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INTRODUCTION



INTRODUCTION

The sulfstenance of human race on carth is absolutely

dependent on agriculture. His development through the ages
was closely related to the development of botter types of i
caltivated plants, both for his food and for his several other:
basic needs. Bat it was only with the beginning of this century
and with the growth of genetics and ite allied field of plant ll

broeding that these efforts were systemptised and oriented as &
|

I

The myriads of genetic variation already existing and being

mltiplied by itself in nature has rendered a vast field for t!le

scionce.

plant breeders for the search and salection of better cultivable
typea. Dut natural variations were not slways to the desired extent
and patterns in selected materials as to onable efficient handling

of their germ plasm.

It was in this context that the discovery of the mtagenic
agents like radiations and certain chemicale wes: important for

the sclentists, as a tool for inducing prolific genetic variations.

Stadler in his pionecering work with X-rays on maize and
barley had established the possibility of indueing very high variae

tions in plants, Since then mumerous workers all over the world
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have gstadied effects of X-rays in the induetion of mmtations.

Eyenthough the cnd result of X-irradiation in plants is
the production of mtations, its biological effects on the living
cell have also been essessed by the high frequency of chromosoemal
aberrations, depression of mltotic activity, depression of the
synthesis of DNA and cell death and a variety of morphological
chonges. At least a few of these and othor seccondary effects
were skilfully harnessed oud utilised in practieal agriculiure, as
well as in the study of the fundamental behaviour of the varions

anits of the genetic material.

The present work was undertaken to investigate some of
the biological effects of X~rays on the chillies plant
(Capsicum anboum L.). The seeds of a well established commereial
variety, the W~ variety evolved in Madras State, was subjected to
X~irradiation with four dosages of 1000, 4000, 8000 and 15000 r
units. The effects of X-rays in the M:l and ME generations were
studied in detail, the mothods and results of vhich are presented

and discussed in this thesis.
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REVYILOVW oFr LITERATURE

The inbowent ability of plamts te preduce mmitations hag
heen grasped by plant breecders and considerable offort was dire-
cted towerds wtilizing this potentiality in practical breeding

in the lagt thiee decazdes.

The mategenic activity of X-rays was first succesefully
exploited im the Nineteen twomties. Piomeers in this field were
Muller and Stadler, who mede extensive studies om the effect of
X-rays on genes and om their mede of action, employing Droso~
phila and microorganisms. Since then mamy sciemtists, led by
Hilsson=-Bhle and Guotefssor in Sweden and Bouer im Germamy have
experivented X-irradiation im plants. The eerlier siundies wore
rather oriented to the exploratiom of morphological and physio=
logicel chenges cauged by Xerays. In later years, however, these
ptudies were dirceted to the investigation of gemetic effects. Im
the Agian cenntries like Japam and Indie work on this field had to

wait till after the second world war.

Extensive studies, howewver, proved the limitation o
Herays as a useful means for effecting ecomomic mmtations.
The far move deletorious effecte caused by irradiation, as well

as, the very great variability induced leading te diffienlty in



aecomodating them in limited experiments are but two important

obstacles worthy of mentioning.

A ghort veview on the various aspectes of eomploying
X-prays in plant breeding is given here under, although mo work

in chillies have come across during reference.

EIFECTS OF X.RAYS ON PLANTS :

I GERMINATION OF SEEDS AND SUBVIVAL OF SEEDLINGS s

There are samerous reports on the effects of 2cute and
chronie irradiation on many plants. In 1898, just three ycars
after the discovery of X-rays by Boentgen, dorment seeds of
Convolwnlug and Lepidjum were treated with Xerays by Maldiney and
Thouvenin, and fourd that the treatment hastened germination of
sgeds.

Pgoiffer and Simmermacher (1915) reported that short
exposure to X-pays increased germination in Vieia faba, bat reduced
by long exposares. Dot Ancel (1924) reported that irradiation has

not hastened germimation of hundreds of seeds she studied.

Kamar and Joshi (1939) reported the effects of X-irradiation

on secds of Brassica jumcea, Nicotianma tabaccum, and

Pepnisetun typhoides. They found that X-rays had adverse effects
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on germination im all the cases.

Gustafsson snd his asageciates reported the offects of
jemizing vadietions in various crop plamts. Gustafseon (1941)
found that different plants react diffexently to X-rays.
Craciferous planis were cspecially insensitive, in which case
they tolerated upto 100 Er. units and even more without signi-
ficant reduction in germimabtion percentage and survival. Feasg
(Pisum m) were, however, quite semsitive, their optimum
doses being 10 Kr. to 20 Er. The same is tme with sunflower
and safflower. Hg alse found that storage of irradinted seed

enhanged the effects.

Frishnaswamy and Rangaswany Ayyangar (1941) reported that
in Penvisetum typhoides ne reduction in germination percentage was
consed by X=-rays, bat suyvival was reported 4o be low in the treaw-

ted cages.

Froiler and Gustafzson (1944) roported that larger the
h~rayed seeds, the mere will they endure irradiation apd that
their germinability and sprouting ability were better than the

smaller seeds.

Higher germination percentages were reported by Jacob

{1949) in irradiated seeds of Jute (Chorchorns spp). He alse
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reported highor survival percenmtage in some varieties.

Datta and Datte (1953) observed thet gormimation

percentage was net inhibited by Xerays.

But Oaldecett (1954, 1985, 1966, 1961) reported reduction
in germination and seedling survival after X-ray and also nerbron
irvediation. Vohvmamn (1955) found in Alopcenyas nratensis
that germination was very adversely affected by deosages between
18 and 26 Er. anits~the effects veryimg in limear proportion to

the dose of XZ-ray ased.

Increased germinaiion percenmtage ond survival with low
doses of X-roys was reported by Ehresberg (1955)., He found that
the irradiatiom appeared teo promote earlier germimation amnd that

the seedlings displayed no definite lethal effects.

Spencer and Cabanillas (1955) found no inhibition of  ger-
mination by Xerays in the Trailing indigoe, Indofogera endecaphylla.
It was characteristic in this experiment that some irradiation
effects xn Ki were exhibited im Xg geneyation as well. For the
reduction of germinatiom, the loweraing trend of ecatalase activity

in the irradiated plamts has been poinbed out as a probable cause.

Giles {1956) found thot doses below 2 Kr. units hed no

effoet on germination porcentage in seeds of Solawmam ageule and
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above this germination reduced proportionate to the higher
doses. lesley and Lesley (1956) reported redaced germination

in rradisted tomato.

Kankis end Webster (1957) found that Serghum spp. are

very sensitive to XZerays as regard to inhibition of germination.

Beard ot ol (1958) found that desages of 32 Kr. were opti=
mal for barley amd maize and 160 Br. for misiard as regerds gormie
nation factor, and beyond this the higher dosages were lethal for

survival and growth.

Mieke {1958) treated seeds of Molilotps albug with doses
ranging from 10 Xr. to 100 IKr. and found that the germinstion
capacaty was unzffected but lethality eccured after about two
woeks. Gottachall end Scheibe {i960) werking on leguuminous
plants reported that germinetion of seeds was indeperdent of X-ray
dosea, Similar reports came from Kundu et al (1961) in Chozchoxus
Sppss Shastry & Hamiah (1961) in Oryza; Jain et p) (1961} in

Chrysanthemmp: Syodin {1062) in Vieia faba and Kalayoma {1963)

in Oryza sativa.

Swaminzthen (1962) working on polyploid wheat also came
to the conclusien that germinability of seeds was unaffected by

low and moderate doses of X-rays.



Babayan ef al {1964) suggested positive correlation
between age of peeds and semsitivity to irradiation, as they found
that fully matured seeds were more tolerant then seeds in which

embryonie development was not complete.

P.N.R. Nair (1964) reported ir cow pess irradiated with
Xerays at doses between 1 Kr. to 156 Kr. units, thet, tho germinatio
percentage was unaffected by the Xerays in the dry seeds, hut in the

soaked seeds there was significant reduction of germimation,

Eamara end Simek (1966) working with hortieulitural plents
saggested that while the lower doses caused chromesenmal aberrations,
even higher doses did not bring about any undesirable influence on

the germivation and growth of seedlings.

Gopalakrishna Rajn (1967) in rice reported thai germination
perecniage hag been reduced slightly by all dosages excepting the
very low doses. He found that doses upto 60 Kr. of X-irradiation
was mot leihal in the rice variety he tried. But Veluswemy (1966)
found in the samo €0,13 variety of rico that even 50 Br. gamma rayse
were lethal to the planis,

II PLIANP GROWIH .
One of the common aftor effects of irradiastion om plents

is the inhibition of growth.



As early as in 1904 Yornieke reported that in Bragsica
and Vigin X-ray treatment of seeds caused growth checking followed
by an acceleration of growth which %as transitory when the doses
were not too high. The same anthor (1918) reported that X-rays
cansed growth retardation with stronger dosages, bat growih stimula-

tion with weaker doses.

Miege and Coupe (1914) conducted irradiation experaments
in Daphangs and Lepidium and reported a stimlating effect which
monifested itself? in increased weight of leaves as well as am incre-
ase in the total weight., Sehwartz (1914) also found accelerated

growth in Vaigia faba with weak doses of Xwrays.

Revera (1020) considered increased development of aerial
buds following irradiation as a stimlation. Jangling (1920) obsor-
ved that with light doses root srowth was umaffected while shoot
growth was increased. However, on ihe basis of experimental evie
dences obtained on twelve different species of plonts, Schuariz &t al

(1923) denied the stimlating action of Xerays.

Trangitory acceleration of development has been observed

by Altmen et sl (1923) in Phaseolus wulgaris irradiated with Xexpiya,

Agcording to them the stimilating dose varied vith the stage of
development. Ancel (1926) based on her extensive experimenmt conclue

ded that the so called stimleting effect of X-roys on development
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of planis did not exist.

Goller (1024) after examining the resalts of his experie
wents condacted for thirieen years stated that lower doses of
X-rays csused acceleration of development while higher doses
produced o depressing action. There was no optimm dese for
rotarding or stimlaling plant growth sinee the offects wers depe-

ndent on soveral factors.

Artnbzen snd Hrobs (1925) working on peas found that
light doses of X«rays caused stiruleting effects when exposure
was for 24 hours end in certain cases for 48 hours but beyond

these thore was relawded growth.

Capizzaro (1926) reported retardation of development in

proportion to the dose, time of esposure apd guality of roys used.

But Koltaov amd Eoltsov (1525) cenld not observe any
gtable and stimlating effeet in treating dry ovd sprouting seceds

of wheat, and peas with various doses of X~rays.

Goodspeed and Olzon {1028) pointed out that a definite
ececelervation of growth and development may resuli by proper doses

of J~jrradiation.



In Pigum sotivam Maisin and Masy (1928) reported significant
grovth retaxdation, With scft X-rays the same vresult was observed
in beap seedlings hy Glocker eb al (1029).

Patten and Wigoder (1928) subjectod the seed of beans,
mstard and barley to radiation, but conld not get amy wmarked effecta.
Cattle {1931) was among the first to report the high

sensitivity of wheat secdlings to Xerays.

Johnson (1981) deseribed ezcessive branching of stem of
irradieted Holiantbno and Lyconersicum. In a later work (1936)
he found more tillering in wheat with doses of 1 to 5 Kr. units of
X-~rays.

Shall and Mitchell (1933) observed ihat stimlating
effecis could be obtzined by employing appropriate conditions.
Agcelerated development could be obtained in seedlings of wheat,
oats and sunflower whon 30-120 r units of filtered Xerays was used
by them.

Inskins and Moore (1935) supported the above view on
working in citvus plants. Bless {1938) found no change in growth
of corn and radish treated with X-rays. But lettuce showed an
increase in height.

Wort {(184i) reporied increased growth of coicoptile im

wheal when seeds were subjected to low dosages of 114 » units.
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Foraten gt a), (1943) found that appropriete desages

did eanse a etimmlation in plent growth.

The inhibitiom of pleni growth was explained to be due to
chrompsomal changes and this correlation waz substantieted by many

workers such as Ler (1947) and Gray and Scholes (1951),

Jacob (1949) reported gigeniic plants in Xepayed jute
plants., Cordon & Wober (1050) have indiecated a low level of
oxygen contont in irradicted plants which pointed towards the
physiological disturbances as the chief factor affecting plant
growth. Lffects like dwarfing of the stem often eaused by irvae
diotion can be expclined this way (Serde, 1959). Quastler and
Baer (1950) have shown that growth was not affected in irredia=
ted Fhaseolus aurens.

Spurrow end Christensen (1050) using seate X-irradiation
in tulip and potato observed that inhibition of plant growth was
not proportional to the dese given. They observed a reduetion

in yield of potato in materials treated with 1200 r and above.

Datta apd Datta (1953) recorded growth inhibitionm in rye
at doses hotween 2 to 8 Hr. units of Xerays, but at higher levels
of 10 to 12 Kv. units the severity was less amd the seedlings were
normal .

Ganckel ot al (1953) reported in Trodeseagtis that redu-
ction in growth, injury and death all occured im cevtain cases
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of Xeirradiation. DBat Riley (1954) observed no growth retarda-

tion in Xejrradiated Avena secdlings.

Bruns (1954) esployed doses at 1 to 20 Er, in Tpifolium
pratense and reported both dwarf amd giant muteats. Gelin {1954)
also reported X-roy mmtants, in the cage of pees and vetchers where
he recorded " wvitality mtants®, such as dwarfs, chlorophyll defe=
etives; plants showing inhabition of flowering etc. These " minus
mrtants” were found to revert back to mormsl types in subsequent

generations, & 'gigas'® form wes also noted by him.

