressing effect of both the mutagens in shoot elongstion.
Among the various doses of gamms irradiation and BMS tried,
the rate of supvression of shoot elongation is observed

to be directly proporticnal to the increase in dose Of the
mutagen. ¥hen the range of shoot growth on the 8th day

in the various cdoses of gamma irradistion tried,is from

5.0 cm to 3.2 cm, the same in the c2se of BEMS 4s from

5.4 ¢cm to 4.1 cm. Thus it can be s23ié that both the mutagaens
have approximetely equal effect in suppressing shoot growth.

Utilising the valuee of root and shoot elongastion
of 8th day, shoot/root rstio vas commited. These values
along with the relative percentages of root and shoot
lengths over the respective controls are nresanted in
Table 11,

TrbLE 11)

The resultzs presanted in the sbove table have
indicited the following: The treatment effects have
produced significent differences not only in the cese of
root length but elso in the cazse of cthoot length. This
is found to be the same m the case of gamea irradiation
and alsec E¥S. Eachk doee tried ie observed to be signi-
ficently different from every other dose tried of both
the mutzgens in peepect of choot as well ar root elongation
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except in the case of the dons 0.0% BME which is seen
to be on per with the dose 0.7 of BMS in the case of

shoot elongation.

Among the five doses of gimma irradiation tried.
the shoot/root ratio iz found to vary from 1.1» to 0.83.
The doses 20 krad and 50 krad as compered to control
inhibit root growth more as compered to shoot growth since
thase treatments have recorded shoot/root retioc of over
one. In the other ¢doses, suppression of shoot growth is
seen to more than the root growth, as compared to the
control, since thege treatments have produced shoot/root
ratio of less than one.

Among the five doses of EMS tried the shoot/root
ratio 1& found tc vary from 1.02 to 0.93. The doser was
0.3 eand 0.7 per cant as compared to control inhibit root
growth more as compared to shoot growth since these
treatments have recorded shoot/root ratio of over one.
In the other doses, supdression of shoot growth is eseen
to more than the root growth, as compared to the comrol,
since thease treatments have procuced shoot/root retio of

less than one.

Observations on plant height measured on 15th and
30th day aftar sowing of seeds treataed with Aifferent doses



Table 11. Effect of mutsgens on plant growth under laboratory

com“ 10“!’ -
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Root Helative Shoot  Relitive Shoot/
Treatments ;. th percentsge length percentage root
in cm oMeps control in em  omar contrel rstio

Gapma_ixxadistion {oce

Control 10,0 100.0 6.7 100.0 1.00

1¢ krad 8.9 8%.6 5.0 74.6 0.83

20 krad 6.3 62.4 4.5 67.2 1,08

30 krad 7.0 69.9 4.0 59.7 0.8%

40 Xxrad 5.2 52.1 3.4 50.7 0.97

S0 krad 4.0 40.3 3.2 47.8 1.19

Significeunce Significent at Significunt at 1N lavel
1% level

S8 0,21 011

D 0.62 016

BME

Control 10.2 100.0 7.2 100.0 1.00

0.3% 7.5 73.7 5.4 5.2 1.02

0.4% 7.2 71.3 5.1 70.8 0.99

0.5% 6.7 65.8 4.4 61.2 0.93

0.6x 6.2 60.7 4.2 %8.0 0.96

0.7% 5.7 55.7 4.1 56.4 1.01

Significance :ignificunt at Significent at 1X level
1% lavel

b 0.36 632

> 0.12 o1
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of gamne rays and BXS are presented in Teable 12 along
with the relative percentages over comryol.

IABLE 12)

The results presented in the above table reveal
that both the mutagens are found to reduce plant height
as indicated by the higher values in the respective
untreated controls. The reduction in plant height is
obeerved to be directly provortiocnal to the incretse in
doere 0f the mutagen. This is true not only with reference
to gamma irradiation but aleo with BMS.

Plant height on the 15th day is found to ramnge
from 15.6 in 10 Xkrad to 12.3 in 50 krad of gamma irradiation.
The corresponding figures for EMS are seen to be from 12.7
for the dose 0.3% to 4.8 for the dose 0.,

The results have alpo indicated significent
differencers in plant height on the 30th day among the
various doses ’ot the mutagens tried. Among the doses of
the two mutagens tried, the reduction in plant height on
the 30th dey 1ir seen to be directly proportional to the

increase in dose.

In the cace of gamms irrsdiation, the range in
plant height on the 30th day ie obrerved to be 58.8
for the dose 10 krad to 45.3 for the dose 50 krad, which
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Table 12. 2ffect of mutagens on plant grovwth under field

coniitione
Plant haight 4in cm on Haicht

Trestments ;:égg:ion

15th Ralative 30th day Reletive

day parcentage parcen- figjuty

Oowex control tage %)
Pres
contsol

Gappas irpadiztion doce
Control 16.1 100.0 61.9 100.0 0.0
10 kxad 15.6 - 96.9 58.8 4.9 5.1
20 krad 4.8 91.9 54.0 87.2 12.8
30 kread 13.3 82.9 50.6 81.6 18.4
40 kpad 12.6 78.3 46.7 75 .4 24.5
%0 krad 12.3 76.5% 45.3 73.1 26.9
Significance - Significant at 1% level
SE - 0.79
< - 2.38
s
Control 18.1 100.0 54.0 100.0 0.0
0.3% 12.7 83.7 42.3 73.2 21.8
Q.4% 11.0 72.8 36.3 67.2 32.8
0.5% 9.0 89.7 33.7 62.3 37.7
O.6% 7.5 49.6 31.7 58.6 41.4
0. 7% 4.8 3.8 29.8 54.% 45.%
Significance - Zignificant at 1% level
S8 - 1.51

o n) - 4.%5%
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is seen to be on par with the dose 40 krad. All the rest
are seen to be significantly different from one another.

