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INTRODUCTION 



•itfii r n:u ffn frit. Vim.yim.V^-j^jf i iiifri V BI»M 

Pulses occupy a unique position in Indian Agriculture 

as they »>t only provide the hl$i protein component of the 

average diet but also restore tho fe r t i l i ty of Indian soils 

in the absence of adequate manuring oy virtue of their syei* 

sfcbsis with the nitrogen fixing ffijCUmfola- Pulses offer 

perhaps the onlyy and certainly the ©est practical, eeans 

of solving the protoiivLialnutrltion problem in India at the 

present stagef as i t nay tali© oany years to bring about a 

m@4or advance in the production of high protein foods of 

aniual origin ( -waninathari and Jain, 1973 >. She*© crops 

also derive their importance fro© their relatively low 

water r©^uire»ntf because of which they occupy a signifi­

cant position in dryland agriculture, 

yufortunately, the puis© yields recsain at a low level 

and puis© production is either stagnant or dropping* i'he 

per capita per day availability of pulses in iiaharashtra 

atat© is 39.** gc as against the requirement of 8i»»2 gis in a 

balanced vegetarian diet. X his Ociarids shoo - in- up of the 

present yield level of 335 &e per hectare to 724 1-4* in the 

immediate future as the possibility of extending area under 

pulses i s meagre, By the turn of the century Ax present 

vtat© population of 5?0 laldis is liiiely to get aUsost 

doubled and so also the demand for pulses. 



a 

£ar ( ffMaaui ca.1an ) is the soet iLrportcxnt pu3.ee 

crop of Maharashtra Stat®. Welmrasbtra ranks f i r s t in the 

Indian union as far as area under this crop is concerned, 

xlie area and production of tur in the State or© $.09 islda 

hectares aad 1.99 lafcb tonnes respectively ( 1972-73 ). 

liowever, the productivity renmlne as low as 392 l:g per 

hectare. Substantial increase in the productivity of this 

crop could only be brought about by collecting and evalua­

ting diverse germ place and using suitable parents with 
UP 

vide genetic base in the crossing to build a diverse gene 

pool. 

Ca^anua has been reported to occur ID the wild state 

in Africa, In the region of the upper S&le and the coastal 

dis t r ic ts of Angola* I t was found i s the Egyptian Totabs 

Of the twelfth Lymsty ( 22G0-21* B.C. ) . lianee, Watt 

( 1908 } concluded that Qaiaflay sight hare been native of 

Afrlfta* Howeverf ¥avilov ( 19^1 > considered India as the 

origin of Ga^aaas. The f i r s t archaeeologieal record in 

India cosaee from Sat&vah&n Itiokardan which dates to 

200 B.C. * 200 A#i>. ( KajaXef 197** ) . l*ar2y complete 

chrccioBocie faoaology has been reported between Caroms and 

a4ylftBlAy a wild slant greying in the Western Chats of 

Maharashtra C K*®ar end Sho*tere» 1956 }. ilotwithstending 

the controversy regarding the centre of origin of €&.fama®t 

i t would be worthwhile to evaluate the wealth of diverse 

http://pu3.ee
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types of £aj£££& being grown in different parts of the 

state and to extract hitherto unesplored useful genes. 

The discoveries of the high lysine *opaques* and 

' floury-2' mutants of i.aice ( i-erts fit &?.** 19#ff ilelson, 

8&L £L*» 196^ } and the high protein and lysine gen® 

•Hlpre&y1 In barley ( hageberg and ..arlson^ 1969 ) have 

stimulated the search for genes eoneerni^ the nutritional 

aepeets of important cultivated crops. 

'with the objectives discussed in the preceding 

paragraphs 1 180 cultnres of tur ©elected from the Xooal 

collection from heimrashtra end 19 spontaneously occurred 

t i r mutants were screened for economic characters and seed 

protein content* SOBO of the mutants exhibit a syndrome 

of character® and some degree of s te r i l i ty , -once, they 

were suspected to be associated with chrcaosooal anomalies. 

xhey were9tbt**fore, e j e c t e d to cytogenetical analysis* . 

the results obtained in this investigation are presented 

in this dissertation. 



 
 
 
 
 
 
 
 

 



REVIEW OF LITERATURE 



• a n MSinWi iffligi'i iftii""«ww[ffftiiffli 

miw^ m, mmms> 

I) Cytological studies 

Basudeo Boy ( 1933 > was the f i rs t to report the 

somatic chrooosooe number oi pigeon pea as 2r^22. i'his 

number vas eoaflrtaed by the studies of KrlsbnaswaEil and 

Ilangaswaail < lf35 )» i*altha»i ( 191*! )t Pathol: and 2adar 

( 1951 >» Ka^ari { 1926 ) and Jo^Lekar and Besht*&h 

( 1958 ) . Iroti their cyto-taaEononsic studies Deo&ar and 

i'hakar ( 1956 ) reported that the diploid chrooosose 

rncibor of &Oi]£M iB&Ctt&t l o g g i a Ungate mid &»®&x3m 

i s 22. iieeently Aklaola a t aJL» < 1972 ) also reported 

that in pigeon pea 2n number i s 22. 

Kwaar fife a l . ( 19**5 ) induced auto-tetruploidy by 

the application of colchicine in arhar. vise to Bultiva-

lent fomatioa in mQlocts, tetraploid was partiaHy 

s te r i l e . Pathak and iadav ( 19^1 ) observed spontaneously 

originated hexaplold and tetrapHold plants, uesaploids 

ware s ter i le and tetraploids war© partially s t e r i l e . 

i>»C«BB and Jadhav ( 1972 ) reported anauploidy ( 2a+l ) 

ulth 23 chromosomes t pairing being irregular. 

I l l ) ^ut,at^-o,^ 

Singh sk a l . ( 19+2 ) described a mutant luring 

obcordate leaves with obtuse or raseronate leaf ape&« 



$ 

i'bey acu«d i t as CaJanus Qbcordi^olia sta&x* yeshpand© and 

Jeswani ( 19!;2 ) observed a prostrate mutant vi th ueak sUm 

and branches and prostrate habit of growth. 

Cbaudbari and Patil ( 19?3 ) reported a creeping 

mutant in Ca.ianog eaJan vhleh put forth a l l i t s lateral 

branches close to ground* 'I*b© ate© and branches were voai:, 

giving oreepiag appearance. I-andya a& a l . C 195s* ) observed 

ts?o mutants in the progeny of a cross be to/ecu *'-ak and 

101 &•$• s ( i i M liound leaf mutant w having obvobe leaflets 

with rounded base and apex, and Cii) w Tiny leaf cut&nt n 

vhich vas a^arf» earl^ natuxlng and bavjUig small leaflets, 

Ka&arl ( 1956 ) reported a outont with obeordat© 

leaflets and keel petals united at top. further, i t s 

p i s t i l was polycarpellary and apocarpue. 

^©gietor and ijeetanifeto ( 195B ) r e p o r t s two mutants 

Ci) ito&foliate ( elopl* leaf ) and (ii> Oval-oblong t r i fol ia te 

{ ©ojspound leaf ) which they considered as new varieties 

!•«• £alaHUs ejjaji var. unjL^o^^lj, and gfttoflBft c^,jap var. 

êulmttfsfc ( 1959 ) observed two nutants in tur. One 

of thee was ta l l* unbranehed, s ter i le and vi ta bigger 

leaflets i while in the other, which alao was suerile, the 

flower buds developed into branches, having threadlike 

sepals. Ooshciuldi &xn& Pfclrtee ( 1962 ) observed, a Hat pod 
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©utant in CaJgnus gaJaa. Abraxas and Vel©E-lortun© (3-962) 

isolated a number of outants in the variety *£akl' follow* 

ing irradiation with gasiaa rays and neutrons. 

Pathak and ^ingh ( 196k ) reported a net? s ter i le 

mutant which wat bushy, t a l l e r than the parent and 

jeerophytie in nature. Bhatnagar fit &• ( 196? ) observed 

a fasciated Gutant with purple colouration on t i e stem, 

vnieb was weak and curved in several plaeoo. i'he bronzes 

were fused with the main stem at the place of eeercenoe. 

Howard gfc &U ( 1919 ) observed that under puea 

eooditionff the flowers opened at any time during the day 

from 9 ft*u* fc® 5 p«t<* and regained open for about a day 

and half. 2n bud the anthers burst a day before opening 

of flowers* Though cleistogaiay is a rule in this eropf 

natural ero#e-pollination brought about by bees and otber 

insects was found to be cession, liovard found 2.25 to 12 

per cent crossing in this crop. Sirdlar were ti:e obser­

vations of i^ahata arid Uave ( 1931 )• ĥaw s& &£#( 1933 ) 

reported that natural crossing, brought about hy insects, 

ranged fro© 0.15 to 7*59 per cent under Pusa conditions, 

th# average being 3*** per cent. 

K&dais fifc fii. ( 19^5 ) found that undor lijgihad 

conditions c roe a-pollination in tur was to the extent of 

If per cent, i'bey classified this crop under " Often cross 
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pollinated group «, t>ttbitiEs&nya® ( 1950 ) reported that 

an thesis tools place between 9 a.L.. to 10 p .o . t the uaxl-

tsw rate of an thesis beiiig between 1G a.... to 12. noon* 

Â urga Prasad and Karsiiaha ia*rthy ( 1963 ) reported 

that the dehiscence of anthers took place at 360 to kO°Q 

t®i%®mtm®. Abroiue ( I967 ) observed that cross poll l-

nation ranged from 5.*7 to 6*33 per cent. Vecxwasgr 

PJe &2* ( 1973 c ) found that the maximum antheeis oecured 

between 10 to 10*30 a*u« and gave oarhnop seating of pods* 

Kress < 1927 ) *' s the f i r s t to study the inherti* 

aae© of different characters in pigeon pea, lie found 

1 t a l l 1 2 iAtt-rmedlat* t 1 dwarf segregation in the 

crosses of dwarf and t a l l types. w*Cruz jfe s i , { 1971 ) 

reported the rat io of 3 t a l l s l d^arf in the cross 

between obcor&lfolia and rabar, 

Kasar end i'baeter© ( 1956 ) studied the inter* 

generic cross AMmM UimU ( ©etsi-ereefc ) x yaj^aus 

oaian ( erect )• They found that eemjUeroet habit was 

dominant over the erect habit of growth. Deekor end 

ii*arus ( 19?2 ) studied the inheritance of growth habit 

in the cross between obcordifolia ( »• bloc:. ) and purple 

grained. '£hey found 3 spreading * 1 erect segregation 

in Fg« 



s 

Weolsar S&. &U { 1972 ) reported tbat branding 

babit vas fjoveraed by ftr© <K3©pl©ke*it&ry ®e&es and obtained 

tite ratio of 9 spreading t 7 erect* 3arKbetiD ( I97I ) 

observed tfee ratio of 3 spreading * 1 erect in tb© cross 

between I-i,i>» 82 and wbite grained type. 

tteebpanfe and Jeswani ( 1952 ) observed t l^ t the 

segregation of noraal and p ros ta t e plant 1-abit followed 

3 si segregation • t a t i l < 1971 ) observed siEiilar isoso* 

gcnlc ioberitaaee of 3 erect * 1 prostrate in two crosses, 

v i s # f tiny leaf x proetrat>e and prostrate x obcordifolia 

( Xi. blac*; )• JUeofear a& a l . ( 1971 ) reported ia a cross 

feet&feen ereepiiig 3-2-8 and prostrate, tlsree goms giving 

the rat io of k$ erect s 9 creeping * 10 prostrate. fehin&i 

u& aX* C 1972 ) reported tbe digenie ratio of 13 creeping 1 

3 erect in the cross between creeping >2*8 cmd red grained, 

J îvaSsaraa and iimiebhadr&& < 195B ) detected a marker 

flM» i s £aiaff#f* cê ftff ubieh produced oblonc leaflets vitb 

obovate apex, 

DesiifiUkb and iti&bi ( i960 ) studied the ittieritatiee 

of leaf in cur audi observed that the tr i fol iate condition 

and pointed ape>; of leal' were doialaaot over the uMfoliate 

and roundish apex respectively. Those two el̂ ra&t&x-s 

segregate o» 9*3*3tl ratio* 
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DeBntaukh ( 1969 ) studied th@ iribcritaaoe of 

loaflot shape in ttoe crosses between obcorailolla (it+ttr,) 

asd arhar and obtained the ra t l^ of k$ lanceolate % 2$ 

obcordate. lie concluded that two duplicate ( Obclt^ and 

l^eXtg) genes and one inhibitory C 1 gbeit } gen® were 

responsible for leaflet shape. 

Pati3L < I97I ) reported tbo ratio of 9 caml t 3 

lanceolate : ** obcorda^e in the cross betveen the proetrate 

and obcordifolla ( ti»3U ) nut&ots. Cbaudiiari ( 1973 ) 

observed a ratio of 39 lanceolate » 25 round in thft cross 

round leaf x !i.P.$X# 

3) iitogL5i?lou^ 

ito^an < 1970 ) observed t&® ratio of k% pwrplt 1 

19 green in the cross of roundleaf with vhite grained. 

