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INTRODUCTION



Induced mutations are tho ultimate source of
variability for having e positive soleotion response
in crop plants. The exploitation of radiations and
radiomimitic compounds for induoing mutations/altar-
ations in the base sequence of DNA is one of the moat
potent lines of contemperory crop improvement progrgmme.
It has beon provaed beyond doubt that green revolutions
to a cortain extent iz a produot of induced mutations.
It haa also been proved that the mutagens whoether it
is physical or chemical can be beneficially used for
tailoring botter varietiss of crop plants, It is proved
both in seed propasgated and vegetatively propagated
crops that all morphological and physiological charactera
within the species bourdary and even bayond this can ba
inducad by mutations. Whenaver the available genstic
variation 1s axhausted in a population further genetic
variation can bo created only by induced mutation.
Whenever the conventional breseding programmesz exhaust tha
natural variebility tha possibility offered by mutagenic
agents for orcating vaeriability has got considerable
interest. Lorger genotic variation means the poasibility
of greater rosponses to sslectlon and highar chances of

improvement. Gregory (1956) while working on imducad



mutations 8n peanut remarked that radiation is as
officiant as hybridisation in supplementing genctic
variabllity for selection and in cortain situations
induced mutations are the only selution for the
problams facaed by the breaderse Brock (1971)clearly
demonstrated that we can induce any mutation that
occured paturally and probably many which bave either
never occursd naturally or have besan lost from natural

pepulation.

It 1s a well rocognised fact that induced
mutations can yield larger variability in corop plants
a® 1s avidencod by the raports made by induced mutation
broedera., But tihe large numbar of croated variabillity
is being eliminated by the various factors operated in
the pequence of mutational avonts and screening processes.
One of tha major faector which plays a decisive rols in
elimination of mutatad ssctors is through diplontic
sealoctions, Majority of mutation breeding experiments
have been inivieted with complex multicellular tissues,
either with seeds 1in soexually propagated plants or with
buds or cattings 1ln asoxually propagated spooiess In
all cases plants will develop ‘'chimeras?!, which will

locad ¢ diplontic sslection and finally alimination of
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wutated sectors as raported by several workors, Swaminathan
et al (1970) and Goud et al (1970) roported that plants
with drastic Induced variations have been eliminated due

to a vigorous diplontic selection., Various reportis bhave
been made by too many workers that the dorment embryo
consiste of more than ope cell. Swaminathan (1966) infared
that tha dormant rics seed vhen exposed to mutagonic treate
ment had cight to tem initials whibh would give xrise to
tillerss Kawal (1963a) reported that following trectment
with heavy doses of radiatlon, the same mutations was
dlatributad over almost all the gsars in certain M1 plants,
indlcating that all the panicles originatad from a asingle
primordia, In this case the exparimantal evidancaas clsaxly
infered that all primordiam oxcept one might have been
killed by severe radiatien injury. These reports and
othiers based on detailled analysis in mutation frequency

and sogregation ratios clearly oshowed that sactior size
pPlays a major role in induced variability. In gencral
emaller ths number of initial cells groater will be ths
probability for mutation to occur. So many axparimontal
procedures have bsen adopted to0 reduce tha number of

coll involvoments during thg process of induced outations

to yleld solid nutations and to minimisc diplontic



galaeciions. Cocll culiure, moristem cultuze ard pro
and ecmbryo culture promises a better scope for getiing

maximum induced varilability im thils regard.

Rocent advances made in cell/meristem/tissue
culture reaasarch appear to offor considerable promisa
in terms of induced muiations for crop improvemant
pregrammoes. Of all the various factors, the most deter-
winete oma ia that it is casy to handle a large numbar
of irradiated matorials within a small volumg, Or in
other words induced mutations im relatioum to tisosue
culturae oconomise sapace. In addition, embryo/tissue
culturs can bo carried out at any time of the year,
whareas growing plants in field may ba restirilcied to
paz ticular sgason, L4 ie also an advantage that selection
for a particular tralt may be done at the tissue level.
It hes beagn reported that any part of a plant c¢an ba
inducsd to form callus, including embryos - mature or
immoture, root, leai or etgm sectlons, antherc and pollon
grainey ihough seceds are the easleat material to start
wlthe. Ombryo culiurqg sesms to be the second begat easy
materinl for inducad mutagencsis. The cell or meristam
culture which involves the formation of callus results

in the creation of somaclonal variations, thargeby the



assescment of inducod variebillity can never bW preperly

carriod out. Taking into account of all these factors,

in the presaont investigation to standardise the techni=

gues of induced mutagerksies by ualng precembryos and

ambryos having different maturity were taken up. The

main objectives of the investigation includes

1s

Re

3.

he

To standardise a sultabls cunlture msdium fer
an garly ahd maximum embryo take and differen=

tiation in groundnut,

To standordiss a very succossful surface
skerilisation technique for prosmbryos and

embryos of groundnut,

To assess the influence of maturity of the
proonbryos aml embryos for tissue cultura

techniques in relation to induced mutagenesis.

To standprdisc ¥he bast tochnique of matogsn
troatment while adopting ambryo culture

techniquas,

To asseas tha optiomum dose raguirsment for
maximum ombryo set and differentiation to yield

maxloum outations.
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Tissie culture techniques in Crop Ymprovement programmass

The bosis for plant tisoune culture is the concapt
of totipotency underlined in the ¢oll theory by
Schleidon (1838) and Schwann (1839). Now a days tissue
gulture ham become an important tool for usae by the
commercial plant propagators (Zilmmarmen, 1981). When
tha micropropagatlion asscts of tissue culture are combinsd
with approproate indexing and explant establishmsnt te-
chniques, thon plant tissue oulture amergee as a potent
raesearch tool in fundomental and applied aspects of

Agriculture, Horticulture, Forestry and drug manufacture.

The pioneering experiments of White (1934, 1939),
Gautheret (1938), Nobecourt (1939),Reinext (1958),
Stewvard et al (1958) and Morel (1960) are often cited
as the landmarks in ihe Jdevelopmentfal phasa of plant
tissue cultuse. The f£irst major completelyddfined
madiem was devolopod by Murashige and Skoog (1962). To
obtaln optimal grouth and to induce tho nutrient media
is often supplemented with matural extracta like cooconut
milk, yeast axtract, fruit juice eto. {Steward et al
1958y Hildezrbrandt, 19633 Vasil and Hildebandt 1966}

Butenko, 1968; Street, 1969). Majority of the nutrient



media nod baing used are chemically definad and oan he
adopted to various uses by slight modifications (Vasil

and Vasil, 1980),

The techniqua of artificial culturing of embryocs
has basr employad in growing intorspacifiec hybrids,
intergomeric hybrids, moncploids and polyploids (Heinz
at al, 1977). The procedura ls bassd on the prinociple
of produoing an abunpdaut supply of mutrition to the
developing embryos so that they are not hindered by
salectlon prassure and compstition. Emrgyo cultura teche
nique providas a way io produce vinble mutents in several

erop plants (Ghosh, 1982).

Tho boat commarclal application of tissus culturae
technigques has beon In the production of clonal plants
at a very rapid rate compared to the conventional methods.
Suab plants are roported to grow faster and to maturs
asarlier than scod propagated plants (Vasil and Vasil,1980).
Zn yitre clounal propagation procadure have been standar-
disad for o number of important plant spociles including
sugarcane,; ¢otton, mailme, rice, tobacco, grasses and
gavoral bortlculturel crops. Exgellent rewviocws omn the
subject have bacn mads by Murashipe (1974, 1978). Vasil

and Vasil (1980) # and Wanpg (1983), Styer and Chim (1983)
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and Sharp et al (1984), All aspecics in which organo-
gemssils and plant formatlon can da achieved im yitro
may not be sultable for large ecale clonal prepagation
(Vasil and Vasil, 1980}. Ganetic variation may some=
timge take place in the clonal population of plents

as a rasult of aneuploidy and polyploidy introduced

during coil proliferation in vitro (Murashige. 1974).

Moral (1960) could standardise a procadurs to
rendar the orchid, (Cymbidium) free of virus and thereby
in vitro clonial multiplicatlon galned momentum, The
graatast success using this techniqus has been achieved
in herbaceocus species. This success has been partially
due to the weak apical domimare and stxong root regener-
ating capacity of many herbacecus plants (Hu and Wang,
1983). The role of cytokinins to reslease &hs lateral buds
from aplcal dominance wes ropor tad by Wicksopn and Thimarpn
(1958). This finding was affectively utilised for large

scale clonal propagation in strawberry by Boxus {(197h).

Yie and Leaw (1977) established papayc scedlinge
shoot tips in vitro and obtainod proliferaiwve growth on
¥S modium containing 0.3 /uM IAA amxl edlther 2.3 /u M

Kinotin or 2.2 = 4.4 /* ¥ BA. The applicability of the



axclsed shoot tip culture techmiquese to & number of

banana clones was assessed by de Guzman ¢ t al (1976},

Although the {irst repoxrt on onhanced roicasa of
axillery buds was wade by Custer gt al (1980) , the
Ploneer vork on application of imn vitro <{ochniquas
on coffae (Coffea SPP) was raporttad by Staritsky
{1970). Nodal explants of asceptically grown 3 month

old ceffea arabica  planta cultured in M5 modium with

BA and T4A developed shoots at tha average rate of

2,2 paxr node after two te flve waeks,

Meristem culture tschniques, as first applied
to cacsava (Manihot osculenta) ocultivars employed the
MS madium containing vitamins as in the B5 medium
{Gamborg gt al, 1908), supplomsnted with NAA, BA and
GA at 1.0, 0.5 and 0.1 /* M, recpectively (Kartha st al
1974). GA had a stimulating effect on shoot growth from

meristem culture as was yoportod by (Nair gf al, 1979).

Vogotativse propagation of various palm specles
through tissue culture motheds was attomptad only during
tho last docadss Techniques have heen standardisaed for
oil palm (Jones, 19743 Corley gi al, 1976, Rabachault and

Martin, 1976), date palm (Timserat, 1979t 1981) aud



cocorut (Blake and Ewuwons, 19813 Raju ¢t al 1984)
Blake and Ewuwens (1980) obtainad shoot like structures
uwith no intervoning callus stagej but these did not

devalop into plantlots.

Skoog and Miller (1957) reportsd a high concen-
tration of auxin and a low concentrgtion of cytokinin
promotad abundant cell proliferation with callus and
low auxin and high oytokinin concentration in the medium
promotecd shoot morphogenasia, Cvans ot al (1981) reports
that somatic organogenssis 1s useful in inducing genetic
vardabillity or to recover pre existing natural gemetic

variability.

Khan and Ghosh {1984) developsd plantlets in
Ciloexr_ariotinum through tissue¢ culture, 3=5 shoot buds
davelopod from sach cotyledonary node of young seedlings
raised in Gamborgs B5 madium supPplemented with BAP
1.0 mg/1it and these wultiple buds davelopad profuse

roots in B5 medium with NAA 0.5 mze

A wids range of varictlon in chromosome numbers was
noted ln the regonernged plantiet from shoot moristem
culturs of Vigna sinensis (Ahmed and Ghoshy 1982)
Excised shoot tips of Vigna munso and Vigna radiata
cultured on Gamborgs basal modium developod shoots and

roots (Goel gt al, 1983). Techbniquas and media for




eulture of Soyboan, peay vigna ombryos from mature and
inmatore seeds woredested and successfully given by

Vagera and Haomackara,(1980).

Callues apd root formation from sugay beot anthers
van induced on the Linamaier and Skoog medium containing
variocus grouwth substances and several saccharose lavels.
(Rogozinska and Goska, 1978). The rageneration potential
of shoot apical meristems of Soybesan, cowpea, peamut,
chickpoa and hgan was situdied on ager molidified MSmedium
supplewronted with varlous concentrations of BA and NAA

alono or in combination (Kartha gf al., 1981).

A mothod to culture immature embryos of Populua
deltoddes in wyitro was successfully givon by Kouider
ot a1 (1984). HMultiplo shoots wore formed whan cultured

on MS medium,

The possibility of clomal propagation of banana
through tissuc culturs was oxplored. Shoot tips iaolg,ted
from thg rhlizowes were found to bo suitable materianl
for plantlet production im vitro. Exciacd shoot tips
with the youngast leaves produced only one plantlet.

(Doreswamy ok al, 1983).



Tissus culture technigues in Groundmuti

8piclman gt al (1979) produced fortile inter-~
spacific hybrids in laxge numbors daespito the ploidy
differencas betwsen msome wild spacies and the cultivated
groundnuta. More recent reports of plant regemeration
instissue and organ cultures creatas hopas for regensr-
ation from single cells and application of these techniquea
to some of the refractory probloms in groundnut breeding

(Santri at al ~ 1981 and Mcoginski gt al 1981).

Mroginski and Fexrmandez (1979, 1980) succeeded
in lnduclng plantlets inm anther cultures. Ths plantlets
bhave been obtained from anther oultures of Arachis pusilla

and Arachls Spe P L.N0.276233. Pittmaon (1981) cultumed

beanut anthars, cotyledons and leaflats under in ylitre

tachniques. Uhen peanut cotyledons were groun im media
with TAA end BAP or NAA, 2,L-D and BA, callus wora
produced plantlets wure ragemerated from anthsr culturea

but no plants uere recovorad.

Moxistam culturaes

Production of plants from mesristem cultures and

thair survival after fPsazing for 28 days is ntilised for
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gonsration of discass freo populations, long term
storage and international transfer 6f gormplasm
(sastri et al; 1981, Eartha ct al, 1981 and Bajaj,
1979).

Plants of Arachia hypogasa and Clcexr arietipum
reganerated from ths freema prossrved cultures of
exolsed meristems were tramnsferred to soil, grown to
maturity and harvested. Tha seeds showed normal ger-
mination and no change in nmumber of chromosome was
observed (Bajaj, 1983). Grean immature leaflets (2=5 mm
in length £from shoots of germinated seeds or greanhousse

groun plants) from seven spascies of Arachis were

oulduraed asgptioally on a medium compssd of Murashlge

and Skoog salts. Gamborgs BS vitamins, 0.8% Difco

agar with 1 mg/lit cach of NAA and DA and orgnnogsnasis
ocourgd in the leaflst culbures and plantletg vexo
rocovered, (Plttmann ot al 3 1983). Leaflets, cplcotyls,
hypocotyls, primayy and sccondayy roots and cotyladonas
exclsed from seven day old sccdlingse of four cultivars
wore cultured om MS medium supplemented with 2, 4D,

IAA and NAA at varicus concentratione 1n combination with
Kinatin and plantlets Were ragemsrated irom callus

(Narasimhulu and Reddy, 1983).



Embryo culturss:

Embryo culture technique is a tool for securing

viable mutants in mony legumes (Ghosh et al, 1979).

Culture of cmbryos in incompatiblo crosses in
Arachis vas suggested by Gregory (1946) but was not
taken up. Gynophore development and pod initiation
and development from thess incompatible crosses havs
besen induced by hormons irsatmwents (Sastri and Moss,
1982) and Ancnymous 1981), Embryos of Arachis spp was
culured to produce interspoclfic hybride (Bajaj et al
1982) Embryos of Araohis hypogaea M 13 (2 n = 4 x = kO},
Azachis wvillosa (2 n = 2x = 20) an® their hybrid were

culturad in vitro and planta werc sussessfully transferrcd
to soil. Tiw hybrids had 2 n = 3 x = 30 and ressmbled
Arachis hyposaea. In yitro plantlet regomaration of
Arachis from smbryc axes and cotyladon segment waa
succassfully domo (Atroya at al 31984). Im gvula culture
of embryos has been useful in a number of plants whore

the dismoction and culture of proembryos is difficult
(Reghavan, 1976). Martin (1970) cultured ovules from
asrial gynophores of Arachis bypogaea and obtainad plants,

using MS with Hellor's microelements, vitamins, aminoacids,
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\
caseun hydrolysato and kimetin. Sastri gt al\(1980)

N as .
L

A /
although failed to culiure ovuluss succeeded in in~vitro

pollination of ovulues,

Ziv and Zamski (1975) were the first to success-
fully culfuro the tepminal segments of acrial gynophores
and to obtain pods. Rangaswamy at al , (1965) reported

root formation f£from callus 1n pericarp cultures.

