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INTRODUCTION.

It remained for Muller (1927) end Stedler (1928) to
.contrlbute one of the epoch maklng discoveries to the science
of geneiics ‘vhen they propounded independently that X—rays
could be useé t0 induce wmutstions in 1iving oiganiems.' This
| diecoVery'gave >an impetus to 1ncreaéed researches in fundamen-
tal-genetics; Extenéivev researches carried out in the ﬁast
thirty years proved beyond doubt fhat induced mutations provide
an efficient and important tool in Plant breeding;' Barring the
few limitationa 'and defects inherent to this method, mufation
‘breeding thr;ughuionizing 'radiations envisages én important
croyp 1mprovement:method and play a major role in the present

day Plant breeding.

Cereal pl%hta have figﬁxed importantly in the deve-.
- lopment of mutatlon work since it; incepfion, for it was in
_barley (Hordeum vulgare L.)thet Stadler in England end Nilsaon—
Ehle and Gustafeson in Sweden first induced mutations by means
of ionizing radiations. Promising results have been obtained by
radiation réaearch in meny economic erop plants by various

workers.’

Gregory (195€) by his comprehéhsive experiment on
ground nut (Arachis hypogaes)demonstrated the validity of indu~

ced mutations in crop improvement'through . ionized radiations,



Other examples of mutation breeding by ionizing radiations
include the tranéfer of genes for ieaf rust resistance from
Aegilops umbellulata to cultivated wheat (Zriticum vulgave)
by Sears (1956) in U.S.A.; induction of awning in the New -
‘Pusa etraing of wheat at the Indien sgricultural Research
Tnstitute, New Delhi; production of the speltoid barley by
Gustafeson (1947) in Sweden, and the like.

Cow pea (Vigns sinens;g'L. SAVI) constitutes one

| of the p;ominent nmembers of the pulse family in India. It

18 a naturelly self-pollinated leguminous plant and there-
fore, affordsAVer‘little genetic variability:under ﬁatural

conditions. If, by artificial means genetic variability is
induced like that produced by fonizing radiations,selection
of better yielding +types becomes easy and economic. With
this in view, Nair (1964) irradiated the seeds of tﬁe
'African’ variety of-cow pea with X-rays. The ¥-irradiated
seeds were raised in x1lgeneration from which five plants
which showed aeed<coiour changes were selected. The geeds
from these five plants and a sample consisting of 125 seeds
“from each treatment, were carried forward to the X, genera-
tion.Various morphological a8 well as physiological mutants
‘were obtained. It was observed that emong the various cha-
racteristics studied, seed colour was the most easily affe-

cted one. The author selected from this 12 generationt



twenty one distinet mutant seed types based on their seed coat

colours.

o It is the dintension of the present . investigation
%o probe in to the details of +the morphological and the cyto-
lagical behaviour of these twenty one mutant seed types during
|  their I3 and_X4 generatians. This also aims at the study of
the breeding behaviour of these muﬁants particularly with res-
pect to théir,pad aﬁd seed coloure. If is giso, however, desi-
red to isolate distinct. pure breeding geno-types from thé X3
and X, variable populations. | R
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REVIEW OF LITERATURE,

1. Germinition.

‘HMaldiney and ?houveninv(1898). just after three
years of the discovery of X-rays by Roentgen, found that
in ﬂqn&olvulus and Lepidivm germination was hastened by
irraﬁiatien.l A similar result was obtained by Pfiffer and
Sfmmermacher (1915) on Vicia faba but Ancel (1924) obtained
contradlctory results that she could not find any hastening
.of germination by irradiation., Xumar and Joshi (1939) re-

ported that X-irradiation was found to be deleterious o

germination in Brassjiecs junces, Nicotiana iabacum and

Pemmisetum typhoides,

Jacob (1949) reported a higher germination percent-
age in irrgdiated“ seeds of dJute (Corchorus sp.) He also
stated high sﬁrvivability of plants in some varieties which
were irradiated. Spencer and Cabanillas (1956) working with
indigefera endecaphylia, reported that X-ray irradiation
appeared to promote earlier germination and that seedlings
displayed no definite lethel effects, but Lesley and Lesley
(1957) reported considerably reduced germination in irra-
diated tomato seeds, Similar results were obtained by

. Matsure et g;_(iQB?) in wheat seeds,

‘Gottschalk and Scheibe (1960).reporﬁed that the

germinability of seeds of plants belonzining to Leguminosae



ﬁas }ndependent of X-ray dos? which was supported by the
findings of Xundu et al (1961) in Corchrus sp. Similar
reports came from several workers as Ahasthry and Ramizh
(1961) in Oryza, Jain et a2l (1961) in Chrysanthemum, -
Sjodin (1962)‘in Vicia faba, and Katayama (1963) in Oryza-
sativa. Nair (1964) reported that germination,was un- -
affected in dry X-irradiated secds of Cow Pea (figgasinensis)
but irradiation was found to affect germination in soaked
seeds, In the X2 generation of certain mutants, reduction

in germination was reported by him,

2. Growth habit,.

Various workers reported ehanges in the pattern of
growth in different crops in the segregating generations
after X-ray irradiastion. Gelin (1954) reported multi-
branched robust mutents of irradiated Vicia §g§§- during
the X2 generation, Bifurcate, conca&e asymmetric or funnel
shaped leaves and bifurcate shooés were observed by
Zwintsscher (1955) in the induction of mutent in fruit bree-
ding. Down and Aﬁﬂereon (1956) obtained a bushy type of
mutant induced by X-ray irradiation of the Navy béan which
had a spreading habit. Yohrmann (1956) induced tralling

 habit in non-trailing types of Alopecurus pratensis by X-ray

ixrrad iati.on.\

Vettel (1959) reported X, end X3 nutants of wheat x
rye (Priticale) hybrids with abnormal growth habit.



Jain $§<§; (1962) obtained twelve Xg progenies from X-ray
irraéiéted tomato which showed variable growkh habit, X2
putants of Uicer, characterised by emall internodes and
elbsely packed leaveé and leaf lets, were observed b&
Athwal (1963).

Karahari and Bora (1963) observed in X, generation
rice mutant forms with short culms., Nair (1964) grouped
the various growth patterns of X, mutaut cow pea under
various heads, Unlike the erect growing 'African' variety,
_%he mutants showed various changes in growith habit and
were grouped as twining types, profusely branching and

éprea&ing types, dwarf mutants and straight stemmed mutants.

3. Plewer Characteristiecs.

Interesting flower eolour changes were observed by
various workers in the segregating X-ray irradiated materialé.
Farly in 1930 Gédepeed cbserved flower colour changes in
the progenies of irradiated tobacco. Bruns (1954) reported
flower colour chenges in Trifolium and similar resulte were -
obtained by Heffmson snd Zoschke {1955) in Linnum, and by

ﬂehlquiﬁt (1957 in Carnation.

Rai and Jacod (1956) isolated a white flower cole
oured muteant in the K3 generation of Sesamumq They also
obtained white flowered mutants in Mustard in the X2

generation.



| ﬁair (1964) reported flower colour unanges from
ngat gurple of the 'African' variety (control) to pure
White and to y311ow in the X~irrad1ated Cow Pea. Among
these three grcups, various intexmedlat@ forms and colour

combinations were noted

‘Krishnaswamy (1945) found floral abnormalities
zncluding the oceurrence of double standards, wing petal-
like growth from the androecium, dedoublement of the sin-
gle separate Btamen and increased or decreased nunber of
floral parts in one variety of Cow Pea (__gg~ uggiculata L.
Walp,) '

Later in 1961 Sjodin observed mutants characte-
rised by short corolla tubes, abnormal petals and deformed
-stigmas in the X, generatioﬁ of Vigcia faba, Double flo-
wered mutants were reported by Jain et sl (1961) in the
X, generation‘of Chrgsanthemum. Jain et al (1962) working
on tomato obtained plants in X generation with chenges in
floral structure eonsisting of an increase in the number of
- sepals, petals and stamens and’thickening and flattening of
thevstyle. ‘Bhatia and'SWaanathan (1963) reported a multi-
ple caréel flower mutant in the segregating generations of

irradiated bread wheat.

Jagathesan and Shasthry (1963) obtained twisted and

divided style in Gossypium hirsutum in the X2 generation

after X-irradiation.



Tedin and Hagberg (1952) reported one mutant in
the X, generation of X—rayed:ggﬂlg with reduced petals
and with pale greenish yellow colour and the flowers never
opened. Hackbarth (1955) found in the Ré.of X-irradiated
Lupinus luteus, a plant with floral abnormalities leading

%o @ high degree of physiologically conditioned sterility.

A Spontaneeus'malé sterile mutant in Vigna-
Sinensis catjang "poona" was reported by Sen snd Bhowal
{1962}, ’Thérpiant was vigafbué”hut’héd reduced floral
@arts,: A single gene pair involved homozygous recessi-
vity and heterozygosity causing vigorous vegetative growth,

Working with radiation induced mutaats in
Chrysanthemum, Rana (1964) observed that breakdown of the
tubular effect occurred only in the mixed tubular types
'anémglantS'with perfect'tubulgr flb%ers appeared qui%e

" ptable with respect to their flower phéhetypeg”

, 4. Ghloroghgll Mutants.

' Variaua types of chloroyhyll muta&ieme were
recorded and identified by Gustafsson (1940) in the
.‘segregating populations of X;rayed ‘barley,. ”heybineluded
‘types such as ‘Albino’, 'Xani,ha''Vireseens'and'chlorinaR
Such mutations were also found in barley by Preislben and
‘Lein (1943) Froier (1946).

Guatafsson (1947) grouped the vartoua types of
| nutants observed in the segrega$img generationsAof barley

ags-



1). Chlorophyll mutants,

‘2), Sterility and lethality mutants of different typee
and i |

3)e Vital muiantg - 0. include both}morpholosical and
physiological mutants.

» Tedin and Hagberg (1952) observed that the most
common tyﬁé'offmutént in the Ks generation of Lupinus-
luteus was chlorophyll defectives., They found tvo

'ehlorinas' in the X, generation which were normal green

4
in the rosette leaves, but the apical leaves of the stem
were slightly chlorotic. Matsumura snd Fujii (1955)
reported chlorophyll deficieneiés in the induced mutants
of N. tabacum and N. gylvestris. Zwintzscher (1955) in
nis work on the induction of mutants as o method of fruit
breeding, obtained formé with chlorophyll deficient in X-
ray irradiated populations., Chlorophyll deficient muta tse
>,Were reported in the 13 generation of X-ray and thermal

neutrons irradiated. rice by Beachell (1957).:

| Garpenter;(1958) obtained 42% chlorophyll mutats
in the Subterranion Clover. Korah (1959)‘grouped-the vari-
ous thorophyll deficiencies observed in the 11 and X2
_generations'of X-irradiated QOryza as - ZXantha or Lethal
" yellow muténtﬁgfaﬁé Lutescehté. These were dharacterised‘
by the absence of chlorophyll and subsequent death of the

mutants..
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Vetﬁel (1959) eould isolate chlorophyll defect
forms from the X2 and X3 generation cf\Triticale (wheat x
' rye) hybrids. Blixt (1961) identified a type of chlorophyll
variegation in X, and XS of Peas.which has been named as

tehlorotica vario maculata' characterised by patches of gréen
and yellow spots. It was Sjodin (1961) who reported that

chlorophyll mutations were comparatively rare in the ségre-
gating generstions of leguminous plants. He observed, the
'viridis' characterised by different shades of greecn to be

‘the most common type.

Marki et sl (1962) reported that 19% of the X5 plants
of X-irradiated soyabean were albina mutents, Patil and Bora
{1963) obServed‘that X-ray induced mutents included an 33
Xantha mutant and some X4 §1rescent mutants in groundnut. A
total of nine albino and seven Xentha seedlings were noted
by Nair (1964) in the X2 generation_of Cow Peé. He stated
that a number of seedlings with chlorophyll spotting on the
first leaves were pbserved, The spottings varied in inten-

sity and extent.