In the care Of 8MS variation in plant height on
the 30th day i sesn to be 32.3 for the dose 0.3% to 29.3
for the dose 0.M. The doses 0.4% and 0.5% are obsarved
to be on par while doser 0.5%, 0.,6% and 0.7% are also seen

t0 bs On par.

4. Pollsn fartility

Percentages of pollen fertility in the plante of
the different treatments of both the mutagens were trensformed
into angular sines. The relative percentages over the
control wers then computed. The abov: values along with
the pollen fertiiity percentages in brackets are presented

in Tsble 13.
(TABLE 13)

As ir peen from the table above, the treatment
effects have oroduced significant differences in pollen
fertility vercentages in the case o gamma irradiation and
BM, The veluss presented in tha sbove tisble have clearly
indicated the effect of mutagens in reducing pollen
fertility as sgainst both the mutsgens. The untreated
controlies have registered the highwst percentiége of vollen
fertility. The reduction in fertility (¢ alzo seen to be



Table 13. ERffect of mutagens on pollen fertility

37

Pollen Relative percentage
Treatments fortility ones control of

percantage

Pertility sterility

Gamps irxradiation dose
Control 72.0%5 (90.58) 100.0 0.0
10 krad 67.94 (8%.9) 9%.9 S.1
20 kraé 64.%9 (81.6) 90.1 9.9
30 kyed 61.21 (76.8) 84.8 15.2
40 kprad 38.37 (72.%) 80.1 19.1
SO krad 55.79 (68.4) 7.5 24.%5
S4gnificance Significant at 1% lewel
SB 1.16
cn 3.48
S
control 72.0% (9015) 100.0 0.0
O.3% 61.96 (77.9) 8s.1 13.9
0.4% 58.%6 (72.8) 0.4 19.6
0.5% $5.37 (67.7) 74.8 25.2
0.6 50.24 (59.1) 65.3 34.7
0.7% 47.69 (54.7) 60.4 39.6
Significence Sfgnificant at 1% level
SB 0.62

< 1.88
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directly proportional to the incresse in dose not only

for geamna raye, but slso for BM:. Wwhen the renge in

pollen fertility percentages is from 67.3¢ to 55.79 among
the ¢ifferent doses Of gamma réys, the corresponding
figures in 3MS iz from 61.96 to 47.69. In the care of
gamme reys, the dose 30 krad is seen to be on per with the
dore 40 krad which in turn agzin 4s foun? to be on nar

with the 4ose 50 krad. In the case of EM5, all the
concentratione tried are found to be significantly different

from one another.

5. Seed fartility

Percentages of ceed fertility in the nlante belonging
to different dAoser Of gumme irradiation snd EMS were
converted into angular zines. The relative vercentages
of fartility and sterility were computed. Usta pertaining
to the above z2long with seed fertility percentage in brackst
are furniched in Table 14.

TASLE 14)

Af is seen in the table givan sbove, the tresatoemt
effectz have produced significant differences in seed
fertility rercentages in respect to both the mutsgens tried.
The respective untrested controlshave registered the
highest seed fertility wvoiues as compered to the treated



Table 14. Effect of mutagens on reed fertility

Seed fertility Relative percentage
Treatments percsntage oner control of

Fertility Sterility

gampe irrsdiation doss

Control 69,21 (87.4) 100.0 0.0
10 kxad 64.01 (30.8) 92.6 7.4
20 krad 60.67 (76.0) 87.1 12.9
30 krad 53.21 {73.6) 683.5 18.8
40 krad $7.42 (71.0) 81.4 18.6
50 kred 53.91 {65.)) 74.8 a5.2
S8ignificance Significant at 1% level

2% 0.75

< 2.236

e

Control 66.66 (84.3) 3100.0 0.0
0.3% 53.01 (63.8) 75.7 24.3
0.4% 50.94 (60.3) 71.8 28.5%
0.5% 47.18 (53.8) 63.8 36.2
0.6% 42.88 (46.3) 54.9 45,1
0.M™ 37.7¢6 (37.9) 44.5 55.%
Significance Significant at IX level

=¥ 0.81

<o 2.43
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plants thereby indicsting the direct effect of both the
mutagens in reducing the seed fertility vercentages.

The decreesse in seed fertility s also seen to be directly
proportional to the increare in dose of the mutagen.

Thiz 48 seen t0 be the care for both the mutagens,

Among the variout dorees of gamma irradiation tried,
the seed fertility percentege ir found to vary from 64.01
to 53,91, It if slz0 seen that the dose 20 kred is on par
with the doze 30 Xxrad which in turn if on ver with the
¢ose 40 kred.

In the case of BMS seed fertility iz found to
vary from 53,01 to 37.76 among the five doses tried.
The ¢ose 0.3% is observed t0O be on var with the dose 0.4%.

6. Chlogoohvll chimeras

The chlorophyll chimeras were chsapved only among
BMS treated plantes and their frequency wae Obsarved to be
very low in ul generation. Chlorovhyll deficient patches
vere found among EM5> treated plants specifically in the
treastmente involving concentrations of 0.3, 0.4% and 0.5%.
These patches were found on the lesvers of seven plants {n
O.3%, four plants in 0.4% and two plants in 0.5% EMS

treatment. Varistions were also cbszerved in the nature
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and extent of vatches (Plates Ia. Ib and Ic). In some
cases, the chlorophyll deficient petches apnneared in the
early steges and later disappesred. One plant in 0.3
treatment showed one chimeric briénch wherees other brenches

were normal.