Induced mutation in crop improvemonti

Tha 1dea of imduced mutation in gquita old.
It was propozed fhrst by de Vries as early as 19501
and the term mutatlon was dorived from the latin word
"matare' to denota chaonge. X=-roy was the first radia=-
tion to be applied to cells and chromosomes and subse=~
quently the installation of cobalt aml cesium socurces
made gamma xays also avallabla. The discoverias of
Muller (1927) 4in Drosophila and that of Stadler
in (1928) in barley and mailze opened up a new field
of research which has significantly advanced our kmnowladge
in genetics. In addition to meveral ionizing radiations,
2 number of chemical mutagens also produce mutatioms
in plants when applicd singly or combined with othary

chemicals and in successlon or simultancously with
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with radiation, (Chremberg et al., 1971, Konzak gt al 3

1965,

Chemical mutagenesis wae $riad by Shiemann (1912)
with somas oncouraging results. The experiments of
Auerbach and Robson (1947) with Dxosophila using
sulphur and niirogen mustords brought the usefulness
0f chemicals for the induction of mutation. Freoase
(1963) olassified chemical mudagens as base anmalogus
substitutes, dyes, aclds, metals and alkylatlng agants,
In higher plants the last group, especiamlly IMS has
proved to ba very effective. The relatively low toxic
and hiph genetic effects of EMS (Gaul, 3961) and iis
high matagenic e ffactiveness as wall as efficloncy
in highsr plents (Konzak et al$ 1965) demand attention

for enhanced practical application.

Irradiation rasulted in delayed germination
and reduced gormination parcentage at higher dooses as
obsorved by Shirshov and Shain {1966) using gamma
radlation in fleld besans; in pea using gamma rays
(sidorova at al., 19663 Maslov and Stepanova, 1967) and
by Alikhan et al (1973) in red gram with EMS and gamma

reyss Louls end Kadambavapmasundaram (1973) found that
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in cowpsa, gormination was roduced by highor doses
of gamma rays and there was complete suppression

of germination in 60 Erad and abovae. In groundnut,
Reddy ot al (1977) £found that germimatich ranged

from 24 to 57 parooent.

Reduced germination was noticed wi th higher
dosee 0f chemical mutegens like IMS, MMS, ethylensimins
etc. in Pilpum and groundnut (Diixt and Gelin, 1965).
In pea Wellonsiek (1965) obsezvad thnt pgermination
decransed rapldly wlth increass in comentrgtion of

ENMS,

Sevoral uorkays havae studied the relationship
ba tween dosoes of mulagen and survival psrcentage. In
black gram Jana (196%) observed a direct relationsbip
botween doses of neutron and latbality, Teodoradze (1966)
noticad a decreasse, in Soybsan and franchbean. Constantin
ot al (1976) observed that in populatioms of Soybsan
grown in green house the survival of plant decreaamed
wl'th inczeaze in doso of EMS, The parcontages of healthy
scedlings and full grown plants dacroased rapidly with
ipcraasing concentretion of LMS in pea ( Wellaneiaglk

1965). NMU, DES and NEU docreased the esurvival rats in
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paa (Tarasenkov 1969). In coupesa at 0.25 porcent
FNS and at 0,025 percent MMS the survival psrcentage

was drastically declinad (Narsinghani and Kumar,1976)a

Constantin at 21 (1976) roportesd that in
Boybean, seadling helght decreased amthe dosa of gnmma
raysy neudrons, EMS and DEES Ancyeased. With EMS, MMS
and EI in Pisum, there was a considerable reduckion
in height (Diixt and Gelin, 1965). Plixt o% al (1966)
reportad that intervarieial differances in pea,
following varying treatments with rliS, wero shoun by

raducad geedling growthe

Chemical compoeition in induced mutant groundnut
wasp studlied by Gadgil and ifitra (1983). Twonty one
cultures wore obtaimd frea Xeray aend gamma irradiation
of Spanish improvod oilther as direct mutanis or by
saloction amongat hybrids from inmtermutant crosses.

Some culturas showed n 2.,3% increasme in ecil content
over Spanish impreoved largo sacded culuures contained

540 = 8% Sucrose comparsd %o Spanish improved in 3.6%.

Proferential segregavicn of two allellc mutations
for mmall lcof character inm groundunut vwas studlied and

reported by Patii and Mould (1984). Two radiation
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irduced small leaf muiantes in Spanish improved had mors
than %0% reduction in leef aize ascociatad with ain
increased numbey of imparipinnate leaves in one mutant
and light ysllow flower color in the othors. Genstic
otudies demonstrated that the two mutations were allelic
and controlled by recgssive factors deslgnated Si-imp
and St, respectively. Segregation ratios in tho M4, Ms
apd M6 indleated a louer fraquency of mutants than
gxpocted whilch is aitributed to proferanial segregation

in favouwxr of normal leaf si=o.

Ethidium bromide and acriflavine were suporior tw
in mutagenle activityto X-rays, FHMS and DES in groundnut
(Lavy, 1976). The frequent mutations induced affacted

chloropbyll and height,

Radiation induced mutants produced large yield
with large kerpals end high oil contoni. Thia waa xopor tad

by Patil in (1977).

Mutants DP 1 and B 2 of Arachis hypogacae which

have a compact habat, large kermels and largs pods and

abow carly and mid early maturity, reapectively wers
dexived from the late maturing variosty 4t ©, which bas o
spreadlrg habit and kirnels and pods of medium sigs. In
trials ovexr thfee yearsp thesa out ylelded the prodominant

varloiy (Sinha and Rehman, 1979).
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4 falrt orange flower coloured short statured
mutant in roundnut vas identified by Dasals (1985).
Thia muiant variety showed both qualitative and quantie
tative changes with respsct to tio cultivated varleties
and hence he suggestad that plelotropy is iluvolvad
and the overall roduction im alaa may ba relatad %o
chromosomg rumbor or styucturo. The faimk orange eolour
oould be a useful genotic marlker for melniaining wvariatal

purity.

€O, Mutant 3 ralcased inm 1984 was dorived from
Arachis hypogesa cv POL-1 treated with the mutagen
athylmethane sulphonate, This was rapor ted by Sivaram
et al (1985), Due to increased secondary branching
and more pods/plant, it has a higheor pod yield than

POL=1 with a bigher shalling outturs.

The performance of gamma ray induced smutants of
groundnut im Sri Lanka was studisd by Pathizana (1985)
and hg reported that Mutant 180/21 and 180/22 from the
5 Brad tfeatad cv GN 13 consistently outyiaeldsd the
control variety k5 during thfce seasons and mutant
980/30 {from the 15 Erad treated or Viectnam gave a 5%
lower yield but highexr lyields than 45 in subscquent
seasons. All three mutants had batter shelling porcen=

tages, larger kernsls and more 2 secdad pods than the



rocomnemkied cultivars.

Seads of groundmt cv, NC AC 12, NC AC 10,
NC AC 2t4h, M 13, GDM and PI 259747 wore irradiated
with 5,104,415 and 20 KR pgarma rays apnd grown surrounded
by a pollen parent. The affect of irradiation on pollcn
storility and other quantitative characters was studled
in Ml' Pollen sterility increased linearly with
incrgamed dome in eacir cv. Thare was mnagative corre=
lation between inherent pollen sterility and parcent
incroase in s torllity. The 15 ER was the most effective
dose for imnducing a high level of pollen sterility
without changing the other characters. The correlation
be twoen pollen stsrility and cross pollination wae
positive. This was reported by Dutta gt aly (1986).
Joshua and Bhatia (1983) isolated two large seed mutants

in groundmut. Thoy are TG 1 obtained from Arachis hyposasa

av Spanlsh Improvad by X~=irradiatlon TG 19, solected

from the A.hvpogasa oross TG 17 x T¢ 1.

Ramanathan (1984) developad five induced high
yielding mutants in groundmut using 30 krad gomma irra-
diation of 40 MM EMS inm TMV 9 and using a combinration

of 20 krad gamma irradiation and 40mM EMS in Ah. 7911.



Tissus culture technigues ixn rolation to Imduced mutagenceis

Among tho varilous technlques now available in
tissua culiure, the use of tisaune culture induced muta-
gonceln for plant modification is & relatively new and
very attractiva area of rasearch. Individuanl plant calls
or pollen grains growfh in culturecs can serve as mutable
material which can be grown into entire piants (Yoshida
and Ogawa, 1983). Bajaj (1971) studied the direct and
indirect effocts of gamma irradilation on tha seeds,
ssedlinga, callus tissue culturses, excised roots, ovulas
and embryos and reported that callus tissue cultures are
more radio resisztant than the intact seedlings. George
and Rao (1979) studied the in vitro rogemeration of
mustard plants on cotyledon explants from non-iryadinted,
irradiatsd and mutagen=treated seed. Shot formation in
cotyledon oxplants of mustard was obtained in MS medium
vith Nid, Complotec plants wero obtnined whben shoots ware
rooted in ME medium. EMS had an inhibitory cffect on
shoot regemeration and gamma rays in doses abova 2 KR

supprocscd shoot rggencration but stimulated callus growth.

An in yitro propagation of two genotypos of

Begonlia hiomatis was achloved through adventitious shoot
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forxrmation on cultured leaf disc oxplants and subscquent
transplantation to soil of explant parts with adventibisus
shoots. After Iirradiation of dotached loaves with
different dossc of X=rays and two oycles of adventitious
shoot formation on in witxo cultured 1loaf disc explants,
plantlets vare produced. About 0% of those plants was
mitated with respect to the colour, siza and form of tha
leaves and flowers, The great majority of the mutanta

(98.5%) proved to be mon chimeric (Rosst ot 2l., 1980).

Skirvin (1977) augsests a novel approach to
intraclonal plant improvement which will utilize both
the natural amd induced variation aszsociatod with
clonally propagated plents through various inm wvitro
and in vivo proceduros. Many plants obtainad are of
single cell orlgin and hemece of puare mutant type

avolding the chlmarism phenomanon.

Harten gt al (1980) 4imvestiigated what potentia-
litics for mmtation breeding of potato ero offoxed by
using adventitlious sprouts that arise in vitro from
leaf omplants aftor Xeirradiation. Mutgtion frequancy
ard chimerliem were studied in subtcerranzan am aasrial

parte in thres vaogetative genorations. Plants obtaimd
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from irradiated sorles proiuced a very high mutation
fraquency, 2 wide mutation spectrum and a vary low rate

of chimarisme.

X=irradiation of tubexr cye-piocas of the potato
cultivar Burmania (B = 173) hasraesulted in a plant
with aberrant leaves which has been designated asa
? ivy leaf " and subjected to furthor inveatigations and
found that ivy levaf ls dominant without awy pleiotropic

effocts. This was roported by Harten ot al (1973).

Large numbers of protoplasts showing roproducible
high plating efficiency ocan be isolated from in yitro

propagatad, haploid and diploid, plants of Nicotiana

aylvesotris, Thelr successful wuse in the selection
of blochamical mutants depondis on culture medlum, cgil
densilty, age of colls at seloction ste. (Nogrutin ang

Mullor, 1981).

Ghosh (1982) reports that tissue cultura can ba

used as a 00l for ralsing viabls mutants, through

ombryo culturaes in Vigna sinsneis and Vigne radiaty and
also according to him chromosome instability in tissua

culture of crop plants like Vigra sinensis,Pisum sativum
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Teiticum asstivum ov Sopalils malos helps in oroating
variability through induced mutegenesis. The chromo-
soma disturbances which can be created by a mutagen will
bacome @asler if instabllity is available aeithex in the

gonic or chromosoms level.
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The present inveatigatlion to standardisc the in yitzo

culture techniques for induced mutageneeis in groundnut
(Arachis hypogaea L) wae carried out at the Plant Tissue
Culture Laboratory attachod to Tropical Botanic Gardons
amd Rosearch Institute, Kumorapuram, Trivandrum during
198586, Tha projact also envisages to analyes the

in vitro regeneration of cmbryos and proombryos end
parformance of plantlets in cultura media. The detaills

of the vavious procedures adopted are presented hereunder.

MATERTALS

The materlals for the present inveamtigation used
Were proembryos and ambryos (ex~plants} of groundnut
(Arachis hypogaea L) having four different maturities,
Thay include:
(1) Proembryo having 20 days developments
(2) Proombxyo baving 30 days dsvelopmaent,
{(3) CEmbryo from fully matured nut, immediatoly after
harvest and

(4) CZFmbryes from dry nut, one month after harvest.

The mutagen used was Ethylmethane sulphonate (EMS)
at 0125%; 0.250%, 0.500% and 0.750% concentrations. The
moedia tested wore White's medium, Murashige=Skoog medium

and Modified Murashige=Skoog medium,



METHODSt

(a) Raising the crom

The land was well propared by digging twilce and
properly ploughed and levelled., Furrows and ridges
warg taken with provision for good drainage facllitiga.
Uniform seeds w8re collsctod from well driad nuts after
one month of barvest. The seed nuts were mselected out
and aown in ridges at 30 x 15 cm spacing, The plants
wore maintained properly follecwing the package of
practices recommended for the crop by Kerala Agricultural
Univarsity. Specdal care was taken to provide uniform
field condition to the crop till hurveast, The orop was
raised as an irrigatod ome by providing irrigation as
and when raquired. All ihe aftezr cultivation practices
including earthing up just prioxr to flowering was
providcd uniformly for all zha ploits. About thousand
plants werc raised for tha extraciicon of proembryos and
embryos at different deovelogmontal phases. The date of
pegging in all the plants were kroperly labelled to

know ths different maturity days of the nuts.

() Extraction of prosmbrvos and embryoss

(a) Proembryo having 20 days developmont:
On the twentyfifth day of pegging tbs plants were

pulled out carefully by giving proper irrigation and washed
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thoroughly in running tapuater. The nuts atiailned twenty
daya devalopment basad om thg dato of flowering were
carafully romoved and agaim washbed thoroughly im wvater.
Two hundred and f£ifty such muts waere colleoted and used
for the =tudy, Tho plants were pullad out from a single
row lsaving the border plante mp guard rows. The immature
Pods attainsed tuwenty days deovelopment were carefully
split open by using fine adgad acalpel and foreeps and
the nuts wore separated out from the shell, These lmmature
nats were thoroughly washed in sterile distililasd water
for 2 = 3 times and storiliscd by using 7C peroont
alcohol. Again the nuts wars uashed in starile distillaed

vater and made roady for proasnbryo extraction.

b) Proembrye baving 30 days developmentt

On the thirtyfifth day of pagging ths plants uvere
pulled out carefully by giving proper irrigation and
wvashed thoroughly in rumning water. The nuts attained
thiy ty days development bhasad on the date of flowering
wore carefully removed and again washed thoroughly in
water. Two bundred and f£4ifty euch muts were collectced and
used for the atudy., The plents were pulled out from a
single row laaving the border rows as guard rows, The

immature pods attained thirty days development waere
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carafully split open by using fine edged scalpel and
forceps ard the nuts were separated out from the shell.,
Thees immaturs nuts wers thoroughly washsed in sterils
distillad water for 2 = 3 times and starilised by

using 70 parcent alcohol. Again the nuts were washed

in sterile distilled water and made ready for proeumbryo

extraction.