5). Moxrphological Mutants.
a. Leaf types. , ”

/ Grinkleé and puckered leaves were reported by
Goodspeed (1928) in the segregating of irradlated Tobacco.
Horlachar and Killough (1931, 1932,) in cotton obtained
nutants with forked leaves which were inherited as a sivple

recessive to the normal., Gustafsson (1947) working with



i1
barley observed broader snd narrower leaved muéants in
the x2 and X, generations. Krishnaswamy (1945) reported
tetramfoliate and raxrely p?ﬂtﬁ-f@liﬂt& leaves in a few
varieties of Cow Pea. dJacob (1949) found gigantic plants
in K-rayed'cerdhnrus planfs. ”edin and Hagberg (1952)

observed a mutan$ in Luginus luteum w;th deformation of
le&f-lets.

- An interesting unifoliate mutant in the X2 of
Yicia fzba was obtained by $Jodin(1962) with simple leaves
instead of the.normai trifoliate leaves, Such unifoliate
mutants have also been reported by Scheibe and Gottschalk
(1956) and Gotischalk (1958)., Sjodin (1962)'Qbserved one
plant with abnormal leaves in which the leaf-lets and -
stlpules were narrow and pointeé instead»of the normal oval
shape, in X; irradiated Vicia faba., Athwal (1963}” reported
nerrow and small leaved mutants in Cicer, Many crinkled and
distorted seedlings were noted by Nair (1964) in the X, gene-
ration of X-irradiated Cow Pea, He recorded one'large’leaved

nutant in ng

Shasthry;and Nadhachary (1965} reported rolicd-
leaved mutents in the Xz - X4 éeneratiens of X-irradiated
rice (NP.130). These plants exhibited en array of phenotypic
abnorma;itiea in various plant parts,

b. Zarly Mutants,
Chaudhuri (1953-1955) obsorved five early mutents in



irradiated Linum, but no plants in the X, and X3 generations
were as early as these mutants. Onnfrijchuck (1953) repor-
ted that a genetically stable change affecting maturity had
‘occurred in gne speltoid mutant since X2 and 33 plants ripe=-

ned several days earlier than the controls,

Matsumura and Fujii (1955) reported a mutant form
flowering two weeks earlier than the control among the X-ray

. induced mutants of Hicotina tabacum and N, sylvestris: Zarli-

ness in flowering by seventeen days in mutsnt forms in the

X, generation of Sésamum was observed by Rai and Jasob (1956).

3
Similar results were obtained by Gladstones (1958) in

Lupinus digitalis. Ehrenberg (1961) obtalned forty three
early mutents in the X; generation of barley subjected to

fonizing radiations and chemical mutagens,

But Vettle (1959) observed among the Tritiecale
(wheat % rye) hybrids, fewer early and late forms during the
X; and X3 generations., Similar résglts have been obtained
by Abrems and Vélez - Portuno 1962} who reported early,
intermediate and late flowering lines in the 2_13 and X4

generations, - -

c. Dwarf Mutanis.

In thevx3,genera$icn in rice Parthasarathy (1938-
1939} observed dwarf plents which produced only semisterile
plants while the nommaj fertile plants bred true. He stated
that *stumpy! and  *beaked séerile' did not breed itrue and
were found to be (2n,+‘1)'ﬁy;es.bfﬁéain and Hagberg (1952)

e



reported dwarf mutants in Lup inus luteum in X3, usually
accompanied. by other characteresticb indicative of a
general disturbance of balance., These awarfs appeared

irregularly and in no cases studied thexre has been even

2 semblance of normal Yendelian segregation, .

& Hackbarth (1955) observed in X, irradiated
Lupinusalbus, a number of dwarf plants with short stems,
4 dwarf mutant ﬁas also obtained from L. éngustifolius.
He also repbrted that changes in growth period were observed
in all, espeeially in the XB of Lupinus 1uteus.é@8uch Similar
dwarf mutents were reported by Matsumura and Fujii (1955)
among indueed mutants of N. tabacum and ¥, sylvestris.
Beachelil(1957) observed that most of the mutants in the
X3 generation of X-ray and thermal neutroﬂ irradiated rice

were smaller than normal,

' Carpenter (1958) reported that, of the X, mutants
in subterranean Clover, 28% were dwarf mutants, Quang and
Chang (1959) showed that many dwarf mutents of the X-irradia-
ted riece, in back croseses, were shown to be due to a single
recessive gene. ()Korah (1959) observed dwarf mutents in the
X1 and X, generations of X—irradiated‘ggxggﬁ She” found that
these dwarf mutants bred true in Xé.and were azlso characte-

rised by @ high degree of 'Spike-let sterility'.

Nair (1964) fourddwarf mutants in X2 of X-irradia-

ted Cow Pea.\ihhasthry and Nadhachary (1965) who worked
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with X4 generation of irradiated NP, 130 rice suggested

that dwarfs are the most frequent of all viable mutations,

6. Fruit Characteristics,

Gustaisson (1947) reported erectolid mutants in
the segrggéting generations of barley which were chars-
- cterised by very compact ears with projecting kernals, Ral
and Jacob (1956) obtained smaller seeded Sesamum mutants
in the X, generation. Rai (1959) isolated mutents with
narrow slender and erect pods in the X2 segregating gene-
ration of Brassica, The sume author in 1959 described a

nutant with thickened pods in X-ray irradiated Brassica~
nigra,

Changes in the position of fruits in X-ray irradi-
ated Vieia faba were reported by Lechner (1959). Sjodin
(1961) pointed out the occurrence of plants in the X, of
¥icia faba with glabrous pods.unlike the normal plants
with hairy pods, He also reported long and narrow pods
in the advanced generations. Jain et al (1962) found tnfo-

xa ripening fruits of Lycopersecum esculentum in four of

the X2 populations. The plasits showed reduced frult set

and changes in fruit shape,:

Nair (1964) found meny variations in the %,
generation of Cow Pea, mainly those affecting the size
and colour of pods. Colour variations included blackish,

brownish, reddish white, reddish white with deep purple



stréks and light green colours, the control being straw

coloured., JSize of pods varied from large to small,

To Seed Colour changes,

A large number of seed colour mutants were obser-
ved by Stadler (1931) in Zea mays and these were found to
be simple recessives, () Zachow (1958) obtained mutant plants

in the X, and X3 generations of irradiated Luginus luteus

having smaller seeds.<§>Papa*anﬁ Williams (1959) reported
small and large sized seed mutants in the x3 irradiated

population of soyabean.

Smaller, smoother, and 1ight'coloured secds obtai-
neé from the X3lpopu1axion of X-ray irradiated Sesamum were
reported by Nair (5961). The mutant characters were found
to breed true in the X4 generation., Almost all the induced
mutants in Vicis faba that Sjodin (1961) found were concerngd
with seed coat colour., He isolated fifteen mutants affecting
the seed coat colour from the X2 population. It was observed
that some of these colour changes were assoclated with other

characters like earliness, growth habit, etc.,

Seed colour mutations in rice were reported by
Nishimura and Kurakami (1952) and Campos and Espiritu (1960)
Nair (1964) obtained five plants from the X,  germination
of irrsaiated Cow Pea with colour variations, These plants,
together with other selected mutants segregated for twenty

one seed coat colours during the X2 generations.




Bora and Rao (1960) obtained a wide z@nge of vériatian of
characters such as seeﬂ sterility, alb;no Seedlings, dwarfing,
time of flowaring ete., in the Xs generation of pice subgeeted 1
to ilonising radiations, Kato et al (1960) stated that redy.
¢tion in variability in the X3 population of irradiated rice
may have been 1arg91y due to the result of natural eliming..
‘tion of unadapteq mutatians in the X, and Xpe

Jain et gl found in the Xé population of ?cmato,
induced variations 1ne1uding a ' macromutation affecting leaf,
growth habit and flower form., They stated that the induced
variation 1n respeect of ripening of frutts and other eharan
etera like locule number was found to breea true in the 33
gen@ration. In the X 3 generation of X-ray irradiated Soya»
bean, Marki et g;_(1962) observed variability in marphology
and yield charsecters, Palenzona (1962} pointed out a signi-
ficant increase in varlability in the X3~irraﬁiated Iriticume
-aasﬁivum. He eoneluded that the increase in variability is
due to mutations in 2 multtfactorlal system rather than in
the major genes. Rana (1964) working with raediation induced |
‘mutants in gggxggggggggg suggested that the variable expressig‘
vity is primarily a funetion of the variable genotypic back-

ground,




9. Sterility Mutafions.

Sterility mutants are - ofxrequent occurrence in
ségregating populations after X—ray irradiation. Some such
plants which failed to flower were reported by Gustafsson

(1947) in barley and Sjodin (1961) in Vicla faba.

ﬂ) ?edin and Hagberg (1952) abserved a fairly high |
~frequency of partially sterile plants in the Xg and X3
generations of X-ray irradiated Lupin. They reported that
one of the sterile {ypes in.X2 had reduced petals but with
normal pollen. These vorkers obtaihed four‘distinct nuta~
tions with complete funetlonal sterillty in the homozygote
combined with vegetative vigour.; In the X 2 generation of
X-ray. 1rradiated Hordeum vu 1gare, Das (1955) obserVPd a
number of semisterlle planta characterised by high pollen
and ovule abortlon.ﬂfBeachell (1957) stated thax mutants
obtained from X-ray and Thermal neutrons - jrradiated rice
shéwed consider&bie sterility during R1 - R3 generations.
”;:Results of & similar nature hawe<been obtained by Ouang

| and Chang (1960) who noted varylng degrees of sterlllty in
the progenies of irradiated rice in Xy X5 and X, generations.
f):Iﬁ the X, generation of wheat Bozzlni (1961) reported t§a$
+he degree oflsterillty varied independently of the degree~

of meiotic abno rmalitye.

Carpenter (1958) observed in X, progenies of sub-

terranian Clover that, complete fertility was shovm by 31%
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while 41% were classed as semi-sterile ang 28% as fully
aterile.L/Contradxctory to the zbove findings, Vettel {1959)
reported that nutents in the X2 and X3 generations of
iritzcale hybrids were Superior to the original form in
.fertllity. Jain et a1 (1961) found that pollen and seed
fertility in the X3 generation of Chrysanthemum was not
found to be very much affected, So alsc‘in Eﬁ nost of tﬁe
blants showing altered flower forms had over 80% pollen
fertility compared to 95 - 100% in a corresponding group of

controls,

‘7, 3 progenies of tomato within & culture showed

. variation in the fertility of their seeds. This was repor-
ted by Jain et al (1962), Athwal (1963) stated that the
Sterile mutents he obtzined in Cicer had luxuriant vegetoe
| tive growth. %wo types ofisteriles were ieparted by him,
in one the flowering was normsl but the an thers failed 4o
dehisce and the pistil deformed where as the other was with
highly abnormal flowers, Hair (1964) reported two sterile
nutants in the X1 of E;ray irradlated Cow Pea, one plant
failed to flower, and the other flowered but falled to set

fruits,

10. Sytoleogical abnormalities.

Parthasarathy (1938-1939) deseribed the genetical
and cytological behaviour of 3 mutants from Xg generations
of X-ray irradiated rice. Oytological examination of these

i

—
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Semisterile Plants in Xj Showed that they containeq the
normal Complement of dhrnmoscmea and
although they did not Set seeds, The

&y probably pe due to g

the meiosis wag regular

orlgin of this mutanta

. Plants in the X, generation cf/Hbrﬂeumvul are by Das (1955)
w

revealed Structural ehaagea charecteriseg by traﬁsloeations

fragment formation and asynaptxc configurations and mutations

resulting from XLray irradiateé Nzcotiana Sylvestris apg
Nicotiana tabacum. ' |

Onnfri jehuk's (1953)»cytclogical analysis of one
Speltoid mutant in barley in XB revealed that this matant had
| 21 pairq of chromosgmes +1 iso-chromosome or 20 pairs + 3
.isochromosomes. it is assumed that in the production of this
Xé ﬁutanﬁ, at least two reciproeal traaslocaﬁions had occurred

"Ouang and Chang (1959) observed in pollen mother cells. of

semisterile progenies obtained from X-ray irradiateq rice, both

quadrivalents and univalents at diakinesis and metaphase I,
But Vettel (1959) could not find any relationship between

fertil ity and the percentage of noxmal configurations in



In the

Levan ( 1944‘) obtained three familiea in X5 of flax -
which sggregated for ahlorophyll defioiency; 0f the 95 XS |
familles raised, of the mutant homozygote wepe
thirty one Progenies wére caﬁsﬁ ‘ '
sixty':our,aegregated into no

ne progenies
pgeaent, ant and norﬁal_while

fmal and mutants
Purther, 1t was observed
mutants over

in the expecteq
2:1 ratio, ihat fhe distribution of

XB families strongly suggeéts at least two ciasses,

one with one mutant and the*oéhex with between foun and twenty-

one mutants. |
fujit (1955) reported chlorina mutants in Triticun -
monoeaccuﬂfobtained by X-ray irradiation was found to be a
gimplg {nherited recessive character, Similar results have
' been obtafued by Matsumura and Fujii (1955) in irradiated
9 .monococium, who stated that the chlorophyll and other types
. _.-—-l-——l——_":'——' N
; ‘ e recessive and
of.mutaq& obtained from +the X2 were fbénﬂ to—be rece

mgnegenié in inheritaence,
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In Eeray irradiated 3, Lupinus leteum, Tedin ang Hagberg

(1952) observed that one of the chlorina mutant gave 2pproxi—
mately 3s1 aegregation. Hackbarth (1955) reported that in
the case of the three X-ray irrediated Lugin 8p, changes

in 1eaf eolour ‘8ppeared to depend upon 2 single recessive

Bora and Rao {1960). Worktng with 33 rice suggested

. also interpreted, Xsray induced ehlerophyll mutants obtai-
‘ned by Patil and Bora (1963) in graund nut | segregated in X,
" and’ XS for normal and vireseenx typea in’ ratioa ranging for
121 to 1521 1ndieating that the development af chlorophyll

s possibly eontrolled by more than ane 1ocus.