7. Merphelogical abnorwalities

The mutagenic trestirsnts induced a few morvhological
vapiasticns in the “1 ponulation. Some of the morphologicel
sbnormalities noticed during the investigations were the

following:

Morphological variationse were oObeserved only among
EMS trezted plants. A striking morphological variation
cbrerved was the presence of dwer§ plante in the higher doses
of EAdS trestment vig., 0.6% and O0.T% (Plates Ila, II: and
Ilc). The highest dose (0.7X) »roduced dwarf nlants with
few branches (Plite I1b). However., such dwarf plant: were
not obsarved in the gemma irre’iation treatments in the M,

generation.

Leaf variations such ae alternation in sise and
shepe of lesflets were noticed among the treasted plants.
With regard to gemms irredistion, higher doses (40 and 80
krads) exhibited erinkling of leaflets in the early stages
of growth period. However, these plante recovered and



I. Chlorovhyll chimeras (BMS treated plants)
Plate Xa. Veariations in chlorophyll chimeras.

1. Contpol

3; 3' ‘ .” 5 -~ 00”
6, 7Tand 8 - O.4%
9 and 10 - 0.5%

Plate Ib. Chimeric twig -~ 0.3%
Plate Ic. Chimeric plamt - 0.6%



Plate I b. Plate I c.




II. Dwarf plants

Plate IIa. Dwarg plant . O.&x

Plate IIb. Dwars pPlant with few lecves - o.M



Plate II a.
(SIQL reduced Fo //q”t)

Plate II b.
(S’('gﬂ veduceol fo %)



Plate Ilc. Dwarf plant - 0.7%



Plate IIc.
(Sixe vdued to i)
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produced normal leaves afterwards. Gammas irradistion
414 not show any msorphologicsl variastions in the later

stages.

Crinkled appenrance of the leaflets wae a
striking morphological variation among ZMS trested plants.
This was obterved in eix plents im O0.3%, two plents in
O.4%, one plant in 0.5%, one plant in 0.8 and two plants
in 0.M. There was variation in the pattern of crinkling
also (Plates IIIa and 1lIIc). Clustering of leaflets was
seen in one plant in 0.3% BMS treatment (Plate IIIb).

Small end neprow leaflats with round apex were
cbserved in one plant in 0.3% BMS and in one plant in
0.6% (Plates IVa anéd 1IVo). GSmall leaved plants were also
noticed at the rate of two nlents in 0.4%. HMNumber of
branches and lezves weres low in higher concentrations of
EMS vig., 0.6 and O0.7%.

Another obeervation in EMS treated plant: with
0.3% solution was early flowering by 25 days compared
to that of control. Higher doset viz., 0.6% and 0.7 showed
s Gelay in flowering Ty 30-40 dzys. Wumber of flowers
and pods per plant wae very low in these concentretions
compared to control and other treatments.



I1I. Veariations in the morphology of leaves (EMS trected plants)
Plate IXIa. Variations in lesf crinkling.

1. Control

2, 3 and & - 0.%
S and 6 - 0.8%
7 - 0.%9%
Q - 00“
9 and 10 - 0.

Plete XXX, Plant with clustered leaves - 0.3%

Plate IXIec. Plamt with crinkled leaves - 0,606



Plate IIlIc.




V. Plante with round 2pexed leaves.

Plate IVa. 0.3
Plate IVb. o.ex



Plate IVa

fﬁta v b.
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DIBCUSSION

Induced mutagenesis has recome one of the
important toole in recent years in the handz of plant
breeders to improve the crop varieties according ¢o the
needs and requirements of the farmersz and ferming systems.
The term mutation was introduced into biology by
Hugo De Vrier in 1900. He suggested the concept of
inducing artificial mutations and utiliging thea in the

\
\

breeding programne. Artificial induction of mutations ‘\
as an aprroach in the breeding programme wae recognised by \
many biologists in the early years of this ccntu;y. Hawvcr.';\
1t is only after the classical work of Muller (1927) in "
Drosophila on the mutagenic property of d-rays that \ \
induction of mutatione has been widely practised in the

crop improvement programre. Subsequently, Stadler (1928)
artificially induced mutations in barley and maige using
radiations. These Ciscoveries of Muller arnd Stadler
provided a firwm footing and paved the way for further
mutstion breeding resesrch. ¥ith hh‘ nionesring work in
some agriculturel crops like barley. whest, ocats, rye,

pea etc. Gustafsson (1947) recognimed the practical

utiligstion of rediation to induce useful mutaticns.
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Besides radisticns, s number of chemicals are also
reported to have autagenic properties snd have been used to
induce mutations in plante (Ehrenberg gt al., 1981;

Xonsak gt al., 1965). Freese (1963) claszified chemicel
mutagens as base analogue substitutes, dyes, scidas, mstals

and alkylating sgents. In higher plante, the last group
especially EME has been proved toO be very effective. The
relativaely low toxic and high genetic offects of EMS (Gaml,
1961) and its high mutagenic effectiveness as well as efficiency
in higher pleamts (Konssk gt al.., 1965) favour for itz enhanced
practicsl applicstion.