However, tba studies of Pbarand® ( X$?Q >f ^'Crae ana 

»#oter < 1970 )» PatiX < 197i ) ant D*Crue & £&*( 19731 ) 

indicated mnogoni© dominance of purple colour over green 

colour of utem, A*®oraa4a4 ( 1973 ) studied tbe inh«rt~ 

tanot of «t«n colour In the crosses obcordifolla ( B*i£U) 

x y.F.aa, and oooordifolia ( fl.G»v ) x **.?• £&and obtaimd 

tl*e ratio of 9 p«ip&© * 7 gare©n# m also reported the 

rat io of 3 purple i 1 green i» the cross btftteeii creeping 

3-2*8 and i*.P. 62. kujsvar ( 1973 > observed tbo rati© 

of 3 purple i 1 green *n tlso oross obcordifolia ( n*BX# ) 

x arhar, and gave the gems symbol »&st* for @teci colour. 
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Shss* fit sJU ( 1933 ) observed 15 typoc of flower 

colour in tour* Par© < 193** ) stated that *iie flower 

colour l a tur was generally either plain yellow or vlth 

yeilowkii red veins. In addition to these, three other 

fon s vl£. , orange, purple ami yoilov with purple veins 

and diffused purple base were also found by him. 

PatH and D»Cruss ( 1962 ) studied the inhentajjoe 

of whit® flower colour and obtained the ratio of k$ yellow * 

15 white. Ffcaaracda < 1970 ) reported the rat io of 9 purpl© 

with yellow strips * 3 purple t h yellow for colour on the 

dorsal surface of standard. 

i?©0tor and i^Crus < 1972 ) observed the ratio of 

9 orange yellow 1 7 yellow t for colour of ventral surface 

{ V*&. ) of standard petal vhile ttw colour of dorsal 

surfaoe ( J>.s# > of standard petal shoiied tbo ratio of 3 

0nnii# yellow t 1 yeHew# Mujevur- ( 1973 ) observed the 

segrega.tlea for colour of V^, of standard petal as 3 

orange yellow < vl tb diffused purple base ) s 1 yellow. 

Jaahhsle C 1973 > reported the segregation for the colour 

of V.S, of standard as 207 yellow * *+9 vhitc. 

5> fisft eoleur 

Kross C 1927 ) reported the dominance of careen, 

blotched pod colour over ©elf coloured light tinted* 



IX 

Deelssukb ( 1969 ) observed the tat io of 39 greenish black 1 

25 green wif& purple streaks in the cross etoopiag 3-2-8 x 

white, la a mother cross, obcordllolda ( h«Gr. ) x arhar, 

he observed the rat io of 3 green with purple streala s 1 

green, ilayeeia < 1970 ) found -be ratios of 15 green with 

blaek ttrt&k* s 1 .green with purple streaks for raw pod 

oeAouTf and 3 ffi&reon * 1 plain for the colour of dry pods 

in the cross between dwarf and cre»y~whii*e. i-eolsar a t j&» 

( 1972 ) reported that pod colour was controlled hy two 

ccaupleioentary, one inhibitory and one anti inhibitory 

genes, '£hey obtained the ratio of 11? purple with green 

streaks t 139 green with purple s t r eak , ^hinde £& &U 

< 1972 ) found the rat io of 3 black diffused s l black 

streaked, feeraadaj C 1973 ) observed the ratio of 9 green 

with purple patches 1 3 g*een with streaks : k green with 

diffused purple coleur for raw pod colour in the cross 

creeping 3~2~S x »«P# 82. 

&) f;eed eeat colour 

imm { 193^ )» in the cross of white and purplish 

black seed coat eeleur, reported that F^ was having purplish 

black seed and I g segregated into 9 purplish uLac- 1 3 white 

with purple spot « 3 brown $ 1 white. Tint, the inheritance 

of seed coa& colour was oeteriained by the interaction of 

two genes. 

Ahire < I967 ) observed the rati© of 9 roa t 7 l ight 



red» in the cross unlfeliate x obeordifolla ( i«.Gr. )# 

2s another case he observed the sr.tlo of **# light brown t 

19 vMte, in the cross obeordifoXia ( &• Gr. ) at 

obeordifolla C Delhi )• Peshssildi ( 1969 ) found 3 twcvn t 

1 whit© segregation in< one cross and 9 fs&m s 3 brot*a t **• 

white in smother* *at l l (1971) also reported 9 fawn 1 3 

brown t ** white in the cross tiny leaf x prostrate * 

Phsyraiide ( 1970 ) confirmed the suss ratio in the cross 

white grained % obeordifolla ( ii. Or* )• In two cross 

creeping 3~2-8 x prostrate, Ceolsar s i al* ( 1971 ) obsenred 

the ratio of 3 brown 1 1 white• l a t i l fit d . ( 1972 ; 

reported tthe ratio of 63 reddish brown i 1 wl:ltc. In t«e 

©roes between creeping 3*2*8 and purple e*r4.aodf Chaudtmrl 

C 1973 ) obtained the rc.tio of 3 purple s 1 orow-'u In 

another cross* pwrple gjuined at luP# 6tft he observed the 

segregation of *+£ purple t 19 brown. 

Kfos& < 1927 ) reported a linKa^e between certain 

characters lllie flower colour* pod colour, seed coat colourf 

seed shape, pod sise and position of inflorescence. £ave 

( 193^ ) deteoted a complete linkage between orange yellow 

flower© and purplish blacK seeds, 

Several workers naare detected linkage beta-eon diff­

erent chca-ficters in different crosses which a#e l is ted below» 



13 

'•WTi-imi •»»r»» n|w» 

author Cross Characters linked 

I a t i l Bits. 
i,*CruE(l965) 

(1969) 

Ph&raade 
(1970) 

Aher (1970) 

Chaudhari 
(1973) 

Mttia&r&r 
U§?3> 

Haari&ede 
(1971) 

Creeping 3~2~6 
x ivound leaf 

Creeping 3-2-8 
at &h3Let 
Obcordifolia 
(K*Gr«> x^ rha r 

&»P« 82 x 
Qboordlfolia 
( & • $ * • > 

fioundleaf s 
H,P. 82 

Creeping 
3~2-« X 
purple gr&inedf 
Hound leaf x 

Prostrate x 
Arbar 

Artoar it purple 
grained 

2U'. 82 at fied 
Grained 

Growth habit *?i-£< pod 
colour. 

Pod colour with seed 
coat colour? vein colour 
on dorsal surface of 
standard v i t b pod 
colour and seod coat 
colour. 

Stem colour with leaf le t 
stafepe. 

Branching haoit with 
leaf le t chape, seed 
coat colour and stee 
colour• 

Colour of )***-•• of stan­
dard petal with seed 
coat eolourf Leaflet 
shape t;ish vein colour, 
leaf le t sh&po uifch 
seed coat colour* 

Vein colour with habit 
of growth and seed coat 
colour 
Colour of V#w. of 
standard petal with 
seed co-t colour. 

î eed coat colour with 
seed cha?>©! seed coat 
colour with length of 
petioluic? seed shape 
with length of petiolttlef 
Seed shape v i th l ea f l e t 
shape* 
Length of rjotioiBie with 
ped constr ict ion 



lb 

W MBM <¥** n*l& co^nentg 

&braps s& s£* { 1969 )reported that yield, date of 

flowering, plant height and seed weight were cor© influenced 

by the interaction of variety x year than the interaction 

of variety x location x year. Ganguli and ^hrivastava 

( 1969 ) observed a wide rang© of phenotypic variation in 

the mmimv of leaves, pods ©ad seede x̂ er plant plant height 

and ®e©d yield per plant and a narrow range in the nmaber 

of to ta l and fruiting branches per plant, ixsd length, 

aunber of seeds per pod and 100 seed weî fet 

Dasappa and kahadevappa ( 19?o ) reported that 

plant spread and number of pods per plant were signifi­

cantly correlated with yield of seed per plant, aharea 

Mk &*U ( 1973. ) stated that yield was positively correlated 

with spread of the plant, number ofseeondary branches, 

effective pod hearing length and pod tw$mv. 

VMOOZ and Ahsms ( 1971 ) observed that seed yield 

was highly positively correlated with nucber of pods per 

plant, to a lesser extent positively correlated with pUuaw 

height and 100»secd weight and vas negatively cori^lated 

with day© to flowering. 

Khan and liachie ( 1972 ) reported that sevd yield 

was positively correlated with plant width, length of Lain 

branch, nuc&er of pods per &ain branch and x̂ er plant, 
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threshing factor and grain s straw rat io, î eohar a»d 

ligam ( 1972 ) reported that seed yield per plant was 

eon-elated positively with number of branches per plant • 

£hey also reported that there was positive correlation 

between maaber of branches and nuaber of pods per plant. 

VeeraswoBy gfc, &U ( 1973 b ) reported that author of 

branches, clutters of pods and pods? per plant were ssaln 

characters which contributed to yield of red gran. 

However ylant height and nuuber of days to flower were 

ale© useful QS phenotypic indices for selection* 

SoXaaan fi£ &1. ( 1957 > obtained Zk-Sj per cfcnt 

hjbrid vigour for grain yield in tur* Vecreweny £& &U 

C 1973 a ) stwdied interparietal hybrl&e and observed 

heterosis for plant fcslgitt pliant spread, nuabor of bran­

ches , number of dus t e r s , nmsber of pods and days to 

50 per cent flowering. 

&hama 8$k MX* C 1973 ) studied general and specific 

combining abil i ty in a dial! el set* ihty observed higher 

beterotic effect for plant height and seed yield* She 

general combining ability variance® showed predominance 

of additive gene action. 

Pal ( 1939 ) reported that red grata contains 

fairly good amount of the amino acids, lysine ( 7.03 per 

cent ) andArginine ( 5 ^ P©r cent), ihorat (1955) 

reported that there was wide range of variation for protein 

and coocttng quality* 



Shaakaran and Sferlnlvasan ( 1963 ) reported that 

the exotic type 1 .6 . 93H was poorer in eoocking quality 

than wA.i. They also observed that the L.ediu,- ond sr..all 

si£Gu dale coocked easily as compared to the big slsed cues* 

Sanehe#-i»leva fi£ &• ( i960 } observed that when pigeon 

pea matures, there was an increase in the st.areh talcohol* 

InsoXtibli solids and total solids content and in specific 

g rari ty and decrease In the intensity of green pigsaent, 

itrober g& al» < 1970 ) reported that in plGeon pea, the 

differences da© to variety were about as great as those 

due to locations and both variety and location had signi­

ficant effect on tfct protein content, 

Singh £& ft2» < 1971 ) reported that protein content 

was not affected by dates of sowing, plant population or 

row spacing* Fle t r i fife a l . ( 1971 ) reported thnt the 

fer t i l i ser treat&ents had no effect on protein content of 

dry seed of tar , 

wingh i t i l» (197^ ) report^ that there were signi­

ficant genovyplc effects and genotypie % season Interactions, 

Hone of the quality characters wore associated with seed sis© 

and days to maturity, ^eri tahll i ty values for protein, 

methionine and tryptophan ware 57, 70 and 79 %&? cenw 

respectively. 

WII) jfoappafta to G-tAf 

Abreca C i960 ) reported that the effect of glbbarlllc 

acid on plant height* flowering period and yield of green poas 

of pigeon pea was non-significant. 



 
 
 
 
 
 
 
 

 



MATERIAL AND METHODS 



l'h® material for tbe Part*! of this investigation 

eozwlstad of ISO cultures of tor selected from tlje local 

graqplara collection feeing i&aintalnad by tfco Pulses 

Improvement &cfceBi« of **&taat&a HUOA icrisfci \rldyap©othf 

fiafaiari* Ui© nataes of the cultures are l is ted In *abl* l . 

2abl® 1 s GreasplasB cu l tu re used for the i, .mitigation. 

Bo. 
i*a»-* of the 
c u l t u r e 

iarfio. iiat.;e of tlie 
cu l tu re 

K-l ^ K-15 12^10-19 -1 

K-2 8** H-16 132-ii-3-^r 

h - 3 ^3 li.77 H2-LJ-2Q-A 

M"^ k$ H-3yS 3-71 

K»5 rfMlirfd*"^""^^ IWI9 H""*l*»l 

L-6 112~2-2 K-2G 1Q1-W—2-22-ak 

l*-7 ia i -13-1 1* **—2«fc 1 0 1 - *.«J 

i»—8 116-2-5-3*+ i^»22 UwaHQ3?-M> 

i »9 IO6.B-.9 M-23 ii»23-10 

&-10 106.ii-.9-2 &»2jlt !•— Uf-—2 

K - l l 116-1 1*1-25 39-2? 

K»12 126-1 1*26 7-10-11 

K.13 126- WS 14-27 7-a**-3 

L.llf 101-y-i*-7 l-i-28 7-lG-*f 
uoot'd 

Part-I 

http://106.ii-.9-2


w 
'labia 1 (Contd.) 

flo. 
Uas-m of the 
c u l t u r e Ho. 

line© of t b s 
cu i t o r e 

K»29 5-18-**- K-53 170-**-

&-30 5-10-7 ll~$k 196-6 

1-31 31-23 K»55 10L»U»l*t 

&*32 31-2$ i-i-56 3-35 

»-33 76»18»1 i-j«*57 3-36 

&-$*• 76-18-2 L-58 10^.9-2-^ 

M«i»3? 36-22-1* fc-59 i*-282»7 

M-.}6 36-22-W E-60 ii-290-21 

M-37 36-2-Br i*-6l 20J-20 

H-3S 36-2-W 1.-62 

fc-39 3 ^ 3 - L-63 2^>16 

l.-**0 33-2l-i*r ii—0^ 23U-li--l 

L-**l 21~2l~'W *~6£ 23&*X2—2 

H-i*2 f Q^Sf**^ L-66 252-H 

k-*3 76-12-Bx L»Cf7 258-52 

L-¥»- 76-17 L-68 238-11 

*Wi*5 76-2 M»69 2¥>«8 

li-^4 76-9-2 1--70 2*»8-13 

K-if7 76-0-3 t4-71 25l**l^ 

I~k8 146-12 IW/ 2 223-15 

$*-*#9 15?-** 1^73 258-2 

2^-50 159-5 L-7^ 2^0-3 

iwja 165-11 1-75 2%-39 

K-52 56-1 K-76 255*35—r 
Cont'd 
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liable 1 ( Coatd. ) 

fir. 