Yazin (1956) semmarising the works of Soviet sciemtists obser-—
ved that data obtaimed are indicative of a stimmlating effect and the
abgence of a stable pogitive action. He weported increased voot elom-
gation in rye following seed irradiation with 100 r units. In pea
and radish root length was reported to be significamtly greater than
the controls im 900 r irradiated groups. Ie also reported that a
radish variety irradiated with 100 r units gave earlier ripening.
Schwartz and Bay (1956) established 2 'seedling height-dose curve'.
He found that at low levels there was the expeeted inverse rela-
tion, but a point was reached beyond which the original trend was
reversed and any further increzse in radiation dose resulted im
an increase in seedling height. In an earlier paper the same asathor

(1954) has noted that at very high doses around 500 Kr. the seedlings
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were turgid and looked perfectly normal, but growth ceased after
about five days. Because no dividing cells were observed it was
suggested that the growth was entirely due to the elongation of

cells already present in the embryo.

Giles (1956) reported that in Solapum acaule X-rays caused
retardation of seedling growth leading to dwarfing. He reported
two plamts in the irradiated lot which flowered profusely and pro—
duced larger berries than the controls. A slight increase in height
and weight was observed by Spencer and Cabanillas (1056) in

Inddgofera sndecaphylla following X-irradiation.

Sparrow and Gunckel (1956) feund in a mumber of species of
Nicotians that these plants grow better when subjected to chronic
gamma radiation. The same authors have reported that gemma radia-
tion produce stem swellings and also lack of internodal elongation

vith higher dosages.

Yagyn and Morris (1957) foand that in X-irradiated tomato,
the size of the first two leaves showed a linear correlation with

the dose.

Beard {1958) found such linear relation between plant height

apd dose in irradiated barley, moize, mastard and safflower.

Natarajan, Sikka end Sweminathan (1958) believed that the

stimlation resulting in scceleration of plant growth may arise
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from increased cell expansion, with cell division proceeding at

the normal rate.

Bora and Rao (1958) in an elaborate study on induced mte-
tions in rice reported that the X1 plants from seeds exposed upto
75 Kr. were normal in appearance, but showed slow growth in the
seedling stage. Jones and Plummer (1960) in Erifolipm observed
that gamma irradiavion at 43 Er. uniis inhibited growth for 60 days

and thereafter the plants made up the growth.

Beachel (1961) working on rice using both X-rays and neutron
sources found that wath increased doses the plants were stumted,

with broad leaves and premature tillering habit.

Scossireli gt al (1961) reported X-ray irradiation in Txiticum
where they observed that both in the teirapleid and hexaploid wheat

root length was significantly reduced.

Shastri and Ramiah (1961) studied the effects of Xerays on

several varieties of rice and supported the views of Hoachel.

Plurmer (1962) found initial growth retardation in gamm

ray irradiasted Trifoliom,

Basu and Babindrakrishna (1962) irradiated five varieties
of Jute with X-rays and B-rays and found that stem abnormelities
peraisted till mataurity. Leaf abmormalities did mot persist over
7th leaf siage. However, these abnormalities were not evident in

the 31 generation.
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Venlmtanadhacheri (1963) working on irradiated rice foond
premature tillering, broad leaves and stunted growth, confirming

the works ¢f Deachel and zlso of Shastri and Ramiah.

P.N.R, Nair (1964) observed significant reduction of seedlin
height in soaked sceds o? cow pea irradiated with X-rayp. No
reductionwas found in the case of dry seeds subjected to irradiation
Iven in the soaked series, the reduction of height was trensient

as the plants attained normalcy in height later on.

Surrey & Eenneth (1965) reported that X-irradiation reduced
the growth markedly upto 100 Er. units. Howard and Alme (' 1966)
obaserved that Vieja faba primary roots exposed partially to 300 Er.
units caused decrease in the number and growth rate of lateral roots

arising in the irradiated regions.

Gopalakrishna Raja {1967} in rice reported that the coleopti.
length in the X1 goneration was adverscly affected by higher
doses. Similar inhibitory effects were observed by him on the
growth of first and second leaves and primary voots in the X1
generation. He also found that the effects of various dosages of
irradiation had the same pattern of action on seedling growth in the
Xl and X2 generation.

Broke (1967) observed that in Arabidonsis thalifia thernal

neutrons and gawma rays exposure resaulied in inecreased variance
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of flovering dates, shifting the mean to latencss, and of growth
vate with a reduction in mean plant weight. Thermal neatrons
preduced more leaf shape mmtants while geawma rays produced more
growth form and chlerophyll matents. He found @ negetive corre-
lation between flowering time and growth rate. It indicated that
the mean of a characier not subjected to selectien after induction
of mtation will be determined by its provious seleciion histoxy
and by any gemeiic corrclation existing botween it and e character
undor selection. Such correlation responses may enhance or oppose

the effect of mmtation on the mean character.

Magzyneki (1967) also showod & definite correlation
betweon the mumber of plambts which attain maturity ( these which
survive the vadiation treatment) and the degree of growth retapdation
of the seedlings.
I1X EFTECT ON FLOVERING ANy FERTILITY

Keray irradietion cause marked effect on flowering amd

fertility of plonts, as has been observed by several workers.

Harlan and Pope (1922) found rmtants having changes in
fertality. Custafoson (1937) distingauished two kinds of sterilaty
in induced mtants. The first type of mutants hed reduced viability
in the vegetatave stage showing poor seed setting. Theve wore
fully or partaizlly sterile mmtants due to structural changes on

spike or flowers. The other type arises due to disturbed meiosis



Lt
o)

caused by reccssive factors.

Musidns and Moors (1935) peported carly blooming in

A=izradiated cityas.

Smith (1959) in Tritieun manegogeum obscrved slerility
due to siructural changes @f floral parts and poor seed sctiing.

Hp ohgerved a mutant having no enthers.

Ipvibshky (1949) found 2 siromg corvrelation between deersased

fertility and givectural abnormslities.

Genter end Brown (1941) stated that in Phescolus wulgeris
there wos no differemee in pollenm sterility im the cemtrel amd
treated planis.

Preisleben and Lein (2943) and Guatefsson (1044) vepsried
that fertility in barley decroased with mmcreasing radistion.

Johnson {1948) in Ealenchoo observed earlimess in flowering
and better frzit set in irradiated plants.

Loopold ond Thimmen (i849) recorded 11% inercase in the
initiation of flowering in X~irradiated barley. They opined that
this was dae to changes im auxin lovels created by irradiation.
However, Mackey (1951) weported decrease im fertility in proportion
te inerease in radiatien.

Tedin and Eaghexg (1952) found no difference io Zertility

botween treated and contrel materials in Luaminus.



Garko) gt al (1953) working in Tradescontds peludoge have
rocordod high pereontage of sterility.

Bapelerishnan and Jaecob (1055} in Sesemm have roported care
iliness im blooming opd good frait set due to X-irradiation.
fineldbarth (1955) found no difforemee in fortility betwoen the trene
ted and control inm Iupinug plonts. Wohrmemn (1065) stedied pollen
sterility in Alopocurus pratensis ard obtained dose proporticnality
with regard to distribtation en fortility classos and te mean forti-
lity. 1ihrenberg {1085) in borley reported a lincar corrclation

betwoon pollon eterility cnd dose of irradiatiom.

Chandhard and Dog (1056) found that in Xeroy treated Soguram
sxjontala the percentoge of pellen storility incrensed with the
dosage only apto 40 Kr. In twe varioties they found pollen sterility
decrcaged with further incrocpe in dosey, while in cnother variety
they found the porcentege of pollen sterility inereased with further
ineroose in dese. Most workers are in ogreement with the finding

that pollon sterility is linearly rclated to doce.

Jaghories (1096) irradiated Soyboon (Glygino seja) and
obtained a differoneo of 55 pollen storility botweon control and
troatoonta, bet ne differonce wos ohwerved between doscs.

foulde ond Lebster (1957) founl in X-rayed Sorplum vulsepia

seads, stunted noture of plonts with delayed flowering anrd roduced



duration of flowering period. They also reported @ high range of

sterility in proportion to varions doses.

Beard gt 2l (1959) in barley and Yandz gt al (1961) in jute
have reported the exigtence of 2 linear correlation betweem pollen

sterility and dosages.

Beckendam (1961) reported in rice that the percemtage of
sterility inmcreased with dese only upto a certain limit, indicating
s sataration poinmt. Thus the fertility in 150 Kr. lot wes 5%.2%
and in the 320 Er. lot 59.4%. This shows that the linear relatien

will hold good only upto a certain dose limit.,

P.N.R, Neir (1964) have summrised from his work om cow
pea that flower production was significamtly differemt betnween contro
and treatments, 9 ¥r. producing more mmorous flowers than otheve im
range of 1 .~te 16 Ke., unit {reatments. He also observed that percenw-
tage of fruit set was unaffected by X~vays, but number of sceds per
pod was reduced (linearly) proportional to dose increase.

Bauitti and Hagazzini {1965) using gamma irradiatiom in
Dianthus garvophyllum reported a progressive reduction in flower
produetion in velation to treatments.

Veluswamy (1966) also using gemma rays in rice found that hig

sterilaty has been indueed by irradiatiom. He could not observe any

earliness in flowering or increase in seed set in spite of the faet
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that he observed an increase in flower production.

Ivanov et 2l (1967) found in gamma irradiated Arabidopsis
that fertility mtants were obtained in the dose range of 100 -~
120 Ke.

IV CYTOLOGICAL EFFECTS

4g a result of elaborate work done by various workers it has
beer reopeatedly shown that apart from the genetically transmissible
changes, irrediation eause a number ef cytologieal abnormalities.
Formation of micro muclei, restitution muclei, mmltinucleate cells,
mltipolar spindles, as well as, abnormal contraction of chromosomes ar
astickiness of chromosomes may be mentioned as some of the important
eytological abnormalities. The frequencies and kinds of aberrations
have shown to be effective yardsticks for the cytological assay of
radiation damage. A comparison of this data with the gemetical and
physiological studies has given an idea as to how individual cells

are killed or altered temporarily or permanently by radiation.

Lopriore (1898) was the first to record cytological effects
of X-rays. He found in Valigmaria spiralis an acceloration of
photoplasmic streaming which was subsequently checked by longer
exposures. Secket (1902) found similar offects in Ozelis and
Miwosa. The viscocity of cytoplasm was changed due to X-irradiatiom,

as observed by Williams (1923).



Maller (1827, 1928) and his associates could repeatedly

observe the production of abundant structural chenges in chromo=

somea of Drosophila.

Goodspeed {1928) reported failure of some chromosomcs to

pair after irradiation.

Patten (1929) and Nokagawa (1931) obgserved considerable

mitotic depression after X-irradiation.

Levitsky and Araration (1932) in Crepis, Vicia and Secale
and Muller and co~workers (1937, 1938) observed chromosome breakages.
Stadlor (1932) found chromosome breakages in maize.

Leo and Catcheside (1942) found in Tredescantia that chromo-
tid breaks and isochromatid breaks were induced at the prophase, while
chromosome breaks and chromosome inter-changes were induced at the
interphase, Sax (1943) have reported that the primary genetic event

in irradiation is the breakage of the chromosome thread.

In Triticam valgare it has been shown by “agner (1930) that
the meighbourhood of the centromere and the ends of the chromosomes
were mich more susceptible to X-ray effect and that breakages are

taking place mostly in these regions.

Sparrow (1950) chowed that there is a significant increase

in the frequency of the micronueclei on radiation.



In herley Mackey (1951) reported that the frequency of
cells with chromosome fragments geve a linear relationship to the

dose with & slope down at higher deses due to 2 saturation effect.

Sparrow and Singleton (1952) found that micromclei were
of mich more common occarrence in meiotic cells than in mitotic

cells ot irradiated planis.

Koller (1952) reported a mumber of spindle abnormalities
at doses of 152 to 250 r X-irradiation. Errors in spiralization
of chromosomes were also observed, which gtimlated chromatid

breakages .

In A1}ium cepa Basch (1952) obsorved the following effects
of X-rays; temporary inhibition of mitosis, abnormal nuclear
divisions caused by all types of chromosomal aberrations, abmormal
ecell divisions and finolly degenerations in the nuclei and cells whicl
were severely damaged by the original treatment or had suffered
subsequent disorientation. The freguency of aberration was directly

related to the dose.

Caldecott gt a1 (1954) obieined a linear relationmship in

interchange frequencyto Xeray dosages.

D' Amato (1954) reported formation of psendochissmata in

the somtic cells following irradiation.
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Malley (1954) stated that the fregquency of gross structural
changes varied as a power of the dosce higher than one when X-rays
or gamma rays are applied in ordinary doses since with such irradiation
the broken ends which unite are asuzlly produced by independently
arising breaks and the prodncts, the structurally changed ehromosomes

therefore represent a concatenation of effects.

Iarter and Elliot (1056) showed decrease in survival snd
fertility as well as inecrease in chromosomo interchange frequency

with inereasing dosage of X~irradiation.

Swanson (1956), and Yogyn and Morris (1957) found non-
disjunction ag one of the reasons for cytological abmormalities.
The latter workers reported that in X~ray treated seeds of tomato
the most observable features were the anaphase %‘g&ridges and fragments,

their frequency increasing proportionate to higher dosages.

Davidaon (1957) observed in ¥Yicia faba interstitisl union
of chrometids mostly at homologous and rarely at nonhomplogous
points and terminal union of chromatids or point unions. Sueh poink

anions did not occear in a limited segment about the centromere.