(o) Embryo from fully matured put:

The fully matured plants basad on the ohanging of
the colour of ths basal leavos from grean to yellow
wvera pulled cut carafully by giving propsr irrigation and
washed thoroughly in running tapwatexr. Ths nuts attaimed
full maturity uerac carefully removad and again washad
thproughly in waters Two hundred and fiftiy such nutg
wore collected and ugod for tha study. While pnlling
out the pinnis the border plants wore left bsahind as
auard rowse The fully maturaed pods were oarofully split
opan by using fine eodged scalpel and forceps and the nuts
wore saparated out from the mshell, These nmuta wore
thor oughly washad in sterile distilled watar for 2=3 times
and sterilised by using 70 parcent alcohol, Again the
nutse were washed in sterlls distilled water and made

ready for embryo oxtraction.
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(d) Embpye fxom dry nuts

The nute from freshly harvested plants waere
separated and washed thorcughly in running watex te
remove the soll, Theoy were then kept for drying and
gtorad for ons month, After ons month the nuts were
vashed thorougihly in water and two hundred and fifty
such nuts were used for the studys Tuoe pods verse
gplit opan by using fine edged scalpel and forceps and
the puts ware separatad out from the shell. Thase nuts
were thoroughly washad in asterile distilled water for
2«73 times and storilised by using 70 pexcent alcehbol,
Again the muts wore washed in sterile distilled water

and made raady for aembryo extraction.

(c) standardisation of surfaca sterilisation techniques

Surface stexilizations

Enbryo from dry nuts vere used for this preliminary
investigoiion. The dry nuus prewookad in Jdistilled water
for 24 hours by placing thom in & wet muslin cloih wera
8plit open by using etverlle scalpsl ond forceps. Tha
embryos ware extracted by separnting them out from the
endosperm and the extraciad embryos were wasbed thoroughly
in sterlle distilled watexs They werxe dippaed in 70 paxcent

othyl alcokol for 10 seconds. The =aloohol treated embryos
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vere taken out and them they were washed thoroughly
in sterilo distillod water, These surfacs sterilized
explants by using aloohol and sierile distllled water
wore kept in mercuric chloride asolution of different
concontration as is shouwn in Table 1. The mercurilc
chlorlde ateriliscd gxplants were planted in MS medium

An eseptic condition to atudy the survival percontages.

TABLE 1

SURFACE STERILTSATION TREATMENTS

?urvival
Concentration Time in pexr-
Storilant, in percantaga) (iu minutes) csntages)

3 28

0,05 5 Lo

10 70

3 90

Marouric 0.l 3 70
Chlor lde 10 60
3 20

0.2 5 10

10 Nil




The aurvival percentage roesulited dus 1o various cone-
centraticns of worcuric chloride clearly indicatled that
to got maximum cmbryo dliferentiation and survival,
treating the surface sterilised ombryos ln O.1 percent

maycurio chloride for three minutos was ths beast technique.

(p) Stexilisation of proambryos and embryoss

The ourface storiliscd puve by ueing 70 porcent
alcohol and storile Jdistillod water uwore split open by
storile soalpal and forceopz and tho prosmbryos and embryos
hidden inside the endosperm weia iaken ocut for further
piudiso, Iumadiataly afler axtraction, trhe grosmbryos
and embryos wera thoroughly rlmpsed in stexdle distilled
vater, slerllised in 0.1 parcent mercuric chloride for
3 minutes and again washed thoroughly in sterille distilled
water bofore troating with the mutaszen wherever 1t was
necessiiated diroov planting of procmbryos and smbryos
were dome ihe surface sterilisad preembryos and embxyos
with mercuric chloride and sterile distillad waier wera
planted in culturg wubes having 15 ml of modified solid
NS modiuwm in an ageptic condition by using tissue culture
heod provided with laminer air flow., Immodiately after
planting the proombryos and embryo in culture medium thay

We¥e arrangaed in racks providod with fluorescent lamps



3 33 1

in an air condltioned chawmbor,

(£) Standardisntion of Culture mediumg

Tho differont culture wadia teotaed to standardise

the suitable msdium for groundnut embryo 4includes:

1) Vhite's medium
2) Murashige-Skoog madium

3) Modlified Murashlgo~Skoop madium,

The dotails of the ingredionts 1a prosented
in Teble 2,



TABLE 2

CHEMICAL CONSTITUENTS IN CULTURE MEDIA TESTED (1 litro)

¥hites medium. MS medium Modlfied MS medium
Constituents Quantity Conatituents Quantity Constituents Quantity
(in gm) (in gm) (in gm)
Calcium nitrats 0.200 Ammopium nitrate 1.65 Armoniunm nitrats 1.65
Potamasium nitrate 0.080 Potassium nitratel1.90 Potassium nitrate 1.90
Sodium dihydrogen
phosphatae 0.165 Calcium chloride 0.4L0 Calecium chloride 0.440
Potassium Chloride 0.065 Magnesium 0,370 Magnesium sulphate 0.370
sulphate
Sodium sulphate 0.200 Potassium Potasasium dihydrogen
dihydrogen phos. 0.170 phosphata. 0.170
Magnesium sulphats 00,3600 Sodium EDTA 0.037 Sodium EDTA 0,037
Farric sulphate 0.0025 Ferric sulphats 0,028 Ferrilc sulphato 0.028
Manganese sulph. 0.022 Manganesa sulphate 0,022
Manganeaa sulphata 0,0045 Zinc sulpbato 0,0086 Zinc sulphata 0.0D86
Zinc sulphate 0.0015 Boric acid 0.0062 Boric acid 0,0062
Potassium
Todide 0.00083 Potassium Todide 0.00083

contdes
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Whites medium,. MS medium Modified IS medium
Conatituesnts Quantity Constituonta Quantity Consgtitugnts Quantity
{in gm) (18 em) (in gm)
Boric acld 0.0015 Molybdie acid 0.C0025 HMolybdic acid 0.,00025
Potasgium Iodido 0.00075 Copper sulphate 0.00025 Copper sulphate 0.000025
Sucrome 20 Cobalt chloride 0.000024 Cobalt chloride 0.000024
agar L] myoinositol 100 mg
Sucrose 30 gm Sucrose 30 agm
agar 1% gm agar 14 gnm
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A1l the chemicals used to prepare the different madia
ware of Analytical Grade frxom Britlish Drug House (BDH),
Sisc00 Research Laboratories (SRL) and Merck (Sigma).
Standard procedures Biondl and Thorpe (1981) were adopted
for the preparation of the medla. The pH of Whites
medium was adjusted to 5.6 and that of MS medium, basal
and modified, to 5.8 with the help of a p' meter. The
solidification of madia was done by using 14 gm/1it

agar {Marck).

Corning brand culture tubes and conlcal flaaks werc
used for the etudy. Sterilisation of ths medla was done
at 15 psli for 18 minutes amd storilisation of glass wazes
(culture tubos amd conical flasks) at 15.psi for 30 minutes.
A1) asoptic monipulations were carried out inm a laminar

alr flow chamber.

The embryos extractad out from 24 hours presoakad
dry buts were used foyr this preliminary investigation.
The presoalted nuts were thoroughly washed in starile
distilled water followed by 70 percent alcohol., Fmbryo
exiraction was carried by using sterile scalpel, forcepa
and necdle. The embryoas extracted out in aseptic condition
ware treated with 0.1 percent mercuric chbloride for

3 winutes and thoroughly washed in storile distilied watar
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before planting it in different culture media, Tha
differsnt cultures media planted with the surface storili-
sad embryos wers imcubated at 26 + 2° C with a 16 hr
photoperiod (1000 1lux), supplied with cool day 1light
fluorescent tuves. Tueniyfive tubes each were provided

for each medinum,

TABIE 3

EMBRYO DIFFERENTIATION ANALYSIS IN DIFFERENT
CULTURE MEDI A

Days taken Porcantage
Madium, to ombryo difforenti-
differentiam ation,
tion.
¥hites medium 12 days 75%
¥8 medium (Basal) 10 daga 805
MS madium(modifled) 6 days 85%

Analyais on the ambyyo differentiation presented
in Table 3 clearly demonstrated that Modified MS medium
gives an early and highor percentage differontiation of
smbryos compared to basal MS modium and Whites medium.
Therefors in the presont investigatlon to atandardise
techniques in yitro  oculiure methods in rolation to

inducod mutagenssis by using ethyl methanceulphonate,
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Modified M8 media waas solectad out as the bLest medium.

(F) pPreparation of mutagen solutions

The chemical mutagen - ethylmothanssulphonate (B®¥S),
on alkflating agent was usad as ths mutagenic egent.
The various concentrations ranging from 0.125% to
0.75% at 0.2%% interval was preparod by dlsaclving tie
mutaganid 4in double glasa dis?illed water, immediatoly
before usa. Ons hundred co each of the various concen=
trations wera prepared by taking the solution by ndoro=-
pipotte and mixing 1t with 20 cc of distilled water.
The standard soiution was adjusted to 100 cc by using
atandard flaskss. The pH of the solution was adjustad
to neutral using sodlum phosphata dibasic salt as buffer.
The mutagen solution of various concentration was ateri-
lised at 15 psi for 17 minutes. The proparation of

mutagenic solufion was done at room temperaturage.

(G) Planting of ¥xplants in Culture Msdias

The planting of explants were done in culture
tubes or conical flasks, sisrilisgd at 15 psi for
30 minutes. Twenty to twontyfive ml. each of tha
sterilised and solidified modia was talon in culturae

tubea apd ccnical flaslts., The cxtracted proembryos and
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ambryos having the prescribed maturlty growths wers
planted into thes oulture media by using a tiasue cultura
hood filtted with laminay ailr flow. The explant planted
madia in tuhes or flasks wera incubated at 26 #2°C uith
2 16 hr photoparilod (1000 lux) supplisd by cool day light
fluorascent lights. Proper steriliasation of the forcops,
scalpel and noesdles wero done bafore they uwers used for
taking the axplants for planting in cultiure madia., As
the total numbsr of troatments in tho experiment was
very bhlgh and the experimsnt was envlseged only to have

a prolimlmary invaestigetion on the standardication of
various tachnlguss,; »o raplication was provided for each
trocatment. Taen tvhsa/flasks having twe explants sach
wero provided for each trealment. Too mich varlation
in survival and otkoer psrformances of explants ware
expocted due to the inveolvomont of various tochniques

of treatments, Hence a fulleflodged statisticzl approach

bacame very difficulg.

(2) lutageyn Troatmonts:

The proecbryos and embryos of the different maturity
groups woro subjscted to the following methods of

treatment,

(4) Ixzsatiop the waterdal ot tha time of planting:

Tha proambryos and smbryos uecre trecated with tha

mutagen in spscified concenyations. The materials were
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soakad in mutegenic soluiion for six hours with inter-
mittent shaking at half hourly interval. Tha treated
proambxyos and embryos for six hours wers taken out

from the solution and washed thoroughly in sterile
distilled water and kept in runping distillsd watsr for
half en hour. The mtagen treated and thoroughly washed
proembryos end embryos were surface storillsed with
imarcurlc chloride as was standardised for the present
invastigation. The surface sterilised proembryos and
ambryvos were then washed thoroughly in sterile distiiled
water to remove the traces of mercuxic chloride from
the stariliced explants. The thoroughly washed explants
were than placed in the folds of a aterile blotting
paper to remove the excens quantities of water from tie
explants, Thesc treated and s terilised explants vers

planted in the culture medium for furthar analysis.

(14) Tronting the explants after two days of culturing:

The exclsed explants of diffarom¥ maturity groups
wore cultured proporly in the standardised medium as
presanted earlier and allowsd for incubation for two
days. After two days of gulturing, the explants wcre
taken out from culture modia and washed thoraoughly in

sterile distilled water to romove traces of media.
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Tha explants thus taken out from culturea medium having
two days development were treated with respsctive
concentration of mutagen solution for six hours as in
casa 0f direct troatment. Ths trcataead axplants were
washed in sterlle distilled watar and allocwed to bs in
the running storile distillad water for balf an hour.
The mutagen treated and thoroughly washed explants were
again surface steriliscd with mercuric chloride. The
surface steriliscd explants were then washed thoroughly

in sterile distillnd water and planted in tho fresh media.

(111) Treating the explents thrce days after culturings

The cultured proembryos and ambryos wereallcwed to
grovw in the media for three days as was presented in
provious case, After +three days of culturing in the
media, they wera taken out from the growing media and
with the mutagenic solution as was doms earlier. After
proper treatment and thorough washing, the treated
oxplants ware replanted in a fresh msdium and allowed

to growe.
(iv) Treating ths cxplants four daye after culturingt

Tha cultured proembryos and embryos ware aillowed

t0 gxow in the media for four days as was presentad in
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pravious case. After four days of culturing in the media,
they vere taken out from the growing media and treated
with the mutagenic solutlon as was dom eax liey, Aftex
treatment ard thorough washing the treated explanta

were zaeplanted infresh madium and allowed to grow as was

standardised.

(v) Incorcoratine the mutnsen culture modia ot difforent
phases of axplant grovths

Ong of the objectivaes of the present investigation
was to treat the explants in culture media treated with
ths mutagen aolutlon at different developmental phases
of sxplant grovth. The technigue include treating ths
explants vith the mutagenio sclution through the
culture media at the timgs of planting and twe, three
and four dnys of growth in the oculture medium, The
maln idea was to faeed the embryo with the muiagenic
goluilon olong with the nuirlaent medla without. disturbing
the explants having the different cdvelopmental phases
in the media. But unfortunately, wherevor the mutagenic
solution was added to ths cunliure medium, solidifica~
tlon of the modium was quitc impoessible and the
explants became contominated uithin two/three days of

culturing and got disintegroted.



(L) Obsexvationsi

Detailsd observatidtnm on the following charactors
vare talen from the culturad eoxplants at different stages
of their growth. Spacial cara was talen mot to disturb
the gprowing oxplants undor aseptic condition. All the
materials used to take obsorvations were sterilised

propexly befora use. The ohservations takan includai

(a) Days taken for Embryo sat.

(b) Psercentage satting.

(¢) ZLopath of plantkis at fifteen days interval,

(d) Number of leaflsts par plantlet at fiftecen days
intexval,

(¢) Growih rate analysis based on height and

oumber of leavas,

(a) Daye taken for Embryoc sat:

The number of days taken by different treatmsnte to
transform the whiltish colour of the explant to light grean
colour was counted and calculated as the number of days

taken for embrye set in the eulturo medin.

(v) Bercantags settings
Prom the vhird day of planting of the explants,

observations were taken om the transformatdén of original
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colour of tho explant %o ths greenish pigmentation.
Basad on tho numbexr of axplante set out of total planted
the parcentage differentiation for each treatment uas

calculatod.

(c) Lanath of plantlots at fiftgen days intsrvals

From the fifteenth day of planting of explantia,
cberervations on plantlet heilght was taken by using properly
sterilized and markad glassg rods., Observation on plantlet
haight vas taken at fifteen days intorval till the sixtiath

day of explant seti.

{d) Number of lsaflots por plantlet at fiftoen days interval

Propaer counts on tha rumber of loaflsts per plantlet
was taken at fifteen days interval from the day of explant
set to the aixéieth day.