M-77 

K-73 

K-79 

$W80 

k~81 

I**— 82 

H-83 

L-.39 

fc«90 

K-91 

K*»93 

K-9N-

li-9$ 

L.97 

K-9S 

i -100 

Hâ © of t he 
c u l t u r e 

a55-35-w 

237-1^ 

73-1 ( C x it type) 

90*1 ( u at L type) 

10W, <C x I; typo ) 

112— ( %; s i - } type) 

F 

a 
ii*&r 

l - l -U5*w 

h 

u 

i l 

r-

K-101 

K-102 

iv*i03 

L-1C&" 

£*»106 

&-O07 

&-108 

li-109 

s e «<* •» 1 

ii—JJUL 

i^»H2 

£—113 

M-H*fr 

I*-116 

M~H7 

1-XL18 

*~&9 

1*»120 

1-121 

*•->—122 

L-£& 

iioac of the 
cu l tu re 

C-132-X-H«2*-5 

Hineml 3-0-l- l*-3~ll-A 

i*u l i a -3 -25 

i i t r a l a Vljapur 

" t r ^ l n - l ^ M l 

Fuisa«2-3t* 

l~i32(U»P.) 

p-.i32(y.i%) 

~»66 (LiaeMsto) 

*.'—6(>» l l 

i.i«toij«»^£| 

Ea&:Uivlty? 

:v"-. i - iiod grain 

Frostrat© 
Cont'd 
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table 1 (Coatd.) 

&r» "suss of tfee Sr. Uaoo of tb@ 
Ho. culture Ho, culture 

i-125 Round loaf 1-1**9 2—2—3-11 

K-126 Greozay 9-1 U150 3-1-3*1 

K-127 Greai2iy-6 1.-151 3-1-4—6 

IM.-»128 Obeordifolia L-152 % '"̂  i t C 

k-129 Partial® te r&e 2**-8-l UI53 8-1-6-5 

i.»i30 Par t i a l s teri l© 139-A l*-!^ t**W—***-£-

Par t i a l sfcerll* 
Prostrate 

i -**6»i*Gl(ii©utfc©n) 

H»155 

K-156 

lo—X-^-16 

l -* -2-7 

M 3 3 4<o.2 
U157 4»—JMU— *^W*«*»0 

fr-13fc !*»«.—2-6 f-i~15B 5*f—1—2 

i-135 2-13—1*3 L-159 

K-13$ 1»2—9*'3 
L-160 2-9-5 

k-137 1-16-1-1 1-161 5-77-1 

i-*»J36 6.6-2-2 ii-162 3-108-2 

1-339 7-12-5-& L-X63 5-83-1 

L~1^0 16-3-3-2 l-i-16^ 1-3-21 

una 3-1-5-2 i-165 5-10*3 

*.-&& 1-75-2-7 1—166 12—165—1 

V~2M>3 l—is— 5**li i - i t # 12-07-3 

£•*«• J , 1 J * F 7-1-5-7 1.-168 12-99-3 

i-,-l**5 1-3-2-16 K-169 12-101-1 

i-«.i*»6 i-3*-B~!$ H-170 12-1^3-1 

k-1^7 fc-3-2-1 L-i?l 1;>1M3-1 

ume 12-2-2-11 £-172 JLci— l*4%i—3L 

cont 'd 
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i<o« c o l o r e 

^-173 12~l**6-2 

L-»17*f 12-1 ,6-2 

1-175 3-1 

M 7 * 3-3 

i...U* of U * 

i:~177 i + 9 - l 

1-178 • > 0 - l 

li-179 -̂>1 

iuieo u.5 

fapfrfoodp 

kow&liii. 

i"be esperlbftntaX n-afcerl&X vas sown ic tbe i^myif 

®e .son of 1973 In mediieu blade s o n , fertilise u with 1? 

© a r t l e s s of ,F»¥,i>.s 20 kg •• in tiie fori- of UPO« raid £0 kg 

I'o0* inthe. for of single &uperpbo6pb&t@ cr Lectave, 

A'WO rows, e&eb of 5 &etr© length| were eov& per c-ltuve* 

wb© s p e c i f between too sows wae 2* and bcLwGti. j,_an^s 

vltfama row ¥vis l*# *-ive p-Ua&ts w««! uelocuod rcxiuo^ly in 

each culture for sj^y^yiug various cimraefct-r. . 

i ) î SitjaLtjsxsfigife 
Labtt of growth %?as aotea at iiJo© ti£je of i.a-urity 

aiid culture were grouped broadly Intqlollow-i^ e l a s^e* 

i ; i-rcct (H} w€»4.»ferect au£ ( i i i ) eprccUirc 

weight vus reoortissd at maturity ami vex ».6&£Uzed 

In centimetres frot the so i l sur£;*ac to tix. .X of the u i ln 

stem* 
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3) X oaflet .atoajg 

fbls was r e c o r d before maturity on i'uHy developed, 

representative leaf ®»d cultures were grouped i»&o follow, 

ir̂ g classes, 

1) Linear (2) Laneeolate (3) Obevate/obcorOate {k) 

Ovate and (?) Oval 

Observ-tioas on 8t©e oalou* wer© reooK-ed at the 

t la* of flowering. Stet, was el^hter light or dark purple 

or greea in colour* 

i'he colour of flower was noted whea eoet plants 

flowered s»d when Hovers were fully open, f l o u r s of 

back of standard y*tal9 veiae aad eye spot on the at&adaid 

petal were also recorded. 

&) I&WL MMrnsnm 
thb date on whieh J>0 ,;er cent of plar&o i:a the plot 

had Hovered was ta;«en as datt; of flowering, Faroe* tblg the 

number of days for flowerixig was e&leul&teci. 

Tim number of day© for maturity was calculated fro© 

the date of sowing aad date of uaturity, AJSC cite os which 

al&osst a l l of the pods wore dry and ready for harvest was 

taken as date of maturity* 
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8) tiuaber of pods peg plant 

iive plants of each culture were selected and on 

each of tho selected plants a l l she pods confer.iailng seeds 

were counted, 

9) *«ds&ey of seed ŝ ft?-r pofl 

On ©aeb of the selected ttore plants five fuHy 

developed pods were taken goad wmlmr of se^ds :,-©r pod 

•were recorded. 

10) Grain yield 

'ihe gF-^tn yield was recorded on plot basis fro© 

which yield per plant was computed. 

^3J *e.s-t weight 

*or till® well developed 1000 grains of ouch culture 

uere eounteu and weight was recorded* 

Ah© nitrogen contest voe determined by i.icro-

^eldablk^thod C A,O«A,CM 196V } as foUovs. 

100 eg of powdered sample was transferred to ®lcro-

iyeldahlsflask. To this were added 2 ©1 of 1 per cent 

i-alieyllc sold ( 1 gts salicylic ^cld into 100 tH of cone, 

&>/>% >t 1 crystal of sodium thlosulrhate t 1 m of 00 per 

cent perchloric acid and ^-3 drops of cone. Go- ^ solution 

and the contexftevore digested, digested ui ter ial was trans­

ferred to dietiUatlott fla««&* i'o this were added 10 isl of 

70 per cent £o0u. l&u evolved after dis t i l la t ion was collected 
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l a 10 wX of 0,01 illiQ. solution eontaiiiing few drops of 

motnylred Indicator. After cotuplete dist i l lat ion the 

excess of tne acid lo %m solution vas t i t rated ocainst 

o.Ol ii aton solution* 

( ml of HQ. x U) • ( s i of lialfc x ~) 

A conversion factor of 6»25 VOB used, to calculate protein 

content fr©& tbe nitrogen content. 

i ) &£&£&L£JL3&JLfem 

i'be ERBserical results were presented in an anHysis 

of variance table, Bie gross variation was spl i t up into 

variation toetveen cultures and vitbln cultures, -toe standard 

error of tean and significance of t~ean soci of squares by 

*i • tes t wore vorked out ( t t e d ami 'Xorrio, i960 }« 

Moure© of variation o»f» &UK of seuares i-ean *- 1* 
t^uares ; >,f^»l»- • • I * . I'«,„-. 

Between cultures t -1 
c-

Witnin cultures t ( r - l ) by subtration 
( Error ) 

-otal r t -1 

* Lean eeuare is a euis of squares diuMcd by 
corresponding d«f« 

o.w. » b.i-» at x t at en or tui*. at 5 /<* 



Karl Pearson's correlation coefficient formula was 

adopted to calculate tbft coefficients of correlation 

( Pause and bukhatia©, 1967 ) . 

Whore, 
at and y are the variables 

1 s to ta l population 

r » coefficient of correlation 

Significance of correlation «as varifled by tbe 

application of *t* tests reproduced below* 

r N/"1^2"*" 
t (by calculation) » —T—-—=— 

y l-Jr 

• here, 

r » coefficient of correlation 

n » mssber of par i s of observtitlona 

Agrees of freedom for t are n - 2 

H i ) Li^ti,:lc.j;eA^ii^Qj3 

2b© multiple regression of 3 Independents variables 

v i s . , pod amber t seed router mid test wei^it on a dependent 

variable via« t yield wag calculated t>y Abbreviated ttoollt&U 

eetbod ( fcteei and forrie, i960 )• 

X a a + b ^ a ^ ^ b g X g + b^au 

voiere* I - dependgnt variable 

a s constant 
b^ t b2 and to, * partial teEgkessftw coefficients 

^ ' j ^ t X g 3 ^ * Independent variable© # 
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Part-II 

* he material Ibr the Part*! I of tl&s investigation 

consisted of 19 mutants of tur Esaintatr^d in the Botany 

iieetioii, College of Agriculture, Poo.a. riie uitcnts are 

l i s ted in Xafele 2# 

'Xable 2 t Sfuy mutants used for tfe© investigation, 

£y»So* C©d® iUo ito2 of th® mutaot 

1 1-276 

2 1-277 

3 1-278 

h 1-279 

5 1-280 

6 X—281 

7 X-283 

a 1-28** 

9 1-285 

10 1-286 

11 1-287 

15 1-298 

13 1-299 

1»* 1-300 

15 1-305 

16 1-309 

17 1-317 

18 1-320 

19 1-325 

20 1-326 

Prostrate 

1'lny leaf 

Creeping 3-2-8 

iiooiaa leaf 

OtocojpdifGlia ( ii.r. ) 

Ofceordifolia ( UGr« ) 

Gbcordlfolla tl.utant ) 

Obcordifolia i -.clM ) 

Wbit© grain outant 

2-;«d grain nutant 

Ik-noearpel 

Kanpir mutant 

werpoatljoe 

tWOrf 

Uiiifoliate 

bifoliate 

*»•!'. 82 ( cbea; ) 

Lultifoliate 

Bicarpol 

t-ricarp^L 

f«w«»-4M 
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'ibe naterial was grown In the sa^e Daaiier m thai 

in Part-I awi obeerottone on Borpbologicul and. eooaoDle 

characters were recorded in the similar manner* 'Xhe mutant® 

were also studied fox tr.eiotie behaviour pollen viabil i ty, 

seed protein content and response to glbberelllc acid. 

Moral buds of suitable sis© vert1 fissa in Carney1s 

fluid ( 6 absolute alcohol '* 3 chlorofcov * 1 «^etie acid ) 

between 11,15 and 11.^5 a*m» XbB buds were hept in the 

fixative for kQ hours after which they were etorod in ?0 per 

cent alcobol. anthers wore dissected out and squashed in a 

drop of propioiiQ»cart4ne. £he slide was varied Judiciously 

over the Ussae of a spir i t lai.p for few seeorulD and covervllp 

was placed on the slide vbich was then eaa^iiiod under the 

cicroeeope* Glides having satisfactory stages were sealed 

with paraffin. £he slides were laade pexu&a&nt the neat day 

a© follows* 

i»eulln& was removed and elide was laepr, inverted in 

fine ridged porscelein dish containing k$ per cent of 

propionic acid, five i4nutes after the coverslip was detached 

£re& the slide, she eUde and eovereUp wore passed through 

following series keeping in eaoh for 3 minute. . 
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1) I t l propionic acid and s-butyl oleoliol. 

2) U3 propionic acid and n-butyl alcoitol* 

3) n - butyl alconal* 

ifce slide was dried by tapping over a Plotting 

paper, a drop of Canada balsac was placed and covcrslip 

was replaced in i t s original position* Pfaotociiasograpbs 

vere t&lssn using P&O, wanusuva photographic cicroscot.* on 

35 E® Agfa film ( kOQ J"»£A) under tbe magnification of 

12*5 ^ 3,00 x using tiie o i l ix.Dcrei.oii lens. 

Pollen grains frees nature anthers we -e collected on 

the slide and stained in a drop of propiono-carnine. 

different clerotcopie fields wer© selected as randoo on 

the slide and filled ( stained ) and u..filled (slirivcXied 

and unstained ) pollen grains were counted. "roUon viabi* 

l i t y was ©stressed ate percentage. 