Red gram is an important pulse crop of peninsular
India. It 4s perhaps the most importznt pulse crop from
the point of view of percepita econsumption. Beceuse of its
high protein content of 22.3%, it is an excellemt source of
protein especially in the vegetarian kitchen. EBventhough
it is widely cultivited in the peninsular India becsuce of
its adaptability to low management levels, its importance as
a rich source of protein and vitamins hes not been fully
-recognized. In view of the limited amount of wvsriability
which iz presently availeble in pulses in genersl and in red
gram in particular, probably becsuse of its essentially
self-fertilized nature, it is considered essentisl to underteke
methods of inducing genetic wariability through induced

mutagenesis.



In the light of the factors mentioned above, the
choice of the problem is fully justifiable. It also assumes
grest eignificence and high practical wslue.

The present study was taken up with the objective
of f£inding cut the Airect effects produced by gamna irradistion
and EIMS on red gram and also the effects of different doses
of the mutagens in the “1 generation. In studies like this,
the optimun dcse range of the mutagesns 1is very important
gsince higher doses will bring about lethality. Information
aveilzsble from similaxr studies of allied crops is of great
value in deciding the doses tD be tried of the mutagens,

Gamma irradistion formsone of the widely ured physical
mutagens of the day. Different doses of gamma irrecdiation
are revorted to be effective in various meterialsz. In the
care Of the different nulse crops different dose rangez have
been reported to be sffective by various authore ar detailed

thW »
Author/Authors Isaxr Cxep Dose repge in Xrads
1. Dahiys 1973  Mungbean 30-70

2. Praseéd and Das 1973 lathyrus Sativus 10-30
3. Remekanth and 1979 [olichos lablab 10-50

Seetharaman
4. Vindhiyavarmsn 1579 Vigna marins 10-170
5. Manju 1381 Horse gram 10-50
6. Xundu and Singh 1982 Black gram 10-%0
7. Ns Lampeng gt al. 1982 Black gram 0-90

8. Rao an? Rao 1983 Black gram 10-60



66

Az such inclusion of gamma roye 85 & mutagen

in a dose range from 30 kred to 10 krad is amoly justified.

Bthyl methane sulphonate, popularly known as EMS,
is ths chemicel mutagen included in the present study.
This has been reccgnised ss one of the moet efficient and
effective chemical mutagen throughout the world. Informations
available in literature on the sffective dose range of
EMS on pulses in generscl and red gram in particular are
conflicting. BEffective d0fe ranga of any chemica. mutagen
ss a matter of fact iz conditicned by the moisture content
of material to be treated, the concentration of the chemical
and alsc the durztion of the treatment. A change in any one
of the three factors will be raflected in the effectivensss
of the chemical as a mutagen. As such, in the case of
choﬁxcal mutigen 4t ir always desirsble to fix the dorse
range based on scme prreliminary observations with the material
under the conditions of experimentétion. It is in thie
context that a preliminary laboretory triasl formed the basis
for fixing the cdoses Of BM3 in the present investigation.

Rerults of the preliminary laboratory test involving
two durastione of precoakring vie., 2 houre end 4 hours with
three concentrztions of the chemice: viz., 0.%%, 0.7%% and
1% at two durations of trestments j.e. 6 hours and 8 hours
have yielded intesresting anf? wvalild conclusions. Ar indicated
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by the results, there has been no significaent difference
between 2 houre of precosking end 4 hours of presoaking

and slso between 6 hour: of trestment and 8 houre of treatment.
In other words 2 houre of prescaking with 6 hours of treatment
in seen to be 2s sffective ae 4 hours of presceking and

8 hours of treatment, The only significent Aifference
obsexved iz batween the three concentratione of the chemical
mutagen vig., 0.5, 0.7%% and 1%. The rercentage of germination
of seeds treated with the mutsgen in the ghovae concsntrations
iz found to vary f£rom 91 for 0.5% to 3 for 1Ix. Prom this

the g, (1.e. the dosre st which there is 50X end above
mortality) has been estimuted to be 0.7 which hee Leen fixed
as the highest concantration of ths chemicel mutagern in all
further studies. Five concentrations at requiar intervils
with U}so as the highest dose viz., 0.3k, 0.4%, 0.5%, 0.&%

and 0.7% with 6 hour trastment of seedr nrasocaked for 2 hours
tried in all subsequent experiments, ares ther=fore basedé on
actusl experimental results of the oreliminary laboratory test.

The present stucy has been undertaken with a view
to £inding out the biologicetl effacts of gamma roye and EMS
in the M, generation of red¢ gram. In other words it ie to
explain the nossible changes which the mutagens can bring
about in the various life nroceeses of red gram that the

study has been carried out. In all sexually propegeted
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flowering olente, seed if the initial starting point of

the life cycle, the vigible activity of which begin with
germination of seed. A seed after garmimmtion yields a
seedling which after growth and development produces flowers
in which the esrential reproductive organs, ths androgcium |
and gynoecium sre located. After pollination and fertili- |
sation, fresh fruit contzining seeds are nroduced, these
sends agein forming the bacis for the begianing of next
cycle. Hence in any study nertaining to the effects of an
ajent on the life activities of any nlant, it is ssrential
that the study must be initisted from the beginning of the
life cycle and completed with the end of the seme. In the
light of these fact:s, studies undertakean in the present cecse
on the effects of the mutsgens on reed garminstion, seedling
survivel, olant growth, pollen and seed fertility etc. arpe
fully justifisble.