Sparrow (1961) feported chromosome stickiness and ¢lumping
as an immediate result of irradiation with high doses.

Sparrow (1961) and Evans (1061) recorded persistent mucleoli
in irradiated material.



Patil and Bora (1961) recorded mitimcleoli formation

followed by XE-irradiation of seeds of Arachis hypogea.

Hagne (1061) confirmed that pseudochiasmmta do occur in

somatic e¢ells of irradiated material.

Basu {(1962) confirmed the existence of the linear relation-
ship of formation of anmaphase bridges and fragments with inerease

in dosage from his work in irradiated root tips of jute.

P.N,R, Nair (1964) recorded am irmcreased frequency of abnormal

anaphases and a linear relation to dosage in X~irradiated cowpea.

Badaskina and Scapove (1966) observed ring formation along

with bivalents in 10 ¥r. gamma irradiated Triticam dicoceur..

Rovell (1965) measured real chrommtid breaks, isochromatid
breaks, and lesions and gaps separately in X-rayed materials. He
suggested that the gemeral opinion that chyromatid bhreak is linearly
related to X-ray dose is due to an over estimakion of brealmge due

to inclusion of the gaps and lesions.

Seott and Bvans (1965) studying chromosome aberrations in
X-irradiated YVicia fabn found non linear response for intrachanges,
gupporting Revell's hypothesis that these aberrations are prodaced
as a result of an exchange progess.

Evans (1967) concluded that radiation does not immediately

break chromosomes and may not preduce direct breakages of chromosomes



at all. Radiation produce desnged zomes or lesions on the
chromosomes and restoration of a single lesion results in the resto-
ration of the originel structure. Dat if two lesions become associae
ted at the time of vepair there is an opportunity for misrepair amd
hence aberrations. The misrepeir hypethesis accounts for chromstid
type aberrations induced in the DNA gynthesis or Post-DNA gynthesis

periods of interphase.
MORPHOLOGICAL MUTANTS

Various kinds of morphologically distinct mmtants have been
reported by severzl workers in the irradiated populations, mostly

in the Mz generatione.

Colour variants:

Goodspeed (1930) noted flower colour chenges in the progemies

of irradiated tobaceo.

Brans (1954) reported flower colour chaenges in Trifolium.

Hoffmann and Zoschke (1955) in Lipnm reeorxded ?lower colour
changes.

Sjodin (1961) obtained interesting flower colour changes in the

M2 generation of Vicia fabe.

P,N,R, Nair (1964} obtained two plents in X-irradiated cowpea,

having stema with deep purple in the botitom and diluted coleuring on
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the upper parts. He also oblained plamts vith purple nodes,

purple peduncle and parple streaked sepals.

Chigerie plants:

Monti (1065) stadying formatjon of chimaoras among mtant
pea plante obmerved that 63.64% of the M1 mitated branches are de-

rived from ome initial ecell.

s L
Gichner (1966) working in Arabidonsis thalito found thet M:l
root length and frequency of chimeras were proportional to the degree

of sterility and to the freguency of mtants in the Mg.

P.N.R. Nair (loc.cit.) recorded omechimeric plent in the 3 Kr.
unit treated cow peas, in which ome branch was chimera. The leaves
o onc side were nmormal and om the opposite side the leaves were of

the mtant type with green and yellow patches.

Loaf typeat

Goodspeed (1928) reported crinkled and puckered leaves in segre-

gating populations of irradiated tobaoeo.

Horlacher and Killongh (1931, 1932 & 1933) obtained forkede

leaf mtants whieh were inherited as simple recessives.

Cuptafscon (1947) stated that both breader and marvower leaved

mtants were cormon in the X2 and Xa generations of irradiated barley.



Athwal (1961) in Ciger veported similar marrow emd broad-

leaved matants.

P.N.R, Nair (loc.cit.) obtained one plant wilh thicker and

larger leaves in the 5 Lr. treated cow peas.

Srowih habit:

Changes in the patiern of growth of planis have been found
to be canged by irradiation.

Gelin (1954) obtained mnlti branched robust mutante from the
Xaof irradiated Yicia pativa.

Batler (1954) reported two distinct typos of tomate plamts,

named ¥ propeller" and " rosetie®.

Hohrmonn (1656) noted that Z-irradiation esused trailing

nature im non=trailing types of Alopecurns pratengis.

Ganckel (1957, 1961), and Gunekel and Sperrow (1981), have
extensively stadied the effeet of iomizing wadietion on plant
growth, morphology and physiology, as well as their biochemical

agpocts.

Athwal (1961) reporied bushy mitents in the X, of irradioted

Cicor, cheracterised by very smell imternodes and closely packed

loaves and leaflets.



VI CHELOROPOYLL VARIANTS IN 142 GENERATION

One of the cffects of Xwirradiation is the produetion of

disturbances in the organisation of chlerophylli.

Horlucher and Killough {1032) in cotton obserwed that chloro=-

plasts ere sensitive to X-radiation.

Johnaon (1936) obsexved similar effocts using X-rays.,
Gastafsson (1940) recorded varieus types of chlorophyll variants in
the segregating gemeration of Xwrayed barley such as "Albina";
"yomtha", "chlorina" ete. Bat Mintzing (1942) found no such dis—
organisation of chlorophyll in his studies. Freislben and Ioin
(1943) obtained chlorophyll mtants similar to those got by
Gunstafsson. Levin (1944) could not find any chenge in chlorophyll
in the Ml generation. Bat "Proiler (1946) obtained chlorephyll

mtants in irradiated barley.

Gastafoson (1947) stated that chlorophyll disorganisation
is one of the many effoots of irradiatasm. But Lawrence (1955)
reported that chlorophyll disorganisation does not occar in plants

in the l§1 generation.

Godner and Shlik (1936) using X-rays observed significant

changes in the chlorophyll content in the Ma generation plants.
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Gajley and Telbert (1958) reported that vory high doses
of gamma rediation to the extent of 50 Kr. units did caunse dis

organisation of chlorophyll.

Sjodin (1961) observed that chlorophyll mitations were compaw
ratively rare in the segregating generations of leguminous plants.
In leguminons plants he found the 'viridis' type momt commonly, which
furnished varions shades of green, In one case he obtained a segre~

gation ratio of 19 mormal:1 albina in the X1 generation.

Blixt (1961) reported a type of chlorophyll matant in the X,
and Xa of poa plants which has been named as ‘chlorotica variomaculata’,

characterised by patches of green and yellow spote.

P, N,R. Nair (1964) in cow peas observed varions grades of
spotting in the X2 generation seedlings.

Voluswamy (1966) ueing garma rays ( 10 to 60 ¥r.) in rice
found no chlorophyll changes. He concluded that the absence of any
significant effeet in his experiment might probably be due to the
reason that the dry seeds he treated were mot quite sensitive to gamma
irradiation and rice chlorophyll emerge only with germination of seeds.
Byt he observed in the 40 Kr. treatment that chlorophyll did mot
deteriorate oven after the harvest was delayed for 15 days, vhile such

disorganisation is normal at harvest time.



Popovie end Zecovie (1968} studying matation chenges im
winkor barley duc to gamms irraciation observed a ehanss in eay
colour in some plomts. %hey ales receyded sevesal chlorophyll
matonte.

Haeyanento ond Timofoyev-losevsly (1967) im Arabidepsis
tholifis L. found in 0% ireated cases ull the 130 ehlerophyll
mitants @s single roeessive, oix comnsidered to be perticalarly
intervesting in thei, ono had ineroused pignentetion but less
asgimilation rato, onother reduced pigmentation but shewed greatow
yitality ete.

Fanyenonks anl Ghiller (1967) aleo werking in Arabidepsis
ﬁh@_&iﬁig_ recoyded varying guantitics of pigmentotien; carctemes ond

chloraphyll in gomme irredicted matonts.

Fedei (1967} found that in Xerayed A iz, tho troatmont
induced the formition of more chlorvophyll temperarily in the sematie

condition,



MATERIALS AND METHODS



MATERIALS AND MEBTHODS

The present study was undertaken in the Division of
Agricultaral Botany, Agrienltural College and Research Imstitute,

Vellayani,during the year 1968~1969.
A, MATLRIALS:

The material sclected for study was the K~1 variety of
chillies (Capsienm apmuum L.}, It is a well mown commereial
variety, evolved by selection from & line of B 72 A « 14, at the
Regaonal Research Station, Kovilpatii, Madras State. The origimal
home of the variety is Assam. It bears long, conical, pendent fruits
Flowers aro white, and normal immature fruit colour is green. Other
important features of the sitrain are given in Appendiz-I. For the
present study, the pure seced was obtained from breeders' stock from
the Desearch Station.

B, METHODS s

Secds of apparently uniform size were carefully selected ont
for irradiation. The Xeray irradiation was given at thetDivision
of Genetics, Indiam Agricaltural Besearch Imstitute, New Delhi, by
using a Philips (Holland) Model Superficial Therapy Medical X-ray
Unit. No filter was used. The unit was operated at 80 KV - 2 mh

of tube current.
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The seeds were treated in dry condition. The entire lot
of seeds used for the experiment were divided inte five samples,
and four semples were itreated at four different doses of Xerays.
The deses employed were 1000 r, 4000 r, 8000 r and 15000 r units.
The fifth sample of seeds was retained for raising the control

plants.

Seeds were sown in petridishes lined with moiet filter paper

for conducting germination tests.

Hioot tips were takem from germinated sceds for study of
mitotie behaviour. When the roots attnined abeut 2 cm length, they

were cut and fixed im 133 acetic aleohol.

2 Fjeld technione:®

280 ceeds from each of the treatments wore sown in separate
uniformly memured pots for raising seedlings. Seeds were sown with
sufficient spacing for normal growth of the seedlings. Observations
were mde for morphological differences. Seedling height was mease
ured first on the 25th day. The survival of seedlings wes counted

on the 45th day.

The 45 days old seedlings were transplamied in the main field
with a spacing of 80 cm x 80 em. 20 plants from each of the treate

ments and contrel were rxandomly selected for detailed studies.
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The observations made om the Ml generation are listed belows

i. Germination of sceds, a3 moasured by germination percen-
tage of the treated seeds,
ii. Survival of seedlings as measared in percentage of the
seedlinge survival on the 45th day.
iji. Seedling height on the 25th day and §0th day.
iv. Duration of flowering from date of sowing.
v. Pollen sterility in percentage.
vi. Morphological abnormalities.
vii. Cytolegical effects.
(a) in mitosis, using voot tips.

() in moiosis, studied in P.M.Cs.

In addition, the following study om the segregaiing M2 genera-—

tion was also andortaken:

Froguency of chlorophyll mutetions.
(a) Ml basgis
(b) Y, vosis

(e) mtation spectrum.

In all ihe above slodies, excopting items {vi) and (vii) in the
M1 generation, the comparative effects of the various doses of X-rays
cmployed on the standard experimental material was subjected to detai-

led studies.
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2 Mothods of obgervations:

M1 generations

(i) Germination percentage:

From the four treatmenmts snd the comtrol 100 seeds cach were
sown in petridishes lined with moist filter paper. Germination counts
werec taken from the second day omwards and continued to the 12th day.

The final data were takem for the anelysis.
(i1) Porcentage of Survival:

Survival counts were taken in the pot-sova seedlings. Peveen-
tage were worked out for the diffexent treatments based on the nuwmber
of seeds sown and the mumber of seedlings survived till the time of

transplanting on the 45tk day.

(1i4) Plant height and growth:

Plant heights wore weasmred on the 25th day and 60th day. It
gives an idea about the general growth and vigour of the plants. Heights
from the base of the plant at so0il level te the tip were measured. The

data were analysed.
{iv) Duration of flowering:

The data of the blossoming of the first flower in each of the
Ml plants was recorded. The number of days taken from the date of

sowing to the day of flowering were caleulated and compared.
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{v) Pollem sterility:

Pollen sterility wes studied in all the 20 plants in each
of the treaitments and contrel. Flowers bern in the early part
of the flowering periods were selected. Anthers were squashed and
the pollen grains stained in glycerine = aceto carmine. 30 fields
in gach of the slides, and thereby for ecach treatment 600
microseopic Tields were studied and recorded. Sterility percentage
were worked out.

"
The acefocarmine steining technique epables to count the

fertile and sterile pollems separately.

(vi) Mornhological sbnormalities:

Several morphologieal abmormalities were observed in the Mi
plants coupared te the comtrol. They were rocorded and presented.

{vii) Oytologicel studies:

{a) Mitosis:

Boot tips of about 2 cm long collecied and fixed in 1:3
acetic aleohol were subjected to mitotie study. The root tips were
firet hydrolysed at 60°C in N HCl. Acetocarmine preperations wewe
made using the hydrolysed meterial.

Angther technigue employed @as that the rosts were treated

with 0.05% colchieine solution botween 10 A.M. and 2 P.M, and them



to cut the root tips, fix them and hydrolyse before preparaw

tion of slides.
(b) Meiosiss

The flower buds of Mi

and preparations made with i% acetocarmine,

plants were fized in 1:3 acetic alcohol

Mz Generation?

Chlorophyll mtationss
Samples of 100 seeds each taken from the first tem ripened
fruits of the 20 plants stndied in the different troatments of M1

generation were sown seporately in pots. Seedlings were observed

and scored on the 6th to 15th days when they had 2 to 4 leavea.