Uibberallifi acid ( G& ) was applied as foliar spray 

a t 100 pps in three ©prays, **>, 6 and 6 wecias after sowing 

respectively, Height of the untreated and treated plants 

was saoaeured tnrte weeks after the last spray. 

i'he »t» tes t was wed to test the differences in 

height of GA treated and control plants. 

http://ix.Dcrei.oii
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£^ and Xg aî © two ©aDpl© mmsm 

». and IU asm sample sizes 

a^ + tig - 2 

«2 and »2 axe scsapl® &•!*• 



 
 
 
 
 
 
 
 

 



EXPERIMENTAL RESULTS 



'i'h© results obtained in this investigation are 

presented toele&u Ibe characteristic features and wmn 

values of each of the 180 cultures are presented in the 

Appendices I and I I . 

1) n#4t of growth 

iiabit of growth was noted s t the tin© of mtur i ty . 

th&T® were 7 erect, 139 seEii*ereet and 3k spreading types. 

S) giant J^ ig - I 

Xhs analysis of variance for plant 1 eight is given 

in i'able l f while the frequency distribution for different 

height groups is presented in Fig. 1, 

*able 1 s "lloVA for plant height* 

Source of variation d.f, S.£» L,Lu F 

between cultures 179 1^3513*3,̂  913.^6 I 19.30 ** 
0 

ivithin cultures 715 3^*2.if0 **?.33 § 

io t a l s . s . 89** 197355.5^ 

** £>lgnifleant at 1 per cent level. 

Fro© i'akle 1 it can be seen that differences among 

the cultural means in respect of height were highly 
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significant, 2'he range of variation for height vm frot 

72 to 152 cm. 'She cultures were grouped into 11 classes 

of toolkit. *he majttejga frequency of cuiaises woe in the 

height grouf of 11** cm. She &.*>* ana C,V, were 13»9& ccs 

and H»98 per Cent respectively* 

3) leai let ghape 

inhere were five types of leaflet shapes. £he dls* 

trlbutionof the culture© according to leaflet chape was 1 

I69 ianeeolate, 2 linear, 2 obevate/obcortiate, 3 ovate end 

in tur there are two types of stec colours i»e« 

purple and gr@®n# aowever purple colour could L>e differenti­

ated into light purple and dark purple* 'i'herc wese H I 

cultures wiu. l ight purple stem, 37 with dark purple stem 

and 32 with green eteia, 

ihgre were only two type© of flower colours v i s , , 

yellow and creamy while • But when colour of veins and 

eye spot on the back of standard petal were eoi-sidoxod, 

there were 1'4? cultures with yellow flowers, 20 having 

yellow flower with red veins on the baci: of standard 

petal , 3 having ye3l4*w flower with eye spot on the back 

of standard petal, 8 having yellow flowers with red veins 

end eye spot on the back of standard petal, ilJcro were two 

cultures with cr®a»y while flowers. 



^ig. ? 
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O 
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o 
c 
CD 
J3 
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50 

U0 

30 

20 

10 

0 

Glass 
value 

7^.50 78.50 82.-^ 86.50 90.5o 9'-*.^ ^ . ^ o 
tcys to flowering 
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6) frays to Covering 

Based oa day® to flowering, a l l the X8G cultures 

were grouped into 7 classes ( Fig 2 ). £ke range of 

variation was from 73 to 102 days, Xhere were only k-

cultures in the earliest group flowering within 73-76 days • 

xh& second group flowered in 77 to 00 days and there were 

15 cultures • ^her© were 2$ c«im«e which fXjwered in 81 

to 81* days* A total of 105 oMUwes Hovered in the rang® 

of 85 to 92 days. There were 26 cultures which flowered 

in 93 to 96 days, live cultures ilowered in 9? to 102 days. 

in© &«&• and C.V.were 5«29 days and 6#00 per cent respectively* 

7) mMJ^mmm. 
A H the 180 cultures were grouped into 7 classes 

based on days to maturity ( Fig 3 ) . i'he range of variation 

was fro® 128 to 168 days, -the f i rs t group consisted of 

13 cultures satwing in 130 days* Xn# second group consisted 

of 37 cultures, maturing in 135 days, "i'here were 3N- cultures 

in the third groiaf which matured in XkO days. *here were 

**5 cultures with the maturity of 1**5 days. This was the 

largest group, 31 cultures matured in 150 days whii» 12 

yatured in 155 days. The las t group consisted of 8 cultures 

maturing in 163 days. flhe S J) , and C.v.wer© 7.99 days and 

5*50 per cent respectively. 

i'he analysis of variance for number of poda per 

plant is presented in fable 2* 
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'••'able 2 * AUOVA for lassber of pods plant. 

^utfce of *rariati©» d»f, &•&»• li»tit W 

l^twaea cultura 179 8895905*3? **669?.797G§ 12.75** 

v.ittda eulturst 715 2786931*00 3&97-806M 

±otal 89^ H683837.2? 
*wmp" m**m*** ***•* 

** signiffteasfc a t 1 per cent 'lme"i* 

I t i s obvious fro© I'abXa 2 t&&t there esiatod 

cul tural differences In respect of number of pods per plant , 

'iiiii frequer-cy dlstributioii for number of pods per plant is 

pmmtfo®& in Fig. **• All tli© 180 cultures wore grouped into 

7 classes a§ per t t e CI". Xba highest group Iiad 20%#9 pods 

vMle tlae lowest haA 81*2 pods per plant . -Sao t-odal elas© 

nad 119 pods par plant* She s»i>, an* C#¥. were i*6.79 and 

30«71 per cent respectively. lOia bigfaest pod auciber of 

336 %ra® found in the culture ?~10«*** ( **- 3 ) . 

9> 3&«BfeorT. oft aaf^,jay,,pp4 

'i'be resul ts of a n a l g i a of variance for nuaber of 

seeds par pod are precepted in Sable 3* 

£ahle 3 * AiJ0¥A for seeds per pod . 

Between cultures 1?9 50*9^ 0,2S»f5 3*23 
fclttoia cultures 715 62*97 0.0880 
Xotal 89** 113*91 

* « 5 

** Significant at 1 par cent. 
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2be differences between cultures for rambw of seed® 

per pod wet© significant at 1 per cent level of significance. 

Xfae frequency distribution for eeeds per pod Is presented in 

Fig 5« £ne unole collection of 180 cultures *fes grouped into 

7 classes. i.'be highest group and lowest group nod 3»89 sad 

2«S3 seeds per pod respectively* ihe modal value was 3«**3 

seeds per p©d# ine S.D, am C,F# were 0»2h and 7,20 per 

cent respectively, 2be nlgiest seed nuaber per pod of V«12 

was found in tbe culture A { hm&$ }# 

io> gctoj&flfl.,par,,tftanlt 
&e results for yield per plant arc presented in 

Fig.6» l£»e range of variation for yield per plant vas fro© 

H.19 to 0f»OO p u wtiexe were 17 cultures witL Dean value 

of 16#00 m9 ^h*le 35 cultures bad uean value of 2^.50 $&» 

Afie esodal group consisted of 67 cultures witii t<eaa value 

of 30* ?0 pa* £he mean vulue of 36,50 ^ ^as oweerved in 

33 cultures, iter© wei-e 18 and 6 aO-twee with mon yield 

of te*5$ end ^#$0 g& respectively * She isigacet group had 

yield of 60 gB in ^ cultures, She s» l . and wV. were 10.91 

ga and 29«3G P®*1 cent respectively, Use nichest gr^ln yield 

per plant of 0^.00 gss was obtained in the culture t-128 

(ubcordifolia). 

i i ) £esfr W#gt& 

The frequency distribution for test tfeigiat is 

presented in I'lg. 7. ^be cultures were grouped into 11 
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classes • 2he rang© of variation was fro& $Q to H2.51** €** 

X'bere were 5 cultures w^th tsean values of 60. yo m* '-*•'&© 

tes t weight of 67*50 and 71.50 m ^©re found in 6 and 9 

culture© respectively, i'here were 12, 15 &«d 17 cultures 

which represented aean values of 73.50, 77.50 and 61.50 

g© respectively, 'i&ere w s r e ^ cultures in the modal group 

with E«S« value of 87*50 go, 2h© uean test v o l e t s of 

91, $0, 93*50, 99.50 and 108*00 m were found m 29, SI, 16 

and 6 cultures respectively, I'll© fc.D. and C.V. were 10.1316 

0b and H.7700 per cent respectively. The highest tes t 

weight of 112,$k get was observed in &h© culture D»2(l-i-89). 

l a ) £rj|©J&J0^t£^. 

•the frequency distribution fa* protein content is 

presented in Fig. 8. *&© range of variation for protein 

content was from 1^.18 to 2H-.06 per cent, -ho cultures 

were classified into 7 groups, in the f i r t t gi*oup there 

were 26 eultitros which showed wan value of V+»8? per cent. 

£h© second group with W* cultures had tuean value of 16.27 

per cent, i'toe third and largest group with 53 cultures 

had moan valu© of 17*69 per cent, i'here wore 12, 28 and H 

cultures with the moan values of 19.07, 20.M? and 21.87 

p#r cent respectively* '£hm highest taean protein content 

of 23.32 pw cent was found in 6 cultures, ihe fc#i>, and 

C.V, for protein content were 2.2**7 and 12.500 per cent 

respectively, the highest protein content of 2**.06 per cent 

was found i s the culture E-hr ( i-92 ) . 
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Perusal of Table h reveals that the characters 

yield per plant was highly positively associated with 

amber of polls per plant, masher of seeds per pod and test 

weight. Held was also correlated to a lesser extent 

positively with protein percentage, whereas i t was nega» 

tively associated with days to flowering and days to 

maturity* Correlation of yield with height woe noxwtAgttU 

f leant # 

I*uiiiher of pods per plant was highly positively 

correlated with height, days to flowering and day» to 

eatwrity, while i t s correlation with the rejoining 

characters was nen»slgni£Leant« 

Sumner of eeods per pod was highly positively 

associated with height and days to flowering, while i t s 

association wish test weight and days to maturity was 

highly negative, i'he correlation of seeds per pod and 

protein content was noo-signifleant, Xhe character test 

wc i^ t was bi£dy positively correlated with helgfrt while 

I t s correlation with days to flowering, and days to 

maturity was highly negative. I t showed no correlation 

with protein content. 

£he association between height and days to flowering 

was highly positive, whereas the association of height 

with days to maturity and protein percentage was n©iw 

significant. 
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tim eorrelatloi^ coeffieieats o£ the aiTi'creat 

efeaJfceters stu«iis4 la pairs are presented l a -able h* 

i!li© different characters are given abbreviation as follows, 

f*P,P. » lioia per plans 

Ptl'tP, * dumber of pods per plant 

$ •£>•£>* s lasfeer of BeoCv i,-er p l a n t 

•i»W, i Seofc wi£bfc 

£&» » Hotgfct 

KUOayi t l̂ oys to Octtcrluc 

Ka$* <2&ys i i>&ys to cafcurity 

Prof* jJ J Protein percentage 

i'abX© ** * Coefficients of correlation asso^ Oifforoiifc 
ehav&ctere* 

_ _ i S i J * ; clays ; days j J* 

I#F*P, 0.3?* oM* o»6|* o#oi ~o*?fe;" *o.u-S* c i e " 
*.*•* 0*06 0,02 o.si* 0.31 G.al* o.i»f 
&.P*P* *o #^ o.ai o,56 -o,53 o#o6 
i.w, o,2l* «o,»*a* -o.3&* ~oa3 
St. 0«2*fr »0.OO3 0,10 
KL« days 0.$* -0.02 
beft* dsin »0.ool 

* SigtiifJcacfc a t 5 P « F ©*-*& ** fci(?3if l e a n t a t 1 p@r cen t 
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iiie correlation of days to flowering and days to 

maturity was nl&.ly tsosifcive. Xbe oonelatloa of protein 

percentage vitfc days to flowering and days to maturity was 

very low and non-significant. 

2toe multiple regression of 3 variables vitfc. on® 

dependent variable was calculated by Abbreviated booSltH^-

Held was taken as dependent variable {!) on tes t 

wei^it (^>* Hypes' of pods per plant (Xgi ai'-d amber of 

seeds per pot. (**)* I t was seen fro© Table 5 that partial 

regression eeefflcienfcii b^, b g aM b~ were s ta t is t ica l ly 

significant at 1 per cent level. 

Sable 5 * Multiple rcgreesion of ^ , ^ and i* on 1' 

character Val&eis 

Multiple regression of 

x^t %2 ^ H « * 

Bue to ^ • • • ^ » 0.71 

i»u® to &2 • • « b 2 « if.af' 

iiue t© X, • a • b 3 - 3.3$* 

*v tignifieant at 1 per cent. 
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!isb© general characteristic features of ubo raitants 

ar© described below* 

*) irggfr Urostr-te) 

I t uae dwarf o»d busby vltb prostrate habit of 

growtb. i'foe m®£n Btm, hod best down witbin a certain 

beight. leaflet weft s»stEal laaeeolsfce ( l ie* 9) . 2b« 

itOB wa@ green but cortex was pigsesited. Jlovorc were yellow* 

2) i r S Z C Sfciy leaf / 

i'be gro^tb habit was erect, Tbe leaflets were 

SKOU. asd gam«wb&t linear In simp® ( Fig. 10 ) and Hewers 

were y©21<̂ « 

3) 1*^8 < Creeping 3-2-8 ) 

I t had veak main stee and branches, i t put forth 

a l l la teral branches close to ground. Sic? leaflet shape 

MOM asms! lanceolate (iig* 9)# &tem was croon and Hovers 

w#r® yellow with red vein® and eye spot on the bad; of 

{standard petal* 

*0 1-S9 ( Bound leaf > 

I t bad leaflets with rounded base and apex ( i ig.10), 

Orovtn habit vae setsi-ereet. Xhe colour of stcu was dark 

purple and timers were yellow. 