(e) Grouth zete anslvsiss

Observations made on plantlot height and leaflat
number from the fifteenth day of embryo set o sixtieth
day at #iftecn days intorval was talen into conslidegxation
to compute the growth rate amalysis dua to various

trgatmgonus,



RESULTS



Embrvo=talo analval

The days talkan for ambryo-take as influonced by
differant embryonic stagos, mathods of mutagen troat=
ment and the different concengPations of mutagen is

prasented in Table 4,

(a) Prosmbryo with tuenty daye developmaent:

The numbey of days taken for ambryo set in pro-~
ouwbryos having twenty days develepment ranged from four
(0.250% in first and second mode of treatmwent) to nine
daya of culturimg (highest concentrations under third and
fourth mode of treatment). Mot much difforonce was
cbserved in control undar difforont modsa of troatment
axcept in the camse of treamting the mataxial four days
guliurainge The lowar oconcgntrations (0.125 and 0.25G%
doou not show any difference among the different mode of
troatmont. Tha higher concentrations toolx the maximum
days for tlesus or ombryo set when compared to ths lowar
concentrations and the control populdavions. The maximum
numbar of days for emwbryo uptake wae obgsrved undor tho
highast concentration of the mutagen (0.75%) in the
materials treated thrge days after culturing and both
by 0.50% and 0.75% whan embryos ware ireatad four days
after culturing, While compuring the different concen-

trations and modes of trcatmont it is seen that 0,25% in
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the first and second mode of treaiment gave an garlior
ombryo sot {4 days). Not much influence was noticed
undaxr 0.125% concentration oven after the disturbances

created four daya after culturing.

(v) Provembrye with 30 days devglopmants

The number ©of days taken for embryo set in pro-
enbryos having 30 days development rapged from four
dayas (0.25C% in first, third and fourth mode of jremtmant)
to nina days in the highast concentration in majfority
of ths modos of treatmant, As in the case of the first
embryanic atage thars was mnot much differsnce in tho
days talan for embryo differentiation in tha camse of
control cvon whon it was in the thirtieth day of maturity.
The louvor concentratleons failed to show any difference
in embryo sot comparcd to control population. In the
case of treating the matorial four dayc after culturing,
when control population took seven days lt wos ning daya
in tho case of the hlghest concentration, All tha other
concontrations wore at par or lowor +to the control
value, Tho first, sscond and third mode of %roatmoent did
not show much dlfference in the number of days taken for

ambryo uptalks under control and lowaer concantrations
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of the mutagen. Thae higher concentrations took a longer
period for differentiation. The lower concentrations,
0.125% ond 0+25% dogs not show any diffarcnce among the
different modas of treatment. The maximum number of
days (nine days) taken for embryo set was shown by tha
highast concentrations in fiyxst, third and fourth mode
of troatment and in 0.50% (eight days) under second
method of treatment. While comparing concentirations and
modas of treatment, 0.25% under the first, third and
fourth modaes of treatment gavo an sarly embryo differ-
entiation. Not much difforonce was ohserved under 0,125%
even after the disturbances ocreated four days after

culturing.

(c¢) Embryos from fresh nutas

Tha poriod taken for embryo set by fully developed
ombryos ranged from tlree days, 0.250% in the first
mode of troatment to nine days in the highest concontra-
tion in fourth mode of treaitment, Comparing to the control
population not guch differemce was obsarved under
different modes of troatment except in the case of treating
tha materilal four days after ocunlturing. The higher
concentration showed the wmaxiwum number of days for embryo

differentiation compored to lowsr concentrations and the
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conirol. The lower concentrations (0.125% and 0,250%)
doas not show mny diffarence among the different modes

of treatmant.

The maximum number of days taken (9 days) for
embryo set was shown by 0.73% under the last moda of
treatment, Fmbryos frem fully matured nuts alao showed
an earlier embryo uptaks when they were treated wlth
0.250% concentration of the mutagen., Even after the
disturbances created aftex four days of culturing not
much difference was noticed under 0.125% conceniration,
Comparatively a stim@latory effect in embryo uptake
was induced by 0.25% (3=5 days) compared to control
(57 days) in all the four modes of treatment. In
gonoral this offect was also noticed in the case of

0.125% wherc the range was from 5=6 dayse

(3) Embryos from dry seed nuts:

The number of days taken for embryo uptake in
embryos from dry nut ranged from throe days in 0.25%
concentration in the first moda of treatmant to eight
days in ths highast conmcantratiom (0.759%), under
third and fourth mode of treatment and in 0.500%
concenitration under the second and fourth made of

treatment, There was not much differsnce in the days
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taken for embryo uptaks among the different modes of
treatment in tho lower concentrations (0.125 and 0.250%).
Here also the maximum number of days for embryo uptake

was shown by tha higher concentrations (0,500% and
0.,750%), compared to lower concentrations and ths control.
Among the different modes of treatment underxr 0.500%
concentration the maximum numbex of days were talken when
the embryos were treatad two #nd four days after culturing.
Under 0.750% concentration thase values Wware observed

in materials treated after three and four days of culturing.
While comparing the diffoxent modes of treatment and
concautrations of mutagen, the first mode of treatmont
under 0.25% concontration of mutagen gave an earlier

embryo uptake. Thore was slight difference in the days
takeon for embryo sat undor C.125 concentrotion nftexr tha
disturbances created four days after culturing. Hexre also
the lowar concaentrations gave an sarlier embryo uptaka

in all the four modes of treatment compsrod to control

and higher comcentrations.

In general the number of days taken for embryo set
was the ninimum (3-5 days) in 0,25% concentration
compared to control and all othor concentratioms in gll

the four modes of treagment. Whan the days takan for
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embryo uptaks ranged from 3J=5 deys in 0.25%; it vae 5-7 days
in coptrol, h=G daye undar 0,125% and 5-9 days undax
0.50% and 0.75% comcantrations, Irraespectiive of mode

of treatient and concentrationa, the number of days
taken for embrye set ranged from 4 = 9, 4 =« 9, 3 « 9 and
3 = 8 under first, seccond, third and fourth stages of
smbryonic development. Farlier the extraction of embryos
lopger waes the days iaken for embryo set. Im all the
four embryonic =tages analysed and the four different
mode=s of treatmant adoptsd ohortest period for embryo
pet was noticed under 0.25% compared to control and all
othar concentration of EliS tested. Just reverse was the
trend in tho case of the highost concentrations i.o.
irreaspactiva of euwbryonlc stages and mode of treatment
the maximum days wore taken by the highest (0.75%)

concantretion,

Imbryo Differantiation:

The effect of differant stages of embryo develope-
mant, methods of tregtment and the different concentra-
tions of mutagem on embryo differentiation is presented
in Tuble 5, The different techniques and the differont

concantrations ndopted showed much influence on embryo

differantiation,
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TABLT b

DAYS TAKEN FOR EMBRYO-~-TAKE

Embryonic Moda of Concentrationa(%)

stages. treotmant,. Ge ol 0.725 0.250 0,500 0.750

'J.‘1 5 6 4 6 7

T, 6 5 b 7 7

D1 3 5 6 5 8 9

T;, 7 6 5 9 9

T1 5 5 L 6 9

o 5 6 5 8 6

2 T3 6 6 & 5 9

Ty, 7 6 ] 7 9

3 5 5 3 6 6

7, 7 5 4 7 8

DS T3 6 6 5 8 7

T, 7 5 % 7 9

T‘ & 4 3 ] 5

T2 5 5 % 8 7

Db Tg é 6 5 8 8

T, v 6 5 8 8
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(a) Proembryos having twenty daye davelopments

Tha porceantaye embryo diffarantiation ranged from
zoro (in highar concentrations} to 80% (in control
population). Vhen tho firat mods of ireatment gave a
valug 0f O ~ 80%, 1t wap 0O to T0%, O to GO and O to 30%
undexr second, third and fourth modas of typatment
respactivoly ln proembryos having twenty days of develop-
ments Undexr the f£irsi mode of treatment 0.50% and 0.75%
cbncentrations failed to show any eubryo difforentiation.
Control population gave a highar percentage differantiation
{80%), comparad to 0.125% and 0,25% concentrations(70%).
In second mode of treatment the maximum tlssue differen=
tlatlon uaa observed in 0,25% concentration (707)
compared to 0.125% (60j%) avd control (50%), Hore 0.50%
concantration gave only 20% differxentiation, In the third
and fourth mode of treatmsnt both 0.50% and 0.75% faiload
to show any embrye diffé.sntlation. In the third mode of
treatment 0.25% ond control population gave an egual
porcent differentiation (60%} comparad to 0.125 (40%).
The same trond was noticed in the case of the lasi mode
of treoatment. TWhon 0.125% concentretion gave 204 differ-
eptiation 1t vas 30% under both control and 0.25% trcatmonts,
In genoral not much difference was ohservaed between 0.25%

concentration (30 - 70%) and control population (30-80%),
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compared to 0.125% (20-70%). When 0.75% failed to shbw
any embryo differentiation in all the four mods of troat-
manta, 0.50% gave 20% differcntiation in ths socond mode

of traatment.

(b) Proembryos having 30 dove developments

Embryo differentiation as influenced by thirty daye
of ambryo maturity and various modes of treatmont and
concentration shoued variation depending upon tiie tochniguas
adonteds. Whon ths nercentage differentiation ranged from
30% (higher concentration) to 86% (0.125%) In the firat
mode of treatment, it was 20% (0.75%) to 70% (0.25%) in
the second mode of treatment. The highest concentration
(o.75$) failed to show any cmbryoc differentiation under
the third and fourth mode of treatment. When 0,50% under
tha third moda of treatment gave 20% dlifferentimtion it
was zero in case of fouribh mode of treatment. In ths third
mede of treatment the lower concantravions (0.125% and
0.250%) and the control population gave a comparatively
uniform valua in tissue diffeirenfintlon. In ithe fourih
mode of treatment the maximum percamniaga wag noted umpder
0.25% (70%) followed by control (40%) and 0.125% concens

tration (30%). Even in embryos having thirty days of
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maturity, the highar oconcentration were not abla to
glve a good porcent of embryo differentiation. While
comparing the effcoct of two lower concentrations, it
can be noted that 0.25% gave en uniform effact (50-70%)

compared to 0.125% (30-80%).

(c) Embxvos from fully maeturad mats

The embryos extracted from the seads immediately
aftcr harvest gave a comparatively highar porcontage
performanca in embryo differentintion compared to
proombryos of different maturity. The parcentage
differontiation ranrged from 10=-80 in ths camse of first
mode of ireatment in the highest concentration the
oontrol and the lowar comcentrations respectively. A
reduotion in percentage differentlation was noted only
in the vase of higher concentrations, 60%(0.50%) and
10% (0.75%). An uniform embryo differentiation under
the first mode of troatment was notlced under control,

0.125§ and 0.25% concentrations. In the second mode

of treatmant a comparatively baetter performance was
noted in almost all treatmonts. The valuas ranged from
20% (0.75%) to 80% (control and 0.25%). In the third
and fourth mode of treatments 0.25% gave tha maximum

percentage performance compared to control and all othor
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concentrations, In both third and f cur th modes of treat-
mont tho performance of 0.125% was at par with control.
A reduction in percontage differantiation was noted for
higher conoentrations of EMS in third and fourth modes

of treatmente. As in the case of second mode of ireatment
the maximum porcentage embryo differentiation was noted
under 0+25% (60-80%) compared to control and 0.125%
(50=80%), 0.505(40-60%) and 0.75% (10-20%). Hore it

was 50 clear that irrespective of node of treatment higher
the concentration lesser was ihe porcentage diffarentia-

tione

(d) Embryo from dry sesd nuts

The enmbryos extractdd from dry mseed puts showed a
poor performance in ambryo differentiation compared to
the embryos extracted immedlately after harvest and
proambryos having thirty days maturity. The fourth mode
of troatmont failad to show any embryo differentiation
in any concentration including control, When the pare-
csntage difforantiation r anged from 20 to 60% in control
1t vas 20«50/, 30-60%, 20~40% and O=20% unde$ 0.125%,
0.25%5 0.50% and 0.75% concentrations rospsotively. In
the £iret modes of treatment the rgnge in values wore
20 to 60% (control and 0.25%). When 0.,50% concentra=-

tion gave 0% it was 50% under 0.125% EMS. In the sacond
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mode of treatment, 0.50% and 0,75% failed to show any
qmbyryo diffarentiation. When control population gave

40% differentiation it was 50% and 30% undar 0.25%

am 0.125% concentrations of EMS respsctively. In the
third mode of treatment the pasrcentage differentiation
were comparatively vary poor. It ranged from 20% {0.5%,
0.125% and control) to 30% (0.25%). The maximum pore
contaga dlfforentiation was noticed in 0.25% concan-
tration compared to control and lower and highor concen=—

trationas.

In general the ¢mbryos having twenty days of maturity
and full physiological maturity gave & poor performance
comparad to embryos having thirtiy days maturity and
those exgracted immediately after harvast. When percen-
tnge differentliotion ranged from 0-80% in proambryos
hgving twenty days davelopment, it was O = 60% undex
embryos extracted from dry soced nuts. The control popu-
lation (30-80%) and the lower two concontrations (20-70%)
gave comparatively a higher percantage differcentiation
in proembryoszs having twenty days maturity when compared
to the control population and the two lower concentrations
(20-60%) in embryos extracted from dry seed nuis. While
comparing the performance of embryos having thirty
days of maturlty and embryo from secds immediately

after harvest, a batter performancd was noted in ombryos
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extracted immediatealy after harvest. Both control popue
lotion and lower concontraviors gave a compaxatively
bigher percentage differontiavion (50~80%) in ths embryo
axtracted from seads immedietely aficr harvest lrrespactive
of mode of troatment. In this cass hlgher concontration
alao gava a higher percentage differentlaticn compared to

all other embryos having differont maturity.

.

TABIE_ 5
EMBRYO DIFFERENTIATION AS INFLUENGED BY DIFFERENT

EMDRTYONIC STAGES, MODE OF TREATMENT AND MUTAGEN
CONCENTRATION

Fobryonic Mode of Cencentration(%)
stagas. troatmsnt. Control 0.125% 0.250% 0.500% 0.750%

T 80 70 70 - -
Tz 50 60 70 20 =
o, T, 60 ho 60 - -
Ty 30 20 30 - -
T, 70 80 70 30 30
Ty 60 60 70 50 20
D Té 50 40 50 20 -
m
4 4o 30 70 - -
T 80 80 80 60 10
Ty 80 60 80 50 20
T
D 50 50 60 o -
3 12 0 0 70 50 20
e 60 56 60 5% 20
5 Ty 4o 30 50 - -
b 5 20 20 30 20 -
L - - - - -
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Analyeis on mowth rate of Plantlatss

{a) Pro-smbryos with twesnty Jdays developmonis

Tha influence of tha various concentratioms of the
mmtagon due tw tis direct treatment in proembryo having
twenty days development at different intervals of grouth
is depicted in Table 5«1,

In the comtrol population the height of thz planlet/
length of shoot varled from 3.3 to 15.2 cm from 15th day
to 6Oth day of growth roaspectively. The growth rate waa
maximum Guring 45th to 60th day. Under 0.125% concen-
tration the langth of the shoot vvaried from 2.2 to 6.9 cm.
The growth rate increased with increase im days of easta-
blishment in culture media. Ths growth rgte was compara-
tivoly poor comparcd to controle When 0.50% and 0.75%
concantration failed to show any plantlet esteblishment,
0.25% econcentration gave ths maximum growth rate comparsd
to 0.125%, Here vha light of plantlets rgmped from 3.4
to 10.4 under 15th day to 60th day respeetively. The
growth rate was maximem during the peried from 30th day
to 45th day of astablishment. Compared to control
populatlion the growth rate was alow under 0,25/ concen-

traotion especially in later period of growth.
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Tho number of leaves/plantiet as influenced by the
differant irxcatment is also repraescnted in the same
tablo., Ip ihe eontrol populotion the numbser of leavss
par plantlaet ranged from 6 = 12 umnder fiftcenth and
silxticth days of csteblishment respeciively. There was
a steady increasec in leaf production as influenced by the
incroase in daye of waturity. Under 0.125% concentra-
tion the numbor of leaves increased from 3 to 12 unday
fiftecnth day to sixtieth day rappeciively. Even though
the mumber of loavsa par plantlet was lesser inecarly periled
of growth, on aixticih day of devolopment the numbsr of
laoaves attached the same as in control populationes The
nurbor of leaves under G.25% concaentration ranged from
four (fiftoenth day) to Ffifteen {sixtienth dey). Compared
to control oand lover concenization, 0.2%% gave a higher
leaf production potontizlity espaclally under laier stapes
of developments On 45th dzy and 60th day of astablishment
the numbex oxceeded tha valuwesin control population. The
data cleoaxly shew that bbth undaxr 0.125% and 0.25% concan-
tratlions the grouth rate was poor in early otages of astaw
blishment compared t6¢ control population. The highsr
concentrations (both 0.50% and 0.75%) failed to produce

any leaf during the entirs period of growth.
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Growth xate of plantlots as influenced by differemtb
concenitratlion of mutagen in proembryos having twenty
daey= of development and the treatment aftor two days of

culturing is presanted in Tabla Se2.