Percentages of mtants in the total pepulation were estimated
on M1 plent basis and Mg plant basis. Mratation spectrum is worked

out.
Statistical technigness

Data on the guantitative estimates were analysed adopting

the analysis of variance technique.
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EXPERIMENTAL RESULTS

The effect of X-ray irradiation of dry seeds of chillies

on the Ml and ME generations were assessed and data presemted here.

Ml GENERATION

Effect on germimations

Table-1 gives data of germination. ¥The highest germination
percentage was recorded in the control, and the lowest in the 8 Kr.
treatment. It can be geen that there is no linear relationship bet~
ween the dose amd germinmation percentage, although, a reduction im

gernination was observed in all the treatments.

In all the four treatments and the contrel germination siarted
on the 3rd day. The per day rate of germination in the different treate
ments were verying. The rate of germination was the fastest in the 4 Kr.
troatment., Next came the 8 Kr, 1 Kr, and the 18 Kr. treatments.

A graphical representation of the data is given in Figure-I.

Survival of seedlings:

Seedling survival data is given in the Table-1.

The pot~sown seedlings were counted on the 45th day before trans-

plenting. Percentage of survival worked out on the basis of seeds sown,



TABLE - 1

DATA ON GERMINATION AND SURVIVAL PERCENTAGE OF

SEEDS - M GINERATION

1
Gormination Survival
Trcatments

Germina-  Relative Sarvival Relative
tion per- percen- pergens percen=

centage tage tage tage

Control 88,90 100.0 88,0 100.0

1 Kr. 0.0 90.9 75.2 8544

4 Ky. 81.0 92,0 73.2 83.1

8 Er. 76.0 863 65.2 T4.0

i5 Ar. 85.0 96.6 65.0 73.8




Graph showing data on germination

Pig. 1.
of X=irradiated seeds and seedling

survival.
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reveazla that with increase in dose of irradiation there was &
reduction in the survival percentages from 94% in the 1 Kr.

treatment to 82% in the 15 Kr. treaiment.

It was observed that lethal effects occur only in the early
days of the seedlings. Such seedlings had their growth arrested,
presented a dehydrated appearance ami wilted by the 4th te Gth leaf

stage., No lethal effects were noted beyond the 25th day.
The data is represented in Figure~i,
Pla gight an owih ¢

The seedling height measured on the 25th day amd 60th day gave
an idea about the effect of irradiation on growth rate of the M1
plants.

Table=2 ond Appendices-1I to V presents data on this subject.

There were wide fluctuations on the individaal plant
heights within the treatments. Also, certain plants which suffered

physical damages consequent te transplanting geve minimal heights

in the second recording.

Significant variations in the effects of the various doses
of X-rays could be seen in the 25th day measurements. When the mean
plant height in the control plants was 6.48 em, it rose 1o 7.39 em
in the 4 Kr., 8.05 em in the 15 Kr., 8.36 em in the 8 Kr., and 9.52 cm

in the 1 Kr. treatments. The lowest dose showed the largest



TABLE - 2
DATA SHOWING PLANT HEIGHT ( in em ) M, GENURATION

25 days eld plants 60 days old plants

Treatmonts

Mean Belati- Range Maan Relati- Range

height ve per=

centage Mini~  Maxie height ve per= N N
am — centage Mini- Maxi~-
mm it Vi

Control 6.48 100.0 B.3 74 14.2 100.0 5.0 27.0
i Kr» 8.52 147 .2 8.5 10.7 17.2 121l1 0.0 33.0
4 Er, T7.32 114.0 6.3 8.2 14.38 100.7 8.5 26.0
8 Kr 8.36 129.0 T3 0e2 17.2 121 .1 9.0 31.0

15 He. 8.08 124.2 7.3 8.6 16.4 115.4 6.0 26,0




effect.

The analysis of veriance techmique revealed that againsi
a critical difference of 0.88, 211 the treatments gave signifi-~
cant increase in plant height compared to the control and hetween
21l the treatments excepting the 8 Ky, and 16 Kr. doses, The 1 Hr.
treatment gave the highest mean immpdiately followed by 8 KEr.,

15 Kr., and 4 Kr, treatments,

In the G0th day heights no significent effects could be
obgerved. fThe mean plant heights recorded were 14.2 in controli,
14,3 cm in the 4 Br., 16,4 em in the 15 Kr., 17.2 ¢m in the 8 Hr.
and 17,2 em in the 1 Kr. troaimenta. Even by the 60tk day the

initial ranks of treatment meons remnined unaltered.

In both the cases the moons showed no linear relationship

between dose anidl plant heights.

Figmre~II gives a graphical representation of the two deta.

Duration of flewevingt

It was investigated whether X-irradiation induce variation

in flowering im chillies.

Significant effects were recorded im the number of days taken
from the date of sowing to the day of first blossoming in the

different treatments.



Graph showing plant height

Fig. 1. on the 25th end 60th days.
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Table-3 and Appendices VI and VII prosents date on duration of

flowering.

Wide fluctuations were observed within both ihe control
and the ireatments. The analysis of variance gave significant
variance ratio for the treatments. Against a eritical difference
of 4.12, the ranked mean duration in flowering shofied that the
different doses induced significant earliress in flowering. Such
significant differences were ohserved between tho 15 Kr. treatments
and the 8 ¥r. and 4 Kr. treatments, 15 Kr. being most effective.
1 Er. showed better effeot thon the 4 Kr. treatment and the
control. Between 1 Er. and 15 Kr. and elso beiween the contrel,
4 Ky. and 8 Kr. there were no significant differences.

Similarly, ne linear relatiomship between duration of flovering

and doses could he obgerved from the study.

It was ohserved on studying the entire popnlatioms for this
particuler character, that, in the 4 Kr. treatment one plant
blossemed on the 69th day and in the 8 Kr. on the 83rd day {as early
ag in the 15 Kr. treetment). These two planis were not included
for the statisticael amalysis as they did not come within the 20

gelected plants in the two trectments.

A graphical representation of the data is presented in

Figare IIIL.



TABLE - 3

DATA STIOWING EFFECTS OF X-IRRADIATION IN INDUCING VARIATIONS IN
DURATION OF FLOWERING AND POLLEN STERILITY ( Hi GENCRATION )

Daration of flowering (No.of days) Pollen sterility (Perccntages)
Treatmont
Mean Relati- Range Mean Tolatie Ranpe
VO per- - N Ve perwe
Minie Meximam Minje Maxirom
gentage
€ T centage mn
Control T7.60 100.0 65 90 14.61 100.0 B.46 46.52
1 Kp. 7268 93.6 6G 39 2G411 137.6 4452 44.52
4 Kr. T17.95 100.4 T2 89 16.68 113.5 6.92 66.48
8 Ky, 76.35 0844 12 83 16.79 i08.1 4 .55 38.42

15 Kr. 71.90 92.6 63 €0 30.87 211.38 9.88 75.00




Graph showing daration of flowering
Fig. IIX.
and pollen sterility.
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Foli torilitys

Chromosornl aberrntions are possible ovonts in Xefrrodio=
fion and mefosis will end up in tho formation st a higher fraque
ency of abnormally formed and sterile pollenss The offecis of the
four different doses of Xerays empiloyed im tho present study were
monsared in terme of perconiages of poellen aterility. The data e
presonted in Yeblowd aad Appendices VIII and IX,

The offscts of Hefrradiction om the different individusl
plants were not uniform as san be seon Pfrom the data. Therefore
veriations §n pollen storility could be ymbsorved within the trontie

mentes

It wvas a plont in the highest dose of 15 Fr. which suffeved
{he highest percentoge of {783) sierility in the wholo of the
experirent.

The agalyais of variasnce projected & sipnificant variamee
sotio for treateont eoffects, amd the means wora theroforo comnared
agninet o eriticnl differonse of 8,18« Is tho study, a siatia=
tically significant effect was yielded only by the 28 lr., troate
rvont, which was higher ihan all the other treatments and the
eontrel. The sffects of 1 Hp. 4 Kpo end 8 Kr. wore not signifie

eantly difforent £rom that of the control,

A linear inercase could not be ohserved betwecn dosos end

pollen sterility, A graphical reprosentstion of the mean pollen
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sterility is given in Figure-III,
Mayphological ab alit 3

A wide range of morphological abnormalities eould be obser-
ved among the M1 planis. Only glaring variations that could be

atiributed to effects of X-irradiation are presented here.
(1) lants s

In the treated populations a striking morphelogical effect
that conld be observed was the presence of 2 number of dwarf
plents. Their existence was discernible even from the early period
of growth in the main field. They were undersized when esmpared to
normal stature, but not too puny in appearance. In addition these
dwarfs were superior in yield. Illustration No.I shows a typical
dwarf.

The frequencies of dwarf plants in the four treatments were
different. There were 5 dwarf plants in the 1 Kr. treatment, 2 in
the 4 Tr.y 4 in the 8 Kr, and 3 in the 15 Er. Incidentelly, in both
the 1 Kre and 15 Kr. treatrents it was one of these short planis
vhich gave the earliest blossoming. In more than 50% of the cases
the leoves of these plaats were marrower than the normals. In the
8 Kr. one of these planie showed @ charsctoristie branching nature,
in vhich, the branches took too wide an angle from the primary axis
of the plant and 2lso in the later branches, so that, branches grew

almost parallel te the surfage from a height of sbout 18 em. It
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was the shortest of all the plants.

(ii) Nerrow leaved plants

Substential roduction in the width of the leaves was
observed in many plamis,

Illustration No. II shows a typical marrow-leaved plant
compared to a plant with normzl lecaves. This characteristic was obser-
ved in 7 plants in the 1 Hr. treatmemt, 11 plants in the 4 Kr., 4
in the 8 Ky, and 3 in the 15 Kr., treatments. In the low doses the
froquency of the narrow leaved plants was foumd to be higher tham in
the higher doses. Two plants in the 8 Kr. treatment showed guite
characteristic leaf types. Ume of these plants had dark green leaves,
which were reduced both in width and length, Leaf nodes were also too
close and as a whole a compact growth was exhibited. Very few fruits
were berne on this plant. 7The second plant showed nermal leef types
on branches prodnced on ome side of the plant, while on branches of
the otherside leaves were of oval shape. In chillies there are
varieties with oval leaves, but they produce only oval or round fruits.
However no fruit shape difference was observed in this particaular plant,
Illustration No, III shows these two plamts,

(ii1) Chimeras:

One plant in the 1 ¥r. treatment and another in the 8 Xr.

treatment prodnced chimerical branches. Photographs of Illustration

Np, IV show these plants.
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In both plants the chimera arose s the first branch.
The leaf on the axillary bud of which the chimeric branch arose also
showed variegation of greem and yellow. In the 1 Er. treatrent
the chimeric plant wes one of the two plents which blossomed the
earliest. It gove 18.2% pollen sterility. Flower buds wera yellow=
ish bat petals whem opcned were normal white. Fruits were compara=
tively smaller and few fraits had yellow streaks on their rind.
Seed germination in the Mz geveration from fruits of variegated rind
was T7%. It alse gave 39.8% chlorophyll variants in the 512
seedlings of which 27% were xanthas, Of the total seedlinss 14%
showed variegated leaves like the M1 parent. Sceds from non=-

chimerie branches did not produce variegated seedlings.

The variegated leaves of the chimeric plant in the 8 Kr. treat-
ment were crinkled. Flower bads were yeliowish. Fruits were very
small and showed yellowing on the rind. Pollen sterility wes 25.6%.

M, seed germination was 57%.

(iv) Frait type varietion:

Normally the E-1 varicty of chillies bear pendent fruits.
In the X-irradiated material, however erect types were also mani-
festeod. Photographs of Illustration No. V show such aberrant fruit

types.
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The nrumber of plants showing ereet type fruite were diff-
erent in the four treatmente, In the 1 Xr. and 4 Kr. treaiments
there were 4 plants each showing erectness of fruits. In tho 8 Er.
there was one plant and in the 18 Kr. 3 plents, These plents
showed no other abnormal behaviour and they were bearing neyanlly.
Not oniy thot; one of these 1 Kr., plants gave the highest yield
in the Mi generation., This plant showed extraordinary vigorous
growth with wide spreading branches, and flowered profusely. It
yielded 190 groms of dry fruits, while the next higher yielder below
this gave only 150 grams. Illasiration No. VI presents this plast.
The ercotness of fruits did not show any corresponding reduetiom in

fruit size in eny of the plants.

Colour warionts:

Brepthough the normal coleur of the plant is greem, petals
of flowers white, and the rind colour of unripened fraits green,
various grades of purpie colouration were manifested in all these

parts in the X-irradiated materials,

Out of the 617 plante raised, eme plemt in the 4 Er, treat-
ment was completely parpde.. This was discernible as soon as the
M1 seeds germinated. It showed mormal growth, The stems, leaves,
flowers and fruits showed intense purple colouration (Illustration

No. VII). Tt blessomed on the 80th day. Pollen sterility was



15.77%. The size of the fruits were comparatively small. In
the M2 generation all its 134 progenies had purple colour, but

the intensity of colour differed widely.

In most of the plants which showed colonr expressiom, it
could be observed only with flowering. The frequencies of such
plants were, 2 in {he 1 Er. and 2 im the 15 Er. treaiments., In the
8 Er. one plant showed purple frait colour, bui no flower solour
was observed and evem this purple fruit colour did fade and auccumb
to greenm colour in reaching maturity.

One plant each in the 1 Kr. and 16 Kr. showed identical
colour effect. These plants were nermal and green. The petals
showed intenge purple colour on their edges but less intense in -
the other parts. The fruite were fully purple or had purple egtreaks
wvhen immature but on attaining maturity the colour gradually faded
and gone. Thesc plants showed no other relevant effects.