F i g . 9 : Leaflet shape of the autants 1-276, 1-278, 

1-299 and check 1-317* 

Fig,10 s Leaflet shape of the mutants 1-279, 1-277, 

1-300 and check 1-317 

Fig.11 t Leaflet shape of the au tan ts 1-280, 1-281, 

1-283, 1-284 and check 1-317* 
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5) 1-280 ( Obcordifolia, *«P. ) 

I t was dwarf and had se&*Uereet growth Labit* 2h© 

leaf le t s were otoeordate C Fig, 11 ) . 2he cter. was l ight 

purple * I Idlers were yellow, wings protrudl:.c f̂ QE the 

standard petal before f3ower opening; keels separate and 

narrow. 

to i s £ § l I Gt»©jsiif©lias M r . ) 

^ iEi la r to 1-280 < i i g . 11 and li* }. 

?> £»283 ( OlMordlfolia^tmtattt ) 

i h i t mutant was cot-parativcly t o l l e r and dor® 

spreading than the above ofceordifolia types (, &ig» 11 ) . 

other characters w©r# e ieHar to those of the above tj^es* 

8) 3U28V ( Ofeeodifol^a, X^olbl ) 

Similar t o 1-283 ( I 'lg. 11 ) . 

9) 1-28$ ( White grain mutant > 

i'lie grewtB habit was semi-erect # leaf le t ehape was 

Dorsal, ate© was dark purple, Hovers were yellow and grains 

were white* 

10) X-286 ( l«ed grain autaiit ) 

x'fcfo habit of growth was ©root, fcteu was l ight 

purple, leaf le ts were noraal. f£he flowei-s wore yellow 

with red veins on the bacl: of standard* 



Fig. 18 t Leaflet shape of the wit ante 1-305, 1-3091 

1-320 and check 1-317. 

Flf . 13 I Leaflet shape of the aataats 1-287, 1-325, 

1-326 and okeck 1-317. 
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11) Jem < ̂ onocarpel ) 

ibe growth habit was seinl-erect. oten was puypl©. 

Leaflet shape was noma C S'ig« 13 ) and flowers were yellow. 

^2) Jb2S§ ( j*anpur mutant ) 

1'he growth habit was erect a..d leaflet aha-:* was 

normal. 2te stem colo-r was l ight purple and f l e e r s were 

yeH©w, 

13) 1*299 < Serpentin© ) 

I t Lad serpentine habit as a result of vhich i t 

eotapletely lay on the soil , leaflet shape was mm&X 

{ iig» 9 } eteti colour was green a.id flowers were yelled. 

Pod setting was gear* 

3&) 1-300 < Dwarf) 
m* • • ' 'will' 

ihis tautant was characterised by i t s dwarf and 

spreading habit arid bushy appearance. It had profuse 

primary and secondary branches and normal leaf lets ( * is* 

10). ttm steo was b r i t t l e . Pod seating was ix?or» *be 

©tern colour wejt green and flowers were yellou. 

35) Jb3M ( b i fo l i a t e ) 

Xheleaf was simple and unifoliate ( I 'ic. 12 ) . 

Uote«jverf at a lew nodes tr ifol iate leaves \fcre developed. 

xtse growth habit was setal»erect with very few branches* 

i'he flowers were yeH©w with red veins on the book of 

standard* 

file:///fcre


Fig. 1% t Floral parts 

Fig. 15 t Floral parts 

Fig. 16 t Floral parts 

of taa 1*317 and 1*281. 

of tas 1*317 and 1*325. 

of the 1*317 and 1*326* 
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Fig. 16 
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16) X*309 < fcifoliau© ) 

*he loaf co&pimised of two leaf le t s ( I-ig. 12 ) . 

Occasionally t r i fo l i a t e leaves were developed, ±&9 

growth habit was semi-spreading. 2he leafleu shape was 

aonaalf ste& colour was green and flowers were yellow. 

17) 1-317 < K.^ 82f check ) 

i'he growth habit was erect* Leaflet claape was noxcaX 

( *ig. 9) ana ( *ig. !**• )• tftec* was light purple ami 

flowers had red shades on yellow background. 

IS) Jfe3gP < **altifoliate ) 

'jfce 3uaf ,o£tb*B uitant was characterised by basing 

^-6 leaflets { f ig , 12 )* Abe growth habit ucs seed-erect, 

stei* colour was darls purple and flowers were yellow. 

19) IzMl ( C a r p e l > 

I t iiad two carpels fused together ( Xig. 13 and 15 )• 

ihe growth habit was spreading. Leaflets wore obcordate. 

the ®tm wa§ green in colour and flowers were yollc*. 

20) lr$$> { iricarpel ) 

Thin outant was characterised by the ^xeseaoe of 

3 carpels, wo of them fused and one separate C i i g . 13 

and 16 ) . I t flowered profusely but pod se^tlbg was very 

poor* I t was spreading in habit* having obcordate leaflets , 

green sfce© and yellow flowers. 
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JasoiaoBio characters of the mutants 

ObservatioiiS recorded on plant height, days to 

flowering, maturity, naaber ©f pods per plant, member of 

seeds per pod, test weight, yield per plant and protein 

content are presented in lable 6. 

1 ebtic behaviour, pollen viabil i ty and response to G.A. 

Analysis of ©eiotlc &ttapbaae-I and anaphase*I 

revealed that aH the mutants bad normal oeiotic beha» 

viour# ihere were 11 blvalents at Detaphasoland chromosome 

separation was normal at anaphaeeK Fig. 17 and 18 ). 

Data on pollen fe r t i l i ty are presented in £&bla 7. 

Most ©f the mutants }.ad normal pollen fer t i l i ty , 

ih© oiitaat, X-300 ( i*rar<r ) had reduced pollen fertility 

to the extent of 10.29 v®* cent. 

Response of the tautants to G.&, in tcrua of 

height 1B presented in iable 8. 



PlS* 17 t Normal ae iot te aetaphase-I showing 11 I I , 

Fig . IS l Normal laeiotic anaph&ee-I showing 22 chrowo«OM«. 
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la&L# 6 s Uiom^a efeasueters of tfj© outax&s. 

C M U ^,« rt* t »+rtM*- :iiel«bt*i>ay» sB&js : #o»of ilfc.of * *'eot sHeld i Protein 
\*cm ^ a ^ oi *.utanti C e E y ^ ^ ^ ^ y s e o o s / voigjit « r content 

A^* flow- Bafctt - plant pod (o^> plant if») 
eriiig rit^f (gp) 

1-276 Prostrate 60 110 150 181.80 2.56 7G.1*0 #*•.¥#> 21>3 
1-277 *in& 2 * ^ 73 82 156 23?.**0 3.2*i- 01.60 ^8.07 18.08 
£-278 Creeping 3*2-8 71 7® 166 190.00 3.2% 79*50 21.87 19.50 
1*279 iiouaa leaf 158 98 1$* 115.60 3.32 72.50 19.68 22.?$ 
1-280 ObcoffOlfcOlaCii.l.) 89 87 173 1©3.**0 2.80 68.25 25.30 19.25 
1-281 GboorOilaliaUi.Gr*) 88 #*• 166 289.00 2.72 83*GO 5**.50 2$.25 
1-283 ouooroifolia Uotaofc} 99 80 I63 171.00 3.00 77.65 27.52 21.00 
I-2SM- tfbco*aifttLia (Belial) 99 83 1*7 16?.80 3.00 85.20 29.20 19.87 
1-205 I'fclfcc grain a u t a t t 113 91* 167 150.^0 3.60 85.57 33.05 21.12 
1-286 Hod grain extant 115 105 166 171.**0 3.16 90.20 **1.20 15.93 c 
1-287 Lomcarpei 103 86 173 205.00 3,kk 6MM3 38.12 19* $& 

^ ' 1-298 Kanpuar snfc&nt 136 125 179 335.20 3.32 69.5% 52.3^ 25.^8 
f' I-299 ^arpeiitlne 86 1U0 37s* 89.20 2.92 70 .CO 10.00 2l.**3 

1-300 i^arf M) 1**1 Ifh 107.00 **#2*f 5^.a* 15.33 15.50 
1-305 yni&Uate 102 1^1 T?b 251.00 3.20 75.60 27*75 16.95 
^309 ^ i i o l i a t e 131 85 167 181.i*0 3.12 81.50 30.57 22.75 
1-337 *-.*'. 82 Collect) 181 139 176 315.20 3*16 8**. 26 57.71 17.06 
1-320 i .ul t i fol ie te 99 86 170 261.60 3.08 6*+.lK) 38.12 16.81 
1-325 ^iearjafll 11% 133 173 110.60 2.8% 72.25 22.50 17.37 
X-326 i r lcapel 113 127 165 160.00 2.96 80.10 28.*tO 16.25 
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tablQ 7 i ¥tt21«n fertilitycf tiJ@ lautanfcs. 

Code oo.oi i.ucbor of 
f e r t i l e 
pollen 

tfunber of 
steriX© 
pollen 

jcotul lertility 
XKiP-C€£ltiii© 

1.276 

1-277 

1-278 

1-279 

1.280 

1-281 

1—283 

1-20*. 

1-285 

1-286 

1-287 

1-298 

1-299 

1*300 

1-305 

1-309 

1-317 

1-320 

1-325 

1-326 

60V 

29V 

60M-

362 

786 

935 
7k§ 

itit.5 

876 

733 

373 

520 

586 

1V82 

981 

376 

V3I 

933 

1220 

3* 
17 

IV 

18 

25 

22 

30 

31 

22 

26 

170 

» * 

20 

IV 

22 

30 

71 

$L6 

306 

638 

379 

800 

953 
770 

h(f? 

906 

?G+ 

612 

1652 

1025 

98V 

390 

**99 

6G9 

1291 

98.05 

96*08 

$fe»67 

95.52 

98.25 

90.12 

96.76 

95.29 

96,69 

95.95 
9V.6? 

95.9V 

95.56 

89.71 

95.71 

97.97 

96,if l 

9V, 90 

96.88 

9V.50 
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I'aUie 8 i UespoBfit of tbe u.utantG to G.A, 

^o0» m. ^aes© of 
Lutanb 

H e i g h t 

Untreated 

<0D ) 

*reated(G«A.«) 

1-276 P r o s t r a t e 1*2. *#0 **7.20 

1-27? *iiiyl©af 51.30 71.80* 

I-2?8 Creeping 3-2-8 29.M3 32.20 

1-279 Kouaa l e a f 39.^0 %6.00 

1-280 obeordifolia(iia.<) ifO.OO 52*U0 

1-281 oboordlfolia(£UGr«} 36.00 W.00 

1-283 obcordifoliaC outeu4») 36.80 ^7.60 

X-28N- Oyoordifblia<ii,Bl«) 29,20 ^3.30 

1-285 t&l t* gxula saltan* 37.*K) 39.60 

1-286 i*d gra in rsutaat 37.00 M3.**G 

1-287 Lonocarpel 39.^3 62.00 

i -298 Aa&pur mutant »*5.80 53.*H> 

I-299 Serpentine 36.60 ^3.60 

1*300 Dvorf 33.80 U6.ao 

1-305 J n i i o i i a t e 52.60 66.00* 

I-3Q9 b i f o l i a t e Mf.20 66.80*" 

X-317 ...P.82 3N-.00 36.00 

1-320 i . u l t l f o l l a t e 26.60 36.80 

X-325 lilearpeX 30.00 35.60 

1-326 I ' r ioarpel 38.20 0 . 0 0 ^ 

* ^igj&fleant at 5 P*r «eat ** uic*ii£l©aafe at 
1 per cent* 
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'&* mutants tiny leaf, &mrf9 unif©liotct leifoliate 

and tricarpol exhibited significant increase in ixight due 

to G»A.t2peatt~ent vliil© the increase in the ijeXgnt of the 

other mutants was not significant. 



 
 
 
 
 
 
 
 

 



DISCUSSIONS 



P X S C g f i . S I . Q , H 

frart»I 

ibis investigation was undertaken with the object 

to study the naiur* of variation in the local tur gcrcplast. 

collection of the Pulses Ieproveiaeat ^chece, l-iotaâ oa Pbule 

ftrisnl Vidyapeeth, Raburi in respect of certain qualit&tive 

and quantitative characters. i*hese eulturee were studied 

for morphological characters l ike habit of growth, leaflet 

shape, steci colour and flower colour, physiological chara­

cters like <iays to flowering and maturity, yield and yield 

c o n s e n t s lifct pod number, e@^s per pod, test weight and 

quality aspect l ike crude protein content of seeds* 

Correlation studies are important asset .-o the 

breeder in his selection programe* i'henfore, i t i s nece­

ssary to determine the relationships between yield and 

yield components as well as quality characters. Improvement 

in yield, yield components and quality may he t43.de by 

selecting for other siaple characters which are positfcrely 

associated with yield and other characters • i t also happens 

tha t , due to certain negative correlations, ioprovet.©nt in 

respect of one character may have been led at the e^enses 

of another* Knowledge of these associations and intensity 

of these relationships is iiaportant in breeding programme. 

http://t43.de
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Habit of growth 

In respect of this character there vac less variation 

because uost of the cultures had semi~ei?©et habit of growth, 

and very feu were spreading or erect. 

leaflet shape 

live types of leaflet shapes via, , lanceolate« l inear t 

obevate/obcord&te ovate and oval were observed« Out of the 

ISO cultures 169 cultures bad lanceolate leaflet shape and 

seualnlng H cultures were distributed into k- groups• 

Xhree types of stem colour were observed In the 

cultures studied, tia^orl-y of the cultures had l l g i t purple 

stem while few had dark purple or green stem. 