The length of shoot im control ranged from 0.5 to
2.5 cm; wben it vas 1.0 to 4.5 cm, 1.0 to 5.5 om and 0.0
to 0.7 cem under 0,125, 0.25% and 0.50% concsntrations
of EMS reaspactively, Hare the lower concentrations
shovwed & highsr valua in length cf shoot in all the
differant stages of growth when ¢ompared to control, Whamn
control planilets gave & mazimem nelght of 2.5 cm, it was
4e5 cm aml 5.5 cm vnder O.125% and 0.25% concentrations
respacvivaly., Even in ths carly stages of establishment
and development treavment with lower concenlration gawve
a stimulatory cffacscompared to conirol. Uhile comparing
the lower concentretions it can be soagn that growth rate
under 0.25% concentration was higher ccupared to 0.125%
avanthough 4% was the sams under the early poxied of
devalopments The growth rate undar 0.50% woe quite insig=
nificant when compared to control and other itwo icuer
concagntrations., The wmaximum plantiet height attainad on
sixtieth day of differsntlation (0.7 cm) was even lower
to the plantlet height on fifteenth day under 0.125% and

0.25 concentrations, The lowsr concsntrations wore able to
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give a higher value oven on the first day of observation
than that on the plantlet height on the sixtioth day(0.7 om)

under 0.50%concentration,

The numbser of leaves por plantlet ze influenced
by variocus treatment is also included in the same tabla,
The number of leaves por plantlet variled from 1 to 7 in
conirol, (fiftaenth to sixtieth day of development) when
it was 3 to 7 and 3 to 11 under 0,12%% and 0,25% concen¢
trations respectively. Evanthough the number of lsaves
per plantlet was low in control population on fifteenth
doy of ostablishment when compared to 0.125% concentr-
atlion the number of leaves per plantlet aitalned tha
same in both, control and 0.125% concentration, on sixtieth
day of development. From the thirtiath day 6f development
the number of leaves per plantlet under 0.125% and control
were at par. The number of leoaves per plantlet under 0,25%
concentration shewed a higher valie (3=11) compored to
0.125% (3=7) and control (1=-7)s There were differences
in leaf production potentiality betwoen control and 0,25%
concentration even from early period of developmaent. On the
gixtieth day of establishment the maximum mmbor of
leaves psr plantlet wao shown under 0.25% concentration
compared to 0,125% and control plantlets. Tha maximum

reduction in number of leaves par plantlat was recorded
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under 0.50% concentration. The development of lsavaes in
this treatment started only aftep thirtleth day of tissuae
diffoerentiation. On the sixtieth day of differaontiation
the npumboy of leaves per plantlat was only four when the
lower concentrations and control gave the same numbar on
thirtioth day of establishment. In general 0.25% concen-
tration gave a stimulatay eaffect in growth rato of plant-
lats while 0.75% concentration did not produce any leaves

at all,

Tke influghce of different comcentrations of the mutagen
in proembryoa having twenty days developmant and the
traatmont after three days of culturing is praesaented in

Table 6"‘3 .

A marked reduction in growth rata, both in height
of plentlots and mumber of lsavos per plantlets was noticad
when the tremtmentc werc done three days aftor culturing.
In the control population thshedght of plantlets ranged
fxom 18 to 9.1 cm whan it was 0.2 to t.1 om and 1.6 to
7«5 cm under 0,125% and 0.25% concentration rospactively.
The higher concentrations (0.50% and 0.75%) failad to show
any differentimtion of tissuas avan after sixticth day
of plantinge The lowcst concen®rationm (0.125%) gave a
comparatlively vory poor pexformance in incroase in length
of shoots compared to control population., On the sixtieth

day of davolepmont it was abla to give only 1.1 om hoight
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when it was 1.8 cm in control population on the fifteenth
day of developmont. The growth rate in early period of
davelopmont under 0,125% coucentration was quite insigni-
ficant. Yhile comparimg the two later concentrations
(0.125% and 0,255%) it can be seen that 0.25% comcentra-
tion also gave a higher growth xate. It 1s sean that the
treatment of mutagen on the third day of culturing
influence ihe stimulatory ecffeot of 0.25% comcantration
noted in the previous two modes of troatmont, Here tha
grovth rate under 0.25% rangod from 1.6 to 7.5 cm when 1t
was 1.8 to 9.1 cm in control, The difference is malnly

noted in the early stagos of devolopment.

The mumber of leaves pexr plantlet as Infiluenced by
difforent troatment is glso represaonted in the same table,
A direct reflection of the plantlet helghé is noted in
casa of mumbsy of leavas alse. In the control population
the numbayr of leaves por planilet ranged from 3= 11 when
it was O to 5 and 3 to 7 undexr 0.125% and 0.25% concen=-
tration respectively from fifteonth to sixticth day of
astablishment ., A losa influence on ths leaf production
potentiality is notad under 0.2%% concantration comparxed
to control. Marked reduction in the produstion of leaves
vero moted under 0.125% comparad to 0.25% and control.

The maximum number of lIsaves availlable on the sixtioth day
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of embryo differentiation was 11 lcaves per plantlet in
control when 1t was 7 laaves por plaatlel under 0.25%,
wlen the plantlets showed tha same numbar of lsaves in
the early stages of developmesut in both +the treatments.
(3=6 and 3=5 under control and €.25% concentration
rospectively on the fifteen and thiriioth day of esta=
blishment).

Table G-l rapresent tha grouth rate of plantlets
duc o the effoct of differant concentra/';:l.on of EMS 4in
proembryo having twonty days development and freatment
after four days of culturing. Tye growth rate based on
longth of shoot and nmunber of lsaves pax piantlet
shoved a marjed reduction in all the treatmenvas. Holght of
Plantlets ranged from 0.25 to 0.50 om in control popula-
tlon when it was O to 0,50 cm and O to 0.63 cm under
0.125% and 0,25% concentrations respsctively from flfteenth
to sixtieth day of development. Meximum reduction due to
ths influence of mutagen was notad in carly atages of
development compared to control, Plantlat hoight inltilated
only on the thirtdeth day under both tho concontration
of mutagen (0.125% ond 0.25%), when 1t was avallable
on the fifteenth day of differe ntiation in control popu~
lation. On the thirtieth day of developmsnt when control

plantlets gave a height of 0.30 em it was 0,05 and
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0,17 cm under 0.125%and 0.25% concentration rospacti-
valy., On the 45th day of gstablishmesnt tha plantlet
beight under 0.25% concontration (0.30 cm) was at parx
with the control plantlets [C.33 cm) bat 0,125 concan=
tration showed a marked roduction compared $6 0255
and control population. On the slxtleth day of esto=
bilghoent tha plantlet helght both under contzol and
0.125% concontration wore at par (0.50 cm cach), when 1t
was 063 cm undar 0.25% concemtration. Whon there was a
steady lnecreass in plantlct beight in control, under
0.25% concantration a stimulatory effect was notlced in
lator stagas of growth. Both the higher concentrations
(0.80% arvd 0.75%) f£ailed to show any embryc differentine

tion and growth.

Tho number of leaves pox plavilet imcluded 4in sang
table show that thore was not much variation betwsen
the mutagen treatments aud the txoated population wlth
the control plamtlats. Undar 0.125% and 0.25% conconira~
tione leaf protuction started vhen baforse the plantlet
incraase or shoot lepngth increass was initiated whsreas in
control population leaf productlom astarted only aftox
attalning o particular shoot lomgth. leaf productlon in
contrel plantlots started only on thirtisth day of esta=

blishment when it was notod on £Afteoenth day undor Doth
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the lower concentration of the mutagen. The number of

loaves per plantlet ranged from 1 to 5 in comntrol plantlets,
when it was 2 to 5 under the mmitagen treatment from fif teenth
to sixtisth day of establighment. Leaf productlion was not

at all influenced by the mutagen traatmont.

TABIE _ 6=-1

GROWTH RATE OF PLANTIETS AS INFLUSNCED BY DIFFERENT
CONCENTRATIONS IN PROEMBRYO HAVING TWENTY DAYS
DEVELOPMENT UNDER DIRECT TREATMENT

Tzoatmant Length of shoot Number of leaves
(om)
Control
15tk day 345 6
30th day 549 7
45th day 8.7 10
60th day 15.2 12
0,125
15th day 2.2 3
30th day 33 3
L5khday 540 7
©0th day 6.9 12
0.25%
i5ih day o 191 b
30th day 5.0 8
h5th day 8.1 113
60th day 10.4 15
0.50
15th day - -
30th day e -
0'7515‘:11 day - -
30th day - -
ksih day - -

60th day
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TABIE 6=2

GROYTH RATT OF PLANTLETS AS TNPLUENCED BY DIFFERENT
CONCENTRATION IN PROFMBRYO HAVING TWENTY DAYS OF
DEVELOPIGTNT 5D _TREATHENT AFTER TWO DAYS OF CULTURLNG

Treatmentes Length of ghoot Numbar of
(cm) icavaa
Control
15th day 0.5 1
30th day 0.9 3
L5shday 1.8 [
60th day 245 7
0.125
15¢h day 1.0 3
30th day 1,6 L
451ih day 2.7 5
60th day has 7
0.25
15ih day 140 3
30th doy 2.1 4
L5¢h day bey 7
60th day 55 i1
0.5C
30th day 0.k 0
L5ih day 0.6 2
60th day 0.7 L
0e7315¢n day - -
30tk doy - a0
45Eh day - -

60th gday
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TABIE 6=3

GROWTH RATE OF PLANTLETS AS INFLUENCED FY DIFFERENT
CONCENTRATIONS IN PROEMBRYO HAVING TWENTY BAYS

DEVELOPMENT AND TREATMENT AFTER THRIE DAYS OF CULTURING

Treatment Length of shcot Number of laavas.
cm
Control
30th day 3.8 6
L5th day 7.6 8
60th day 9.1 1
0,125
15th day 0.2 0
30th day 0.3 1
45th day 0.6 3
60th day Tel 3
0425
15th day 1.6 3
30th day 23 5
45th day 3.8 6
60th day Te5 7
U
0.50
15th day - -
30th day - .
45th day - -
0.75 15th day - -
30th day - -
Lh5tn day - -

60thday
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TABLE 6 = I

GROWTH RATE_OF PLANTIITS AS INTLUENCED BY, DIFFERENT
CONCENIRATIORS TN PROEMBRYO HAVING 20 DAYS DEVELOPMENT
AND_TREATMENT AFTER FOUR DAYS OF GCULIURING

Treatment Langth of shoot Numbar of leaves
cm
Control
15th day 0.25 -
30th day 0.30 1
L5tk day 0.33 3
60th day 0,50 5
0.125
15th day ) 2
30th day 0.05 3
L45th day 0.20 3
60th day 0.50 5
Ce25
15th day 0 2
30th day 0.17 3
45th day 0.30 5
60th day 0463 5
0,50
15th day - -
30th day - -
45th day - -
60th day - -
O 75
15th day - -
30th day - -
45th day - -
60th day - -
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(b) Pro-embryo with 30 days davolopments

The influsnce of the various concentrations of the
matagen due xe the dircct treatment in procmbrye having
thir ty days development at different intervale of growth
iz depicited in Tablo 7=i.

In the control population the height of the plunklat
varied from 3.3 to 10.2 cm from fifteenth day to smixticth
day of growth reapectively, The growth ratewas maximum
during the 45th to 60th day . Under 0.125% concentra-
tion the leongth of shoot varied from 1.3 to 8.1 cm and
the growth rate was comparatively poocr comparsd to contxol
and 0.25%. The maximum growth rate was noticed under
0.25% concentration (2.4 to 12.1 om). Eventhough the
grouth rate during the garly days of differentiatlon was
comparativoly less in 0.250% concentration than the
contrel, in the lator stages of davaelopment thoxe was a
stoady increass in the length of shoot. During the
thirtieth day of differentlatlon the length of shoot
under 0.25% concentration (4.5 cm) was almost at par
with the control (4.9 cm), The growth rate undor 04509
and 0.75% was quite insignificant when comparaed to
control and the othar two lower concentrations. The
maximum plemntlet height attained on aixtieth day of differ-

entiation, 1.3 om and 0.8 cm, both under 0.50% and 0.75%



s 71

concentratkons rospectively was even lower to the plantlet
height on fiftoonth day under 0.25% onncantratiom and
control and was at par with 0.125% concentraition. In goneral
04255 concentration gave a stimulatory offoct in grouth

rate of plantlets.

The number of leaves per plantlet ms influenced by
various treatmant ie also included in tha sama table., The
number of legves pay plantlet varicd from 3 to 13 in
control (fiftcenth to sixtieth day of development) when
it wae 2 to 8, 4 to 14, 1 to 5 and 1 to 5 under 0.125%,
0.25%, C.50% and 0.75% concentrations roepectively. There
was steady increase in number of loaves as influgnced
by the increase in the days of maturdty. Compared to
0,25% and control, tho leaf production potentislity wan
pooxr in 0,125% concentration of the mutagen. Tha numbex
of loaves par plantlet showed a hlghor value in 0.25%

(b = 14) comparod to 0.125% (2=8), 0.50% (1-~5), O.75%
(1=5) and control (3-13). Ths maximum number of leaves
par plantlet (14) on the sixtieth day of davalopmant

was shownunder 0.25% concentration. The maximum reduction
in number of lsaves per plantlot was recorded both under
0.50% and 0,75% concontrations. On the sixtieth day of
differentiation ths number of leaves per plantlet was only

five in these concantrations whers the lowor comcontrations
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and control gave the same number during the early stages
of devolopment. There was a stimulatory effect preducad
by 0.25% concemiration om thg growth rate, both in length
of shoot and number of leaves per plantlets, of plantlets
onlivred.

Grewth rate of plantlets as influenced by diffcront
concentration of mutagen in proaembryos having thirty days
of dovelopmant and tha treatments two days of culturing

is presented ian Table T2,

Tha length of shoot in control ranged from 1.4 to
9e7 cmy whon 1t was 2.0 to 12.cm, 4¢3 to 17.7 cm0.8 to
4.2 cm and 0,3 to 1.7 om in 0,125%, 0,25%, 0.50{% and
0.75% concantration of EMS respactively. Here the lovar
concantrations (0.125% and 0.25%) showed a highar valuae
in lgngih of shoot in all the different stages of growth
when compared to conirol and the hilghar concentrations
(0.50% and 0.75%). When control plantlets gave a maximum
height of 9.7 cm, it was 12.1 cm and 17.7 cm under 0,.125%
and 0.,25% concentrations respactively. Even in the carly
steges of establishment and development treating with
lowar comncaentrations gave a stimulatory effect compared
to ocontrol and higher concentrationa. While comparing
ths lowexr conmcentrations, it can be scen that growth rate

under 0.25% concentration was higher compared to 0.125%,
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The growth rate undsr 0.50% and 0.75% was quita insigni~
ficant when comparsd to control and the othsr two lower
concentrations. The maximum plantlet height attainsd an
sixtieth day of diffarentiation under 0.50% and 0.75%
(4.2 cm and 1,7 cm) was even lower to the plantlet

height on fifteenth day under 0.2%% concentration.