Another plant in the 15 Kr.treatment had deep purple flowers,
similar to those borne on the purple plant of the 4 Kr. treatment.
The fruits were also of intense purple colour and this colour remained
till ripening of the fruit. On other parts this plant had nermal
green colour.

Plamts which were normal coloured on all parts in the

initial stages began to show colour effecta at the end of the
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groving peried. After cbout 140 days one plamt in the 1 Kr.
treatment showed dilute purple colour om the petals. The fruits
borne out of these flowers were however green. Photographs of
Illustration No . VIII show the varianmt expressien im flower colour

and frait colour.

The ipheritance of colour in the \f2 segregating generation
also require memtion. In the seedling stage the progemy frecuency

for purple colour of the M1 purple parents wore as followsi-

1 KEr. 7 seedlings sut of 259 mmbers.
4 K#. 134 seedlings ont of 134 mambers.
8 Kr. 0 seedlings out of 130 numbers.

15 Kr. 150 seedlings out of 320 numbers.

The M2 progenies of certain neraml Hl perents have given colour

expression in the following freguencices.

i Ml parent in 1 Er, gave 1 seedling out of 106 seedlirgs.
8 Mi porents in 4 Kr. gave 6 seedlings out of 134 seedlings.
i Mi poreat in B lir. guve 1 seedling out of 126 seedlings.

1 M1 pareut 1n 156 Hr. gove 1 scedling out of 88 seedlings.

It wag the I’xxl parents in the 4 Kr. treatment who gave 2 higher
frequency of colour expression in the segregating Mz generation,

The above are not absolute figares; since only with the study of
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flower and frait colour in the MQ generation can a true picture
of colour inheritance be obtained. Such a study was not ineluded

in the present work.

Cytological studies:

In the present work both mitotic and meiotic studies were
conducted. The root tips used for mitotic study were specially
treated to obtain better resulis. OChromosome fragments were
observed in fhe dividing cells revealing the effects of X-rays.
Similerly, meiotic study revealed the presence of high frequencies
of fragments, loggards and anaphase bridges. The results showed the

occurrence of breakage-fusion-bridge eycle.
ge

Phetographs of 1llustration No. IX show few of the

chrompsome aboyrations observed daring the study.

M2 GENEBATION

Chlorephyll mmtonts were present in all the treatments.
Table—4 presents ohservations and resulis.

It conld be observed that 7 M1 plants cach in the 1 Er.
and 4 Fr. treatments produced chlorephyll mtents, 6 Ml plents,

in the 8 Ep. 2nd 2 Mj_ plonts in the 15 Kr, produced such mtants.



TABLE - 4
A. DATA ON CHLOROPHYLI, MUTANTS Ma GENDRATION

Treatmente Totol number of Number of normal Ramber of mtants Total
seeds sown seedlings Xantha Chlorine
1 2000 1014 2 10 1026
4 2000 1212 11 9 1232
8 2000 1063 11 19 1003
15 2000 1073 3 1 1077
B. CUHLOROPHYLL MUTANTS ON Hl - BASES ).12 -~ DASIS
AND MUTATION SPECTIUM
Preatments Yatants on Mi - Basis Percentage of 2:!2 Matation specirum
g:tifnts on M, percentage of mtants
Nomber of Percentage Relative 818+ -
Mi plants perecntage Xantha Chlerina
1 7 a6 100 1.1 16.6 8344
4 { 35 100 1.6 55.0 45,0
6 30 85,7 2.7 36.6 63.4
16 2 i0 28.6 0.3 5.0 26,0




Pig. I¥ Graph showing chlorophyll mutents
in the Mg gencration om Hi = basgis,

H2 - hasio and the mxiation spoctrum.
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The mitants were clearly of itwo types. The clear yellow
"zantha " seedlings were recognissble soon after germinetion.
These did not put out new leaves and did not live more than a week

after germination . No albinas were present.

The other type of chlorophyll deficiemt plants showed
general yellowness on the leaves by the 4th leaf stage. These
had slighi yellow spotting also. Such plants were obviously

“ghlorinas” .

The matation percentage on the 541 plent basis showed a
decreasing tendency with increase in dose, from 35% to 10%5. On ¥,

seedling basis the percentages did not give any particular pattern.

The matation spectrum shows thet the percentage of "zantha"

mtants inereased with the dose increase.

A graphieal representation of the data is given in Figure.IV.
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DISCUSSION

The biological effects of Xwray., which is a physical
mtagen are due to its characteristic mode of action on the living
eell. When ionizipg radiations pass through matter, they dissipate
their energy partly through the ejection of electrons from the outer
ghells of atoms and the loss of these balancing negative changes
leaves atoms that are no longer nentral but are positively charged.
Sach charged particles are called ions. When an atom becomes
ionized, the molecules of which it is a part probably undergoes
chemical change. When this changed molecule is 2 gene or a part of
a gone, and when the modified gene duplicates its new pattern, the

result of the change is & mmtation.

X-rays are electromagnetic radiations of extremely short wave
length and are originated by interaction of high energy particles
with more tigitly packed electrons. The ionized atoms or ions tri-
ggored by X-rays are not randomly distributed in the irradiated
substance, but tend to lie in tracks, the length of which is depen-
dent on the initial speed of the ionizing particle ie. its initial
energy, as well as on its mass. The biological effects of X-rays
are also dependent upon the secondary interactions developed by the
preliminary effects., Generally immediate effects are chromosome

aberrations, but radiation damages are also assessed in terms of



cell death, depression of mitotic activity, depression in the
synthesis of DA, a variety of morphological chenges and the sticki-
ness of motaphase and anaphase chromosomes, Altogether, the primary
effects and the complex secondary biochemical events that result froz
X~irradiation are manifested in the material exposed to radiation and
such effects are found to have definite relation to the intensity

of radiation.

The present investigation in chillies (Capgicom apnuam L.)
was intended for evaluating such biological effeets of various doses

of X«rays iun this particular mterial.

Germination

Survival

In the present study X-irradiation did not show significant
deleterions effeet on germination with the four doses tried. In the
control the germination percentaege was 88 vhere as, it was 85 in the
15 Er treatment. In the lowest dosage of 1 Er units the germination
percentage was 80 and in the intermediate dosos of 4 Kr and 8 Er it
was 81 and 78 per cents vrespectively. It shows that ihere was no

dose~based increase or decrease im germination percentage.

The above result is in agroement with the observations made
by mny workers. Krishnaswamy and RBangaswamy Ayyangar (1941) fepor-

ted that they could not find any reduction in germinmation in



Xeirradiated Bajra, Datta and Datta (1953) in rice hagemade
similar observations. A few examples of other workersz who got
swmilar results are Beard gt al (1938) in maize and barley;
Micke (1958) in Malilotus albus; Gottschalk and Scheibe (1960)
in leguminous plants; ¥undu et 2l (1961) in jute; Sjodin (1062)

in Vieia faba; P.N.R, Nair (1964) in cow pea; ete.

The main effect of X-pays is on the chromosomes and any dele-
terious effect can manifest only with beginning of cell division.
Alihough the cells which are affected deleteriously will be damaged
due to abnormal mitosis, the genetic complement’ of a cell im which
large mambers of breaks have been induced will naturally remain
intact as long as the cell does not divide. Since the germination
of seeds does not follow eell division there is no possibility of the
Xerays to menifest its effect on germination. This infevence is in
line with the views of Schwartz and Bay (1956). They could observe
normal germination evem with 500 Kr unite, but this high doze inhi-
bited mitesis completely and the growth ceased after about five
days. They suggested that germination and early growth were due to
the elongation of the cells already present in the embryo at the time

of irradiation.

It was also observed during the present study that there was

a linear reduction an the survaival percentage with increase in



desage. There was a sadden fall to 72.5% im the 1 %r unid
treatment and between the 8 Kr and 15 ¥r the linecarity has

almost levelled off with a difference of only ¢.2%. The result
therefore shows that there was an immediate effuct on survival
even at the low dosage of 1 Er and that the linearity of dosage
effect remained upto 15 Kr. The trend shows, that further incre-

ase in dosage will wminimise survival percentage.

Similar linear reletionship between dose and survival was
reported by earlier workers sauch as Gustafsson (1941), Wohrmann
(1961) and P.N.R, Nair (1962). But Yagyu and Morris (1057) obser-
ved in dormant tomito seeds that dosages upto 10 Er did not show
apy reduction in survival percentage, but beyond this they could

also observe a decrease in survival corresponding to dosage.

In the preseni study no such optimnm safe levels gould be
observed with regard to survival. It is therefore probable that
A-rays heve deleteriouz effects on survival ef chillies even at

the low dosage of 1000 r uniis.
Seedling Meaght
Plant €Growth
This investigation showed an early increase im seedling height

in the lowest dosage of 1 Kr treatment, but the higher dosages did

not show 2 corresponding increase. DBut all the four dosages did show
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some imercage in seedling height in the 25th day old seedlings.
Semo oort of a stimlative effect secms to have beon exisoted
in the X={rradiated plants.

The affect of Zerays on plmt growth is a mach dfsputed
anbjoet. lumy works ean be cited for an? againet the otimlative
effects of Xerays. Miege and Coupe (1914) in Rarhapys and lepidiuw
rocorded a stimlative offect of Xeraye. Ifoports of Nevera (1620)
Jungling (1920), Schwartz (1923}, Geller {1024), Goodspeed cnd
Olson (1928), Hoskine and Moero (1935), Yorstenm gt gl (1943),

Yuzin (1966), etc aro tnt a fow oxamples to eite im capport of the

stimlative effocts cansed by Xerays.

Natarajan, Sikka and Swomizathan (1058) have attrilwted the

stimalotive effocta of Xeraye to the increase in ecell expansien.

Tho adveree effeets of high dosoges of Xerays have boon repore
ted by seveval worlers. The inhibition of plomt growth was dae te
chyomosemal chenges snd phyaiological distarbansces ageording to
Lea (1947), Cotchoside {1948), and Gordon and ¥eber (1950j. From
the preosent study il was found that dosages upio 16 Hp did not cause
any growth retapdodion in chillies snd instead such low and ewdiam

doscges did impart a atimclation to initial plant height.

The plant hoight vocorded on the G0th day showed no signifie

gant waristion botween the different treatments. It geems that
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the plants have overcome the initial growth difference and have

kept up a balanced growth in due time.

Such normalization of transient growth effects was reported
by P.N,R, Nair (1964). Workers like D'Amato (1961) have indicated
that a gtrong intrasomatie selection occurs in the treated plants.
This leads to elimination of damaged or abmorually formed cells and
the normal ones proliferate. So normel growth should result in the
later stages of growth. Therefore it may he said that the initial
stimlative effeet of plant growth was a transient effeet of X-irra-

diation and that subseguent growth has normelised the sitnation.

Flowering
Fertility

The present study revealed that X-irradiation has cansed eigni
ficant earliness in flowering. The mean duration from sowing to
flowering was the loast for the highest dosage of 15 Kr. unit treat-
ment. Some earlimess was invariably found in all the treated cases,
though no dose-based earliness could be observed. It shows that the
precocity observed might probably be due to effects of X-irradiation.
Haskins and Moore (1933) have rocorded earliness in flowering in citr
induced by Xwrays. Similar reports were also made by Ramakrishnaen

and Jacob (1955) in Sesamm. The accelerated vegetative growth met
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have produced physiological effects to that the ripemess to
reproductive phase was attained earlier and hence this earliness

to flowering in the ircated plants.

In stadying the pellen sterility me relationship betwcen
increase in dosage and mean percenmtages of pollem sterility could
be established. The 18 Er treatment gave the highest mean pollen
sterility percentage and the control gave tho lowest percentage.

The lower doses did not show any significant decrease in fertility.

A linear relationship between dosage and pollen sterility
was reported by memy workers like Frieslben and ILein (1943),
Gastageson (1944), Mackey (1951) and Wobrmann (1955). However
contradictory results were obtained by Genter and Brown (1941),
Haclbarth (1955) and Zacharies (1956), who reported that they could
not observe any fertility differcnce between the conircl and treated
plants.

The present work shows that X-irradiation @id not affeet
pollen sterility percentage upto a dose limit of 8 Er. In the 8 Er tres
ment the pollen sterility percentage was only 15.79. IBut above this
dosage, there was significant effect on pollen sterility. In the 15 Kr
this was 30.87%, almost double that of 8 Kr. In chillies, therefore, a:
per the prescnt resalt, there may be an optimmm limit of resistauce

to X-rays, beyond which the pollen sterility will be substantially



increased. Highor dosages of X~irradiation produced more lethal
chromosom]l aberrations and this would have contributed to incre-
ased pollen sterility. The effects of intermediate dosages betw—
ecn 8 Kr and 18 Kr units will have to be explored to ascertain

the exact " 1lift off " point.

Cytological Effects

Morphological Variations

Inspite of the adoption of special techniques for the study
of root tip mitosis in the lll generation no convincing result could
be obtained. But chromosome breaks and fragments were observed in

most of the treated specimens.
s

Mgiotic studies did yield a mamber of chromosome aberrations

such as fragments, laggards and anaphasic bridges.