¢

Some aeleation of irradiated Garchrus o;ito rug and
G. oagsularia segregaxed into narmal and morphologically
":aberrant types in the X3 and X 4 generationa. (Anon.v1955,
"'1956) Ouang and Ghang (1959) observeé that many dwarf mutants

:"of X-ray irradiated rice were shewn in baek crosees to be

il oo

- gue ta a SLngle reeeﬁsive.

. Data collectad by &urr&y and Gr«ig (1962) from
_sz, X3 and. 34 segregating lines in Medicsago. Bative demons-

’_ trate that two clqsaxy_gssaciated'charae%ers.viz.




f*eaulifiower head and single 1eaf are &etermined by a

aing}_e- recessive gene inherited tetraaamically.

=t.00 0 69_-:- -
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MATERIALS AND METHODS,

Experiment.

The present investigetion aims at the "Studies-

.on the morphological znd cytologicel behaviour'cf,x3 and

X4 gererations in cow pea (Vigna sinensis L.SAVI)", variety
'African’., The various morphologiéal'characteristics of
the mutants mainly of a gualitative nature were studied

combined with cytological studies.

Experimental site and Layout.
. The’waxkdwaslcarried out in the Agricultural Botany

Division, Agricultural College snd Research Institute,

Vellayani, Kerala; during the academic year 1964~-65,

Simple field trials were followed in both genera-
tions of ¥; and X,. The entire aves was divided into three
blocks with twenty four beds (15' % 3') each, meking altoge-
ther sevénty'two beds. X3 generation wgs'raised in these
beds. During the X, generation twenty five beds (25' x 3')
were teken and seeds sown in these beds. Cultural and
manuriael applications weré uniform iﬁ all beds during the

course of the experiment.

Seed Materiszl. .

The materiel for the stuéy congisted of twenty one

>&ifferent mutant seed types obtalned from the X,generation



TABLE I.

X3 Seed characters.

Seed " Number -
type of Seed types.
numbers, seeds, .

i. 133 "~ Control--African variety of Cow Pea,
iin ‘ 180 ;  White seeﬁ‘type. ‘ “
iii. 67 White with brown patch around the eye,
ive 135 . Zhéte with bluish mottling around the
. ve.
Ve 66 White with Red patches around the eye.'
vie 24 ~ White with black patches around the eye.
vii. . ‘575 , Reddish with blaek}mottlings; |
viii; 360 - Deep brown mottlgd{
ix. 180 Light brown mottled.
Xa 180 , Reddiéh white with brown mottlings.
xi, 90 Yellowish white with "light brown
4 : - mottlings.
xii, 90  Grey--ash mottled.
o xiii. 40 | Largé brown.
xiv. 370 Small brown.
xv. 90 Brown médium seeds,
zvi. 38 Reddisn white.

(continued)
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of irradiated cow pea studied by Nair (1964). The material
Waé first iiradiated with differént doses of X~-rays from

1,000 r to 15,000 » using = Philips X—fay unit'at the Agri-
‘cultural College and Research Institute, Coimbatore, Each
seed lot was divided into two groups viz. dry and soaked and
8 doses_ﬁith 16 treatments were given. The present work there
fore aims aﬁ studying the X3 and X4 generations with the -

twenty one selected mutant seed types.

a) Seed Materiel for Xz

- The twenty one mutant seed types isolated in X, were
carried forward in the XB generation. The seed characters of
these X, types are presentéd in Teble.I. These twenty one
gseed types congisted of 25964 seeds ell of which were sown,

different types being sown in different beds. '

During the harvest of t‘hex3 generation, individual
plants were harvested separately.y The plants raised from
each type were classified into different groups based on
their pod ahd seed colours., Types which ghow segregatioﬁ and

true breeding, are grouped separately and tabulated,

b) Seed Material for X4 generation,

. The seed material for theX, generation included
segregants obtained from three X3 seed types which showed
discernible segregation into different seed and pod characte-

risties.
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TAELE I. (contd).

Jeed Number S ' .
' Seed types.

type of
numbers. seeds,

‘Half-red half-white type.

o xvii. 24
xviii. 12 Deep violet mottled.
Xix. 80 Deep ash mottled.
xx, 45 Greyish mottled large seeds,
xxi. 113 Brown mottled. ‘
xxii, 72 DLight yellowish small seeds,

T LT e
= e s
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- I) Sced type ii in X; - Vhite seeds,

The following seed types were selected Zrom the
segrégaﬁts:- | |
1, Straw White (Parental4t§pe)
2, Strew Brown -
3. Purple White
4. Purple Brown, and
5. Pink White.
2) Seed fzge 1% in X3— White-withvbluish nottlings around
: the eye. ‘

Following seed types were selected from the Segre-
" gantsg-

1. Straw'White (Parental tjpe)
2, Straw Brown mottled ’
S+ Straw Ash mottled

4, Straw Browﬁ, and

5. Pink White,

3} Seed type x in X; - Brown mottled.

Following.seed types were selected from the segre-
gantss~ L , ' ‘

1. Straw Brown mottled (Parental type)
2. Straw Rose white
. 3. Straw Brown, and

4., Straw White.



'Aecordingly there were foufteen seed types which were
obtained from three X3 tyﬁeé and were carried forward to the
X4 generation. Depéndiﬁg on the total number of plants in
each group one, two’or-thréé plants in the same group were
selected for the X, generation. A ‘total of 25 plants were
selected to represent -the various fourteen X3 segregant lines
from the three seeé types. Vhile sowing, seceds from each pod
6f each plant were sown separately without mixing them. 48
seeds teken elther from one, two cr'thiee plants in equal

numbers, were sown.

Apart from the cheracters viz., pod colour and seed
colour, some other mutant characters were noticed in the'Xz
and selections of these mutant types and their carrying for-

ward to the X4 generation were also made. They included,

1) Abnormsl flower type.

One plant obtained from the type ii in X3 wag with
variation in the number of florel parts as well as veriations
in their disposition. All the pods of this plant were studied

in pot culture in the X, generation.

2) Large Leaved Mutant type.

Out of thirteen such large leaved mubant planis, one
" plant was selected in X3 and carried forward. This type was
isolated from the seed types xiv and xv of X3 and 48 seeds

were sown in Xﬁ.



3) Crinkled plant type.

One pod obtained from a plant in the seed type

(Small brown) in X and seeds were sown in pota,

3
OBSERVATIONS TAKEN,

During the course of the investigation of X3 and
x4 individual plant characteristics were studied. The

following were the observaiions taken.

1) Germination percentage.

.Tﬁe germinated seedlings in the field were enu-
merated from the~3rd.dag onwards of BOWing and continued
until the Tth day in both the trials and data weré used
for analysis.

2) Percentage of survival.

Counts of the survived plants were made at the

time of harvest and the data tabulated,

3} Chlorophyll variations.

Fewer cases of chlorophyll variations found in
the X3 population such as lethal, xantha mutants etc.
were observed and some carried forward to‘X# generation.

The data are tabulated.

4y Leaf charactg;istics.

Second leaf characteristics such as bifoliate,
tetra or penta follate in lieu of the normal trifoliate

1eaves were observed and recorded,
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5) Growth hebit.

"he.na ural growth tendencv of each mutant type,
e*ther bushy or trailing, was noted in both generations.

Flowering and flower types werg alsp studied.*

6)-Pbllen.sterility.

Sterillty studies in X3 were done in a random .
sample of 5 plants from each bed. The pollen grains were
stalned w1th glycerine--acetocarmine and sterility counts
were made from 50 microseepic fields in each'type'and'the'
data were used for calculating the percentage of sterility

in each type.

Tn the 34 generation; sferilityistﬁdies were made
in individual plants in each type, as in the previdus case,
In each type, 10 plants were studied within a progeny line
and the dg_’ra recorded. qeparate counilng was done among
plants of a ]1n° as well as within ane'plant for different
flowers, in the ecase of the M1oral—abnormality" type.
Studies between individual plants were also made in two
other tynes viz., the "Earge leaved" mutant type and the
"Crinkled mutant“ type and data recorded._

T) Morpkologicel abnormelities.

&) Floral-gbnormality type.

The progenies of one plant isolated in X3'which



o)
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- showed variations in the number of floral parts as well as
in their asrrangements were carried forward to X4 and sub-

jeeted to various studies.

b) Large leaved Mutant type.

One of the plants, observed to be contrasting in
many of its morphological.characteristics, was carried to
the X4 generation and various studies were conducted to

determine whether it is a polyploid.

8) Colour of pods.

The colour of the unripe pods was studied both in
X3 and X4 generations. The pod coloﬁr was either green,

..pink or shaded.

9) Colour of seeds.

Importance was given in thé study of the behaviour
of seed colour in the two geﬁérations; " Classification of
éeed typeé in combination with pcd colour was made'in X3 and
gegregation or pure breeding nature of these types studied.
Among the various typés of XE’ three groups were carrigd

forward to X4 for further studies.



10) Association of charachers.

a) Association of characiers between colours shades
on the surféce end tip of the po@ were Qbserved during XBand
X4 genérations. |

- b) Betwéen flower colour and seed colour while
flower and seed colours in some itypes were studied in X3

and X, generations.

11) Weight of 100 seeds.

' Thé see& welght of 32 sced materisl was teken
initially. Léter seed weight.for the differeni parental
andiségregating éiasses pf I3 wag takén. In X4 the seed
welght of the progeny materisls was also taken, data recorded

and analysed.

12) Cytological studies. Cow pea 2n = 22,

Cytologieal worke counsisted of studies of the stages
of mitosis and meiosis. Cow pea is characterised by its
very small chromosomes which rendered difficulty in handling
the materisl in this investigation. UYoreover, the cytoplasm
in the pollen moiher cells imbibead mucﬂ étain which also was

a handicap in meiotic studies to get good preparations.

Por mitotic studies, five seeds each of the different
seed types were germinsted in Petri dishes on moist filter

paper. When the roots were about two cm. in length,
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root-tips were fixed in 3:1:1 (alcohol, acetic acid and
chloroform) between 12 noon and 2 pm. Squashes were pre-~
pared in Haematoxylin following Heidenhains method. The
‘procedure adopted was hydrolySLng the root tips at 60 %
in NHel ior 15 mlnutes, mordantiug in 4% Perric ammonium
sulphate ;nd,stalning in 0.5% haematoxylin solution foll-

owed by squashing in 45% accetic acid.