Plover eqlottr 

'Store were Hve types of flower colour. Out of 

the 180 cultures 1W had yellow flower colour and recaiaiag 

33 cultures were distributed into h groups. 

Thus, the cultures were iaore or less homogeneous as 

far as the above qualitative characters are concerned. 

Variation lor quantitative characters 

•faJKSwWSisJ^wi aft IS"«HB13BH|JES 

i'here was wide variation for plant height and the 



50 

differences aaaoag the cultural ©eaas in respect of boi^it 

were highly significant* Practically the cultures could 

be classified into three height groins 8 ( i ) 'iJfce <ft?arf or 

bushy group-ranging from 72 to 20** eia, ( i i ) 2?he tiodium 

group-ranging from 105 to 136 cm and ( i l l ) the t o l l group-

ranging from 137 to 152 <»• 

Days to flowering 

iho cultures differed widely f©r Jlowert-g t ine, 

Shougpi the 180 cultures were distributed over 7 classes 

{ l*lg. 2 )f fro© the practical point of vlou they could be 

crouped into **- classes only t 

1) &&rly floweriRg * i'he cultural which Holered 

upio 75 days* 

11) Medium flowering i *h« cultures which flowered 

within 76 days to 85 days* 

H i ) fiMlate Howrlngt The cultures which flowered 

within 86 to 95 days, 

If) Late flowering i *h© cultures which flowered 

after 95 day©. 

Thus, there exists scope for selection in respect 

of Hovering tii e. 

Mays to maturity 

ihe u.V« value for days to maturity was 5»50/fo»d 

the range of variation was from 123 to 166 days« fhis 

indicated that there existed wide variation for this 



character. On the basts of frequency distribution the 

cultures were classified lot© 7 groups but practically 

they could be classified Into four maturity croups 1 

1) ^arly maturing 1 the cultures which ©attired 

upto 135 days, 

11) tedium matsrlng t The eul tunas yiiicb tmtured 

vltbln 136 to lk$ days* 

111) i-idlats faaturing * T£&© cultures whigh rmtured 

vithin Xk6 to 1<# days, 

lv) Late maturing s ihe cultures which required 

more than l£6 days for 

eatiulty. 

plumber of pods per plant 

Ihc number of pods per plant differs froa variety to 

variety and is a component of yield ( Dasappanad 

t'iahadevappa, 1970 Ganguli and ^hrivastava, 1969 ) . In th© 

cultures studied, pod number per plant varied from 56#2Q to 

336, IX), Frota Sable 2 i t was seen that- there esdoted signi­

ficant cultural differences in respect of rsx&cr oi'pods 

per plant, 2he o.V. value of 30.71 par cent indicated that 

there was wide variation amongst the cultures studied. On 

the basis of frequency distribution ( *'ig. 5 ) the cultures 

were grouped into 7 classes, 

Ganguli and Sbrivastswa ( 1969 ) reported a narrow 
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range of phenotypie variation in respect of seeds per 

plant, hvaaoz and Afefass ( 1972 ) also reported similar 

results* 

H©weverf in the present study significant differ­

ences were observed between the cultures in respect of 

nmi&T of seeds per pod ( 2 able 2 )» 2he C.V*. value for 

this character was $.20 per cent which indicated feat 

there was wide variation, The nuiaher of seeds pes* pod 

varied from 2.76 to k*12 

Fwn I?lg, 6 i t was seen t-hat there e^jystod cultural 

atfferenees for grain yield per plant. Grain yield varied 

frou 11,19 to Ŝ .OO gei* i'her© were7di@tlnet s^e-ups. 

i'he C.¥. was 37.22 per cent which indicated that 

there was wid& variation for grain yield per plant. 

Dasapya and i*ahadevappa ( 1970 ) reported that there 

were significant varietal differences in respect of weight 

of 1000 grains and yield of seed per plant, 'i'he results 

presented in I ig . 7 revealed that there was wide variation 

for 1000 grain wei$it ranging frois 58 to Wl 1&4 ^ -

^ i a g ^ i l* < 197^ ) reported that variation due to 

varieties was s ta t is t ical ly significant for protein content 
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and high heri tabil i ty fbr pr®t@in content, stud!©® of 

kingh fit fii» ( 1973- > revealed that enviromental faetors 

had no affect on seed proteincontent of pigeon pea. Thus* 

the t r a i t of high protein content can be easily transfe­

rred from the high protein cultures. In the present study 

the ra-c<5 of crude protein content was found to be f$m 

1«*.18 to 2^.06 per cent. C.V. value for protein contest 

was 12.50 per cent, Thus, scope exist® for eolnctlttg M.# 

protein l ines . 

mm^Mk^Jr.wrBmfmSltIn Puff TJftiBB& 

Mimas end Abress ( 1972 ) reported that seed yield 

was highly positively correlated with i»b@r o* pods pfcr 

plant, to a lesser extent positively correlate a witb plant 

height m& 100 seed weight and was negatively correlated 

with days to flowering. Beofaar and Ligati ( 1972 ) tepoHsd 

that yield was correlated positively with nuc&er of 

branches per plant and number of pods per plant. In the 

present study i t was found that yield was highly positively 

associated with number of pods per plant, rafter of seeds 

per pod, test weight and to a lesser extent correlated with 

protein content. Xhere was no correlation between yield 

and plant height. xfaere was negative correlation between 

yield and days to flowering end days to maturity, Xnie 

moans early varieties have higher yield than tbe la te 



5& 

maturing v a r i e t i e s , fi . is m& ft® due t o escape of ea r ly 

varieties fro© pod borer infestation and also craln f i l l ­

ing i t adversely affected in the la te varieties under 

rceeuipg soil moisture conditio--6. 

dumber of pods per plant was positively associated 

witii height, days to Howerliig and days to maturity. Ztolt 

indicates that when height i s more there are oore pods and 

when period required for flowering and Eaturifcy are w>m 

then also pods are coze* Because due to longer growth 

period mom pods will be produced. ihere was no corre­

lation between number of pod> p^r plant W3& the rest of 

the characters, number of seed® p®r pod were positively 

correlated with height and days to flowering. 4aere was 

negative cor-elation between number of seeds andtest 

weight and daye to maturity. £his moans that when seed 

number increases seed weight decreases* She negative 

correlation of days to maturity with number of seeds per 

pod taay be the result of reduction in seed nuiabex due to 

severe insect attack during seed development. 2est weight 

shoved positive association with height and negative asso­

ciation with days to dowering and days to caturl ty. Plant 

height was positive3y correlated with days to flowering 

Correlation of height with maturity was nonsignificant. 
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A here existed positive association between d ys to 

flowering and clays to maturity. Thus, Cove ring t i se 

can be considered, an index of maturity period. 

Protein content was negatively correlated with days 

to saturi ty, days to Covering and test weight, ii©w@?er, 

the correlations are nonsignificant. Protein consent 

shoved positive hut aor*»signifi0ant correlation with 

nuciber of pods per plant, number of seeds per pod and 

height* x'his indicated that the protein cor.tout is inde­

pendent of the rest of the characters and can be improved 

without affecting other characters. 

HuXtipXe regression indicated that yield 1B inde­

pendent on tes t weight, nuaber of pods per plant and 

nunibor of seeds per pod. rXhe part ial regression coeffi­

cients of these variables were s tat is t ical ly siGniCeant 

at 1 per cent level . 2his indicated that when there i s 

increase in tes t weight, noiber of pods per plant arid 

naaeer of seeds per pod there is proportioimte increase in 

the yield. 
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Part XX 

A'he diseoverie© of the h i # lysine caise au junto 

C*opaque.2* &m floury-.O*) by Kerts fi£ s i . ( 19$** ) and 

Heleon £fc si* ( 1965 ) and the fci^b protein lil$i lysine 

barley outant { ' HiproXy1 ) by ilageberg and &u&son 

( 1969 ) have stimulated thinking and search for nutonts 

affecting nutritiorial aspects in ©any crop plants. At the 

College of Agriculture, Poona ©anytur taufcanis how© b«*n 

maintained and studied extensively for the genetics of 

taorphologieal characteristics, However, so for these 

nufcante wore not subjoetea to detailed economic evaluation* 

I t was thought worthwhile to subject these outant0 to bl©~ 

cheisieal soreenisg for crude protein content of soed as 

well as other economic characters. 

I t is apparent from fable 6 that there were diff­

erences in ube crude ptotein content of the uutants, the 

range being Iras 15 #50 per cent to 25.60 per cont, I'be 

mutant X~298 ( Kanpur mutant ) had the bigneet protein 

content of 2$»68 per cent, xbe t.ea» protein coi&cut of 

different varieties of tur has been reported to be 22 per 

cent ( Anonymous, 1971 )# Thus, a mutant vifch the protein 

content ae high ae 25»&S per cent i s certainly an asset 

and should be exploited for breeding purposes • Shis outant 

has also good yielding ability ( 52*3** gc per plant as 

against 57.71 @a ^w plant of the check variety hA» 82 ) t 
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and has the hltftefit pod au&ber { 335*2 pods per plant as 

against 315,2 pods of the eheeis: ) . I t would be interesting 

and fruitful to further study the protein ami casino acid 

profile, ©specially cystine and methioninef this mutant. 
* 

Other mutants that could be of breedl^ value arc 

•tiny leaf* ( 1.277 > and 'oVarf* (1-300). »2±ny loaf* 

EiUtaat is erect and with small, l inear leaflets* Xbe 

•ifcr&rf1 BUtant isonly kO QSL t a l l as against l„l. 82 (check) 

which ie l a i cm in height* Ifcis mutant has profuse pritaary 

and secon&.ry branches. She reduction in height is due to 

reduction in interoodal length, in tur the rat io of grain t 

to ta l dry set ter production is very low due to excessive 

vegetative gnoPth*. By using cuta&te l ike *tiny leaf A and 
f<&rarf • as parents in the breeding progr&ooe this ratio 

could certainly be increased. 'Siny leaf* lias good podding 

capacity (23?*^ pode J^T plant ) and yield ( WB.07 m per 

plant >* •itearf * has poor pod setting but -Jte higiest grain 

auE&er per pod ( h,2k> ) among the mutants studied. 

I-any of the outatlons like ,prostSitG*,tcrcepi*igt
t 

* serpentine*, *ohcordifolla, types, »bicarp©l*>
 , t r icarpel ,

f 

•unlfoliate*, •bifoliate1 and •dwarf1 have been shown to 

be governed ctollgogenically ( Peshpande and wemiant, 19*>2} 

i>@sh2ttkh and iiekhi, 19601 iieeltouUu, 1969$ D'Crus &£ &U 

1971} &eota flU §1 . 1971, pa t i l , 1971 and Uiinde &Sk al* 

1972 ) . However, these nutations eihibit changes in core 
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than one character, i ost of th@c also show considerable 

reduction in pod setting. therefore, these nutanta vere 

studied for their neiotic behaviour end poll en fe r t i l i ty . 

All the mutants had normal meiotlc behaviour, there being 

01 blvalents at metaphase-I and noscal ehroiaosotse oopara-

fcion at anaphase ( Hg . 17 and IS) . Thus, these imitations 

may not be associated with cbroraosot;al changes, or i f they 

are associated with such cryptic changes, these rjtght have 

been fixed. These Etttations affeoting an array of chara-

©ters might be associated with pleiotropic gene, action or 

l ightly linked gene blocks. There exists scope for further 

genetic analysis. iOiaost a l l of these mutants had very 

bl$a degree of pollen fer t i l i ty ( above 90 per cent ) , In 

the absence of eytologlcal anomalies and vlth bl&afagge* 

of pollen fe r t i l i ty , the s t e r i l i ty observed could be a t t r i ­

buted to ovule abortion due to sotie reason or to iiicompati-

b i l i t y . 

**ith the object of finding out response of ©enes 

governing plant habit the mutants were treated with gibfaere-

H i e acid in the seedling stage* ^bracts ( i960 ) reported 

that the effect of gibberellic acid on height of pigeon 

pea was non-Eiguificant. However, in the present study, 

significant increase in plant height was observed in the 

case of the ©utants f ^ a r f » , 'cionocarpel', Hricarpel1 *tiny 

leaf* 'uniibliate ' and •biloHate*. 
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'x'lmst tfees© dotations ar© G.A* sensitive, AS 

found by i&soias ( 3JOO, c i t . ) ©utatioas with Boreal 

gT&Jth habit seem to be G.A. insensitive. 



 
 
 
 
 
 
 
 

 



SUMMARY AND CONCLUSIONS 



Parft-I 

& total of 180 tar cultures* collector from different 

parts of kaharasbtra were studied for qualitative as well as 

quantitative characters. Apart from the evaluation for 

ecoiicfflic characters these cultures were also screened for 

crude protein content. Correlations maong various characters 

and multiple regressions were worked out. -lio results obtained 

are euxatiariaed below. 

1» ?fct cultures appeared to be nore or less ho*aogene~ 

©us for tits qualitative characters • Kost of «he cultures were 

spreadiag/seBl-®prea4iag in habit9 with purple coloured stem, 

lanceolate leaflets and yellow flowers. 