The numbar of leaves per plantlet as influenced by
varjous ireatment is also included im +the same tabla.
The numbay of lpaves per plantlet varied f£from 4 to 14
in control, when it was 5 to 14, 6 to 18, 1 to 4 and
1 to 5 under 0.125%, 0.25%, 0.50% and 0.75% concantrations
reaspectively from fifteenth day to sixtlieth day of gastabli-
shments Eventhough the number of leaves psr plantlat was
lov in control population on fifteonth day of establishe-
mant when compared So 0125% conceniration, the number
of leaves psy plantlet attained the samo in both control
and 0.125% concentration on sixtieth day of develormant.
The number of leavaes per plantlet under U.25% showed a
higher valua (5~i8)compared to 0,125%, (5-14) 0,508 (1-4)y
0.75% (1=5) and sontrol (4=14). There was difference
botwoen contrel and 0.25% concentration of fmutagen in
leaf producing potentiality evemn from early period of

development. The maximum npumber of leaves por plantlet
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produced (18) by 0,25% on the sixtlioth day of develop~
ment was higher when compared to control and otherx
concsntrations of EMS. The waximum nuwmbaexr of lsaves
attained undar 0.50% and 0.75% (four and {ive respscri-
vely) was nt par with the number of leaves attained
during the fifteonth day (four aud five) under control
and both under 0.125% and 0.25% concontrations rospectie
vely. In gaperal, 0.25% concentration gave a stimulatory
affect in grovth rate of plantlcis gvan when the treat-

mants wvare done two days after culturing the ambryo.

The influaence of different concenisatilolis of the
mutagon in proe,bryos having thirty days development and
the treatment after three days of culturing i1s presented

in Table 7=3.

The lormgth of shoot varied from 1.5 to 10.0 cm in
contzol (from fiftcenth day to sixtieth dey) whan it was
2.5 t0 12,1 cm, 1.2 to 8.3 om and 0.6 to 1.5 cm under
0,125%, 0.25% and 0,504 concontration cf EMS respactively.
The highest concentration {0.75%) falled to show any
devslogmoent on the dlfferentiation of tissues even after
odxtioth day of davciopmant planting. The lowent concen=
tratlon {0.125%) gave a comparatively bottox parformance

in the lomngih of shoot compared to control and othex
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concantrations. On the sixtieth day of devalopment it
was able to give 12.1 om height, The growth rate inocrcased
with increase in days of establishment in culture media.
The maximum height attainad under 0.50% concentration

on sixtiath day of eatablishment {1,5 cm) was at par

or evan lower to ths height attained on fifteenth day

of davelopment under all other concentrationa and control.
Vhile comparing with control population, 0.125% concen-
tration gave a highor growth rate. It is ssen that the
treatment of mutagen on the third day of culturing influences
the stimulatory effect of 0.25% concontration noted in the
previous two mode of treatments., Here the grovwth ratd
under 0.25% rangdd from 1.2 to 8.3 cme when 1t was 2.5

£0 121 and 1.5 to 10,0 ih 0.,125% and oontrol population
respactively.

The number of leaves par plantlet as influenced by
different tredment is also presented in the same table,
4 direct reflection of the plantlet hedight i1s noted in
case of number of lecaves per plantlat also, In the control
population the nuumber of leaves per plantlst ranged from
2 to 9 and it was 2 to B, 2 to 8 and 0 to 5 under 0.,125%,
0.25% abd 0.5% concentration from fiftcenth to sixtieth

day of establishment. Fventhough leaf production initiated
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only during the 45th day under 0.50% corcentration:
there was not much differcnce between the treated popu-
lation of different cencentretions and the ¢ ontrol. The
highest concentration (0.75%) failed to produce any loaf

during the entire poxilod of development.

Toble 7k rapresent the growth ratre of plantlots
due to the differont concentrations of EMS in proewmbryo
having thirty daysz dovelopment and treatment aficr four
days of culturing. The growth rate, based on longth of
shoot and number of lsaves per pientlct showed a marked
reduction in all the treatments except in 0.25% concaonw
tration. Height of plantlots ranged from 1.7 to B.8 om
in control population when it was 0.9 to 6.7 cm and
2.8 to 1443 vn 0.125¢% and 0.25% concentrations respecti-
vely from fifteenth to eixtieth day of establishment.
Maximum reduction im gagrowth rate due to the effmct of
mutagen was noted in early stages of dovelopment. Both
the higher concentrations (0.50% and 0,75%) failed to
ahow any differentiation of tissups during the paried
of developmont., The maximwa height sttained hy plantlets
under 0.128% concentraticn (6.7 em) waas lower to tho
maximum height attainad by the control (8.8 cm) and
0.25% concentration (14.3 em). The height of plantlet
on 45th day of establishment under 0.25% {8.9 em) was

at par with the maximum height attained by the contx®l
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(8.8 om). In genaral 0.25% concentration of EMS gave a
stimulatory sffect on the growth rate of plantlets even

when treatmants were done after four days of culiuring,

Ths pumber of loaves per plantlat included in sams
table show that thexe was variation among the various
concantrations ofthe mutagen and the treated population
with the control plantlats. The number of lesaves par
plantlet ranged from 4§ to 12 in control, whoen 1t was
% to 9 and 5 to 19 under 0.125% and 0.25% concentration
from fifteenth dayto seixtieth day of aestablishmant.

The leaf production potentiamllity undor 0.50% and 0.75%
concentration of the matagen was practicaily nil whlle
0425% concentration of FMS gave ths maximum number of
loaves from fiftcenth day tc cixtlsath day of satablish-
mont. The growth rate was higher during the later stages
of development, Eventhough the number of lcavgs parx
plantlet was almost the sams on fiftesnth day of davelop=-
mont in 0,125%, 0.25% and control, tha increass wam at a
slower rate in 0.125% while it was steadily increasing
in G.25% and control. The maximum number of laaves
attained by 0.125% concontration on sixticth day of
davelopment (9) wgs at par with the number of leaves per

plantlat on 45th day of establishment in control population
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and with the number of leaves on thirttieth day in 0425%
voncentration of EMS, There was a sudden increase in
numbexr of leaves per plamntlet from 45th day to 60th day
0of development under 0.25% concentration. In gensral,
0.25% concentration produced a stimulatory effect om the
growth rate of plantlats even after the disturbancos

created to the madium after fouxr days of culturlng.

TABLE 7=1
GROYTH BATE OF PLANTIZ TS _AS INFLUENCED BY DIFFFRENT

CONCENTRATIONS IN PROEMBRYO HAVING THIRTY DAYS
DEVELOPMFNT UNDER DIRECT TREATMENT

Treatment, Length of shoot(cm) Number of lsaves

Contrel
15th day 3.3 3
30th day 4.9 5
k5th day 749 9
GOth day 10.2 13

041251541 day 1.3 2
30th day 2.3 3
45th day ko3 5

0225 15¢h day 2.4 4
jCth day k.5 T
45th day 8.8 12
60th day 12.1 14

030 15¢h gay 0.1 1
30th day 0.5 1
5th day 0.8 2
G0th day 13 5

L=

0473 45¢h day - 1
30th day 0.2 3
45th day 045 I
60th day 0.8 5
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TABLE 7=2

RATE OF PLANTIE T8 AS INFLUENCED BY DIFFERENT

CONCENTRATION IN PROEMBRYO HAVING THIRTY DAYS OF

DiEVELOP

1I°NT AND TREATMENT AFTER THO DAYS OF GULYURING

Treatment Length of shoot{cm) Number of loaves
Conrzrol
15th dﬂ.Y 1.15 Ll—
30th day ot 6
45th day 543 10
63tb day 9.7 il
0:125 y5¢n day 2.0 5
30th day 346 7
45th day Tebi 1
60th day 12,1 14
0425 454h gay a2 5
30th day 7a2 9
h5th day 11.2 15
60th day 17.7 18
050 5tk dny 0.8 1
20th day 161 1
45th day 1.9 3
€0th day 4.2 4
0475 45th any 0.3 1
30th day 0.7 1
45th day 1.0 4
60th day 1.7 5




GROYTH RBATE OF PLA]

s 80

TABLE 7=3

NTIZ TS AS INFLUENCED BY DIFFERENT

CONCE NTRATLON IN PROEVMERYO HAVING THIRTY DAYS

DEVELOPMENT AND ‘TRI

TATMENT AFTER THREL DAYS OF

Treatment Lopgth of shoot(em) Numbezr of leaves
Control
15th day 1.5 2
30th day 2.3 L
kyth day 540 8
60th day 10.0 9
04125 y5th gay 245 2
30th day 4.0 3
45th day 6.9 4
60th day 121 8
0.25
15th day 1.2 2
30th day 2.1 3
Llsth day 24-5 6
0.50
15th day 0.6 -
Soth dﬂ.y 1.0 -
hsth day 1.1 3
GOth day 1.5 5
0:75
15ib day - -
30in day - -
L54h day - -
60th day - -
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TABLT 7y%

GRGBITIL RATT OF PLANTIETS AS INPLUTNCED BY DIFPERENT
GCONCENTRATIONS IN PROTMBRYC HAVING THIRTY DAYS
DEVELOPMENT AND TROCATMENT ARTER FPOUR DAYS
OF GULTURIRG

Troatmand Lonpth of shooi{cm) Kumbez of
loaves
Control
15%th day 17 4
30ih day 2.5 6
45th day L.8 o]
60ih day 8.8 12
O.125
i5th day 0.9 3
bsth day 2.7 6
60tL day 6.7 9
0,25%
15tk day 2.8 L
30th day 5.0 8
hEth day 8.9 12
60th day 14.3 19
Q.50
135th day - -
30th day - -
45¢h day - -
0,75
15th day - -
30th day - -
45th day - -

60th day
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(c) Embryo from fully matured muit

The influence of the varlous concentrations of
the mutagen due to the direct treatment in embryos from
fully matured nut at differont intervals of grouwth 1a

dapicted in Tablas B-1,
In the control population tha length of shoot

varicd from 1.2 to 5.5 cm from fifteonth day to sixtieth
day of growth raspectively. The growth rates was maximum
during 45th to sixtieth day. Under 0.125% concentration
the longth of shoot varied from 0.8 to 3.4 cm. Thore
was a decreass in the langth of shoot in all the concenw~
trations of EMS compared to control population, The length
of shoot ramgad from 1.1 to 3.1 cm, 0.6 to 1.6 cm and
0 to 0.2 cm under 0.25%, 0.30% and 0.75% concentrations
of EMS respeotively from fifteenth day to sixtieth day
of developmont. There was a linear dccrease in growth
rate with increase in ths concentratien of mutagen. With
increase in concentration of mutagen from 0,125%, 0.25%,
04505 to 0.75% the shoot lemgth dacraased from 3.4 cm
to O0+2 ome

The mumber of laaves por plantlet as influencad
by the different frogtment 1s elso represented in the

same tabla, In the control population the number of leavos
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pey plantlet ranged from four to tsn under fifteonth day
to sixtieth day of asiablishment respactively. Thezo
vas & steady increase in number of lsaves as lnflusnaed
by the incroase in days of matuzity. Both undor 0.125%
and 0.25% the mumbey of leaves increased ffom two to
eight under fifteenth day to sixtisth day respectively
The number of leaves pax plantlet ranged from one to
seven from £ifteenth to sixtietb dayunder 0.50% concen-
tration of EMS. Under 0.75% concentration the leaf
production started only from thirtieth day (2) and
attalned a maximum of four leaves par plantiet on sixtiath
day. The maximuin number of loaves stained on sixtioth
day of Gavelopment undexr 0.50% and 0.75% (7 and 4) was evan
lowexr or at par with the pumber of leaves protduced by
all othor concontrations of EMS and control populatiom.
A direct reflsction on the c¢ffect of mutagen on shoot
length is seon in case of numbar ¢of leaves per plantlet
also. VWith increasing concentration of mutagen therxe
was a gradual reduction in the nmumber of leaves porx
plantlet,

Growth rate of plantlats as influenced by different
concentrations of mutagen in embryos from fully maturced
nut and the treoatment after two days of culturing is

presentsd in Tablg 8«2,
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The lenath of tha shoot in control ranged from 1.6
to 6.0 cm whon it was 0.8 to 3.1 cmy 1.10 to 3.5 cm,
0s6 to 2.8 and 0 to 0.3 under 0.125%, 0.25%, 0.50% and
0.75% concentration of EMS respectively. Here the
coutrol plantlaets gave a higher growth rate compared to
ihs plantlats under different concentrations of mutagen.
Vhen control plantlets gave a maximum helght of 6.0 cm,
it wam only 3.1 amd 3.5 om undor 0.125% and 0.25%
concaontrations respectilvely. The two lower concontrations
gavo similar kind of growth rate. The ma%imum haipht
attained by the lower concentrationa (3.1 and 3.5 cm)
was lowar by or at par to the height attained by control
plantleots during the thirtieth day of growth (3.3 cm).
Tho growih rate under the highox concentratibns was
comparatilvely poor compared to conirol and both the
two louwer concentrations. Tha grouth starxrted only after
tho thirtieth day of egtablishment under 0.75% and the
growth rate wap negligible. The maximum height attained
by the plantlats under 0.50% concentration was also lover
to the helght attained by control plantlets on the

thir tie th day of davelopment.

The pumbor of leaves bar plantlet as Influanced
by various treatment is also presented in the same
table. The number of leavaes paf plantlat variod from

5 to 10 in control, when it was 5 to 11, 3 to 9, 2 to 8
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and 0 to 5 undsr 0.12%%, 0.25%, 0.50% and 0.75% concen-
tration of EHS from fiftesenth day to sixtieth day of
establishment. Not much differonce was noticed between
ths trecatment and the treated populations with the
control except under 0,75% concentration. Under 0.75%
concentration the leaf production started only on thir tieth
day to eixticth day of establishment. The highest
nucber of leaves (11) par plantlet was produced under
0.125% concentration on sixtloth dsy of dovelopment.
On the fifteenth éay and sixtieth day of daevelopment,
the mumbexr of loaves under 0.125% and control vere at
par. But om the 45th and 60th day there was a slight
increase in tho number of leaves por plantlet nnder
0.125%, Hhile comparing the different concentratianmsof
EMS, 0.125% gave a stimulatory effect in the leaf
production potentiality than the eother 3 concantrations.
There was not much difference among 0.25% and 0,50%
in leaf production. Tho maximum number of loaves par
plantlet produced under 0,75% (5) on tho 60th day was
at par with tbe number of leaves produced by control
plantlets and 0.125% concentraticn on the first day
observation (5 each).

The influence of different concentratlons of the
mutagen in embryos from fully maetured mut and tha

treatment aftex three day of culturing is prosented in
Table 8=3,
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In coniré6l population the length of tho shoot wvaried
from 1.7 to Yot cm (from fifteenth day to sixtisth day
of development) when 1t vas 1.3 t0 3.9, 2.1 to 4.8 and
043 to 1.2 in 0,125%, 0.25% and 0.50% respsctivaly.

The bhighest concentration {0.75%) failed to show any
tissua development even after sixtlioth day of planting.
The lower oconcentrations gave g similar growth rate as
in controle. The maximum height of plantlet attained

was in 0.25% (4.8 om) concentration of EMS. Here from
the early stages of growth iltself there was a atcady
increase in the lemgth of shoot. In comntrol population
and 0.125% conceniration the increasa in length of shoot
vas maximum in lhe early stagas of growth (fxrom fifteenth
to thirtioth day)e. Tho meximum longth of shoot attained
under 0.50% concantration (1.2 cm) om $0th day was

even lower to ths hedght attained by plantlats in
contrel gopulation, 0.125% and 0,25% concentrations

on fifteanth day of development. The grouth rate

in eerly poriod of dovelopwsnt under 0.50% concentra-
tion was nogligible. Whila comparing the two lower
concenirations (0.125% and 0.25%), It can ba seen that

0.25% concantration gave a higher grovwih rata.