Various mitotic stages obtained were studied.
Neiotic studies were alsc conducted for all seed fypes
especially for the large leaved mutant type. The method
‘followed was-fixXing young flower buds in aee%ic alcohol'(1=3)
between 11%$m. end ?.pm. Srmears were made from these buds

using 1% Propionocarmine end various stages studied. Camera~

lucida drawings"WEre also made for some of the stages,






SXPERIMENTAL RESULTS.

Results of the present investigations on the -
worphological end the cytological behaviour of the X3

and X

4 generations in Cow Pea are presented belows-

1. Observations on the X, generation.

1. Germination.

Observations were taken from thé fourth day
onwards»after sowing. Gbod germination was fodnd in
types il, vii, x, xi, xvi, and xviii on the fourth day
and by the seventh day it was complete in all types. The
percentages of germination for different seed types aie

given in Table,Il.

Type Ho. vi was completely 1hviable,and produced’
no plants, Delayed germination was observed in some seed

types particularly im iii, xvii, and xxi.

2. Seedling characterisiics.

i) Pirst pair leaves.

Table III illustrates the first leaf characteri-
sties, The first visible observation'recorded was that
}of the appearance of four yellow secdlings. Abnormal

- seedlings were found in types.viii, x; and xiii, having
‘one seédling each in thése types.and .the seedlings later
produced normal leaves, Observatioﬁs werc made for those

seedlings that were not well developed compared to the



TABLE 11

Table showing 100 aced weight, geminati.on percentage
and percentage aterﬂity of the dirferent
seed 'bypem in 13

Seed weight (aa.)

- Percenitmge Percentage (XB) Beed
Type No. generation asterility material
- (100 meeds)
1 80.05 22. 45 .75
ii 84. 44 39.39 9.13
iii T4.53 31.48 B.44
iv . 97,04 34.31 8.57
v 57.57 - 31,03 6.82
vi - . - ' 12.92
vii 86.61 - - 20.51 - B8.40
viii . = 68.61 32.56 . 8.61
ix T7.77 28.42- 8,72
x 85455 16.71 © 7.70
xit 90, 00 30.54 7.56
xiit 57.50 29.77 - o 13.32
xiv 84.32 26,42 - 9,45
XV 60.00 = 24,06 8,58
- xvi 94,74 . 23.84 11.44
xvii 20.83 31,91 9.52 -
xviii 100,00 20,33 " 43.30 .
"xix 82450 17.24 9,92
XX 68,88 23.27 15.76
xx%i 56.64 " 23.82  7.90

T oxxid 90,02 19.68 . 6.28

> .
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control types. ASeedlings with crinkléd first pair of leaves
were noticed in'almost all seed types but more in types ii,
ivy viii, xiv and xix, The time of emergence -of the first
pair of 1éaves_varied in different types as well és in diff-
erent seedlings in a type. Three seedlings in seed{type i,
two seedlings in iii, five seedlings in iv,lfour seedlings
in v, fifteen seedlings in type vii, three seedlings in X,
one 3eedling in seed type xii, oﬁe seedling each in seed
types xix snd xx and twb seedlingé in seed type xxii - prod-
~uced the first pair of leaves within 7-10 days after sowing

unlike the control which took only BT days for the same,

ii) Chlorophyll variations. -

The chlorophyll variations in the fifsf pair ofklea-
ves as well as the succeeding leaves consisted 6f partial
absence of chlorophyll, chlorophyll deficient spots, or un-
evenly distributed yellow and green patehes. Completely
yellow seedlings were also noticed. Génerally chlorophyll
variations were ohserved in the first pair of 1eaves and
ragely in the second pair of leaves also, The freguency of
different types of chlorophyll variations in the first pair
of leaves is.given in Table II1I along with cther seedling

abnormalities,

Seedlings with the fipst pair of lea§eé partly yel-
low were noticed in seed types 1i; iii, iv;‘vii,‘viii, iz, x,

xii, xiii, xiv, end xxii.
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| Yellow or pale white spottings or markings found in
some seedlings under seed types iv, vii, viii, ix, x, xiii,

Xiv, and xx,

ch1050phyll variations were observed later in the
growth period also. One such case was found in seed type ifi
in whichﬁone plant showed three leaves with distinot yellow
and white patches, This plant produced normal leaves in the
earlier stage but showed chlorophyll variation in the eighth
nineﬁth and tenth leaves, The later formed leaves were nor-
mal. Seed type xix had one plant with the second pair of lea-
ves more or less yellowish and the third leaves were partly
¢oloured, The variétion in colour gradually decreased in the

succeeding leaves,

Chlorophyll spottings were observed in the first and
second leaves and rately in the third end fourth leaves, The
frequency thereafter decreased and was completely absent in
the 1ater‘formeé leaves. Almost all of these plents survived

and produced poﬁs but” to o lesser extent,

$i1) Lethal 'Xsntha' mutants.

In seed types xli and xix, four Xantha mutants two
in each type were observed, These seedlings were normal,
earlier in germination but were compltely yellow, They re-
nained for about one week and then faded out and none survi-

ved.

3. Leaf abnormalities.

This wes a common feature of the seedlings during



their earlier growth period. Generally the second and
_other Succééding leaves have three leaflets of equal

size and shape, Bxceptions to this condition were noticed
in maﬂy‘of the seed tyﬁea. Plate 5 shows such abnormal

leaves.

Vnifoliate second pair of leaves were observed

in one planﬁ_under seed type iv.

Seed types ii, iii, iv, v, vii, viii, ix, %, Xi,
xiil, Xivy, xv, Xix, and xxi produced bifoliate leaves. Four~
foliate leaves were produced by some plants in aeed‘types
ii, iii, iv, vii, ix, xi end xiil,

Four plants under seed types ii one in v and one

in ix, produced five foliate leaves.

| YMany of these cases were modifications or sbnormali
ties of the second leaves of the séeélings.' Only very few
cases of abnormalities in the third or the succeeding leaves

were noted,

4. Grcwﬁh habit of Qlan$s¢

In general, all séed types showed a un;form rate
of growth like the control type. But there were variations
in the final stature of the'p;éntﬁ. The plants within a type
were found to consist of tall or dwarf, erect or syrea@ing or
sometimes trailing. The growih habits of dlfferent seed type!
are summariced as follows. Seed types ii, iii, iv, v, vii,
viii, ix, xi, xiv, xv, and xXil were of normal growth as. tha§

of the control type I.



TABLE IV

Total Survived plants, Dwerf and Crinkled ple;rxts
' in the different Seed types in X3

Seed Totel number of  Dwarf Crinkled

Yypes. plents in 13 plants plants
i 106 3 -
ii 139 7 2
- iid 46 9 3
- iv 101 15 3
v 29 5 1
vi - - -
vii © 433 - 82 -2
viii 218 70 3
- ix 126 | 24 -
x 140 - 24 3
zi 60 10 -
xii % 19 -
xiid 21 6 2
xiv 2y i 53 4
xv 23 6 -
xvi 27 " - -
xvii 3 2. -
xviii 9 2 1
Xix - 56 4 1
XX 29 8 2
xxi 41 16 3
xxii 56 8 -

N



Hajority of plants in fhese types were of medium stature’
and semi spreading or erect and fewer spreading. Dwar£'
plants were common in these types, the maximum frequency
being in types vii, w»iii, ix, X, and xiv which is presented
in Table IV,

Hedium or tall plants ﬁere eonmmon Ln seed types xii,
xvi, Xvii, xviii xix and xx which were also characterised by
& robust or vigorous growth habit. [Host of the plants in
_other types were found to be spreading in nature and dwarf

plants were reduced tola ninimum in these types,

Seed types xiv and xv were characterised by the pre-
sence of plants with large, dark green leaved, later flower—
1ng types. These were enumerated to be thirteen (nine from
type xiv and four from type xv). In addition to the leaf
character which is the most important feature, the robust
growth habit combined with shy branching nature and trailing
habit were also contrasting. ?his type was carried forward

to the 34 generation for fUréher studies,

5. Flowering and JZ'E'_erWér types. e

Flowering was first observed in seecd types i1, iil
.,and vii on the 34th day after sowing. Eleweriﬁg started in
almost all types within a week and flower production was maxi-
mum within a fortnight. Later flowering was observed in types
xii, xiii, xvi, xvii, xviii and xix which were about two weeks

late compared to the control type. In between these two cate-



gories come seed types iv, v, viii, ix, x, xi, xiv, xXv, xx%,

xxi, and xxil, ‘ . ,

Control type. TFlower dolour‘%ypical tdvthe 'African' variéty
characterised by a pink colour, the standard heing more intense
than the wings. “here are two small white spotse at the neck of
the standard surrounded by a dark hallow from which dark stresks
appear to emerge end terminate at the outer perifery. ¥ings are

pinkish with a white patch at the centre,

The flower types produced by the different seced types'
varied from each othe; and the different types cbserved were

grouped under nine types as followsi=

i. ¥hite flower type.
g) Pure white - ?his i3 characterestic of the seed type ii. The
flowers were puxe white with only a light yellow shade at the

neck and were of equcl size as the control.

b) White with pink shaded W1ngs - White standard and wings par-
tly shaded, This was produced by seed tgn@ 1it.

¢) White with pink shaded wings and standerd - The wings were’
pink shaded on the upper side close %o the standard and this

- was ﬁroduced by seed type iv.

ii. 2 g,xwgink shaded types.

The stendard was deep pinki&h conmpared te that of the
control. Wings were also intensely coloured. Such flowers were

noticed in seed types xili,xviii, xix and xxii,
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iii. Pale coloured pink flowers,

The standard was pale coloured with clear hallows
at the base, Wings were.slightly bluish with a light white
pateh at the centre. This type was observed in seed types

vy vii and viii. |

iv. Bluish red, |
The standard was slightly bluish red with elear yel-

low spote at the base while wings were pale coloured. This

types was observed in seed types ix,x, xXiv and xvii,

v. Swall pink flowers.
Both stanéar& and wings were pale pinkish usually
- . with no black hallows around the yellow spots at the neck

-0f the standard snd was found in seed types xi, and xv.

vi. Rale coloured with prominent black hallows.

The wings were usually deep pink with & bluish tint

at the apex, Tﬁis wag noted in seed types xii and xvi,

#
vii.Bluish pink coloured - —

The standard was clearly bluish at the centre and
the perifery with no black hallow at the base. Vings were
with bluish and pinkish tints at upper and lower areas. This

group of lowers was noted in seed type xx and xxi.

Variation of flower colour was observed within many
of the seed types. It was not uncommon to find fewer colo~-

ured plants in the normally white flower types. 5o also
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white flowered plants were observed in many of the coloured
~ types. Seed types il, iii and iv consisted of some coloured
plants while seed types v, vii, viii, ix, x, xi, xiil and xv

were found to produce sparse white flowered plants,
6. Pod colour.

The colour of pods produced by the different seed

~ types was studied when the pods were ripe. ?he different
pod calours were recorded and listed out in the Table V |
along with the seed colours. A close observation of the data
aiscloses ﬁhat the commonest colour was straw like that of
the control type. Variations to this were the purple colour-
ed, pink shadeé; and the pink variegéted pods. Ail seeds
types produced straw pods, In addition, types ii, viii, ix,
x, xi and xiil produced purple pods, ii, iii, iv, v, vii, vii'
Xy, Xi, xiii and x¥ii produced pink shaded pods while typeé
xiv and xv had fow plants with pink variegated ﬁoas. Plates
11 and 12 -illustrate the different pod types obtained,

7. Seed colour types,

The seed colours gbtained were tabulated and‘presen-

ted in the Table V along with their pod colours,

Plates 1 and 2 represent the parental seed types used
as the seed material in Kj The different geed types obitain-
ed from this generation were more or less simllar, only three
new seed types could be isolated. ’

‘It was interestlng to note that among the twenty-one



TABLE V.
Pod and geed types obiz ined £rom X} generation.

,Io con‘tro.l T - giagn‘i n‘n"oA- avmoensasse 'StraW"brOm"' %g

II. Parentel $ype -ao....a«ja;-a....g?&li'be _Seeﬂs"

Segrogants
Seed colour. L
PaTental Type Brown ToTal
% Steaw | 65 2 67
’g Purple, 42 - 1 43
& Pink - 20 - . 20

Toal. 427 3 © 130

IIT. ?amntal *bame....“..” White EQC‘(‘E wi !;h ’bmm patr‘z
around thae eye.'!