Resultes of studies on thw effect: of mutsgans on
seed germination both under laboratory and fileld conditions
have yielded valutble informastions. In the laborstory
trials, no significent effect is seen tc have bhean sroduced
by the cifferent doses of gamm irradiation or those of BMS
either on the germination percentage of eseede or in the
time taken for germination. The lower doses Of both the
mutagons vig., 10 krad and 30 krad of gumme irrpscdiation and
0:.3% and 0.4% of ENS are obsarved to have some etimulatory
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effect on the rercentage of germination dy these treztmente
over their respective controls (vide Fig.l). Similar
stimulatory effect of gamma irxreadiation and EMS on germination
have earlisr been reported Ly Vadivelu (1979) in Bengzl gram
ard Menju (1981) in horse gram. In the csse of gamms
irradistion, no striking relationship is observzble in the
percentagee of germination and in the <oses. This is not
true with reference to ZME wherein the rercentage of germinstion
iz reen to ba proporticnately decreesing with the increering
concentrations of the chemicel. Thie ie& further substantiasted
Ly the mean time taken for germination by the seedz in the
respective treatmentse. As in the case of percentages of
germination, the msen times taken by sgeds for germinetion

in the verious trestments of gamma reye does not avpesr any
besring with dose. HOwaver, EMS (ives a ¢ifferent picture

in thie regerd. The tims toaken by seeds for germination

is found to be proporticnately increesing with increasing
doses of the mutagen (vide Fig.l1). In other words the lowest
concentration of EME vig., 0.3% iz sesn tc have registered

e germingtion percentage of 96.3 with the mean period for
germination being 10.83 hours as compared to the highest
concentration of BME of 0.7% with a germination percentage

of 77.% and & mean vericd of germination of 24 hours. Seeds
treated with gomms reys are obzerved to take s much higher
time interwvel for germination as compared to those tretted



with various concentrations of BMS. This 1is because of the
Ary nature of seede treated with gamma rays unlike in the
cere of EMS in which case, the seedr have been soaked in

vaerious concentraticns of the seqguous solution of the chemical,

Resultes of fisld triel on the effecte of mutagens
on qgermination of zeeds are in agreenent of those contucted
in the laborztory, excent in the fact that the treatment
sffects both under gamra irradistion and EME gre reen to be
significent with reference to the germination nercentéeges.
Absence of sny linearity in the germination vasluss registered
in the verious treztments with preferance to doses of gamms
irradiation, slight increase over the control in the germinestion
value of the lower doses of gamma irrsdiation, s provortionate
reduction in the germination percentzges obtained in the
various treatments of EMS alonj with the incressing concentre-
tion of the chemicil etc. cbtainegd in the field experimants
of the present investigation supoort and strengthen the
trends obteined in the laboratory studies. However, the
BMG treated seeds are found to take & longer time gnterval as
compered to the gamma ray trested seeds for attaining maximum
germination in the field. This observation is comtrary to
the results of the laboratory studies. A reasonsble explanation
of the same demcndz further detiiled investigetion. It slro
observed that seeds treuted with gemma ruys and EME have
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registered & lower germination value in the field vhen
compared to the same in the laboratory. This is perhaps
bacause of the idesl conditions for germination in the
lsboratory in comparison with the seme in the field.

Next tO germination, the mutagens are likely to
haeve some favourable or unfavourable effects on the seedlings.
Bffects of the mutagens, gamma rays end BMS, on the
seedlings have becn studied in thes present case both under
laboratory and field conditions. In both the cases the
results in all essenticl feltures agree with each other.
It is true that the trestment effects did not produce
significent differencee on the survivel percantage of
‘seedlings in the trisl conducted under laboratory s=ituationm.
However, tha trerd of the resultes has given strong indications
that both the smutagens raduce survival percentages of
seedlinge (vide Fig.l). the reduction in survivel v:lues
being proportional to the incressze in the dose of the mutagen.
These £indings have been further supported by the resuits
of trial conducted in the f£ielé in which edignificant
differences could be notice? in the survival vercentages
reglstered by treatments involving different doses of gamme
irradiation and 8M8. Both the mutigens have recuced the
survival percentages, the reduction being within the limits
of acceptable errors. proporticnal to the incresce in the
dose of the mutagen (vide Pig.2). These findings are in
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agreemsnt with the earlier reports of Shirshov and Shain
(1966) in French been and soybean; Jaronowski (1370) in
Pizum arvansgs Louis and Xedambavsnasundaram (1973b) in
cownes, Ramsswamy (1%73) in black grom, Naresinghani and
Kumar (1576) 4in cowpeas Xrishnsswemy gt al. (1976) in
bengsal grsm; Kulkarni and Shivesankar (1978) in horse gram
Khan (1981) in sungbezn and Manju (1981) in horse gram.

Other than reducing the rurvival perceantage of
saedling, it is reazonable to assumg that the mutagens may
exert their influence on other growth parameterr Of the
reedlings. A plant i composed of the roots as well as
the shoots, the increase in length of which especielly in
the early growth pariod cién very well be consifered as true
indices of plant growth. It iz on this background thst
the effects of the different docer of the mutagens on root
and shoot elongaticns hava been studied uncder laboratory
conditions in the preeent investigations. The result: point
to clear indicstions that both the mutagens, the gamma reys
and EMS, supnress root a2z well as shoot elongation in red
gram with elmoet fdentical effect:s (vide Pig. 3, 4, 85, 6
and 7). It 458 also further se=n that the rate of rupprescsion
in cnse of both root anc shoot is directly vroporti nmal to
the increecse in dose not only with reference to gamna
irrvadistion but zlso with EMS. A similar reduction in
seedling growth by gemm irradistion and EMS has ovreviously
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been reported by Teretchenko (1966); Maslov end Stevenova
(1967) in vea using gamma rays and by Narseinghani and
Kumsr (1969) in cowpea.