Stractural aberrations of chromosomes have been reported in
X-irradiated materials by several workers such as M¥aller (1928),
Raseh (1052), Sparrow (1962) and Revell (1065). Comprehensive ana~
lysis of the various aberrations have already established that
X~rays cemnse terminal and interstitial deletions, formation of rings
and polycentrics like dicemtric end tricentric chromosomes. Evans
(1967) concluded that the aberrations are only indirect secondary

effects of lemaons caused on the chromosomes by X-rays.
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Several morphologicel abnormalities observed during the
prosent study were common in any X-irradiation experiment. The
occurrence of dwarf plants in the treated stocks were roported
by Gelin (1964), Sarda {1950), Athwal (1961) and P.N.B. Neir (1064).
There were 14 dwarf plants in the present experiment. The
occurrence of dwarfs and leaf type varianis such as narrow leaved
plante according to Gordon and Weber (1950) was due to the low level
of Oxygen content in the irradiated plents, which conseguently results

in physiological distarbances.

In the present study thewe were two chimeric plants in the

treated populations, which were subjecied to detazled study.

Similar ehimerie plants were also reported by earlier workers
like P.N.R. Nair (1964), Monti (1965), and Gichmer (1966). The
obgerved plants in this case were sectorisl chimeras and these
would have resulied by one of the cells of the stem primordia
within the seed turned to an abmnormal type by radiation. Such
a possibility has been shown by Brumfield (1943) who, cmploying

Xerays had induced sectorial chimeric tissues in roots of Vieia faba.

Few of the I, progenies (14%) produced on the variegated
branches were variegated in mature. No such M2 variegated
progenies were oblained from seeds formod on the sther branches ¢f the

chimeric plants or from other plants. The effect of maternsl



a
)

tissue may possibly be the reason for M, variegated seedlings.
But in the absence of controlled cross breeding studies, thie
posaibly could not be established., Mt it did show that the
production of chimeric hehaviour in the MI plants was not a tron-

sient offect, as it was transmitted to tho 142 generation also,

The 112 progenies of these chimeric plants showed a higher
rate of chlorophyll mutants (39.8%), mostly lethal 'xanthas'. It
shows that matations om a gemic level were alse inmvolved in these

chimeric plants.

Several colour variants were observed in the H1 apd M2 gene=
retions, Similar colour changes were reported by previous workers
like Goodspeed (i930), Brans (1954), Hoffmann and Zoschke (1955),

Sjodin (1961) and P.N.R. Mair (1964).

It is importamt that in this nvestigation there was a plant
showing full purple coelour in the M1 generation and its progenies
were all purple in the M2 generation, with varying gradea of dilu=
ted colouring. In the M, generation there were other plants also

1
which produced partially or fully purple flowers and fruite. The l!2
progenios of nsrmal looking MI plants alse developed differential
purple colouration in differing frequencies, These coleour
manifestations, although show sure changes in the gemic level,

present vexy complicated patterns of expression and inherie-

tance. Only by fuvther brecding studies can any satisfactery



explanation be given on this pkenomcnon.

Chlorophyll Matants

In the Mg generation chlorophyll studies revealed the occarrence
of " xantha " and " chlorina " types of seedlings, the formmer type inc

asing in frequency with increese in dosage of irradiation.

Gastafason {1940) reported similar mitants in barley. Other
workers like Blixt (1961), P.N.R. Nair (1964) and Popovie and
Zecevic (1965) have also reported occurrence of several types of

chlorophyll mtants in the segregating generation.

The inercase in the frequency of " xanthas " with higher
dosages might possibly be due to the severaity of mtagenic effect
of X-rays and these are sure lethalsj they do not live beyond a

few dsys.

Matation percentage shows 2 decreagse on the !\!1 bagis, with
inerease in dosage. This is probably due to a more severe
elimination of lethals and structural mmtants in the li1 generation
in the higher dosage treatments, which reduce the frequency of

mitants of a less scvere kind like the chlorophyll mutants in

the M? generation in these treatwments.



SUMMARY



SUOMHUMARY

This thesis work woz oriented lowerds the study of the
Mi parsmatera, and the chlorophyil matotion epectrma in the “2
gonarotion of the Z-goy irradieted seode of E-1 warioty of

Chillies (Capsicam enmuum Duje

Jry pareline seods of chillies were sabjected to Xeray
tygatuent At doses of 3,000, 4,000, 8, 000 and 15,003 agniis,
cmploying & Supseficiel Therepy Hedical Xeray anit.

Gormination tests showed higher percentage of germination
in tie control than in tho treatuents.

& paduction of survival porccntege was noticed iu the
treated enses. A definito inverse limear rolationship existod

bedweon incrcase of dogsge und sarvival peveentage.

X-irradiation chowed an fnitisl stimmlelive effeci on plant

growth as mossured Wy height of plants.

Thore wis alos carliness ¢o Plowering in the treated plants,

though it was not corvelated fo dosage.

The 15 Ep treotmont censed wost severe desage in torms of

pollen storility. The other ihreo frcainents did not affeot fertility

Interostiing movphological shmormalities wevre observed like

dwarfs, noyrow lesvod plants and chimeras. A mumber of coloared
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plants were also present.

Cytologiesl ztudies farther revealed the deleterious effects

caused by X-raye on the chromossme level.

In the Mg generation there were chlorophyll mmtants of the

"xantha " and “ehlorina " types.

The study as a whole has helped to gather definite under-
standing on the various biological cffeets of X-rays on the E-i

varictyliof chillies.,



REFERENCES



Altmen, V.,
G,Fokhlin, and
E. Gleoikhgevikht.

Ancel,S.

Arptzen, and
¥peba.

Athwal, D.S,

Babayan, V.0.,
D.0, Avakyen,
R.S. DBabeyan and
R,A, Azatyan.

Pagn and
Rabindrakeishna.

RUFLRENCDS

1923

1924
1926

1928

1963

1964

1962

The offect of X-rays in accele-

rating and retarding development
Fortachy Gobiete Bontgenstrahlen

§=1= 3 1961 - '62.

(cited by Johnson, E.L. in " Biolo-
gical effecte of radiaiion Vol. Il
(Bi) Duggar, B.M. pp.061-985

MeGraw Hill Book Compeny. Inc. New York

Agtion de feibles doses de rayoms X
sur des grains seches
Compb. Bedn Soc. Biol. (Paris) 91i¢
1495-1430. ==
{citod by Johnson, E.L, in " Biolo~
ical Effects of Radiation " Vel.II
Ed) Daggar pp. 961-985.
MoGraw Hill Boek Company Ine., Now York

Iuvestiigation inte the biolegical
efiect of filtered and unfiliered
Xerays, as measured on peas.
Agta. Hadiel $= 5«31,

Some X-ray indauced and spontaneous
mytations in Cicer.
Indion J. Genet. §= 50-57 4

Viiyenic rentgenooblucheriya Na
Veknozheat embrionalne razhovoi=
rastuych senyan pshenitsy (Scobenie
Pervee) Isv. Akd. Neuk Arm SSE

Dot Neal 17 {12)1 13-17.

Radiation induced aberrant plant
growth in jute 1., The sten abnor-
melities Trons.

Bose Res. Inmst.{Caleatta) 25 (3):
117~144. =



Bagn, R.K,

Panitti, M. and
R, Ragazzini.

Beachel, H.N.

Beard, B.H. and
Caldecott, R.S.

Beard, B.H.
F.A. Haskins aud
cooo Gardner.

Bsckendam, J.

Bless, A.A,

Biixt, 5.

Blixt, S.
L. Enrenberg
and Q.Gelin.

1962

19686

1061

1957

1668

1961

1938

1961

1058

Cytological offect of Xeroys
on dry dormont seeds of jute.
Nacleas 51 (1)+ 75-86.

Gomma ray induced changes in the

Carnation (Disnthus carvephyllum L.)
Radiation Bot. §: 090105,

The use of S~ray apd thermel neutron
in producing mtations in rice.
I.R.C, News letter, 8t 8-22.

Radiation technigues of potenticl
gignificance in plant breeding.
Abstr, Golden Anu. Meetingg
Amer, Sec. Lgronony. pe 54,

Comparison of effects of X-rays and
thermal neutrons en dormant seeds
of barley, maize, mstard and
saffleower.

Genetica gg: 728-736.

Xeray induced mtations in rice~in
" Bffectas of ionizing radiations on
seeds” .

I.AIEOAI vien.ﬂaa pp-609-628.

Tffects of Xwrays on seeds.
Plant! Physiol. g_g_l 209211,

Quantitative studies of induced
miations in peas. V.chlorephyll
mtations.

é_m. Hﬂ:gc G@!!G. ;g= 402-407,

Quentitalive sindies of induced mibta=-
tions in peas. I. Mothodological
inveastipgetions.

Agri. Hort. Gene. landskorns

16% 238-250,



Bora, K.C, and
N.S. Rao.

Brﬁk(!, 1D,

Brans, 4.

Badaskina, E.B. and

A, X, Scapove.

Fatler, L.

Caldecott, R.S.

iii

1958

1087

1954

1965

1064

1964

1955

1956

Txporiments with race (Opyza sotiva)
on the indaction of mtation by
ionizing radiations. Isotopes in
Agriculiure. U.N, Proc. on the
peaceful uses of Atomic Energy.
1858, 3006-313.

Quantitative variation in Arabidopais
balif induced by ionizing radiations.
Ragiation Bot.1967: 12 193-203.

The induction of Matations through
X=~irradietion of Dormant geeds of
Trifelanm pratense Angew.Bot. 28t 120-5

Witent durum recexved from Iyiticum
dicoceum - Symposidm on the mtational
process, Proha, August -~ © -1i, 1963,

o new mtants in the tomato, prope-
1llor and rosette.
d. Hered, 3_5_8 25«27,

Inverge relationship between the
water content of secds and their
sensilivity to Xerays.
Science. %Q'-‘ 809~-810.

The effeet of X-yays, 2 ~ MEV ele-
ctroms, thermml neutroms and fast
neutrons on dormant seeds of barley.
Amn. ey York.

Acad.Sei. 592 514-535.

Tonizing radiations as a toel for
plant breeders. U.N. Proc. on poace=-
2l uses of Atomic Energy.

Vol, 12 pp. 41-45.



Capizzaro

Cattle, W,

Chandhurs, K.L, and
A, Das,

D' Amato, F.

Datte, P.K. and
C. Datie.

Lavidson, D.

Ehrenberg, L.

iv

1961

1926

1831

1956

1954

19563

1957

1085

1955

Seedling height, Oxygen ava.lability,
storage and temperature: their rela-
tion to radiation induced gemetic and
seedling injury in barley. " Effects
of ionizing radiations on seeds".
1.A.B.V, Vienna. PP 3224

On the bislegical action of X-rayas.
Cited by Johnson E.L. in Biclegical
effects of Radiation".

Vol. IT (Ed) Duggar, B.M. pp.961-985.
MeGraw Hill Book Company Ine. New York.

The effect of X~rays on the growth of
wheet seedlings.
Sei. Q: 531-532,

Tffect of K-rays on the fert111ty
of pollea grains i oxicniale.
Sei, and Cul. 21: 66 -553-

Action of physical and chemical
foctors on mitosia.

Tntern. Congr. Botany, S5th Congr.
Parig. Sect. gt 1D,

High dosages of X~irradiation onr
inhibition of growth oin rice seed-
lings. Sei & Cult. 18: 500-503.

The irradiation of dividing cells
I. ‘The effect of X=yays on prophase
chromosomes. Chromosome 9 {1)339-60.

The radiation induced growth inhi-
bition in secedlings.
Botan. Notiser. 108: 184215,

Taclors inflwencing radiation
induced leihality, sterility and
mitations in bariey.

Hereditos. ﬁe 123-146.



Evans, Hode

¥reisleben, B. and
A' ]-@ino

Froier, K. and
A.Gastatsson.

Froier, X.

Gaily, F.B. and
N.E, Tolbert.

Gelin, 0.E.V,

Geller, F.C,

1961

1967

1943

1944

19486

1958

1954

1924

The influence of the nacleolus and
beterochromatin on the frequency
and distribuntion of radiation indu~
ced chromosomnl exchanges im Yicia
iaba- Rad.iat. :Eeﬂa ééz 448579

Bepair and recovery from chromesoms
damage induced by fractiomated X-ray
CXpOSITCS.

Radist. Ros. (1067) pp.482-501,

Preliminary work on the breeding
result of Xerays = induced mmtations.I,
Visible action of irradiation in
troated generation (Xl) of dorment
barley seeds.

Z, Pflanzenzuchtt 25: 235254,

The influenge of seed gize and halls
on X~-ray susceptibility in cerezls.
Hereditas. 302 583-589.

Genetical studies on the chlorophyll
apparatus in oats anrd wheat.
Hepeditag, 23: 207-406.

Effect of jonizing radiation on the
development of phkotosynthesis in
etiolated wheat leaves. Arch, Biochem.
Biophy. 76t 188-95.

Xeray mitants in peas and vetches.
In " Mrtation Rescareh in Planis”
Torsell (£a). Acta. Agric.

Scand. 43 558568,

Bffect of X-ray2 on young organioms.
Klin. Wochochr. 3: 561-560.

Cited by Johnson, U.L, in " Biologiw
eal effects of radiation ™ Vel. II
(1) Daggar, B.M, 1936.

MgGraw Hill Poek Company Ine. New Yor!



vi

Genter, C.F. and
H.M, Brown.

Gichner, T.

Giles, 4,

Gloeker, R.,
E. Hayer and
0. dJungling.

Goodspeed, T.H.

PUN—— . |,
AR, 0Glson.

Godner, I.N. amt
A.A. Shlik.

Gopalakrishna Raju, K.

1941

1966

1956

1029

1928

1928

1956

1967

X-pray studies on the field bean.
d. Hered. 32: 39-44.

Belation of some M charactors to
the frequency of M; mtant in

ww_‘ég_thal'“ .
Biolegi. Fl. 8 209-212.