Segregaﬂsg : _ _
Pavental White with Light Brown Totsl
out brownr  brown '
patch, mottled.
5 traw 20 121 'Y
-- Pink . 1 ‘ 20 1! ) LN oo b 1

Totad ' 21 12 1 1 35




TABLE V. (Contd.)

IV. Parental type ..... ' White seeds with bluish
mottlings around the eye’'.

Segregents, :
' Parental Rose Ash Brown, Total
typee. white nott-

brown led.
nott- :
led,

Straw = 61 11 8 3 83

Pink 8 1 .o .. 9

Total 69 12 8 3 92

V. Parental type ..... ' White seeds with Red eyes',

Segregants.
Parental Rose
ype. Wnite Brown, Potal
with-
out
patCho-
Straw. 20 1 5 ' _ 26
Pim{ 1 ®° L ] 1

Total 21 1 .5 27




TABLE V. ( Contd.)

ViI. Parental type eeess ' Red brown with blac
mottlings'. :

Segregants,

(Parental White Ash :
type.) with mott- Brown. Total
. brown led.
patch,
Straw 61 . 6 2 5 T4
. Pink 47 o e .o 47
Total. 108 . 6 2 5 121

VIII. Parental type ..... 'Red brown mottled'.

Segregonts. (Parental  RHose Ash White Total

type. ) white. motte with
- led, brown
"y pa‘kch.
Straw - 26 T 2 4 39
Pink . 3 . X se e 3 ]
PurPle 7 N oo . e . ee 7

Total 36 7 2 4 49




TABLE V (contd.)

_ ix. Parental'tyﬁe ...,..‘..‘_.;... Deep—Brown rnottled,

- Segregants,
| (Parental rose ash  White Total,
type) white mott- with
B SR -leds’ brown
p&t Ch °
Straw 37 3 1 5 46
Purple 1T 1 e 4 6 -
Total 38 4 1 9 52

X. Porental tYPE sesessosccsscesosescss Brown mottled.

Segregants.
: (Parental rose Brown TWhite Total
type) white ‘with
o Brown
patch

Straw 4 . 7 7 & 52
Pink 1. 1 1 . '3
Purpla . ., s ‘ 1 ° .' . 1

Totel - 35 8 9 4 56




TABBE‘V (eantﬁ.)-
XI. P&rental type ‘HebessEEsE RN OB Bight bmwn mﬁ‘ktleﬂ. :

Segregantg. - L
" " Light brown  rose Potal
mottled white
~ (Parental) S

Straw e es 1
Pumple 25 1 26
_‘?atglv ; 47 B 1“, ‘  48

XTI, Parental type ssvecssesesseies Densely mottled aull brown.

. Segregants.: » ‘ : , _
Lo ' - Densely '~ vose '  dark brown Total
mottled  .white - dense mott~ '
. 4ull AL le&
(Parental)

Straw 20 ;8 f‘ o 7 R 35‘

Potel 20 8 7 35




TABLE V.(contds)

Segregants.
(Parental) White  Brown Total
large light ' :
brown
strﬂw 10 .e V! e | . 10
Pink : | : 3 2 - ‘.0 5
Purple 5 oo 1 .6

Potal 18 2 1 21

XIV. Parental tYDE esesescecscesersssss 'Small brown'.

Segregants.,
1 . Small brown ‘ Total
(Earental) A
Straw . 61 61
Pink(Varigated) 3 3

Total , 64 ' 64




| TABLE V (eontd.)
XV, Parental type - 'Small 1ight‘brown'.

'Segregante;
(Pareﬁtal) Brown. Total,
small 1ight : ‘
" browi.
* Straw. ’ - R 2 34
CPink. . ... .3 e 3
(Variegated) . .
Total, 35 2 37

XVI. I’areﬂtal type ._...-.--;.......a....'RecldiSh White'o

Segregants. B (Parental)’  Total,
. o Reddish - L
white.,
‘Straw. 25 © 25

Pobal. f 25 - | 25

XVIEO Parenta']- type ;..0...-‘..‘.'..‘. '1{a1f red- Half White'o

Segregants. A .
(Parental) Brown. Total.
) Half"redo .
Str&\VQ .o . 3 - 3

. Total. e 5 3




TABLE V (contd.)
XVIII. Pavrental type'...........u.....‘Ash-violet mottleds

1(Baﬁéntai)”} . .. Total.
Ash-violet . - :
" mottleds - - -
. streaw T 7

Total T | o T

XIX. Parentsl type ;......;..;....;,fDéep ash wmottled!

Segreganxé;

Deep ash mottled = Potal
.. (Parental) o

Strqfv?‘, e e 51 o : -51. N
Potal,. , 51 51

XX, PATONtal LYDE eeeeesseecesssass AShegrey mottled. o

Segregants.,

(?arental)- Rose Fotal
Ash grey .

. Straw. . 21 . 4 25
Totel . . .....2%..° = 4 - 25




TABLE V. (contd.)

XXIo P&rental ty;’e » ‘.l. o’o‘o.-. essenese Brovm(. mottleﬁ. _ )

Segregants.

........

(Parentsl)  Rose white. ' Total.
Brown ' ' .
mottled.

Straw. 31 ' 6 37

e

XXII: ?arental type sonw 0.. . seosvssons Tlight yellow bI’OMQ

. Segregants. .

Light yellow Brown. Total.
brown.

o (I?arental ).
Strawe. - 37 .10 . ' 47
Pinigc ' 2 { se | 2

Totel. © 39 10 49
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seed typee, only four of them (types xi, xvi, xviii and
x1ix) bred true with reSpect théir pod and seed colours
while type xvii produced an entirely different seed types
| instead of its parental type. Ail others segregated into
different seed colour types. Vhite seed type was the com-

monest one emong the segregating lines,
8. Horphological abnormelities.

a) Floral sbnormality.

One plant was 1solated from see d type iv which shoWe
‘ed abnormalities in the number of floral parts as well as in
their order of arrangement., This plant, unlike the control,
produced flowers with three stendards, two standards or one
standard., Other floral parts slso showed similar incresse
cr decrease in number or sometines other structufal modie
fleations., In scme flowers the staminal column was modi-
fied into a triadelphous or tetra adelphoue instead of the
normel éiadelphous condition. Plates 16, 17 and 18 illus-
trate the various £1;Ia1 abnormalities, In some flowers
an increase in the total floral parts was also noticed,

This plant was carried forward tc the X, generation.

b) 'Large = leaved' mutant,

Phirtecn plants were selected from seed types xiv
end v ond the plate 8 shows one such plant. These plants
viere charactericed by large, dark green broad leaves unlike

the control types, which had smaller leaves. These plants
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had'féWer bﬁtALQng tiailing branches with ‘a thick and atout
main stem. The§ grew slew and produced flowers by about two
wecks later than the control. Fléwers were conmparatively
larger and produced'few&r pods perpeduncle. I% was interst-
ing $o note that some of these plants produced peduncles
below the cétﬁledonary node and abové the collar region. Pods
were 1arger slzed with irregularly distributed deep pink pat-

ches on a straw back ground,

These plents were found 1o be longer duration than
other types. On selfing five fruits were secured which were
used as seed material to railse the X.4 gengratien; Plate 12
(x} shows the pod charvacterisiics of this type.

8. Polien Sterility. |

Polien sterility wes estimated from a random sample
of plants, the size of the sample being proportionate to the
total numbey qf plants under each type. The data are inclue

ded in Table II.

The data reveal that there is considerable variabi-
1ity in sterility'in the different seed types in comparison
to the control. It was highest in the seed type ii and low-
ezt in X.

Pollen sterlity of individual plahts was calculated
for the'Abnormal floral'type and 'Large leaved' mutant type

and data tabulateé in Tables IX and X,



11. Observations in the X@ generation,

i. Germination,

The data representing the germination percentages
of the three parental seed types and those of their PXO~-

geny lines are tobulated and presented in Table VI,

Similar to the parental types, the seeds of the
different progeny lines germinated from the third day af-
ter sowing and continued for one week, Delayed germina-

tion was noticed in lines, 13, 14, 21, 22 and 23,

A comparison of the parental percentage of seed
type 11 with those of its progeny lines shows that the lat-
ter excelled in gerninability. Complete germination was
observed in some lines and none of these progeny lines gave

& lower germination percentage than the parental type.

Seed type iv showed very good germination where as
its progenies showed varied pexcentage. There were lines
which had germination percentages better than or equal to
or lower then that of the parental type. Type x also Simu~
lates type iv in ﬁhis'resPect. |

2e Fiowering and Flower types.

Flowering started by the fifth week after sowing in

all lines in the XB parental type ii which flowered on the
348

of the type ii and those in types iv but lines in type x

day of sowing, Zarly flowering was noticed in all lines

viere slightly late.



TABLE VI.

éomnarisbn of the gérmination percentages. and Flower
types .of the XB parental . types with those of-
the X4 nroaeny lines." -

'X3 Parental '“X4 progeny lines Germi- TFlower Flower: 100
types. . ce .. nation colour colour see

o ‘ : perceéns 'white!' ’pink' welght

' - tage. _ (Gms)

14 White
-seed type.

.
4.

5,

.
. 9..
10,

I¥ White o
~ with bluish

1
2,

........

Stré% whiéég
5o . vy
Straw bBrown.
. B "
‘Purple 'white
T
9ﬁrpla‘3rown.
Pink white. '

T YT

mottling, oo

“Bdiad
100,00
100,00 .
100,00

: 91;66
'_*'10'0.00 |
94,66

195,83
91,66
91.66

195,85

97.04

16 .
13 - 2
14 .
6 7
3 17
24 .o
22 ‘e
7 34 .
18 .
‘22 e
69 23

8,40

- 8.44




PABLE VI. (Contd.)

- : o
11 Straw 100.00 15 e - 8.M
white.
12 Straw white ‘87.50 14 — -
13 oY 29 1CG0.00 15 . e hauiand
14 Straw brown 91.66 3 13 8,06
- motiled. ,
15 4y s 100,00 8 17—
16 Straw ash} 87450 9 13 8.52,,
mottled. : : )
17 3y vy 91466 8 12 —
18 Straw brown.,  95.80 147 30 9.39
19 Pink vhite. 83.35 17 4 8.67
20 ,, " 87450 20 . — —
Xe BZ'OWYL ‘ ol-oc'o 85050 : 12 44 7070
mottled, S ' e S
' 21 8traw brown 87,50 1 15 - Be17
. mottled.. B .
22 4y 100,00 -1 19 -
2%3. Straw rose 100,00 11 33 642
mottled. : o
24. Straw brown, 10000 6 37 6.90
25, Straw white,  77.11 - 6430
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Table VI presents the frequencj of occurrence gf

. white and pink coloured'fiowers‘intthe different progeny
lines, It wés'fqund tha£=é1moét all lines prbduéed some
white {lowered plaﬁts even if ﬁhe& came from a prental type
which hed coloured flowers'in X; « This was the case with
lines in type x. Parental types ii and iv also produced
Some pink ccloured plants in some of ﬁhe lines, Among
these lines 9nly the ?arental 1ines, 1,- 3 of X3 parental
type if and 11, 12 and 13 of type iv bred true for white
flower colour. Other lines disclosed a heterogenity for
white and pink coloured flower characteristics by producing
both white flowered plents end pink flowered plants within

egach line,

3. Pollen sterility.

Table VII shows the rangé of sterility of the paren-
tal types,'and sterility peréenﬁagég of five.individuai plant
in each progénﬁ line, It was observed that lines 1, 3, 5 and
6 had not much of variation in sterility (less than 10%)while
others had highly variable sterility pércentagesg Some lines

showed plants with values which exceeded the parental range.

In the seed %ype iv, lines 13, 16 and 18 has steri-
1lity pervcentages which were within the paremntal range. All
others showed greater variability and line 19 had one plant

with more than 50¥% sterility.



PABLE VII.