The shoot-root ratio calculated on the basis of
relative cercentagee of root as well as shoot slongation
over their respective controls has shown thet the doses of
20 krsd and 50 krad of gamms yrays and 0.3 and 0.7T% EMS
heve suppressed root elongation more than shoot elongation
as is indiceted by ths magnitude of rhoot/root ratios over
one in the above trestmente, Agiin the doses 10, 30 and
40 krades of gamme irraciation and 0.4%, 0.9% =2nd 0.6% of
8MZ héevs shown their oreference in the supnresssion of zhoot
elongation rather than root elongation, since the shoot/root
ratios regicsterad against thess trsetments have lLeen found
to be les: than one. However, these findings will hava to be
supportsd by further detailed investigetions.

Results of observations on the effect of mutagans
on plant growth undar field conditions, messured in terme
of nlant height, are agzin in support of thoee obtained in
the laboratory te:zt. The treatment effecte in resnect of
both the mutagens have brought out significent diffarences
in plant growth expressged in terms of height of nlant on
the 30th dsy. BEBoth g:mma irredistion end =ZK: are found
t0 resduce oclant height, the rate of reduction being directly



proporticnal to the increase in dose of the mutagen (vide
rig.8). This is in agreement with the results from IARI (1971)
with reference to gamma irradiation in cuse of bengal gram.

It is also obeerved that among the two mutagens included in
the present investigetion and also within the doses tried,

EMS f{# seen tO be more effective in reducing plant height
under field conditions. However, thie needs further confir-

mations by conducting detailed experiments.

A plant after its growth phase enters imo its
productive phase when structures diresctly or indirectly
connected with reproduction teke their origin on the plant.
Among the various structures concerned with reoroduction in
plants, androecium and gynoecium are considered ss essential
structures. It might be nossible that the mutagens may have
gome action on these entities either directly or indirectly
resulting on a change in the normal fertility status of the
plant. In thie context studlier undertaken on the effect of
mutagens on pollen as well as seed fertilities in the present
investigation become meaningiul.

Results of studles on the effect of mutagens on
pollgn fertility have indicated significant treatment effects
in respect of pollen fertility percentages with reference to
both gamma rays and BMS. Both the mutagens are obrerved to le
capsble of reducing polien fertility, the rate of reduction
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being directly proportiomal to the increase in dores of the
mutagens (vide Fig.9). This ig oObserved to be the cese
uniformly for both gemme rays end EM., MOreover it is also
observed that within the limits of acceptible error, BMS ig
geen to be more affsctive in reducing polien fertility in
comnericson with gemre reys. This inference iz drawn from the
fact that within the doese range of gamma raysr and BMS inglufed
in the rresent study, reduction in fertility nercent:ge of
polien graine is found to vary from 67.%4 to 55.79 in cese

of gamme irradiation and 61.96 to 47.69 in cere of EMS,

Resulte of studies on seed fertility obtained in
the present case clearly support those ralating to pollen
fertility. Both gemms prsys and EMS have ragistered significent
treatment effscts on seed fertility. Both the mutagens sre
also found toc be reducing seed fertility, the rete of reduction
being <irectly provortionsl to increase in the dose of the
mutagens (vide Fig.10). The higher efficisncy of &M over
gémme irradiation in peducing pollen fartility iz seen to be

more clasariy proanounced in cese of seed fertility.

Thue it is clearly seen that the mutzgene have
similar effectes in cherngirg the fartility of both the polien
and the seed. Thiz is edsily understandable and s in
agresment with zimple ressoning that polien iz one of the two

ascentiel entities invoived in the formation of eeed. i& guch
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any change sffecting pollen is likely to be reflected in

the seed ae well.

The frequency of chlorophyll chimeras hee heen
obeerved to be very low and has been snotted only in EMS
treated population. Mo chimeric plant hes heen raegistered
in the gamma ray treated nopulation. This iz not in agreement
with the report of Manju (1981) 4n horee grsm. Thirs Aifference
may perhaps be dus to the limited szime of the pooulation or
to the nature of the material subjected for the study in the
presrent case, Howaver, this needs further confirmetion by
subssquent studies. Even in the ENS treated vopulation
chlorophyll chimeras have besn observad to confing only to
the lower doses of 0,3, 0.4% and 0.5%. None hae been
realiged in the higher doses of 0.6% and 0.7%. Again the
frequency of chimgric plants is found to Le cecresacsing along
with the increase in the concentration of EMi., As for
example when seven chimeric plants have lheen spotted in
0.3% concantration of BMS, only four and two have been seen
in 0.4X and 0.%% concentrations respectiveiy. This is
indic-tive of the fact that under conditions of exnerimsntation
in ths pressent case lower doses of IMS are icdesl for bringing
a changs or dastruction 'o the chlorophyll in the desired
level. It hes al#o been seesn that there &re variations
in the nature and axtent of patches, these variations heing

such ag to heve no dose dependance. & unigue plant obeervad
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in the trestmant involving 0.3% solution of EM: needs spacial
mention. One brench of this plant p:oﬂucod chlorophyll
chimerss whereas other branches were normal. This may perhaps
be @ue to the fact thét only part of tha smbryo has been
sffected by the mutagen, the rest remaining normal. Similar
ircidence have been reported by Swarup and Gill (1960) in
irench beén; Beshanidse and Debelyi (1970) and Shifrin (1572)
in pes; Gohal gt gi. (1370) in cluster beans &nd Manju (1981)

in horse g¢graam.