2* i!here was wide variation for quantitative chara­

c ters , differences due to cultures were slcniflcant in 

respect of plant height, masher of pods per plant, masher 

of ©e&ds per pod. 

i ) Variation in height ranged free 72 to 1I?2 cm. 

i l ) &ased on days to flowering and days to maturity 

the cultures could be classified into four groups 

v is* | earlyy eediuE, mldl&te and la te , -lie rang© 

©f variation for days to flowering was fret* 73 to 

102 days f while the range for days to maturity was 

free 128 to 168 days, there were 13 cultures in the 

early group maturing within 130 days. 
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i l l ) 2ia» range of variation for timber of pods per 

plant wo® freis 56*20 to 33&.00* ĥ© -asicuia pod 

nutofeor of 336 was found In the culture ?~lS-*f 

( 1-28 ) . 

iv) iteber of seeds per pod varied fro© 2*76 to ^.12. 

Xh© caiiciuci seed number of **.12 was found in the 

culture *A» (M~85>>. 

v) Oroin yield per plana ranged from 21,19 to 8*f.00 

gk, She hi^iest grain yield of 8k ga \*as found 

in the culture obcordifolia ( k-128 ) . 

vl) Variation for test wel^it ( 1000 grain weight ) 

ranged **©» 58 to 112.51* S©« 2°® highest test 

weight of 112»5^ m va* found in the culture £-2 

( IW89 ) . 

3# kia© variation was found among the cultures for 

orude protein content ranging fro© 1^.18 to 2^.06 per cent. 

*he highest protein content of 2^,06 per cent was observed 

iM the culture ,ii-43r' ( **~92 ) . 

*f) Correlation studies revealed that yield was highly 

positively correlated with number of pods p©r plantf number 

of seeds per pod and test weight * There vae negative corre­

lation between yield and days to Hovering and days to matu­

r i t y . Crude protein content shoved positive oorrelatioa 

with yield per plant and no correlation with number of pods 

per plant number of seeds per pod and plant height. 
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I he multiple regression coefficients of t e s t weight f 

pods p$T plant and seeds per pod were found «o be b i^ i ly 

signif icant . fbuaf these are the saajor yield components. 

A to^al of 19 mutants and a check ( ii,i>, 82 ) were 

studied for economic characters 9 crude protein eonte«t f 

id io t i c beliaviour, pollen f e r t i l i t y and respaie© to 

gibbereHic acid. 

1> *hc protein content of the mutants varied fro© 

X5*^0 t© 25*68 per cent . Xhe h i # e s t protein content 

2?«68 per ecnt » u found in the 'Kanpur cRitant1 (1-298)« 

i'his eutant ha® also good ylelciii-c ab i l i t y , 

fc) Smtante IJJteeHiny leaf1 ( 1*277) and '<&?»£• 

(1*300) vera found to be useful donors to in crease the 

r a t i o of grain * t o t a l dry Batter production. 

3) All the mutants under study bed nomal neiotic 

behaviour with 11 bivalents and normal chroaosoo© gepara* 

t lon a t anaphase J. .^iiaost a l l the outants Lad very h&$a. 

degree of pollen f e r t i l i t y ( above 90 per cent ) . Stais, 

s t e r i l i t y observed in ease of the tu tants could be 

at t r ibuted to ovule abortion or to incompatibility. 

h) AIB eutaats *&rarf*f *tlny l e a f , ls:tynocarpel, 

• t r i c a r s e ! ' , , uni fo l i a t e l and 'b i fo l i a te * WCJ-O found to be 

G*A. sensitive 
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'Sim pirasenfc studios have helped In Identifying 

gcnotypea from among the local genaplasc and uutai&s, 

\?hich could seir© as useful donors for inpxwmg yield 

and pxofceta content of titt-. 
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Lata on ciuaUtatlve characters 

(abbreviations) 

1) ^ablt of growth «& « ereet | S.E. - eeel-oroct 5 

fc - efrrcodl^^. 

2) |#afiet...sj3%p<g J Un«-i4neari Loot, * lanccoOatoi 

Ub. • obovaiic/obcoror.te; 

^Vt . -0V: i t0$ J V l » - OV(&« 

3) OQlour of stem * JL..P. - ll^jht purple ? ^ ,^ . - dark purpl#| 

v - green, 

**> Um®K$®*®W s 2C • yblicwf I .¥, » yoiiou colour 

wiii rod vci:is on the 'bacix of sfcnOard 

petal 1 Y.L. - yellow colour wlih reel 

eyeepot on ttebaek of etandajtl petal f 

i.V.ii. - yeiiow colour v i ta red veins 

ana red eyespot on UJC bad: of standard 

petali c*fe, - Creamy vhi .c . 



XX 

Data on qua l i t a t i ve cha rac te r s . 

c u l t u r e liabit of l®a£3.©t Colour of I«1owr 
So. plant chap© stem colour 

H- l SJU Lanfc t . J? . Y 
L-2 U U n I^-P. " 
L-3 - . U « U P . « 
1̂ 1*. s*U LUU U U UV # U 
L-5 £ . Loot. u . P . X. 
fc-6 &.£. * U P . " 
L-7 U « U P . Y*V, 
t*-8 ~JU " U P , X 
H-9 S .U " £ . U B 

H-10 ii#J&. " U P . tt 

14*131 S.B. » U P . X.?, 
Ii~12 U « C« I . 

1 -13 &* " G* " 
U l l t S . U 0 7 1 . U P . H 

K-15 U J-ant U P . " 
M-16 U n U P . " 
h-17 k . U « U P . » 
I*4S &.U n U P . " 
IW19 S . U » U P . •' 
IW20 U U « U P . « 
L-ai u u " U P . tt 

M~22 S.jb. « U P . Y.U 
iv-23 SJii. » U P . X. 
tWg» U " G. » 
i«2$ U « G. « 
fc-26 6 . " U P . w 

I..27 6 .B . » Q. Y.V. 
fc~28 U E . w I. . P . Y. 
H»29 U £ . « o « 
14*30 S.E. n « « 
1**31 fc,u « « » 
M»32 U U * " » Cont 'd) 



A M * M P I > M I » 

Culture i-alslt o f leu OMt Colour o f Hewer 
2lo» jdan t s hapt StOti colou] 

H-33 &,£• l a s t L»P» I 

K-3**. i i n tt n 

fc~35 £ . tt tt a 

L-36 4. V tt rt « 

&-37 tt it « tt 

l~38 t t tt 9 tt 

14-39 « tt ! • • ? • tt 

$>»k0 II » tt « 

l^kl « tt it tt 

i~ka n t t » tt 

fc-^3 « « G tt 

l i -M* « E, L.P. X.V. 
li*%» n tt tt 11 

1**%^ tt » J«'#* * X.V.E. 
K-W 6 . tt L.P. tt 

tv-.it© n n X, 
l*-J*9 n tt rt « 

fc-50 tt tt » tt 

l i -51 « tt tt tt 

K-5fc s» tt tt tt 

*M>3 iS.S. ft tt 3t«V*&» 
&•*?* H rt H X. 
I4»55 n tt « x.v. 
i-56 « tt tt * . ? • * . 
1,-57 6 . tt tt 1 * 
K-S8 &•£, »« G. « 

K-59 tt tt D»P. « 

lv-60 n tt l . i - . « 

k -£ t t t tt it ¥,v. 
1-62 S. tt tt X. 

$*»63 9 | & 4 ft tt tt 

&»6t M n U . I t 

http://tv-.it�


i t 

n wrmmivu i.lnmwwii 

Culture Habit of 
Ho* plant 

—Mr I—"*—iM**—••MHiWiHMnHMHimi-*.*' *9-*a>i HWIH-WXJWH nia"iWW-mm«ft-ajwa»"<-

14-65 S«E» 
k-66 M 

H-68 S.&. 

fc-71 
H»72 
H-73 
K-7I1. 
li-75 
ib»76 
H»77 
H»78 
fc-79 
lueo 

fe-82 
B-83 &**• 

i-86 

fc-39 " 
H.90 
&«»9X 

M.93 
ii~9if 

U93? 
J** 9$ 

» 

tt 

« 

« 

n 

ii 

» 

« 

n 

n 

it 

rt 

« 

« 

n 

o 

R 

Lea f le t 
shape 

Colour 
sfceu 

ilOferer 
co lour 

Lari t . Ga * • • 

« ti « 

L i n . 9 tt 

Unfc. n tt 

M L . i . « 

t t tt tt 

t t c . n 

I t L.P. tt 

W u t* 

n tt tt 

n tt « 

tt « « 

n tt tt 

tt i^.Pa n 

Oft,. L . I ' . tt 

Lanfc. Tt X.V.B, 
t i E f .v.^ 
Ob. G. I . 
Lanfc. D.P. tt 

n L.P. tt 

tt D.I ' . M 

n L.P. ft 

tt G. « 

tt L.P. tt 

tt i t R 

it 0. t t 

tt t? tt 

tt «t tt 

tt t» ft 

tt L.P. t t 

« n tt 

tt tt x.v. 



lm)ul% o f 
p lan t eiiap© 

Lant . 

Colour 
etcua 

h-98 S.£# « L#P. 

1-99 S. tt i>.P. 
M . 0 0 i>* tt I*P. 
^~1G1 *» it U.P. 
&-1G2 w t* L.P. 

K»1Q& « w ti 

i~10** » n it 

1^-10$ w tt tt 

i*»iQ© M tt tt 

is-xa? It n G. 

i*»i08 II M LJ?. 
..-XO9 tt it £#P. 
i''*»iX0 » « G. 

K - u i » tt ##P» 
1**412 1! 0 

* • # * • • 

K-H3 It 11 D.P. 
iu3aj^ * 

tt L*P, 

k-115 n tt « 

*i~116 n 11 n 

i~117 S.&. tt « 

l^HB c. 
**• 11 I>.P. 

h**u$ &»£*# tt tt 

K«42Q n o v t . it 

IW121 « Lant . D.P. 
lv'»i22 it tt L.P. 

1*423 S . it t? 

i**»X2?fr i iOi , » &.P. 
fe-i2$ « n U P . 
H-426 s. u n 

L*ia7 £*£« ovi. i>»P. 
11*320 »r a*. i>»P# 

£lover 
colour 

X. 
« 

x.v. 
X. 
tt 

tt 

I I 

« 

H 

tt 

o 

tt 

n 

tt 

tt 

« 

n 

tt 

» 

n 

tt 

» 

t? 

c.w. 
tt 

1 

Y 



Vi 

m**"**—*-

Culture 
Ho* P lan t sl:awi stasia colour 

%fcit o f 
P lan t 

Leaflet 
si:ap© 

Colour 

U Laa t . U P . 
& • & • 

ti G. 
it tt U P , 

**• 
n G. 

11 tl U P . 
»JB. it U P . 
a . ft L.P. 
n i t « 

« tt tt 

li^B, tt U P . 
II tt U P . 
II ti U P . 

ft G. 
ti ft U P . 
I! ft G. 
tl n U P . 
tt H H 

« « ft 

tt Qvl. P . P . 
&JU Lant . G. 
n n U P . 

tt it 

S # U tt tt 

i t « U P . 
n » « 

u tt U P , 
it rt 

« 
U P . 
G. 

n ft n 
w*!'. tt H 

« w tt 

r* tt M 

tt 

1W129 U Laa t . U P . Y* 
L*130 B.K. " G. " 
l-~131 » " '- v * 
H-131 S, " G, *• 

k-133 " " T • n 

1^131* a j e . « L . P # » 

i-i-3L35 ti, » L . i . X.V. 
Iv-136 
i -137 
i*-138 £ , £ . " U P . I .V. 
L-.139 » « U P . XJ£. 
K-I>K> •• " U P . x,?. 
K-lVl fc. n G . " 
h<«%kZ n ,f U P . M 

L-1^3 

M M « « tt tt 

k»lH6 S J U Lanfc. G. " 
k-ll#9 
|J»150 

1-123 

»-155 «*_ " U P . I . f 
i-.-l?6 fc « G. X, 

1^159 
i*-Z60 » « tt ti 

tt 

w 

R 

ft 

tt 

ft 

tt 

tl 



T i l 

Cul ture 
Ho. 

Kafclt of 
P l an t 

l e a f l e t 
slips* 

Colour o f 
SfcGG 

I lower 
co lour 

M . 6 1 S.E. Lant . P .P. x.v. 
i>»l62 M ti ti 

* . 

&-163 S . 11 l . P . » 

hh~l&+ &J&. n n » 

il~l6$ If Ort« It n 

i - 1 6 6 1» Las t . » t* 

i*-16? II « i^.P. n 

; - l 6 8 n « 
J M « * • 

it 

L-I69 it « G n 

i*~l?0 1* H L.P. « 

v-o$a 11 II M ti 

k-4.72 ti 11 ft t.y.E. 
k*i?3 m& ^ 

tl « 1 
i^lgt t iJ .K» <*1. ! > . * • x.v. 
L-a?5 a Lant . II x. 
h«l?6 n n L.P. tt 

1,-377 » ti » *.v. 
i - 1 7 8 B . ft tt M . 
1**179 » . £ , n G. y.v.£. 
i.»180 n it L.P. X . 



Data on quanti tat ive dmfse te r s . 