Comp arison of the pexcentage sterilities in the

X3 parental types with those cf‘x4 prggeny'linesQ

Parental sterility range in X 39, 30er -

20.89%.
g 22,30 25.16 20.91 28,86 28.24
2 26,53 46445 21.81 2147 22,89
3 26,66 22,70 31.16 .&,.61' 23,33
4 125,62 37.11 45,57 26.00 37.18
5 25.80 25.83 27.03 24.27 24.50
6 27,33 18.24 27.16 23.69 27.41
7 16,83 22.80 26,96 20.78 36.55
8 18,33 27.45 48.38 54.15 31.86
9 . 27,21 45.73 23,65 17.86 17,80
10 10.60 29.43 25.66 28.44 32,77




Bl

v

PABLE VII. (Contd.) .

4%,

ggrggg?l ater;lity range in Xa 34 31 -
%ggg | %'gggx:.y Plents. 1 2 ’.3 4 | 5
11 3872 36.78 . 35.09 28,17 31.30
12 39,60 28,39 20,55  21.81 23.86
13 27,10 18,40 - 20,06 21,87 - 27.28
14 24.74 36,00  37.66  32.49 31.35
15 : 30.30» ~30;3é-wi-45;24_n'.38 83.. 27477
16 33.08 25.61  35.35  27.39 25.44
I 39.47 27.27 29,70 20,16 32,04
.18, 26,20 32041  31.96 © 29,00 29.77
g 52,22 32,00  47.02  -44.53 16,16
| 20 . 31,44  40.88 43'90 27.61 29,07
+ - Seed dype . ‘Parentel sterility renge 16.71% 40
‘ d 27,658, _ o
21 36436 23.91 23,60 21,93 19.00
22 25.66 22,28 24,12  19.69 22.43
25 izo.es 20,38 © 19.00  20.88 21.47
2 ' 25.04 24.80  17.63  32.54 27.65
25 29.30 20,00  17.18  18.40 -

18447
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Type x had all lines with sterility percentages
which were within the parental range. Also there was not
~ much of variability between lines and between plants in each

_1ine.

As a whole, types ii and iv produced marked,diapari—
ty in sterilitg percentages both within lines and within
different plants of 2 line. Inter plant variation was parti.
cularly distinet in the seed type iv. Also the highest ster-
1ity (52.22%) was observed in line 19 of this type.

4. Association of Characters,

4. Flower colour with seed colour.

It was obéerved in the different progeny lines that
plahts having white flowers had white seed colour also., In
the case of the type ii which had. pure white seed produced
completely white flowers, and type iv which had white seeds
with bluish brown mottlings around the eye, produce white
flowers with pink shades on the stendard and some tines par-
t1y on the wing?, In all but very few cases the number of
plants having bgth white flowers and seeds equalled in fres.
quency., Where there were no white flowered plants, as in
lines 21, 22 and 24 there was also the non-occurrence of the
white seed type. Therefore it is clear that there is a strong
association between these two characteristics,

b, Pink pod colour with pod tip coloux.
A direct and close relationshlpy of the two pod chara-

cteristics namely pink pod colour end pod-tip colour were



'
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observed in four lines (9 and 10 from typé i1 and 19 and
20 from type iv) which resulted in the occurrence of both

characters in equal freguencies,

5. Seed colour type.

Tables VIII (a), VIII (%) and VIII (o) faciliate
cgmparativé studies-éf the diffevent XA progeny lined with
their X3 parental types. In the parental type ii, out of
five combinations of pod and secd colours studied, none |
bred true to type but all segregated into different types.

either with respect te pod colour or seed colour,

A similar case was also observed in the pérental
\type iv, where, éut of five lines studied only one line alone
bred true and other four lines segregated. (Vide Table VIII
(v). | o

The parental type X was no exeception to the
general breeding behaviour of the other two types., This
alse had one progeny line‘breeding true while others segre-.
gated ( Vide Table VIII (c).

It was evident that none of the parental types
were true breeding. Out of a8 total of fourteen segregants
eonsisting of 25 lines, onlﬁ 2 bred true to type. In 211

cases, the parental types had been predominent among the

segregating seed or pod colours.

6. 100 Seed welight.

The data collected are presented in Teble VI, which



) : TABLE VIII (2).
Comparative study between Pod and ngd colours of the X3 parental type with its progeny

- X3'Parental type ='White!
BeToBT T Tt hite. Drowm. Total Lines 6 and 7. Purple white.
o ' - ' . ... - vyhite
Straw. 65 2 o7 , " Purple 37
Purple. 42 1 43 ' Straw. 9
Pink, 20 .o 20 . ‘ : ' s
Total. 127 3 130
Progeny lines.ih X# »
Lines 1, 2 anﬁ 3...... Straw white. - - Line 8 ‘ Pﬁrple brown.
| White. Brown. Total. - | Frown. W¥hite. Total
Straw. 43 2 45 _ | Purple. 21 7 28
. ' Strav. 13 .o 13
_ o Totel. 34 T 41
Lines 4 and 5...... Straw Brown. ' | Pink vhite.
Brown. LR White. Total. " TLine 9 and
g 10 :
led- - ' . . ' . ' Whi‘be.
Straw. S 31 3 9 43 : - Straw 19
. ' : ’ Pink shaded. 21

Total. ‘ 40




TABLE VIII (b).

COmparison between Pod and seed colours of the 33 parental type iv with its Xé
: progeny 11nes.

Parental type IV esee Vhite with bluish mott=

1§ng around the eye. . ‘ Iines 16 and 17, . Straw ash mottled.
White. Brown Ashk = Brown. Total. .~ ' Agsh- Rose Brown. Total
mott- " mott= : - A nott—- white. :
‘ led. led. L , . : i¥, led.
Straw. 61 & 8 3 L 8% Straw. 16 = 17 9 42
Pink - 8 . 1 o oo : 9 ' S S c )
shaded., ) , , . ' , . . ,
Total 69 12 B -3 - 92 Line 18, _— - Straw Brown.
- Erogeny lines. ' o - Brown. ¥hite. Total
Dines 11, 12 and 13 - Strew white (Parental) A - Straw. 30 14 44
Fhite. » ‘ - |
Straw, | 45
Tines 14 and 15 - Straw Brown mottled. ~  Times 19 & 20 - Pink white.
Brown  Browm. Rose Total. | Wnite. Brown fTotal
. mottled. white. : : : not -
S S S | | < Ted.
Straw. 21 Y ‘ 10:. 38 - 1 ‘Btraw, . 5 4 9
’ ’ ) . . :ﬁ?ink 32' - *e 32

Total - 3 4 41




’ TABLE VIII.(G)

comparison between Pbd anﬁ ﬁeed colours of the

parental type X

B . | with its X@ progeny 1nes.

Parental ﬁype X. g ,
X3 P&rental type - Bvown mo%tled.

| ',Segregaats.w"

“ le v white.

Cgtraws 34T 7 52
Pink. . S T 1 . 3
sz-eo L es Y ew 1 I 1
Totsl, = 35 8 9 4 - 56

34“Erogény lines.

~Lines 21_anﬁ~22} ‘Straw Brown mottled (Parvental)

- Brown - - S
’ mottled. Brown. - Total.
Straw. 31 5 . 36
Line 23. Straw Rose white. " o
) ' Rose  Brown. Fhite. Totsl |
: white. , R
Straw. - o .29 T -3 39

kgén Rose " Brown. Yhite. Total.  Iine 24

\ $tr&w*3réwn,_
‘Brown. Rose = Total

- white,
Straw. 37 6 . 43

vﬁfrawighite.j‘

thite. .

Line 25
Straw. . T35
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-repiesent the welghts of the parental types and those of
theigrageny iines. The data show that seed types ii end

jv had lines éhowing more or less equal weights., In aeeg
type x none of the segregants had seéé weights Whichia@proxi_
vmaxely equalled the parental type, but had oniy lower figures,
f:i&he ghtrew brown segregants of types ii and iv showed the
‘highest seed welight. -

7. Large eaved mutant.

One of the 13 plauts isolated in Xﬁ was carried for-

'ward to £4 50 seeds were sown end this type showed 87, 50%
germination. The seudlings from the very beginnlng revealed
- large siges compared %o the control. The @rogenies, were

- exact replicas of the parental type with their broad dark
grewn 1eaves and with vigorous growth. The trailxng nature
of growth, fewer branches per plant and the delayed maturity
h were eharacterlatie of the parental type. RPirst flower
appeared on the 50th day. unlike the eontrel type which took
only 35 days for the seme., There Was also considerable
" yariation in flowering é@cng plents. The following studies
were made to test whether thiﬂ:ﬁéza polyploid.
(a) Eollen size, Measurement of pollen diameter was done
for 100 pollen grains under high power (10 x 63) for 10
| plants and date conpared with those of the control. It was
éeen that %he pollen grains of this type were considerably

larger in size to0 suspect polyploldy.




TABLE IX.
Percentege Sterilities of X5 parents and X, progenies
of 'Large—leaved' type.

...........

Line 26
Flants., .. 1 2 3 4 5
Progenies. 30.07 23.45 S55.76 35.63 40.49
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(b) Leaf thickness and stomatal cells.

These studies revealed that the thickness of
leaves and size of stomatal cells of this type were not

-@istinetly different from those of the control.
(¢) Meiosis.

It was observed_that the number of chromosomes
and their behaviour during meiosis were Just 1like those of
the control type. The type had formed eleven bivalents at
metaphase I and during anaphase I normel separation was

observed,

Pollen sterility (Table IX) studies indicated
that there was considerable variation from the parental type

as well as between plants,

Flower production, pod development, colour of pods

and seeds were true to the parental type.

8., Abnormal flower type.

All the peds oﬁtained from the isolated plant in
seed type iv of XB weye carried forward to X4 generation.
Thé progénieé showed good germination like the parental type
and were earlier in flowééwproduction. ?1o@éfs were
true breeding in their eoloﬁr, abnormalifies and also in

the order of arrangement of floral parts. The types of

: S
flower produced by_the progenies were studied as follows:-



TABLE X,

Percentage Sterilities of X3 parents and XA progenies

of the 'Abnormal Flowex! type;

X5 Parental VAlUE vveseveressscssecoss 30,848

Line 27 - | . . | |
Plants. 12 3. 4

Progenies. - ' :
3 Standard. 27.83 26.90 26,18 27+94

2 Standard. 18.55 26429 40.57 29,13
. 1 Standard. 33,92 25.53 - 33.00 23,96

32,33
23,91
26,67
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a« Single stondard flowérs,

The flowers were either normal like the control with
complete floral parts in taot or sbnormel with increased or

ﬂecreaaed florsl rits and thesce showed irregular arrengements.

b. Double sisndard flowers.

Here one of the two wings geils modified into the
second standard petal. In this casé only one wing was found
but when two wings were present as in some lustence, an incre-

L3

ase In floral parts mas noticed.

¢. Trivle standsrd flowers.

Plants which produced flowers with three standard
petals were noted. In addition to the noxmal one stendard,
fhe twb wing petals were enlarged and modified %o prodﬁge
the other stendards. When present, they caused an increase

in the number of corolla parts.

It was interesting to note that all these flower
types were triadelphous and tetrs adelphous. In meny cases
the styles were straight unlike the cuxved otyles in the

control,

Interplant as well ag intre-plant variations in the
floral abnormslity were noticed in this type. One peculia-
rity noted was the protrusion of style and stemens earlier
to flower opening, Emasculation-and crossing of these

. flowers revealed that the stigmas were receptive.
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at the time of emergence.
 fPable X shows that the percentage of sterility
in the parental plant and those of progenies and different

flower types do not vary much.

Plates 16, 17 and 18 clearly illustrate the diff-

erent types of abnormal flowers and their floral parts.

III. Cytological observations.

The behavioui of chromosomes during mltosis and
meiosis was studied during the course of the investigation.
' Root-fip'squaeheﬁ of the X, seed materisl were prepared and
studied for all the tweniy one seed types. Meiotic studies
were &lso carriedtout for some of the seed types in X3 and V

X4 particularly for the '1argé leaved type'.

1, Mitotic Studies.

1t was observed that in all the cases studied, the
. elirompSomes more or iess behayed normally in eomparison
with the control. Normal orientation at metaphase and
- separation ab anapﬁése were noticeé. In no instance any
‘abnormality was observed, Plate No. 19 shows normal
metaphase and anaphase stagesbin root-tip squashes of seed
type iv in X3.
2. Melotic Gtudies.