Cytogenetical investigations on
Solamum Sec. tuberosum (iv) Action
of X-rays on S. aecaule.

Genetieca 22’ 51-63.

On the biolegical effect of X-rays

of different qualities using the
dosimetry in R units. Strahlen
therapie. 323 1--38.

Cited by Johnson, T.L. in Biological
Dffects of Radiation” (E3).

Duggar, B.M. 1936. pp.961-985.

MeGraw Rill Book Company Inc. New York.

The effects of X-rays and radium om
species of the gomus Nicotiama. J.
Horedity. 20,

Genetic and other effects of X-ray
and radium treatment of seeds, growing
points and sex cells of Nicotiawa
species. 4m. J. Bot. 153 622.

ci4 in the study of the biosynthesis
of chlorophyll.

Proc. of Intern. Conf. on the peaceful
used of atomic energy, Geneva. B.d. 12,
B« 358-363. New York U.N.

Effect of X~yay irradiation on the
physiology of rice.

Thesis of M.Sc.Ag. = 1967 Agrienltural
College Coimbatore, University of
Madras.



vii

Gordon, S.A. and 1950 The effect of X-radiation on euxin
R.P, Weber. levels in the plant.
Amer. Jo Bo'bu 37: 678,

1981 Tonizing radiation and plant growth.
MYoeting of Biomedical progress
Direetor@ of the uosaAaEuco item 53.

Gapekel, J.GL., I.B. 1983z Varietions in the floral worphology
Yorrow, AJ, of normal and irradiated plants of
Sparroy and Iradescantie paludese.
L. Christensen. Ball. Torrey Bot.Club.80: 445-456.

1953b Vegetative and floral morphology of
[ irradiated and non=-irradicted plants
e of Iradegcantie

. Pa!udoga Ap.J.Bot. g‘ 317-332.

Gunckel, J,E. 1067 The effect of ionizing radiations

on plants. Morphological ecffects.
Quert. Bev. Biol. 321 46-56.

1961 Modifications of plant growth and deve-
lopment induced by iomizing radiations.
Hand bach Der. Pflanzen Phyeiologie Bd.
zv. Heidelberg: Springer.

e 3 306 1061  Yomizing radietions. Biochemieal, physio-
Al Sparrow logical and morphological aspects of

their effects on plants. Hand buch Der
Pflenzen Physiologics Bd. XVI,
Hoidelberg: Springer.

Gastofsson, A. 1940 The Matation system of chlorophyll
apparatas.

mﬂ-_» ggi!,u __h_l-‘;_. £§== =70,

1941 Matation Experiments in barley.
Hereditas. 278 225-242,



Hﬂek‘bﬂ!‘th, J,

Haque, 4.

Moffmapn, W, and
U. Zoschke,

Hlorlacher, W.R. and
D%, Killough.

Howard and
Alma,

Haskins, C.P. and
C.N, Mpore,

viii

1944

1944

19566

1661

1955

1931

1932

1966

1935

The X-ray resistance of dormant seeds
in some agricultuyval plante.
Hereditas 228 165~-178.

Drastic morphological maitations in
barley Hereditas 52: 120-122.

Expoeriments on the induction of mita~
tions of lapimg lutous, L.
anguistifoliug and L. albus.

by Xeirradiation.

Z.Pflangen. 34% 375-390.

Z~roy induced pseadochiasmeta: their
nature esnd congequences. In "Effect
of iomizing radiations on seeds".
I.A,C.A, gymposinm, Vienna. pp.327-331.

X-ray mrtations of flaox {(Linum
usitatissimim)Zuchtes: 258 199-206.,

Radiation indaced variation in cotton.
Somatic changes induced inX-raying
seeds.

d. Hepedity 22¢ 253-262.

Chlorophyll deficiencies induced in
cotton.

{Goesypium hirsatom) by radiation.
Trans. Texes. Acad. Sei. 153 33-38.

Effect of X-rays on the namber and

growth of laileral roots im Vicis faba,
Int, J. Rediat. Biol. 10 (I):83-93.

Growth nodifications in citrus secedw
ilings grown from X-rayed seeds.
Plant Physiol., 10: 179-185.



ix

Ivanov, V.I.
AV, Sanine, and
E.A,. Timofeeva Resovskaja

Jacob, K.T,

Johnson, L. L.

dones and
Plummer

Jangling, 0.

Famara, S.K. and
M, Simak.

1967

1949

1931

1936

1948

1960

1920

19686

Studies in the radiation genmetics
of Arabidopsis thalifia. L. on
gurvival apd fertility of 61
plants after Gamms irradiationm of
dormoent secds.

Genetika Moskva 5: 16-23.

X~ray studies in Jute~II, A
comparative study of the germinae
tion percentage size and external
morphelegy with different doses of
X-rays. Transactions of the Pose
Reg. Inst. Calcatta. Vol. XVIII:
23=29.

Effeet of X-radiation upon grewth
and reproduction ef tomate.
Plant.Physiol 6: 685-694.

Effeet of X-rays on green plants
in " Biological effects of Radia=
tion".

Vol. II {E3) Daggar B.M. pp.961-985
MeGraw Hill Book Company Inec.

New York.

Responses of Ialanchog inbifloxs
to X-radiation.

Plant Physiol. 231 544-556.

Agpects of growth by some species
of Trifolinm following gamua irrae
diation en seceds.

Aﬁ!ﬁ!}a io gg 462=464 .

Cited by Johmson in " Biological
Bffects of Badintion" (Ed) Dugger,
B.M, 1936, pp.961-985,

MeGraw i1l Book Company Inc.

New York.

Physiological znd gemetical effects
on seed., of goft XZe-rays ased foyr
radiography.

Bot. Notiser, 113:(2) 254-264.



lasyanenko, 4.G. and

N.V. Timofeyev-
Resovksky

Tu.B. Ghiller

Kenkis, K. and
0.d. Webster.

Kersten, H.L.,
fl.L. Miller and
€.S, Smith.

Koller

Eoltsov and
Koltazov,

Konzak,C.F.

Kornicke

Brishneswany and

and

Rengagwany Ayyangar.

Kumﬂr, L.S.S, and

¥.V.Joshi.

1067

1967

1957

1943

1982

1925

19566

1904

1941

1939

On some interesting chlorophyll
mtetions in Arabjdopsis tnglgiTa L.
Bull Mpaecow Soc. Nat. biol. Seet$72.

Some characteristic features of
phétosynthetic apperatus of chloro:
phyll mrtents of Aabidensis thalifie ]
Ball. Mogoow. Soec. MNat: Biol. Sect.
1’2_3 100-105.

Effoct of X~rays and thermel neutroms

on dormant seeds of Sorghum valoargs
Agron. J. 48t 401-406.

Sgimlative effects of X-rays on
plants.
Plaat Physiol. 18: 8~18.

From thesis of B.P. Sarda for
Agsociateship of I.A.R.I. (1959).

The effcct of radietion emanations
and X-rays on the growth and develop=
ment of plants. Cited by Hazin (1956,
Symposium on peaceful usel of Atemic
Energy. Vol. XII,

BRadiation semsitivity of dormant and
germinating harley seeds.
Science 1223 107.

From thesis of B.P.Sarda for
Associateship of I.AR.I. (1059).

Chiromosomal alterations induced by
Z~roys in Bajra,
Jo Iﬂdiﬂn Botv Soe-

Dxperiments on the effect of X-rays

on Bajra, Tobaeco and Brassica Junceca
Indian J. Agric. Seci. 9 (4): 675-684.

1=



Kandu, B.C.
X, Ghosh and
Sharmz .«

!ﬁlzin, AM,

Larter and
L1lliot.

Iawrence. To

ica, D.E.

and
D.G. Catchoside.

Leoplod, A.C. and
K.v- Thim:;

lesley, J.W, and
MM, IQSIGB’o

Levan, A.

Levitsky, G.b.

1961

1956

1956

1966

1947

1942

1947

1956

1944

1940

Studies on the effect of X-irve-
diation ir Corchorus gemaularis
and C. glitoriame. L.
Genetica, 323 51-73.

The utilization of ionizing radiaw~
tions in Agriculture.

Y.N. Proceedings on the peaceful
uses of Atomic Energy.

Vol. 12 pp.149-156,

Cited from the thesis of R.P. S.rda
for Associateship of I.AR.I. (1958)

The production of mtations by irra=-
diation on Montealm barley.
Camad. J. Bot. 33¢ 516-519.

Cited from the thesis of R.P, Sarda
for Associateship of I.A.R.I. (1959).

The mechanism of induction of chrome-
somal aborrations by radistions in

Ixadescantia.
J. Genet. 473 216~-245.

The effoct of esuxins on floworing
initiation.
Amer. J. Bot. 36 342-347.

Etfect of seed treatment with Xeyays
end P 32 on tomato plonts of 1st, 2nd
and 3vd gemerations.

Genetien. 418 575-588.

Experimentally induced chlorophyll
mtants in flax.
Horedites 30 225230,

Cited from the thesis of B,P, Sarde for
Associateship of I.A.B.I. (1959)



Lovitsky, G.A. and

Agaration.

Lopriore, G.

Mackay, s

Maldiney and
Thouvenin,

Maisin, J. and
S, Magy.

Micke, A

Mlege, B. and
H,Coupe.

Monti, D.M,

Haller » Hods

gii

1932

1898

1961

1808

1628

1958

1914

1988

1927

Pransformation of chromosome under
the influenco 02 X-rays.

G311, Appl. Bot. Gonet. Plt,
Bread. 27¢ 265~303.

Cited by Johmsom, E.D. in Bielogical
Effocts of Radiation (Vol. II} (L)
Dllggar. B.M. pp.931—985.

MpGraw Hill Book Company Inc. New York,

Noutron and X-ray experiments in barley.
dareditas 375 421464,

Cited by D.L, Jobnson, in " Biological
Effects of Radiation” Vol. II. Duggar,
B.M, (Bd,) MeGrew Hill Book Company
Ince New York,

Or the mechaniem of the effect of X-yays
on seeds.
Compt. rend, Soc, Biol., 92 886-888,

==

Motation breeding in white sweet clover,

Holilotus 2lhng with X-rays.
2, Pflanzenz 22’ 419=37.

Bffeot of X-rays om planto, Compt.rend.
189 338-370.

Cited by E.L, Johpson in © Bielogical
Effeets of Nadiation™ Vol. II BiM,
Duggar (%d) MeGraw Hill Book Company
Ine. New York.

Chirnera formatiom in pea plemt raiscd
from emiagen treated seeds - Symposium
on the metational process, Praha, August
931, 1265,

Apsificial transumtetion of the gone.
Seience. 66384-87.



xiii

daller, i.d, 1928 Production of mtationa by X-rays
Proc. Nati. Acad. Sci. U.S.ﬁt
T14-726.

e 1954 The nature of genetiec effects produced

by rediotions. Cited in Radiation
Biology - Hollaendor (Ed) Vol. I
Part I. pp.351-473.

Mantzing, A. 1942 Froqueney of induced chlorsophyll

mtations in diploid and tetraploid
barley.

Horeditas 28: 217-221,

Yaszynski, S. 1967 Bemarks on the methods of radiation
breeding in planés. Postepy Nank Roln
10672 14 (19?: No. 4:15-21.

Nogarathnem, 4.8, and 1966 Dvolution of mew ctraim of chillies
7.8, Rajameni, {C. anpuunm) in Madras State. Madras
Agrl. J1. Sept.'66,

Nair, P.N.Ravindran 1964 Investigations on the effects of
X~rays on cow poa.
(Vigpa sinensis L. Savi)
Thesis for M.Sc¢. Agri. 1064,
University of Eerala.

HNakagawa, d. 1631 The biological siudy of radis sensi-
tivity. I. The effect of X~rays upon
immature tissazes of plant.

Japan. J. Obstet. Gynocol.
17: 218-224,

Hataprajan, Sikim and 1958 Beferenee given by R.P, Sarda in the

Swaminathan. thesis for Associeteship of I.A.R,.I,
1958) " Xeray irradiation studics
in Linseed”.
Patil, S.H, anl 1961  Meiotic abnormalities induced by
K.C. Dora. X-rays in Arachis hypogse. Indien
J. Genet. _?__%l 59=67 .
Patten,R.E.P, and 1929 Effects of X-rays on sced.

$.B, Wigoder. Naturc. aag: 606.



Pfeiffer, T. and
V. Simmermacher.

Plummer, G.L,

PQpOVic' ADOO and
L. Zecevig.

Qastler, H. and
M, Baer

Ramekrishnan, C.V. and
K.T. Jacob.

Raseh, Ba.M.

Redei. G.P,

Revell, S.i,

xiv

1915

1962

1965

1950

1966

1952

1967

1665

The influence of Rontgen rays the
seedg of Vicia faba as shown in the
development of the plants.

landw. Vers. Stat. 86: 35~43.1915.
Cited by B.L. Johnson iR " Biolo~
ica} Effects of Radiation "Vol.II
%Ed) BM, Duggar. McGraw Hill Book
Company Inc. Now York.

On the seasitivity of Trifolium
seeds to gamma radiation.
Crop. Seci. 2: 221-223.

Matation changes in winter barley
due to radiation with gamma rays.
Symposium on the mmtakional process,
Praha, Angust @ - 11, 1985.

Inhibition of plamt growth by irra-
diation. Gamma radiation effects on
initiation and completion of growth.
Cancer. Res. 10: 604~612.