The number of leaves per plantlet as influoncad by

dlfferent treatmant iaslso prosunted in the sams table.
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In conirol popvelation the number of leaves ranged from

3 t0 7, when Lt vas 3 0 8, 2 te 8 and 1 to 6 in 0.125%,
0.25% and 0.50% conosntration of tho mutagen raspectl-
vely. Tha highast scncantratlon (0.75%) did not produce
any 1lsaf. A diract roflectlon of the effect of 0.75%
concantration of mutagen in leangth of shoot ls saen in
numbkaer of loavses alsoe. Tha maximum mamber of leaves par
plantlat (8) was produced umier 04125% and 0.25% concenw
trations. Fventhough the number of leaves poxr plantlet
under conirol and 0.125% vere the same (3) on firet

day of obgarvation, 0.125% conceniration of EMS gave a
8lightly batter performance than control. The mexirum
numbor of laaves attained on sixtieth day of establishmant
under 0.50% (6) was at par with the numbar of leavas on
thirtie+h day of devolopmant undar 0.125% and was aven
lover to the maximum number of leavas attained on
sixticth day of devolopment under control, 0.125% and

0.25% concantraticn of IMS,

Table 8 -» 4 represeni the growth rats of plantlats
due to the different oconcentrations of BES in ambryo
from fuily matured nut after four days of culiuring.
Helghv of plants ranged from 2.6 to 4.3 cm in control and

1.7 to 4.3 omp 240 t0 51 ciry Ot to 1.2 cm and 0 to 0.4 om
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under N.125%, 0.25%, 0.50% and 0,75% concentration of
I¥'S respoctlvely. Evaenthough tha growth rate was la asar
than tho control in 0.125% and 0.24% during the early
gtages of growth, attalnaed the same leugth during the
later stages of grouth. The maxlmum length was noticad
undor 0,25% comconsration (5.1 em}. Tho growth rate
wag qui%e inaignificant and practically nll undox 0.50%
and 0.75% concentration of ENS. Growth started only

by the 45:th day under 0.75% aad the maximum holght
atioined (0.4 om) ves oven lower te tha height attainaed
on £irs’ day of observation undor all other concentra=

tions ¢of EVMS anl the control plantlets.

Tha wmumber of leaves psr plantlet included in
the same table show that there was not wuch differamnce
among ihe different concemntration of the mutagen and
the troated populaiion with the control except in
0+75% concentration. Under the highest concaniration
{0.75%) leaf production started even before the shoot
lengtn initietion (on thirtioth day). But the maximum
mumber of leaves attailmed here (3) was at par with the
numper of leaves on the fifteenth day under 0.725%,
04255 concenirations €€ TFMS and control, The control
plantlets and the plentleis vunder 0.125% concontration

gave equal number of leaves in all the difforent stages
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of growth (3,4,6,8). There was a stimulatory effect under
0.25% concentration and the maximum number of loaves was

noticad hexe (11}

TABLE 81

GROWTH RATES OF PLANTLETS AS_INFLUENCED DY DIFFERENT
CONCENTRATIONS IN EMBDRYO FROM FULLY MATURED
NUT UNDER DIRFCT TREATMONT

Treatmant Longth of shoot({cm) Numbor of leaves
Control
15th day 1.2 h
30th day 2.5 6
L5th day 3.8 8
€0th day 545 10
G.125%
15th day 0.8 2
30th day 2.6 5
L5th dag 3.0 7
60th day 3.4 8
0.25
15th doy 1.1 2
30th day 1.6 L
45¢th day 2.5 6
60th day 3el 8
0.50
15th duy 0.6 1
30th day 0.9 3
45th day 1.3 L
60th day 1.6 7
0.75
15th day - -
30th day - 2
45th day 0.2 2
60th day 0.2 4
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TABLI 8«2

GROWTH RATE OF PLANTLETS AS INFLUENCED BY DIFFERENT
ONCENLRATIONS IN FMBRYO FROM FULLY MATURED

NUT AND TREATMENT AFIIR TWO DAYS OF CULTURI NG

Troatmont Length of shoot{om)  Number of
losaves,.
Control
15th day 146 5
30th day 3.3 7
45¢h day 4,9 8
Goth day 6.0 10
0.12%
30th day 147 7
45th gday 2.5 9
60th day 3.1 1
0.25
15th day 1.1 3
30th day 1.9 6
45th day 2.6 8
60th day 3.5 9
0.50
30th day 1.2 L
45th day 240 5
60th day 2.8 8
0.75
30th day - 3
45th day 0.2 b
60th day 0.3 5
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TABIE_8 - 3

GROYTH RATE OF PLANTIETS AS INFLUEMED RBY DIFTFRENT

CONCENTRATLONS IN EMBRYO FROM FULLY MATURED

NUT AND FREATMEINT AFTUR THREE DAYS OF CULTURING

Treatmant

Length of shoot
cm

Numbor of

leaves

Control
15th
30th
hsth
60th

day
day
day
day

~J Ut £l

0.125
15th
30th
45th
60th

day
day

day

W=7 OV

15ih
30th
hsth
60th

day
day
day
day

D FN

0.50
t5th
30th
hsth
60th

day
day
day
day

WIS =

0.75
15th
30 c¢ch
45th
60th

day
day
day
day

111t
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TABLE 84

GROWTH RATE OF PLANTLETS AS IKFLUENCED BY DIFFERENT
OCONCENTRATIONS IN EMBRYO TFROM FULLY MATURED NUT
AND TRFATMENT AFTER FQUR DAYS OF CULTURING

Treatment length of shoct(cm) Numbor of
lanves
Control
15th day 2.6 3
30th day 3.0 N
45th day 3.7 6
60th day b2 8
0,125
15th day 1.7 3
30th day 2.9 b
L45¢h day 3a7 6
0.25
15th day 2.0 3
30th day hai 7
GOth day 5e1 1
0.50
15th day 0.4 1
30th day 0.7 3
45¢h day 1.0 6
6Oth day 1.2 7
0.75%
15th day - -
30th day - 2
45th day 0.3 3
60ih day (V9.4 3
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TADLE Bal

GROYTH RATE OF PLANTLETS AS INPLURNCED BY DIFFERENT
CONCENTRATLONS IN FMBRYO FROM FULLY MATURED NUT
AND TROEATMINT AFTER FUIR DAYS OFF CULTURING

Treatment Longth of shoot(cm) Numbex of
lagves
Control
15th day 2.6 3
30th day 3.0 4
45th day 3.7 6
60th day b,2 8
0,125
15th day 1.7 3
50th day 2.9 L]
45¢h day 3.7 6
60th day k.3 8
Q.25
15th day 2.0 3
30th day Lot 7
45th day 4.6 8
60th day 5.1 11
0.50
15th day Okt 1
30th day 0.7 3
45th day 1.0 6
60th dey 1.2 7
0.75
15th day - -
30th day - 2
45¢h day 0.3 3
60th day Ol 3
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leavas as influsnced by increasing days of maturity. Undex

0.125% concontration the numbey of leaves incrocased from

2 tc 6 from fifteenth fto sixticth day. Tha growth rate wes

comparativdiy poor than control and 0.25% and 0.50% concenw
tration. The number of leavas ranged from 7 to 21 and 8 to

19 undor 0.507% and 0,25 conccntration,

TABLE

GRBYTH RATE OF PLANTIXTS AS INFLUENCED BY DIFFFRENT
CONCENIRATIONS IN MBRYO FROM DRY NUT UNDER
. DIRECT [REATENT

Traeatment Longth of shoot Numbexr of
cm) 1gavaa
Control
15th day 131 5
30th day 2.2 ]
hSth day 3-9 14
60th day 5.8 20
0.125
15th day 0.5 2
30th day Tel 3
45th day 1.7 5
60th day 3.2 6
0425
15¢h day 0.9 T
30th day 19 12
L45th day 3h 17
60th day 5.6 21
0.50
15ttt day 1.8 8
30th day 2.7 13
h5¢th day 4.8 18
60i:h day 601 19
0+753  15th day 0.3 -
30th day 0.5 -
45th day 0.8 -
60th day 1.0 -
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The present investigation to standardise the in wviiro

culture technlques inmlation to induced mutagenesis in
groundnut using prosmbryos and embryos of differaent
maturity seams to be first of its kind. The main objo-
ctives envisaged include standaxrdisation of ombryo
culture teohmiques, teohniques of mutagen treatment
and the best devalopmental phase of embryo for mutagen
treatmant, The various results ghtain=m aminated during

the inveastigatlion is discuassed below.

1) GStandardisation of culturs maedia for groundnut embrvos

In the prasent investigation the three culture
madia tested includa White's madium, M.S. medium and
Modified M,S.Medium. Tha three madla tested gave satisfa=
atory embryo toke and tissue differentiation. On compara-
tive analysis it was seen that the modified Murashige Skoog
medlum gave a batter embryeo take and an early tissue
differentiation. Comparing the embryoc take in White's
media and M.S.,basal media, 1t was seen that MS wedium
gave an early embryo take and tissue differentiation,
Analysis on the modification made in the basal MS madium,
myo~inositol gave an early bud taks andtiassus differen-
tiation compared to basal M.S. Madium, Standardisation

of beat medium uas dons using fully matured embryos from
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dry puts. Au early embryo take and tissue differen=-
tiation as noticed in present imvestigation using
modified Muroshige-Skoog medium was repor ted by various
workers in varicus crop plants including in groundnut

by Ziv and Zamski {975), Mroginaki and Fernmandez (1980),
Bajaj et al (1981), Mrogimeki gt al {1981) , in tomato
by Tal gt al (1977), in forages by Rangon (1976) and in
oocoa by Jalnl and Collin (1979). The various reosulte
obtained by uaing modifiocd MS medium and ithe different
treatwment techmiguese as includad in projsct 1s prosented

balou.

(2) Days taken for embryo sat end ambryo differentimtion i

The aqfifeot of embryos in different growth phases,
mo thods of treatment under different comcantration
of ths muiagen presented in Table=l clearly show that
the offect 1s modified by all the facteors amalysed. In
proambryo baving twenty days devalopment, the medium
doso level (0.25%) gave an carly apbryo mset compared
to control and lowsr and higher mutagen dosea employad.
This particular concentration when applisd on thae fourth
day of culturing gave a similar effect aa in the case
of control populatlion. But in bigher concentrations a
delay was exparlenced irrespective of method of

treatmant.
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This cloarly demonstrates that the mutagen treat-
ment elthor direct or after culturing was effectiva.
A delay in soed germination as affected by ths mutagen
has beon xreported by various workers in various crops,
including field bsens by Shirshov and Shain (1966}
in pea by Sidorova gt aljy (1966); Maslov and Stepanova,
(1967) in rod gram by Alikhan gt al (1973) and in
cowpea by Louis and Kadambavanasundaram (1973a)s The
other thrae diffcrent types of embryos tosted, embryos
having thirty days development, embryos from fresh
sead nuts immedlately after harvest and embryo from
dry seaad muts also gave a similar astimulatory eoffect
in medium and lower concentration of FMS compared to
control population. In proswbryo havinz thirty days
development and in embryos from nuts ilamediately afkr
hargest, the effect of the higher comcentration (0.505)
wans almost idantical to that of control. But the
highest concentratien caused an imordinate delay
for embryo set in all the methods of treatment adopted.
Tha ¢ffeot of tha lower and higher concantrations were
also at pax. The trond of stimulatory eifect in the
modium and to a cartain oxtont by the lowoxr concentration
and a drastic delay in the highest oconcentration clearly
spalls out the fact that mutagen ireatmont by e

techniguss adopted was affective and can have a detallad
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analysis on induced mutagenesis in this crop in the con-
centration above 0.25%. Analysis on the affect of different
me thods of wreatment and the various concontrationa of
mutagen tested cleaxly show that proembryoe will bo in

o position to give a batter result compared to matured

or physiologically matured gmbryose. This is aevidenoced

by the fact that mutagenic cffect as rogards the embryo
zat under highor concentratious was much delayod in
embryos compared to proswmbryos, where tha effect due to
medium ard Jower concentratione vare similar, or in

other words the matured ombryocs wers more mutegen resistant
compared to prosmbryos, but this was not much msupported
by the data avallable for progmbryos having both twenty

and thirty days of development. The effect due to highost
concentration was ldentical im both theso prosmbryoas.

It ie aloso ovidanced that whban we use matursd or phyailo~
géocally maiured embryos, the concentration of mutagen
solution can e increasod. The present imveastigation almo
cloarly demopstrate that when weg use procmbryos for induced
mutagencsls, the concsnitration of mutagen solution can be
lovered. Higher ¥Ho maturlty of embryo greatsr will be the
mutagan rosistance for the ambryos of groundnut. Datalled

analysis on othex factors concernad uvith g direct effect
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of mutagen in M1 genaration is required to have a flnal

conclusion in tids ragarde.

The effact of different stages of developmont,
mode 0f troatment and tha differant concentration of
mutagen used presented in Table=5 clearly demoms trate
that ombryo differentiation in culture modia is much

influenced by the factors apalyscd in detail.

The data clearly demonstratea that the atago of
ambryc developmont datormincs tha mutatgen sonalitivity,.
When ths proembryos havieg twenty and thirty days develop=
mant were net able to give a satisfactory swmbryo differe
entiation, the performances of matured ombryos wara
ramarkablo and it was also intoresting to nois that
raegardless of tho maturlty factor thg mutagen concen-
tration played a major rola in gubryo differentintion in
cultuze modium, On an average the control population
gavo a sadlsfactory performanca whan embryos wWerc grown
without aay diaturbances in the substratum. Highor the
disturbances creataed during the development in culturg
madivm Jeosssxr vas the parcentage smbryo differentiation.
This factor was reflected in all tha ambryos of different
maturity. But this goneral trand of draatic reducilon in
embryo differentiation was not notad in higher congentra=-

tions aspecially uben the embryos ware extracted immediatsly
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after harvest. Dut the general trond as is obssrved
in control was notlced in lowex concentrations in
almoat all the prosmbryos and gmbryes having different
maturity. Though related litevaturs is not available in
thims particulay crop it can be presumed that this embryo
difforontiation may be dus to disturbances created
ddring the early stagas of development of embryo in
culture medium. In general, a higher parcentage redu-
ction in ambryo differentiation was obssrved in mutagen
treated materials comparad to contrel. This reduction
in embryo differantiation compared untreatsd materilals
can be attributed to the blo chemical changes created
by the mutagen in early stages of developmsni of

procmbryos and ambryos.

On comparison of the differences in embryo
diffdrentiation in proembryos having twenty and thirty
days development, it can be ohserved that ebmbryo diifer-~
entlation waa better in proembrycs of thirty days of
development compared to proembryos of iwaenty days
development, But when we compare percentaga differeniiaw
tion in embryos cxiracted immedliately aftex hazxvest

and those from dry secd nuts, 1t can be noticed that the



t 101

maturity of the ambryo and embryo differentiation dua
to various treatments do not have close relatiomship.
This statemant 4s supportod by tho fact that embryos
from sced mutes immediately aftoy harvest gave a very
high differantiatlion compared to embryos having full
physiological maturity and also from lmmature nuts. A
genaral trend of highoxr embryoc differentiatlon was noticed
in embryos extracted from nuts immedliately after harveet
compared to ambryos having full physiclogical maturity
and progmbryos of different maturity. It is bottor to
designate it ss a highar outagen reponme rather than to
designate it as mutagen resistancd by these embryos
having full maturity, Uhon proembryos having twenty
days development and ambryos with full phsiodogical
maturity vore able to give only a poor parxformance, a
maximum embryo differentlation was noticed in embryos
oxtractod from nute immediately af ter haxveset followed by
broembryos of 30 days development. Based on this result,
1t can bo suggested that bast stage for ambryo extra~
ction for mutagen treatment is from seods imwediatoly
aftor harvest.