Some good preparations were obtained in the large



leaved mutant type. Comparison with the control type was
difficult but the varioué stages obtained revealed a normal
‘beheviour of the chromosomes. Pigures 1 and 2 illustrate
the various meiotic stages obtained in some of the seed

types.

Phe large leaved type which wae suspected to be
& polyploid by its gigas charactgrstics have been @roved
to be & mutént. This plant, during metaphase showed elevan
separate and distinct bivalents (vide firuré 3). Synapsis,
disjunction, orientation and anaphasic separation were also

noticed,

Camera-lucide drawings were made of the stages

obtained in mitosis and meiosie and exact figures were

prepared from these drawings.
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SRRy
N anl -
2 R
Lt )5
Y AR ety
L

i o - o \—-'-‘\\
Yoy & LIRRAT



[



51

DISCUBSIGH.

The results obtained in the present.inveétigation
on thé '.Stuéiﬁs on thé morphological and cytological beha~ .
viour of XE and X4 generations in cow ?ea' are discussed
and prea@nted belows- '

1. Germina%ion.i

It was observed by many workers such as Pfiffer
and &immermacher (1915), Jacob (1949) and Spencer and
Cabanillas (1956) that X-irradiation hastened germination
of seeds, On the other hand Ancel (1924), Kumar and Joshi
(1939) and Lesley and Lesley (1957) reported that X-irradi-

ation was deleterious to germination, Still other workers

such as Kundu ¢t al (1961), Shasthry and Ramiah (1961), Jain

et al (1961) and 8jodin (1962) reported that germirmtion was

independent of X-irradiation., Nair (1964) found germination
unaffected when dry secds were treated while it was consi-
derably reduced when sosked seeds of cow pea (Yigns sinensis)
were irradiated,

In the present investigation the different seed
types in X3 Showed varied germination. OFf the twenty one
seed types studied, some were early germinating and some
were late in comparison to the control. HNine seed types
éhgwed higher percentages, four types showed lower percent-
ages and seven seed‘types showed intermediafe gexmination

percentages in comparison to the control.
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2. Growth 0£ the seedlings.

| The seedlings in 13 and X4 generations showed
varied growth habit during their development. In final
stature, the plants were either erect, spreading or trai-
ling and tall or dwarf, A few large leaved plents were also
obtalned and one_non-branching sterile mutant was found in

type xXiv In X3.

~ These {indings were in line with those of previous
workers such as Gelin (1954) who obteined multi-branched
robust mutents of Vicia faba in the %, generation and Down
end Anderson (1956) who obtained a bushy type of mutant by
Z-irradiation of the Navy bean which had a sPréading habit.
Trailing types of Alopecurus pratensis was reported by
Wolhrmann (1956).

o dJain et al (1962) obtained twelve X2 progenies in’
tomato which showed a variable growth habit. Nair (1964)
grouped the various X2 mutants of the 'African® variety of
c¢ow pea into twining, profusely branching, dwarfland

stralght stemméd nutants,

From the foyegoing discussion it is evident that
various seedling abnormelitles and morphological variations
are common in the segregeting generations of X-.irrvadiated
crop plants. The samé statenent ﬁolds good in the presént

gstudy alsc in vhich simllar results have been obtained.

¢ /
\\
S
\\
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3. Sterile Mutants. |

Sterile mutants were common in segregating popule
tions of X-irradiated materials. Gustafsson (1947) in
barley and Sjodin (1962) in Vicia faba obteined such

muLants.

Athwal (1953) found that‘ﬁhe sterile nutents which
he obtained in X-irradisted Uicer had luxuriantvegetative
growth, He reported two types of sterile mutents. In one,
the flowering was normalibut the anthers falled %o dehlsce
and the pistil was deformed where as in the other, the
flowers were highly abnormal. WNair (1964) isolated two
sterile mutants in cow pea of which one plant falled to

flower and the other flowered but failed to set fruits,

The rezults of the present investligation are in agree.
nent with the above reports, One sterile nmutant was tsolated
from seced type xiv in X; and three mutants from secd type il
during the 9 generation. - All these plants showed robust ‘

vegetative growth and pxodueeﬁ'floweéa but failed to set pods,

Genter and Brown (1941) reported that X-ray treat-
ment caused no significant reductlon in pollen sterility in
field bean. Tedin and Hagberg (1052) reported a fairly
high frequency of partially sterile putants in Xz and X3
generations of Iupin. A number of semisterile plants chara-
oterised Ey high pollen znd ovule aborition were observed by

Baé (1955} in barley. Considerable extent of sterilliy was
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noticed by Beachell (1957) during the X, %o X3 generaw
tions qf rice, Similar results have also been observed

by Ouang md Chang (1960) and Bozzini (1961).

Jein et al (1961) reported that pollen and seed

sterility was not affected much in the Xg generation of

Chrysanthemun. The same authors in 1962freported that X3
progenies of tomato within a culture showed variation in .
fertility. | |
The different seed types showed varying degrees

of sterility in the X3 generation, Highest percentage of
sterility was observed in seéd type ii. There were types
like x, xXi and xix which showed a lower deg&ee of sterility
‘thén the control. Other types, however, had values more)or

less equal to that of the control.

Table VII presents a comparison of the percentage
sterilities of three XS seed typéa ( 11, iv and x) with
thbse of their X4 progeny lines, Seed‘type ii which had the
highest sterility in X3 produced some lineg which showed
lesser extent of variability within themselves and come with-
in the parental raﬁge while other lines showed & higher

range of varlability.

Seed type iv and its progenies showed a similar

trend in the variability in sterility. In this case one

4

line in X. Showed more than 50% oterility unlike the parental
type which had only 34% sterility.

\/
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‘ However, seed type X which had a sterility renge
ol 16, T1% %o 27.65% 1a Xy produced progeny lines in X, |

with aterility pargﬁﬁﬁageféithin the parental renge..

4. Abnormel Flower type.
| Floral abnormalities were observed by Krishnaswamy
.(?9é§}=1n‘dne'va$iety of cow pea (i@gﬁg‘ggggggggggg. These
ahnex@aiitieﬁ ;néladeé*%he occurrence of double stamdards,
wing géﬁai - 1ike growth Ivom the anﬁx&aeiﬁm and inéreaﬁe
or decrease in the nuwber of florsl parts. Breakdown of
the p&pilioﬁa@eous struckture in the double flowers of
Clitoria zernateéiwaa observed by Sen spnd ¥rishnan (1961).
Jain gt gl (1962) iszolated plents in X, generation of |
tomato with ahanges in florsl etructure consisting of an
1ﬂézease in %he‘ﬁmmb@r sf sepals, petal and stamens. ?wisﬁe
4ané divided styles were observed Byiéag@théaaa an& Shasthry
{1963) in the X, generation of Gp3sypium bigsutum. - Hana
(1964) noted in X-irradiated Uhrysanthemun & break down of
_ %h@‘tuﬁulaf cen&i%?un, This was abserved only in :; mixed
tubular type of flowers snd sppeared quite étable in
perfect tubular types. | '

Une piaﬁt'waﬁ isolated in 23 fromeeed type iv which
produced fléwers with an increase. or dccresse in the nunber
éf floral parts, sbnormaiities in £loral parts like the modi
fication of wing petuls into noimally de%elopeé standards,
absence or increased number of wing end keel petals, more

then one separate single stamen, incomplete developnent of

-
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the steminal column ete., snd also abnormalities in the
dinéSition of the various i florai parts, This plant was
carried forward to XA generation and the various abnormélie
ti@ﬁ'Were found to be t;ue breeding. Sén and Krishnan (1961)
suggested that the break down of fherpapilionaceous structure
in the Double flowers of Clitoria indicated a mutation of a
gingle gene, It is assumed that the double type originamed

through a. dominant gene mutation.

oOne interesting peeuliariﬁy noticed in the X4,gene-
ration was that in the latter part of the flowering season

almost normal flcﬁers were found on these abnormal plants,

Another feature peculiar to this abnormal type.was
that the inter-plant variation with respect to floral abnor-
malities, Intra-plant variation was also observed by Rana
(1964) end he is of opinion that such a situation can best
be explained by assuning the gene determining the tubular
condition to be gnstable. Such a iocus nutates so frequen-'
tly in the course of flower development in a‘plant that a
highly variable phenotype is obtained. The intra - plent
variation observed in the present invvstigation could

similarly be explained.

However, the inter - plant variation for differential
expressivity of the tubular character is difficult to explain
according to the above interpretation. Other possibility

according %o Rana (1964) is that the expressivity of the gene
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responsidble for th¢ mutant condition is variable depending

upon the genotypic back ground of the plant.

Incomplete and variable expression of c@ftain nutant
types was noted by eariy investigators ( Timoffeeff-Ressovsky:
1927, and Morgan 1929), It is becoming clear now that the
variable expressivity of genetic potentislities is ‘conditioned
by modifier systems ( Goldschuidt 1938, Bezem and Sobels 1953
and others). If a certéin gene ﬁas variable eipreéslvity,
apparently its action during development is weak and can be
modified by the action of 6ther genes and also by external

-factors,

These explanations envisage a possible interpretation
of the inter-plemnt différential expressivity observed in the
abnormal flower type. It may be believed that modifier gene
systems interact with the genotypeqof‘the plant a2nd cause

variability in expression,

Rana (1964} opined thet qualitative variation may
assune a pattern of the quantitative type Fhrough variable
expressivity of typleal M@n&elian genes, Hence a proper
cons ideration of variable exéressivity of genetic potentia-
lities will prove useful towerds better understanding of the

quentitative type of inheritance,

5. Chlorophyll Mutsnts.

Chlorophyll variations noticed in the XB generation included
partial absence of chlorophyll, chlorophyll deficient spots
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unevenly distributed yellow patches and xantha mutants,
These were mainly noted in seedlings. @hicrophyll varie-
ations were alvo observed in a few seed types in the lster

stages of the plant growth.

Eahurao and Xadam (1941) analysed thé different
deficiencies and grouped the various types as albino. lethal
yellow, stunted yéllow? twisted-pale green and tipburn
yellow in X-irradiated rige, Guetafsson (1940) classiflied
différént aﬁlorophyll mutants'and viéhie chlorophyll nutants

'1a barley. The'téimer ineluded xantha, albino, virescens and

ehloring while the iatter gxoﬁp includes mutants 1ike albo=-

viridis, viridis ané tigrina,

Blixt (1961) identified 8 type of chlorophyll varie-
getion in Xé and'ﬁétof‘peaa wgieh w28 Gharaeﬁérised by~p&$6hes
of green and yellow opots end he named it as 'chlorotice vario
maéula%a’. During the course of Xﬁ in ﬁhe yregent study,four
xantha seedilngs were obtained and seedlings wiih yellow and

gween‘spots were observed t%;a total of twelve,

Sjodin (1962) reported that chlorophyll mutations

were comparatively rare ln the segregating generations of

leguminous plants, This is in agreement'with.éhe results

obtained in the present studies that in a large population
of 15 plants only a few chlorophyll mutations were obwerved,

Nair (1964) recorded a total of nine albinos and neven xanthas
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in the X2 generation of cow pea and a number of chlorophyll
spotting on the first leaves of few seedlings., Similar

types were also observed in XB in the present study.

6. Large-leaved Mutent.

Gustafsson (1947) working with barley observed
broader and narrower leaved mutants in the X, angd XS genera-
tions, OUome gignetic plants were observed by Jacob (1949)

in X-.rayed Corchorus planis,

Seed types xiv and XV in K3 produced thirteen '

~ large leaved' plapts which were characterised by large,

- dark green lesves, with trailing growth habit ané éh& ﬁ#aﬁ-
ching nature; They were found to be late inkflOWering but

produced larger pods.

‘The plants in general showed gigas characteristic
and bred true in the 34 generation, Oytological etud;esi
revealed that this is the result of gene mutation and not
due to any detectable chromosomal zberratiomns. Similar
mutants were reported by Nair {1964) in the X1 generation

.of X-irradiated cow pea,

7. Flower colour types. .
Plower colour changes were recorded as early as

‘1930 when CGoodspeed observed them in the progenies of
1rradiated'tobaccd and also by various workers like Bruns

(1954} Hoffmann, Zoschke (1955), and others,



- Rai and Jacob (1956) isolated a white flower
muﬁant in X3 generation of Sesamum and a similar mutant
in mustard, Nair (1964) observed flower colour changes
in the Kﬁ generation of cow pea. The colours ranged from
 deep pink to complete white with various zntermediate
shaﬁes.