Effect of X-ray irradiation on

sesamun seeds.
J. Ame. 0il Chemist Soc. 31 270,

Maclear and cell diwision in Alljuwm
cepa es influenced by slow neatrons
and X-rays.

Bot. Gaz. 112: 331-340.

Xeray indvced phonotypie reversion

in Arabidopsis.
Badiation Bot. 19067. 7: 401407,
a

A non-linear relatiomship between
chromatid breek - freguency and
X-ray dose. Symposium on the mta-
tion2l process, Praha, fugust 9-i1,
1966.



Rivera.

Riley, f.

Sarda, R.P,

Sax, K.

Schwartz, B.

Schwartz, D. and
C.E. B@yo

Secket, H.

Scossiroli, R.E. and
D.L, Palemzona.

Sﬂﬂtt. D, and
H.J. Evons.

1920

1954

1959

1943

1914

1956

1902

1965

1965

Cited by E.L.Johnson ie. Biological
effoets of radiation Vol.XIX (E1.)
B.M, Duggar. MeGraw Hill Book Company
Ine. New York.

The effeet of E~reys upon the growth of
Avenn geedlings.
Radiet. Reec. 13 227-228,

=

Zwpoy Irradiation studiea im Linseed.
Thesis for Assceiateship of I.A,R.1,
(1959).

The relation between X-ray dosage and
the freguency of chromesomel aberrations.
Aano Bot. gg: 564-570.

Cited by Johnsen, E.L., in Biologiecal
Effects of radisiiom ¥ol. IT (Za)
B.M. Buggar. MeGraw Hill Book Company
Inc. Now York.

Farther gtudies on the roeversal im the
seedling height—dose curve at very high
levels of ionizing radiation.

American Naturalist XC. 854: 323-327.

Reforence given by Jobhmsom E.L. im
"Biological Dffects of radiation
Vol. IT (Ld) Duggar B.M. McGrow Hill
Book Company Inc. New York.

Changes ir genetie variation for quanti-
tative traits after X-irrediation of
seeds of Iriticum durum.

Symposium on mtational process, Praha,
Augnust, 9-11 - 1965,

Xeray induced.chromosome abberrations
at diiferent etages in ihe cell cycle
of Yicia faba. Brit. J. Badiol. 1065,
38: 398.



Shagtely 5.VSe ond
B, Hamish,.

Simlly Clhe and
b Mitehokl,

Sjodin. da

Smith

5pnrrow, A3

. Chrtatonsons

Ganclels

AT and
¥R, Singletons

Bponcery Jul and
Be Colbianilloss

106s

1933

1084

16932

1063

1050

1966

1086

Cytologicnl effocts of Xerays
Thermal nsutron and Bataparticlos
on Oryzs pativa L.

Tndfen 4. Genot. S1943.544

Btimslative offacts of MNerays en
plent growth.
Plagt Vhysiole BS 207206,

Sume vlservations in X, and i{ﬁ
of Vieia Zabn afier trdaxe
with differont mlogons »
Heroditaw. 4as 568580,

Referente cited by Gustafason.
Hatetion in Ageicaltural plents.
floreditant 283t 1200,

Types of fonizing redistions and
their cytogenetie effects in © Mitaw
tions apd plont Breeding”.

Natl, Acod. Seo (U-so)g Notle
HesCouneil, ¥ochington.

Effects of Awruys, ueutron and chroe
uie LI Yays and some eifecis of
irradistion on growth and yield of
potatoes,

Ams o Bake JFF G0T-674.

Heferonoe by s.ls Sards in the thosis
for Agmocisteship of 1.4.8,1.(1950).
Zwpoy frvadiation studies in idnseed.

flotorance by IL.P. Sarda in the

thosis for Associataship of L.A.R.T.
{1959) Smpoy irvadiation stadies in
Idnzecd,

The effcot of Zerays and thermal
sentrons on the dovolopmssnt of troiw
ling iotige, Judogofers sndscsnhviia.
Amdd, Bot, 432 280208,



Stagler, L.J.

Swaminathan, 4.5,

Tedin, 0. ond
Hagber, G.A.

Veluswary, K.S,

Venkatanadhaehery, G.

Wagner

Williams, M.

Wohrmenn, K.

Viort, D.J.

xvii

1932

1963

1966

1963

1950

1923

1985

1041

/'Q\

/:5(‘%; -~
&

T - MRS

e cf \\Q,\f
R

’n £

J1¥9N

On the genetic nature of induced
miations in plenis.

Proe, Sixlh Ipt. Cong. Gemet.
‘]_:: 2742940

Draluation of the use of induced
wicro and maero mitation in the
broeding of polypleid erop plants.

" Isporpia melearein agricnlture”
2. 243-277, Roference in the thesis
of P.N.R. Mair for M.Se. Agri.(1964)
University of Ierala.

Studies on Xeray induced mytations in

I—“.I!j!}!!g }gteug » L
Horeditas. 38: 267=208,

Effeet of gommairradiation on the
physiology of rice Opyze paiivae L.
Pigsertation submitted, for ithe
award of degree of M.Sc¢. Ag., 16 the
Yadrns University.

Matation brecding in caltivated riee
N.P. 130'
Andhra Agrild,. 10: 1/3-184,

The aetion of Xwrays on chromosonmes

of Triticum valgare.
Genelica Iberica 23 30851,

Obgservations on the achion of Xerays
on plant celis.

Apn. Boteny (Lond.) 37: 217-224.

Investigations on the physiology
of germination, fertility and the
cytology of progenies from X-irrge

Aiated stede of Alopecurns pratepsig.
%, Pflanzenz. 34% 391-408.

Xapray effcets on the growth and

reproduction of vheet.
PFlant Physiol. 162 375-388,



Yegyn, P. and
R, Morris.

Zacharias.

1686

Cyingenetic effects of Zwrays
and thermal meutrons on dormant
tomato secds.

Genetics. 42¢ 222-238,

Refercuce used in " some observoe
tiens in Xl and X2 of Yicia faha
after treatment with difforent
mtagens” - by Sjodin. J.
Hercdiltes. 48¢ 5656586,



APPENDICES



APPENDIN - I

IMPORTANT FCATURES OF THE K - 1 VARIETY OF CHILLIIS
AS GIVIN BY ITS ORIGINAL BREEDERS

Length o2 fruits (em) 6.62

Girth of franit {em) 3420

Weight of fruit with §

calyx i (em) 0.76

Mamber of seeds/fruit 73

Golour of frait Shining derk ved

Pangeney - capsaiein

per 100 gn of dry
chillies on moisture (em) 1.78

free hagis

Average yield per B (ug) 1604
hectare




APPENDIX - IX

PATA SHOJING SEIDLING DSICHT OF 25 DAYS 01D SIEDLINGS
{ M, GINDRATTON b]

{SLAUCTION FROM INTIDE POSULATION 0N RANDSM DASIS)

Sorial Seedling hoight in on
mster
of plamts Trostuents in Hp. onits
Control
b 4 8 28
i 548 B8 7.8 8.6 746
2 Ged Bed Tobs 540 T3
3 5.3 9.3 T8 Se? 8.5
& B.8 Dot Ted Lol 7.9
4] 8.6 8.8 T8 8¢9 8s3
6 T2 88 TeB 8.0 842
7 Gad 963 Te8 848 79
a8 G5 8.0 78 Ted 7.7
9 Ged 8.8 Ted Be7 8.0
g Bo7 Ge@ é.8 8e3 T8
i1 67 342 T2 el 8.8
12 6e2 Dol T4 Bed 8.6
3 Vel 84T Ga3 [z284) 8o}
4 ol 849 342 78 8.5
8 a8 103 Heb Ge2 748
18 G5 DaB T ek Sebh 8.1
kY] [e98 3] Be¥ Tl 840 8.2
8 71 105 Ted 8400 8.2
19 Beb 20.4 Te3 T8 T

37}
&

{3 10.7 Ted T8 8.6




APPRNDIX - IIT

ANALYSIS OF VARIANCE TADLE

Seanrec Sum of Tegree of Variance F zatio
sguares freedom
Toval 128.58 99 .e .o
Troatmente 102,41 4 25.61 94,8™"
Eyror 26.14 98 027 .e

%** Variance ratio highly significant at 1%
& 5% level.

Critical difference = 0.38



APPRNPIR » IV
DA SUDAING PLANT HAIGHE OF 60 DAYS GLD PLANIS
(in em) ( 1, SENCRATION )

Treatwnts in i{m anits

Soriel
mg of Comtyol i 4 8 18
2 17.0 21.0 26,0 1340 18,0
2 %0 1649 840 1640 16.0
3 9.0 1B 13,0 10,0 6.5
4 2700 136 34.5 2.0 8.5
5 865 12,9 D0 1508 2840
8 12,5 2.0 5B 1640 5.0
7 4.0 D40 9.0 1640 1648
8 17.0 10,8 250 5,0 26,0
@ 23,0 980  14.8 21.0 8.8
10 27.0 20,0 12,0 22,0 2100
1 15,0 18,0 178 10.0 2.0
12 43,0 10.0 3740 1540 10.0
18 2546 15,0 17,0 2240 19,0
14 16,0 15.0 1240 91.0 20,0
15 14,0 18.6 1040 2040 1340
18 10.0 2048 168 2640 14.0
17 5.0 26.0 180 2.0 17.0
18 8.0 258 11.0 1248 9.0
1 8.5 16,8 22,9 98,0 17,0
20 740 100 6.0 17.0 1.8




APPENDIX -~ V¥

ANALYSIS OF VARIANCE TABLE

Source Sum of Degree of Variance F ratioe
agquarea freedom

PTotal 3407 .56 99 0 ce

Treatments 183.88 4 45.97 1.38

Lrror 3223.63 95 83.93 .

Varience ratio is not significant



APPENDIX - VI

DATA SHOWING DURATION IN NUMBOR OF DAYS FROM
SOWING TO FIRST FLOWER OPLNING
{ ui GENERATION )

Treatuents in Xr. units

::;;)Z:' of Control 1 4 8 15
plants
i 69 78 77 78 63
2 856 72 75 78 ({i]
3 88 68 & 78 78
4 70 82 73 S 75
5 67 76 80 72 €5
1) 88 78 72 79 72
7 79 7 ({:] 72 78
8 T4 83 75 (£ 63
o 71 60 80 83 73
10 68 60 89 73 63
11 72 K] 73 73 73
12 85 72 75 73 72
13 65 85 72 76 75
14 80 73 76 76 65
15 73 72 87 72 2
16 80 69 76 % 79
17 82 63 89 83 76
18 50 69 84 79 79
19 80 ~ (] K{:] 76 63
20 85 66 78 80 80




APPINDIX - VII
ANALYSTS OF VARIANCE TABLE

Source Sum of Degree of Variance I ratio
sguares frecdom
Total 4720,89 g9 os oo
X3
Troatwments 639.94 4 159.98 3.72
Eprroxr 4080.65 95 42,95 .

*¥ Varience ratic sigmificant at 1% and 5%
levels

Critical differomce = 4,12



APPRNDIX - VIII
PERCUNTAGE OF POLLEN STERILITY

M, GINERATION )

Seriel Porcentage of pollem sterility
anmber of
plants Control Trentments in Er. anite
1i 4 8 15
1 12.25 18.42 21.68 4.55 12.02
2 12.43 22,50 11.62 6.34 20,45
3 36.26 21,82 06.48 38,42 54,38
4 7.77 34.71 18.02 9.47 21,00
b 18.40 28.17 22.06 11.56 9.88
6 15.35 44.52 12.15 20.56 10.46
7 10.21 13,568 7.28 3G.27 50.73
8 13.98 22,98 16.10 14.42 11,01
9 6.98 18.20 15.77 10,65 46.17
10 11.89 12.11 10.7% 7.69 75.00
i1 5.468 9,76 12.20 25,66 35.57
12 21.49 32.61 13.92 8617 34.63
12 33.60 19.12 20.91 10,44 58.86
14 9.40 20.87 13.14 38.32 20.569
15 12.90 17.26 15.07 7.20 11.79
16 46.52 10,99 11.26 11.99 14,80
17 14.79 13.62 9.69 15.13 60.60
18 16.43 6.76 8.78 16.22 10.00
19 18,78 31,32 6.02 11.18 23,20
20 T.44 4.92 17.88 10.57 27.10




APPENDIX - IX
ANALYSIS OF VARIANCE TABLE

Source Sam of Dagree of Variance T ratio
sguares frecdon
Total 19486.29 99 e oe
%
Treatments 3514.16 4 878.54 5,22
Brror 15972.13 95 168.12 ve

*% Vapriance ratio is significant at 1% and
5% levels

Critical difference = 8.18



ILLUSTRATIONS

% A)Y colour photographs in Kodacelor.



ILUUSTRATION ~ I
A gwarf plant in the 1 Fr. treatment

in the Mi generation.






ILIJSTRATION .. IX
(ABOVE)

A plant with sarrew leaves compared te
a normel plant.

ILIUSTRATION . IXI
(BELOW)

Twe plants shewing leaf shape
variatien.






JLIUSTRATION - IV

Photographs showing variegated branches
of chimerie plants.






ILIUSTBATION . Vv
Ereet type fruits bornme en treated plamts

are compared to merml pendent fruits.






ILLUSTRATION .. VI

A high ylelding plant with ereoct
type fruits.






ILLUSTRATION .. VIX

A purple colcured plant






(aBovE)

(wIpDLE)

(ve10vw)

ILLUSTRATION . VIIX

A single parple coleured flewer

Flowers showing different purple shades

Fraits shewing different shades ef purple
eoleur.






ILIJSTRATION X

Chromesome Aberrations.