Comparing the cffect duas to various concentrations

of muftagan adopting varioues modes of troatmsnt in pro and
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and embryos having different maturity it was obsmarved
that the middle and lover concentratiom of mutagen

gave a botter performance to highar comcentrations in all
tbe difforont treatment techniques adopted. Of the two
lowaxr doses smployad, 0.25% gave ths maximum response. Tha
offeot dua to the middle dose was at par to the conirol
material in majority of the treatments, but 1t warled
depanding upon the embrxyonic stage. In geraral the maximum
rasponse was notlced dus to 0.2%% concentration compared
to 0.125%. This response was much evidenced in smbryos
havipg ths full maturity ewbryos axtracted immediately
after harvest of nuts. The dsleterioum effects noticed
by tho various concentrations in embryos having full
phyaiolozical maturity and proecmbryos with least maturity
and a comparatively losser offsct in prosmbryos having
thir ty days maturity clearly demonstrate that for maximum
embryo diffarentiation, the corroct atage for embryo

difforentiation 15 from seods immodiately aftexr harvest.

Growth rata of plantlets as influenced by different
doses of the mutagon and different modes of treatment in
procmbryos having twenty days davelopment showad a
remarkable wvarilatlon ~ in prowth and development. The
data clearly demonstrated that 1t 4e always hetter to
craate only a nminimum disturbance to the embryo aftor

Planting it 1w the culture medium, This staiement was
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made mere clear by tha fact that ovon in untrsated
control, the maximum growth rate of plantlets was
absarved in media baving direct troatmont. In control
population the growth rate was also maximum in undis=
turbed modim oompared to nll othar modes of treatwent,
taking into account the laength of shoot and number of
leaves. A steady increase in grovth as was measured
based on length 0f shoot and number of leaves was also
observed in concaentration of mutagen solution. But this
increase in growth rate was at ito mavimum in the undia-
tuxrbed media comparaed to all others., The hicher
concentrations of mutagen in goneral failsd to shoW any
growth ip embryos plantsed, which moy be due to tha
deletorioun effgct oreatdd by the highar concentration
through tha pon diffprentiation of proembryoa and embryos.
The grovth rate analyals clearly demonstrats that it is
not advisable to recommend concentrations above 0.25%
IMS for detailed analysis on mutational avants in thls
par ticular crop variety. The mazimum growth rate irres=—
pective of mode of treatment in proembryos of twenty
days devaelopmant was obgarved under dirsot troatment

both in the case of leongth of shoot and number of leavaes
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per plantlet. Thus it can be inforrod that when proambryos
having 20 days dovelopmont is treated wikh EMS concen-
tration of ths madium doses at the time of planting the

proombryc can ba recommonded for in wyitro techniques

in induced mutations.

Growth rate analysis based on shoot lsngth and numbor
of lecaves par plantlst in proenbryos having thirty days
devalopment prosentsd in Table 7 shows a remarkabls
variation whan compared to proombryos having twenty days
development, In the case of direct treatment irrespective
of tho concentrations tilssua differentiatiocn and growth
rate was satlofactory in all the concentrations both
under diroct treoatment and treaiment after two days of
culturing., Whereas the highest concentration on the
third day of culturing eand the highor concontrations
{0.50% cmd 0.75%) on fourth day of culturing failed to show
any tlssus Qdiffarentiatlon and furthor developmenta. In
control and louer concantrations not much raduction in
growth rate was noticed when the proembryos were treated
at the timo of culturing or two to three days of culturing.
But oven the lower concentrations showad a reduced grouth
rate when proembryos were treated four days after

culturing, Thero was a gradual decrsase in growth rate in
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higher concentrations as the treatment days ware enhancad
and was nil on tho fourth day of culturing. A poor growth
rate in higher concentrationa on tho treatments, the
£irst, second and third, und complete fallure of differ=
entiation on fourth day of culturing clenrly demonstiates
that higher concentrations of mutagen {0,50% and 0.75%)
cannot be adopted for in vitro technigues of induced
mutagenasis 4in ground nut. The growth rate reductlon in
the advanced stages of culituring can be attributed to the
senaitivity of the cultured embryos for hlghsr concentr-
ations of mutzgen and also for their unadjustabilityrith
the disturbances created during the developmontal process
of the proembryos in culture medin. Compazing the affocts
dus to Chs proembryos having itwenty and thirty days
development it cen be infarred that higher thn maturity
of embryos within the seed greater was the reglstance

for the higher doses of the mutagens and the disturbances
created durlng the developmantal procese of ths proembryos
in the culturoc mesdium, This is more clear by the fact
thrat whon proembryos having twenty days development gava
maximum tismsue differentiation and growth rato when the
trentments were done at the time of planting, the proembryos

having thirty days development gave maximum expressions
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when trootoonts were donme twe days aftexr culturing and
comparasivoly an insignificant veduction when treatments
were done %hree days after culturipg. Thus vhen pro-
embryos having thirty days development are used for
induoed nmutagenesis adopting in vitro tochniques there
is no harm in treativng the pmterials with the mutagen
vill 7he third day of culiuring. Comparative analysis
on the growth rata Was influenced by proambryos havinh
differont growth maturity alaso made it sclogr that
proambryos having thiriy days development are better
compared to proembryos of iwenty days for induced

muzagencein adopting in yitro tochnigues.

Growth rate of plantlots ad inflwanced by treatment
of the mutagon in difforemt days aféxr cudtuzing mede it
cleazr that embryos extracted from fully wmatured nuts
Imezdlataly after karvaest s got a higher rasistance
to ths higher concentrations of ths mutagen an’ was
poasibls t{o acecrmodate tha dlsturbances even on the
fourth day of culturing., Compared to procmbryos having
diffarent maturity the embryos from fully matured nuts
were able teo have tissue difforentiation and grouth and

devolopment even in higher cotcentrations usad and also
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in trentments employad four days after culturing. Thiz
adde further to the fact that bigher the maturity of
embryos greater will he the mutagen resistance and
accommodability for the disturbancee during the early
developmental stages of tha embryow in culture madia.

If we compare the performance of prosmbryos having
different maturity with the embryo having full maturity
it can aleo bo noticed that for maximum growth rate
oxprassions it is bstter to0 uss proembryos having thirty
days developmant yrather than using prosmbryos of twanty
days development and embryos from full matured nuts
extracted immediately aftor barvest. While comparing ths
porformance of plantlets in culture media from
proombryos having twenty days development with that of
ombryos having full maturity, prosmbryos having twenty
days development performed well to that of cmbxryos of

full maturity.

The parformance of the embryo f£rom dry nut gave an
antirely different ploture compared to embryoe of all
othar age groupe presonted earlior. Eventhough treatments
on dry nut embryos were dons on second, third and
fourth days of culturing the embryo differentiation and

further growth and development of plantlets were hindarad
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by:the production of excess quantities of phemnolio
compounds by the plantlatas. This mkes to glvo a
general statoment that without adopting furthor
techniques 1t is quite impossiblo to use ths physio-
logically matured gmbryos for induced mutagenesis
adopftd®g in yitro techniques im this particular

cxope The frequent production of phanolic compounds
requires standardisation of further technigues to remove
these grouth rctardlng aubstarces by croating furthar
disturbances of the embryoids during their developmantal
phases in culture medium, It ls doubtful whether these
additional processss can give o chance for caasy olimi-
nation of tho motured types. Lesser itho dlsturbances
greater will be the expressiona of induced variahilitiy.
The embryos from dry muts were able to give compagativaly
a poor porformance even vhen embryos wverae treated
diragctly at the time of culturing, though the higher
concentrations were able to giva ambryo differentiation
and further dovelopmants. This statament is fur thor
supported by the faot that aven the untreated embryos
were not able to give a comparable performance with
those of embryos extractied from secds immediately

after harvest and proembryos analysed. Thus it cam be



s 109

concluded that embryos from dry seed nuts camnnot

be recommendaed for induced mutagemnesis adopting
tissue oulture techniques ingoundnut. The medkum
or the lower dose lsvels tosted and the embryos
axtracted from nuts immediately after harvest or
proembryos having 30 days development can be
racomranded for fuxther detailad analysis on induced
putagonic procesmes in groundnut adopting ip vitro

culture technigues.
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The in witro oculture techniques in relation
to induced mutagenosis in groundnut (Arachis hypogasa .L)
were standardised by usiung the most popular variety,
TG=3, The exporiment was conducted during 1985-86
at the Plant Tissuc Culture Laboratory attached to
the Tropical Botanic Gerdens and Research Instltute.
The main objectives of the presaent investigation were
to atandardise the embryo culture techniquee in
groundnut, to standordise surface sterilisation tech-
niques, to standardise the correct ages of the embryo
for mutagen treatment, to standardise the technique
of treatment and also tc assess the dose reguirement
of a chemical mutagen, athyl methane sulphonate (EMS)
to create variebility in groundnut. The dose effect
ves assessed based on various growth indices including
days takan for embryo set, percentage setting of
embryos, length of shoot at fifteen days interval,
number of laaflets per plantlet at fifteen days interval
and growth raite analysis. Based on the results amim ted
from the investigation the following conclusions wre

made from tha oxparimont.
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Of thc three sulture media tested for groundnut
embryo, White's medla, Murashige~Skoog media (basal)
and Modified Murashige-Skoog media, o modified

MS medium was found to be the bast.

0f the wvarious concontrations of mercuric chloride
solution tested and various time intervals adopted
for treatment, the treatment 0,1% mercuric chlorids
treatment for three minutes was found to be thm

bast, based on survival percentage.

Treating the explants at tho time of culturing
was found to bs the best technique of treatment of

proembryos and embryos by uging mmtagen solution.

Incorporating mutagenic asolution with tha culture
medium was found to ba a f£failure duo {0 non
solidification of culture medium and contamination

of explants planted.

Treatment of embryos extracted from sead nuts
colloctad immediately after harvest followed with
Proambryos having thirty days development was

found to ba mora sulitable for mutagenio treatment
coriparad to proambryo hbaving twenty days developmant
ard embryos extraocoted from seed nuta thirty days

af texr harvest.
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Fully oo tured embryos, axtracted thirty days
after harvesy were able to glve only a very
poor performance comparad to all other types

of proembryop and embryos tosteds

Treatment of the eumbryos and proembryos wlth
matagenic solutlons above 0.50% was found to

be lathal,

The lover concontration (0.125%) gavs a

comparable result vith that of uniroatad control.

In majority of the factors amalysed to assass the
mutagenle effectivensss, 0.23% gave a bettor
porformance compared ¢$o0 control and 1lowest

concantration tried,

The best concentration for the maximum mutational
eventes in groundnut whiles exploiting ip vitro
culture lechniques seama te 1lla botwoen 0.25%

and 0.50% of EMS,

An earlisy gmbryo uptaks was noted under 0.250%
athylmethane oulphonate solutions irrespective

of tho embryonic stage and tho moede of treatments
tried in the expsriment, higher the concentration
greater was the delny in embryo take both in

pProembryos and embryos,
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The maximum percentage differantiation of
embryos Was observed ilm direct treatmsats
compared to other modas of treatmants and
higher the concentrations, lesser was the
porcontage embryo differemtiation. Treatment
of explants with the mutagen at the tima of
culturing was found to be the bLaest to give
maximum tissue differcontlatlon compared to

all other modes of treatmonts.

Lesser the maturity of the embryos, greater
was the damages created due to delayed

treatments with the mutagen.

Grouwth rate analysis based on plantlet height
and pumber of lsaves per plantlot clearly
demonstratad that maturity of tha embryo
Plays a vory impor tant role on the performance
of the plantlete. Embryos extractad from

seced nuts immedlataly after harvest gave the
masimum axpression comparad to all othar three
maturity groups of embryos tested, It was also
mads cleaxr that embryos extracted from seed
nuts thlrty days after harvest are not at all

sultod for induced mutagoncals adopting



15)

3 ik
in vitro culture tachniquos.

Based on tha results eminated during the present
investipation it is rocommended that for detailed
analysis of induced mutagenesis 1a groundnut

adopting in vitro culturs techniquos, modified

MS madium, embryos extractad fromsscad muto
immesdintely aftor bervest and a concentration of
@thylre thanesulphonate molution in between 0.25%
and 0.50% will result in maxlmum mutational
events to give an c¢conomlc raesponse to induced

variebility by winimising the diplontlc smelection,
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The present investigation entitled 'In vitro
tochniquas in relation to induced mutations in Groundout'
was carried out in the Despartment of Agriocultural Botany,
Collage of Agrioulture, Vellayani, during 198%4-86.

All the works relaied to tiseue culture analysis wexs
done at the FPlant Tissue Culture Laboratory, attached
to Troploal Botanilc Gardens and Research Instituts,
Kumarapuram, Trivandrum, The main objective of the
exporiment was to standardise the baat embryo oulture
tachniqus in groundnut to standardise a successful
mutation bregding programmne by using the most potent
chamical mutagen, othylmethana sulphonates The projeot
¥os 210 onvisaged to standardise the techniques to
asscee the correct stage of embryo treatment with the
matagen and to standardise the best mode of treatment

of the mutagen solution to tha embryoida and smbryos.

Three oulture media, viz. White's medium,
Murashige=Skoog medium (basal) and Modified Murashigg-
Skoog madium were tested to find ocut the bost oulture
nedium for groundnut ombryos. Surface sterilisation of
embryos were standardised by using mercuric chloride
selecting out three concentrations, 0.05%, 0.1%, and

0.2% and throe pexlods #f treatment, 3,5 and 10 minutes,
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The correct stage of embryos for the maximum rmtagenic
effect was done by using ombryos having four maturivy
periods, wmbryos having twenty and thirty days maturity,
eubryos from seed nuts immediately after baxrvest and
embryos from dry seod nuts thirty deys after harvest.

The various concantrations of ethyl mathane sulphonate
testad include 0,125, 0425, 050 and Q«75%. To standardiss
the tochnique of treatment of mutagen the various concen=
trations tried uare treated at different psriods,
éreating the embryo at the tims of oculturing, locating
tho cmbryos two daye after culturing, treating the
embryos three days after culitnring and treating the
sembryos four days af cek oulturing. Attempis waerc elso
made to temt whather mutagenic treatment can be carrxried
out through the culture medium, As the maln objectives
of the expsriment were to standardise varlous tachniques
of culturing and msthods of treatwent a fully laid out

exporimant was not anvisaged.

The modified Murashige-Skoog culture medium uza
found toc be tha best for groundnut embryos. The bast
result can bo attained with a surface sterilisatiion
of the embryos with mercuric chloride at 0.,1% for three

minutess Of the difforont treatment techmniquens adopted,
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treating the embryos at ths tims of culturing was found
to be the most effective tochnlque. Incorporating the
mutagenic smolution along with culture mediuwm failed

to give any poaitive result, The lower concentrations
{0125 and 0.25%) gave a batter porformamncs basad on
days talken for embryo met and tissue differentiation.
Just raverse was the trend in higher concanirations.
Mutagenie solution having a strength of 0.25% %o 0.50%
15 reoommanded for yialding meximum mutagenle events
in groundnut, Analysis oa embzryolds and ombiyos

having differont mpaturity clearly showed that embryos
extracted from seed nuts immediately after harvest

gave a better responsa based on gqumbryeo take, parcantage
differentiation and growth raske analysis compared to
all othexr. Detailed annlysis using Modified M5 madium,
concentrations of ethyl mathaneaulphgﬂgtganging from
0.25 to 0.50% and treating the cmbryos exiracied from
sced nuts immediataly after bharvest i1s racommandsd

for detailed analysis on indnced mutations in grcundnut

adopting in vitro culture technigues,

seow