Similar results have been obtained in the present
studies in.Xi«and X4 mutant cow pea which showed flowep
colour changes from deep pink to conmplete white. Nine new
typea were obsarved‘in ij Flower colour changes were ]
frequent in the different seed sypes studied in both K3 and

4 generatxous. It was found that most of the seed types
produeed some white flowered plants in the progeny. This
indicates that the seed types were not pure for flower

colour character,

8. Seed colour Mutants.

The most ingeresting and important character studied
in the present investigation was +he seed colour of mutant
types. Similar seed colour mutants were observed and recor
" ded by different workers 'as carly as 1931 when Stadler
observed a large number of seed colour mutants in irradia-
ted Zea nmays, -Interesting seed coat colour variations
were reported by other workers as Nishimurs and Kurakami
(1952} in fice, Hair (1961) in Sesamum, S8jodin (1962) |
in YVicia faba . Nair (1964) obtained twenty one mutant seed

types from the X, generation of cow pea which forme d the .




basis of the present investigation, The different eolour
changes included "whole colour” types such as white, light-
red and brown, "eye colour” changes like white seeds with
‘black eye, and "mottlings" like dapik mottling, violet
mottling ete,

Out of the twenty-one 8eed types studied in X, it -

, 3
was found that a total of eight X 2 Seed types bred true to

type, ( four with respect o seed colour snd pod colour and
three for seed colour alone and one for pod eolour alone).

All the remaining types ﬁegrsgated with resn@at %6 their

pod and sesd tolours, Almcst all X2 se@d type colours were
AObSPrVOG in the XB population. &mong the segregating lines
of the three X3 parental typ@s, lines 1, 2, 3, 6, 7, 9, 10,
11, 12, 13, 19, 20 and 25 bred true while other lines uhOW@d

| segregation zor different seed coat coloure.

In ¥igna, four factors were reported to be responsible
- for ‘the ' whole colour!. by Harland (1920, 1922), They were
'BY 'HY VM) gnd 'R and-the various combinations gave various
colours, 'R? forms the basic gene in the- absence of which
the seed colour would be white, ' .

Splllman and bando (1930) suggested elght factars
for seed coat colour in Y Yigna, They are B ( Brown Yy TR!
(Red), 'U' ( White) 'p* (?urple) 'F"( deﬁse bluish mottled)
- ' (sparse mottled)léﬁq X (.lnhibitor'gene which inhibits

the effeet of "'}, Various combinations of these eight genes
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gavé7diffgrent seed coat colours. Any deletion or muta-

tion would lead to seed colour changes.

Based on this explanation, the different seed coat
colour deveiopment in the present investigation could be -
discussed, , o .

9, Cytological abnormalities.

Cytological analysis of mutants from X—ipradiated
Nicotisna sylvestris =nd N. tabacum by Fujii (1955) |

revealed‘ohromoeohallaberrations inciuding tranalooations,‘
univalents, and asynaptic oonfiguraiiono; Onofrijohuk's
(1953) cytological studies of one Speltoid‘ouﬁant in barley
in X3 showed that thie nutant had 21 bivalents + 1 iso-
chromosome. It is assumed that Ln the produotion of this
X3 mutant at least two reoiprocal translooaxions would have
occurred, Korah (1958, 1959) reported a nunber of meiotic
and mitoitic aberrations in X-irradiated Oryza sativa.
Shasthry end Remieh (1961) observed in the X, that multi-
valents were the most common abnormality in the M, genera-
tion of irradiated rice, _ |
Contradictory results have been reported by
?arthasorathy (193%9) from the cytological analysis of X3
semistedle rice mutents, He observed that these mutants
contained the'normal complement of chromosomes and the
meiosis was regular. He suggested that the origin of the
~mutanie may probably be through a small deficliency or a gene

alteration. Similar findings were obtained by Athwal (1963)

)




who atuéied the various X-irradxated and 3pontaneous
nutants during their Xe generation to detect ehromosOmél
abexraﬁiqna.. No mejottic irregulairty wéa 8een in any of
these mutants, -

. Cytological . studies on X5 and X# generations in
cow pea fully agree with the second set of observations,
- Out of the twenty one mutant seed types studied either by
smears of FMC or by root tip equaahes, no ohromosomal
abnormality was observed, The 'large leaved? ~mutant and B
'abnoymal flower' types also abowad normal meiosis and 11
bivalents were observed in EMG smears. 1t may th@refore be
'assumed that these 4wo mutant types may be the result of

some undetectable chromosemal aberrations or géne mutations,

3= 00 0 00 5 -







SUMMARY AND CONCLUSION

This piece of work embodieé the results of an

| investigatian earried out to study the morphological and
-gytological behaviour of mgtant‘cow pea in the X, and X,
generatians. Iwenty one seed types obtained from X2 formed
the basis of the KB generation, Three selected seed types
from X3 were railsed in ﬁhe4x4 generation., Various studies
on the morphological characters supplemented with cytolo-

gleal gtudies were conducted during both generations.

Germingtion, chlorophyll variations, growth hablt
~of plants, sterile mutents, flower colour types, seed ecolour
mﬁtants and\some other mutants like abnormal flower type and
'lerge leaved' mutant type were'studied. In addition to thié,
| eytological atudies to understend the behaviour of these
mutant types during mitosis and meiosis were undertsken. No
‘cytological abnormality was recorded in any of the types

studied,

It was observed that the different seed types
showed varied germination percentages. Higher, intermediate
end lower valués were obtained in both X? and K4 generationss’”
OhlarOPhyll variations were noticed only in a few seed types
and were comparatively rare in the X4 generaﬁion. Avnor-

- mglities in the number of leaflets were slso observed in

sone of the seed types in X3'



Plants were found to have varying growth habilis
as erect, spreading, trailing or twining tall or dwarf znd
branching or nonbranching in both generations; Nine new

flower colour types were ohtaiﬁed in the 23 generation,

Pod colour types obltained were studiedlduring Xj
and X, generations. Mso the breeding behaviour of the
different geed colour types were studied in combination |
with their pod colours. Different seed colours recorded
were grouped as parenﬁal and ;egregating types in both the

generations,

Pollen aterility in different seed types showed

' variastions in X3 and X4 generations,

. Four pure breeding progeny lines with respect to
both pod colour snd seed colour were isolated from the 24
- generation., Three lines which bred true for seed colour
alone and one which was.tfﬁe breeding with respeot to pod
colour'were selected., Thus altogethér eight lineé were

gselected for further studies.

The importent results obtaimed in the X; and X,

generations were discussed in detail,

Séer and value of the nregent:;pvestigation.‘

Mutation breeding has two objectives i.e., (1) to

increase genetic veriebility and (2) to produce a specific
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mutation thet will confer & desired character to an othexr-

wise superior variety (Myers 1960).

| It moy be presumed that the firet condition was
achieved in cow pea,by X—irxadiétion which resulted iﬁ the
selection of twenty one different aeed types~fr0m the Xé
generation. The present inves#iga&ion'prcvided ample‘ '
dhance for the various mutant types to express their breed-
'ing behaviour with respect to the genotypes. Pure breeding
genotypic lines were selected from the X4;generati¢n for
further gtudies. PFurther investigation with these pure
breeding lines to select better yielding strains is sug=
gested, |
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Fig, 1 -

Pig. 2

Fig.

3

™

Camera lucida drawings of
Anaphase I in seed type ii.

Photomicrograph of +the PMC
showing Anaphase I,

Photomicrograph of the PMC in
Metaphase I showing 11
bivalents, -from the Jarge mutant,

Camera lucida drawings of the
corresponding stage at .
Metaphase I,

Camera lucida drawxn§s of T
Metaphase I from seed type iv.‘

Photomicrograph of Metaphase I.
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SEED TYPE ii  ANAPHASE |

SEED TYPE IV METAPHASE |

™

METAPHASE |




Plate showing-normal meiotic stages in some
of the seed types. ( Gamera-lucida drawings)

ii. Anaphase I observed in seed type ii..
ive Metaphase I observed in seed type ive

IM. Metaphase I and Diaskinesis observed
in the PMC of Large leaved mutants,

Plate showing normal somatic Metaphase and-
&naphase in seed type iv,






PLATE 1, General view of the Field Trial.

PLATE 2. A normal Cow pea piant of the variety
'African',






PLATE 4. . xiii.

Xiv..

£V
Xvi.
xvii.
xviii.
xix,
XX,
XXi.

Xxiie

Lafge brOWn?

Small brown, |

Brown - medium sized.
Reddish white, »
Half - red . half - white,
Deep wviolet mottled,

Deep ash mottled. '
Greyish mottled large seeds.
Brown mottled.

Light yellowish small seeds,

.....

‘‘‘‘‘‘



Seed material used in X, generation.

Plate 3 i
ii.

iii.

ive

Vs

vi.

viie.

viii.

ix,

X,

x’.o{

Xiie

—-— 'Africen’ variety. of Cow Pea - Control.
--~ White seed type. | »
-—= Wnite with brown patch around the eye.

~—= White with bluish mottlings around the
eye.

-—= White with red patches around the eye.
--- YWhite with black patch arounq the eye.
~—- Reddish with black mottlings. |
~——- Deep brown mottled.

--; Light brown mottled. ]

--- Reddish white and brown mottled.

——= Yellowish white with light brovwn mott-
lings. :

-~~~ Grey - ash mottled.






PLATE 5, Leaflet sbnormalities observed in the ’
' X3 generation,

PLATE 6, GhloroPhyll variations noted in seed
types ii and xix in KB‘






PLATE 7. One dwarf mutent in seed type iv in X3.

PLATE 8. A large leaved (IM) from seed type xv
in the X‘s generation,






| pLAEE

FLATE

g,

10,

A ndn-braachiag Sterile mutant obtained
from seed type xiv in Zg._

A spreading mutent with large pods from
seed type xviii in the.Xs generation,



PLATE 10




PLATE

PLATE

128,

18.

Pod types obtained in 13'

1.
3
4
5.
Do
Te
8,

%
10,
11,
12,
13,
14.

Sméll light yellow pods,

Medium straw pods (contrcl).

Medivm broad straw pods.

Medium light yellow pods. |

Broad and round straw podsa

Large broad light straw pods.
La&gevlight pink shaded pods., and
Large broad round liéht yellow pods,

Large broad pink shaded pods.
Long nink- variegated pods.
Hedium pink shaded pods.

‘Medium purple - tip coloured pods,

Medium purple pods; and

Medium light purple pods.






PLATE

PLATE

PLATE

13.

14.

15.

: ‘.;‘-x

4

A,

I

¢

Seed material,

1.
2.
3
4.
5.

1.

3,
4.
5

Straw White (X3 parental type)
Straw Brown,

Purple white,

Purple Brown, and

Pink white,

Straw - white with bluish mott-
lings around the eye. (X; parental
type).

Straw Bfown mottled,
Straw ash mottled.

Straw Brown, and

- Pink white.

Straw Brown mottled (X3 parental
type) ‘

Straw - Rose white,
Straw Brown, and

Straw whiteel







PLATE

PLATE

PLATE

16.

17,

18.

Floral Abriormalities,

1.

2.

3.

4e

5e

Normal - 1 standard petal 2 wing
petals 1 pair keel petals ( not
separated).,

2 Standards,1 wing, 1 pair keelvpetals
tetraddelphous, out growth from the
staminal column,

3 Standards, wing (nil) 1 pair keel
eand Triadelphous, '

Normal flower parts ,

1 Standard,? wing, 2 pairs,.keelf
petals ( not separated)y triadelphous.

2 Standards,2 wings, keel petals (nil),
abnormal staminal column, style
straight. .

1 Standard, 2 wings, 1 pair keel |
petals (not separated) normal staminal
column.

1 Standard, 2 wings, 2 pairs keel petals
( not separated) normal staminal column,

1 Standard, 2 wings, 2 pairs keel petals
( not separated) tetra adelphous,
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