TDifferent tyves of morovholegical abnormolities have
heen caused by mutagena. In the pressnt cate, such mordholo-
gical variaticns are seen to be confined to only M5 treated
population. The chief among the different tynes of morpholo.
gical variatione observed in the dresent stuly are dwarf
plants, plents with crinkled leaves, plints with small narrow
leaflets with pound apex, plants with reduced canovy size.
plants with prolonged as well as reduced flowering duration
and plants with lesser number of flowvers and pode. Failure
in the recovery of such morphologically 4ifferent tyses in
the gemma rsy treated population mey orobably be due to the
limited sige Oof the popalationm and alsc due to the nature
of the materisl investigated. In the ZM8 treestad pomulation
no dose denendance is seen in the reazligzation of mutents
with the above type cof morphelogicsl tyove:r of variation.

Howevar, there har besn 2 predominance of such tynes apnearing
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in the higher doses Of ENS wix., 0. and 0.6k. Appeareznce
of such morphological variations in the !&1 gemeration has
been reported by 5jodin (1962) in Viciss Ashri and Goldin
(1965) in Ground nut; Shirshov and Shain (1966) in pea and
Menju (1981) 4in horse gram.

From the foregoing discussions it becomet clear that
the two outagens gamus rays and EXS within the dose range
tried in the preasent care, are caphble of altering seed
germination, seedling rurvival, shoot as well as root elongation,
ferti:ity of pollen and seed, chlorophyll as well as morpholo-
gical abnormzlitiase resulting on a wider spectrum of heritable
variation in the trested mmterial, The variabiliity thus
induced will offer batter scope for the breeder to select the
genotype with the desired combination of charactsristies.



Summary



SUMARY

Investigstions on the "Biologicsl effects of
gamms raye and EMS on the M, generstiocn of red gram
(Catiapus geiap L.)” were undertaken in the Igpartment of
hgriculturcl Boteny, College of Horticulture, Vellanikkarsa
during ths period 1983-'8S, Pure seeds Of SA.] veristy
of red gram were szubjected to five different doses Of gamm
irrsdistion (10 to 30 kred) and five doserz of BN (0.3% to
0.7%) and the M, generation was raised and studied.
Observations on seed germination, seedling survival, shoot
as well ae root elongations, pollen and cesd fertilities,
chlorophyll chimexers, morphological variations etc. were
recorded from the M; generation plant. The data so collected
wers subjected to suitable statistical anslysis. The
importent findings asre sumnarised below.

1. In the preliminary labor:tory test it ir seen
that {(a) 2 hour presoaking of seeds is ar effective ss 4 hour
presoeking, (b) 6 hour treatment of EM: doer not differ
significantly from 8 hour treatment (c) seed germination is
drsstically reduced from 91% to I when concentration of
EME incresses from 0.5% to 1X and (4) the iDgq for BMS
is O. M.
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2. Studies on the effect of mutagens on germinetion
of seeds have shown that (a) the treatment effects are not
significant either on the germimstion percentage of eeed oOr
in the time teken for germination (b) Lower dosez of both the
mutagens stimulate, germimation (c) no dose dependiénce on the
percentage of germination is observed in the case of gamma
irredistion while in the onsre of EMS the percentege of
geraination proportionately decrsases with increasing concen-
trationz of the chemical. Seeds trested with gomus prays take
8 longer time for germinmstion as compared to those treated
with BNS. HNo dose devendance i observed in the cese of
seeds treated with gamma rays in the time taken for germination,
whereas in the case of 3NE the time taken by seeds for
germination proporticnately increasee with incresacsing doces
of the mutzgen. Results of field trisl on the effects of
mutagen Oon seed germination have registered significant
trestment effects on germination. These recults perfectly
agree with those obtained in the laboratory trials.

3. Studies on the effect of mutsgens on survivel of
seedlings conducted in both laborutory and field conditiorns
hsve registered significant treatment effecte only in the
case of field trials. In both the cases both gamma reys and
M8 have reduced the survival percentsge of reedlings, the
rate of reduction being proportional to increeesing dores of



81

the mutagen in both the cesesz under both the situations.

4. Results of lsborztory stuéies conducted on the
efiect of mutagens on root and shoot elongations have shown
that (a) both the mutagens suppress radt and =hoot elongations
with identical effects and (b) rete of suprression i

directly »roporticnal te incresse in doses of both the mutagens.

5. Resulte of field studies conducted on the effect
of mutagens on plant growth expressed in tarms of plant
height on the 30th fay have produced significaent treatment
effecte. Both gamna rays and EMB have reduced plant height,
the rate of reducticn being directly proportional to increace

in doses.

6. Results of studies On the effect of mutagens on
pollen as well as seed fertility have indicated significant
trestment effecte in both. Both gamms rsyes an? EMS have
reduced pollen and reed fertilities. The rate of reduction
in the fertiiity of pollien and seed has been cdirectly
proportional tc the incresss in doses of both the mutagens,
Among the two mutagens EMS is more effective in reducing
pollen and seed fertilities,

7. Chlorophyll chimerase in very low frequencies
have been observed only in the EMS treated population.



8. Striking morphologicel variations observed
in the ul generation include dwarf plants, plants with
crinkled leaves, those with small narrow lesflets with
round apex, those with reduced cinopy size, those with
prolonged ac welli as reduced flowering curatione and those
with lesser number of flowers and fruits. These morpholo-

glcal varistione are rertricted to EMS treated population.
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Appendix I

Analysis of variance table for the effect of mutagens
on the germination of plants on the 15th day
(Field conditions)

Source Degrear of Sum of Mean P value
freedom squaAres square

GARDS_RAYS

Bloek 3 389,41 96.47 8.35**

Treatment S 1235.91 247.18 21,138%*

Error 1% 1758.30 11.89

Total a3 1700.62

RE

Block 3 74.2% 4.7 0.94**

Treatment L) 2121.87 424.37 16.14%*

Brror 15 394.61 26.30

Total 23 259.06

*® Significant at 1% level



Appendix 1I

Anslysis of variance tsble for ths effect of mutagens
on the survival of zlants on tha 30th day
(rield conditions)

e ImIR IR, MR T
GoBNA _KAYE

Block 3 185.11 61.70 S.49*
Treatment 5 1230.24 246.08 21.91**
gcxror 15 168.46 11.23

Totsl a3 1583.84

o

Bloeck 3 192.69 64.2)3 1.91
Traztment 5 2713.61 54.25 16,16**
Exrver 1 5C3.45% 33.56

Total a3 3408.74

** Significant at IX level



Appendix IIX

Analysis of variance tible for the effect of mutagens
on root growth (Labogatory conditions)

Source ?:2:;;: of f;:;::a f:::rt T value
GARiDh_Kiye

Block 3 .14 4.68 .28
Tredtmant $ 102.2¢ 20.45 120.36**
srror 15 2.55 0.17

Sotal a3 104.93

3

Block k| 0.49 c.17 2.9
Trestment L) 81.0% 10.21 176.43**
Brror is 0.87 5.8

Total 23 52.41

=% Significent at 1% level



on ghoot growth (Laborastory conditions)

Appsndix IV
snalysis of variance table for the effect of mutsgens

Sovees bemees of  Smof  Men 7 v
Ganme _LaYs

Block 3 0.64 0.21 4.20
Treatments s 31.32 6.26 125.28**
Error 15 0.7 0.0%

Total 23 32.6°

RS

Block 3 0.14 4.%9 1.02
Tredtments S 29,98 $.99 132.69**
grror 15 0.68 4.51

Totsl 23 30.77

*+* Significant st 1% levsl



hppendix V

Analysis of verisnce table for the effect of mutagens
on plant growth under f£ield conditions

soucce Detam of Smol, M Tl
QARMA_KAYS

Block 3 37.%2 12.51 5.01
Treatment s 839.42 171.88 68.86**
Srrox 18 37.44 2.49

Total 23 934.39

1.3

Block 3 28.49 9.49 1.04
Treatment 5 1635.78 327.16 35.92**
Brror 15 136.62 9.11

Totel 23 1800.89

** Significsnt at 1% level



Appendix VI

Anzlysis of variance table for the effact of mutagens

on pollen fertility

Source g:a:;:: of i:;‘::- ::::r" rF vslue
Qamme ZoYE

Block 3 22,39 7.46 1.39
Treatnent S 755.08 151,01 48,25*+
Brror 15 80.17 5.34

Total a3 857.61

Bne

Block 3 5.58 1.86 1,19
Treatment 5 1445.%9 285.12 186.29
Brxor 18 23.28 1.58

Teotal 23 1474 .44

** Significant at % level



Appendix VII

Analysis of variange table for the effect of mutagens

on seed fertility

source Py - S S
Qamma Xays

Block 3 5.73 1.91 0.8%
Trestment ) 565.62 113.12 $0.46**
grror 15 33.6) 2.24

Total 23 604.98

BE

Block 3 20.85 6.9% 2.66
Treatment 5 1994.44 399,89 152,89%¢
gcror 15 39.13 2.6}

Total 23 2084.42

** Significent at 1% level
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ABSTRACT

The studies reported herein were undertaken in the
Depsrtment of Agriculturel Botany, College of Horticulture,
Vellanikkars during the period 1383-'85,

Seeds of 5A-1 variety of red gram (Caianus ceiap L.)
were subjected to induced mutagenesir using five doses of
gamma rays (10, 20, 30, 40 and 50 kred) and five doses of
EMS (0.3%, O.6%, 0.5%, 0.8 and 0.7%) and their biological
effects on the N, gemeretion were studied.

In the preliminary laboratory test it was found that
the two presocking times viz., 2 hours and 4 hours 4id not
differ erignificantiy. Same wee the Case with tha two
durations Of chemical trestments viz., & hours anc 8 hours.
The three concentrations of the chemicsl viz., 0.5, 0,75%
and 1% tried d4id Siffer significantly. The wso value wvas
obtained as O.M.

Lower doses of both gemma rays and BMS stimlated
sesd germinstion. No dose devendance on the percentage of
gerwinstion was noticed in the cese of gemms icradiation
while in the cése of BXS, germingtiom percentage prooorti-nstely
decrecsed with facrez:ing concentpetions of the chemicel.
Gemina ray trected seeds took longer tims for germination
compared to those trested with ENS,



Reduction was observed in the survival percentage
of eeedlings with incresse in cdoses Of gamca rays and BMS.

Root length, shoot length and plent height were
reduced by gamms rays and ENS, the rate of reduction being
directly proportiomal tc the increass in doces.

PO0llen and seed fertilities decretsed linesrly with
increase in doser Of both gempa rays and BMS. Among the two
sutagens, EXS was moge effective in reducing pollien and seed
fertilitios.

Chilorophyll chimerss, in very low frequencies wers
obgerved only in the ENS trectad population. Morphologicel
variations noticed included dwarf plants, plantes with crinkled
leavesn, tiwee with reduced cénopy sise, those with .rolonged
a» vell as reduced flowering duretions, those with lesser
nusber of flower: and fruits. These morphological variatione
were restricted to B8 treated populstions.
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