Culture *£%el$/ !£©sfe l io .o f po&s Bo.©£ g«Nis P l a n t Dajfs t o £uy» t o Protein 
No* plant weigfrt p&r plant p®r $©& beignt flduerlag isaturity # 

(1) <2) Q> (V) t5) (6) C7> _ (8) (9) 

K-X $*.06 93*32 183.60 3.5a 128 83.0 1**1 18.06 
K~2 29.53 82.53 91.20 3*28 135 83 1**1 20.W 
1-3 27.83 60.2** 128.20 3*56 11** 8? M* 21.13 
1--J* 20.09 72.90 125.50 2.76 103 W 1M* M*k£ 
K-5 27.60 87.8** 123.00 3*52 U 3 86 1**7 18.01 
**-6 26.66 77.70 202.80 3 . ^ 10V 9& 1**7 18.06 
i~7 35.85 90-60 17^.00 3.28 116 92 1**9 20.̂ *7 JjL 
£*-8 26.66 81.80 219.00 2.83 103 102 151* 18.01 ft 
i - 9 32.91 9Q.50 166.80 3.20 118 90 155 17.81 
1-10 30.92 78.00 203.80 3.16 116 #> 1**8 18.18 
L- l l 22.59 82.20 123.60 3.36 101 89 1**8 15.15 
M 2 1~>.65 7^.62 161.60 3.**8 123 87 1W 15.25 
H-13 17.08 81.20 89.^*0 3.20 100 9^ 155 15.9>*> 
M-l** 29*16 83.00 155.00 3.3& 121 90 15** 15.50 
k-15 28.M) 96.5** 131.60 3.08 125 85 l**5 15.25 
1-W16 23 .28 7**.2»* 193.^*0 2.81* 109 92 1̂ *6 15.12 
K-17 26.25 99.56 76.20 2.96 112 86 152 16.81 
lu-18 20.20 77.10 67.**0 3.16 101 92 1**8 15.50 

(Cont'd) 



Contei.  

(1) " ~ ~ < 2 ) B ) ( t f ) yp (6) (7) (8) <9> 

fc-19 22.26 81.¥i" 151.20 3.28 95 ®* 162 15.50 
I--20 27 .H 76.20 161*20 3.00 118 92 1**6 16,31 
K-21 **2. 00 9?.80 l2*f.M> 3*12 116 9^ lk5 15.12 
K.22 30.U0 87 .60 118JW) 2*96 210 90 l^f 16.93 
fc-123 *7.08 86.30 188.80 3*00 103 96 1 ^ 1&*12 
a-M 2¥ 31#25 89.60 119.20 3.**0 108 86 1**3 20.12 
&-25 33.56 98.^*2 23^.00 3.12 133 93 150 1%9* 
K-26 ^1.81 93.60 119.80 3.16 108 83 1^3 23*18 
1-27 25.10 96.3^ 131.80 3 . % 110 8? 1**8 23.06 
1-W28 30.20 91.0** 336.00 3.36 2JB 90 l*+8 21,81 j * 
i -29 **5.*H 9**.#* 1S6.80 ^f.56 115 09 I1*! 19*93 
h-30 3**.73 92.02 205.60 3.**0 H ? 93 1**7 20*93 
K-31 37.03 87.*#? 171.20 3.20 H 7 79 1**6 37.18 
1-32 21.61 90.76 191.80 3.12 126 93 155 15.60 
fc-33 31.81 91.56 118.00 2.96 131 9£ 1**3 21.81 
K~2k 29.82 89.20 IkZ.kQ 3.28 127 92 1M> 23.93 
*-35 33.28 89.0^ 136.00 3.56 136 90 1**5 16.93 
K-36 31.82 95.28 112.**0 3 .** 131 38 3&L 17.68 
i-37 .U.&6 98.8^ 156.00 3.98 110 95 1**9 18.31 
i -38 30.00 39.6k 103.00 3.32 122 01 13**- 17.00 
l-i-39 26.16 87.0** 10^.20 3.08 11**- 08 1**5 1^.37 



(1) (2) (3) (if) (5) <6) (?) (8) (9) 

*U*0 ^5.07 81.16 162*20 3*28 138 03 1^5 1^*18 
H-»a 37*28 87*2i* 153.60 3»a0 13k 9** 155 2A3 
fe-ii2 M3.08 09,00 209.20 32*0 129 09 1^6 1***31 
1,-1*3 33.03 9^*95 15b.**0 3*52 lk$ Q$ 139 3^.68 
fc-l* 35.22 101.52 12a. 60 3*72 138 f l l*+8 1 6 ^ 3 
IU*5 35*89 72,80 186,00 3*^* 123 0? 1*#2 1B*G6 
*~t#6 32 . 5& 93*10 2^2.20 3*16 112 9*> 3.50 19*00 
&J#7 iK).37 96.J+0 lOG.̂ tO 3*32 105 89 150 18*32. 
fc->*8 3^*66 88,98 10+.i*O 3*2^ 012 79 1**5 1^*18 
>-***9 ^ , 5 7 91*80 196.»*0 3.00 220 09 IhX 17*93 » 
K-50 3^.18 61,Q*f 2**u,20 3*@fr 1 H 101 155 19*7? 
H-51 52*19 97.08 20**60 3*36 115 96 1$* 19.62 
fc-5& 26,50 97.6© 110.60 2.92 109 87 1^5 17*31 
*-53 y6,96 93.2^ 190.20 3.C& 12h $¥ 15*t* 18.06 
1-5U. ^ . 2 8 lu l .60 200.00 3*12 1**3 9^ 153 1?*50 
*~55 ^-.25 96.^*0 161.00 3.18 113 ®? 152 1C.06 
K.$6 6?.0*i- 87.50 30V.6O 3*28 116 95 36**- 1 ^ * 3 
*--57 ^a.25 85.60 153.80 3.32 129 87 !*•£ 19«^6 
*~58 -1.93 87.80 9bs& >.**8 12U- 89 ll*3 21.56 
i*-59 -20*28 80,80 96,80 3*&* 123 85? 137 17.81 
1-60 20,75 87*10 102.^*0 SS^ 115 80 1M* 15.50 

(Coated) 



GoiaM. 

(1) "~~~ (2) (3> ^J* ) _ (5) (6) _ ('/) <8) (9) 

H-Cl 32.60 72.60 l*t7.00 3.̂ *0 UB 90 137 20.80 
ii-62 28.66 78*50 101.20 3 . ^ 116 85 13** 10.31 

l,- |9 5^-59.57 oy.OW- 132.60 3.56 126 79 128 1**.18 

K-<Sfc 19.00 72.70 97.'*© 3.32 119 91 l 1 ^ 2C.25 
i-65 31.87 86.00 135.60 3.^0 136 0? 132 16.20 
&-66 3C33 10c.20 15**.**0 3.^f U*8 0? 1*«2 17.93 
1.-67 32.57 S**.50 127.00 3.M* 122 90 1^1 16.68 
^-68 35.23 86.10 113.20 3.**G 1**9 82 1^2 21.12 
&~69 31.10 87.08 157.00 3.**0 130 06 13V- 15.93 £ 
L-70 W.71 96.76 1 8 5 . ^ 3.32 152 90 1*#9 16.37 
K-71 33.13 9 7 . ^ 113.20 3.56 1**6 90 13*+ 17.37 
E-72 30.93 8*+.81 106.00 3.32 127 96 l*f9 17.SI 
M?3 27.50 79*63 109.00 3.3^ 127 09 1**8 20.»*3 
l~?h z%9* m.kQ 162.80 3.0** ICO 87 1*#? 19*75 
M > 5 &J*0 91.22 15B.80 3.28 112 06 13^ 21.00 
W 6 33.03 85.96 1^5 .^ 3.28 115 32 135 15.50 
i~77 30.62 85.ao ioi.«*o 3.32 io*+ 07 138 17.31 
i*-78 32.51 106.60 121.00 3.M* 132 7ri 136 20.68 
fo-79 32.77 92.00 127.00 3.36 115 7 ; 168 19.68 
1-80 37.91 9^.20 1^1.80 3.28 I IS 95 1^2 16.68 

C Coai*d } 



<l) ( 2 ) _ _ i ? L il^L <5)_ (6) J 7 ) Ce) (9)  
fc-81 33.33 93*00 167.40 3*56 120 91 I k l 17*06 
*i-82 ^9.28 92.88 150.80 3.0k HO 07 Ik l 20.06 
M-83 if3.l6 93.52 375.80 3.S+0 217 09 151 17.31 
L~fiM- <*9.6l S?.i*2 187.80 3.$* HO 07 151 21.56 
^ 8 5 36.¥f 60.86 192.00 k.12 106 99 150 21.31 
l.-86 3 1 . ^ 76.00 92.20 3.60 107 03 137 20.93 
ti^S7 k2.38 63.86 82.60 3.52 103 88 11*1 20.37 
M-88 31.86 77.OO 201.00 3.25+ 111 86 135 17.00 
1-89 33.79 112.2* 1V3.20 3U2 113 78 13k 2 0 ^ 3 £ 
^ 9 0 38.5k 7k.5k 186.60 3.56 117 00 13k 15.31 *** 
M^9l 30.56 70.2^ 151.00 3.I6 H 9 89 133 21.56 
H-9S 27.*f2 86.00 XkO.MD 3.32 lk2 06 138 2^.06 
14.93 25.00 67.78 173.60 3.8k 130 06 Xkh 22.2$ 
&-9£ 2b,75 6?.60 155.20 3.56 126 82 137 16.93 
1-95 23.70 7k.M> 100.2+0 3.76 I l k 01 265 16.62 
ii~96 26.96 58.16 163.00 3.kO 22$ 07 IkO 17.12 
*~97 21.15 76.kO Hk.80 3.20 129 92 l**k 20.31 
&-98 32.50 66.60 150.60 3.k8 125 07 139 20.81 
M>9 2k.65 7k.**2 1C&.80 3.**0 92 83 139 18.68 
M-100 29.31 76.8© 162.00 3.6k 10k 82 13k 19.56 

( Cant*&) 



Coned. 

U) (2) (3) <4) <5) (6) (7) (e) J9> 

M-lOl 33.39 80.00 106.80 3.%0 110 77 I3h 15*93 
M-102 20.92 ?5.00 1**2.*»0 3.*i4 12© 89 lk$ 17.87 
11-103 28.$* 78.00 122.00 3.^6 U 2 01 132 16 . Uj 

IVlCfc 32.12 0C.92 155.00 3.2!*. 109 92 1W7 21.68 
1-105 23*lt-6 daM> 187.00 3*64 124 03 1M> 20.68 
I.-306 2C.50 7^*72 187.00 3*72 124 78 133 16.81 
1*-107 U-9.35 86.1C Hfc.00 3*64 216 90 150 18.31 
h-108 29.31 04.36 222.6G 3*04 118 07 135 31.00 gt 
L-309 .C.GO 83*90 220.60 3*24 135 90 1**8 18*18 fe 
1-110 33.27 91*9** 149.40 3*40 130 67 153 21,00 
11-111 ' # . 6 5 102.20 155.30 3*28 137 02 153 37-18 
fc~112 4-3*08 $2.20 278.40 3*56 127 7? I1*! 17.37 
1-313 36*50 37*00 165.80 3*60 110 73 132 15*12 
L-1I4 3^.56 95*24 197.00 3.00 103 76 134 17*31 
li-115 24.10 86.66 204.80 3.48 124 82 134 16.56 
1.-116 33.45 80.10 159*60 3*52 12? 77 133 22.12 
K-117 3J.59 80.10 149.40 3.32 124 81 131 20.12 
1*113 3**.iiQ 8 / .24 172.30 3.0B 212 81 134 17*56 
1-119 35**40 96.12 375.1*0 3*52 130 85 147 22.12 
M-120 34.00 87.80 152.00 3*56 12& 77 165 20*05 

(Coatfd) 



Uontd. 

(1) <2) <3> 

fc-12l >*5.5o 86.20 
K»122 31.80 80.00 
fc-123 20.00 66.10 
h~lZh 3^.07 86.80 

M«»225 30.37 CO.. 50 
lw326 j l . 1 3 91.50 
lii**127 ^ • 5 0 83.60 
tt»128 $*.QQ 89.22 
»i*»jui*y 37.71 89.0^ 
1,-130 33.**6 93.00 
i - 1 3 1 21.36 90.60 
&-132 35.**0 89.70 
fc-133 2kJ*3 73.80 
K-13N- 23.03 90.50 

i -135 2C.12 ^ . 6 6 
fc-136 26.1*2 83.2** 
^•••^Jfcjjy all,, i«y 

*~13? J f .37 93.20 
M-138 -7 .19 92.00 
JUI39 30.00 88.00 
E-I**O *»5.17 99.12 

* — w « w p i w i i « p i n '•Bifa**^^*^^) M^n,ii^.p^^.f.^,iJ,>^i>(,,,^,,^l,|l,•,,,,,,,,,,,wt,,,,L Min̂ nantoMjuhm «.»«anwn ^ 

( if) J1L. (6) 

219.00 3.uo 127 
1^5.80 3 .0Sa£ $G5 
190.60 3.52 112 
1 3 8 - 0 108 
U 5 . 6 0 3.33 116 

90.^*0 3.>*0 107 
233.00 3.**0 106 
i*+e.oo 3.**8 83 
132.80 3.**8 109 
167.SO 2.8** 103 
1 9 2 . ^ 3.00 116 
117.00 3.2V 9? 
171.20 3.16 9? 
261.1*0 2.76 105 
128.80 3.52 117 
16^.80 3.00 115 
9a, as I'ffft 1 iSifl 3*1** 
129.60 3.**8 m 
177.00 3.28 1*#2 
229.6O 3.**8 236 
199»6© 3.2*f 122 

(7) C0) (9) 

95 1**2 23A3 
90 137 17.18 

95 lMf 17.18 
90 l¥* i o . 6 e 
91 136 17.06 

m 137 16.37 
96 1**9 20.06 
90 m 19.87 
79 13V 15.93 & 
09 i**a 2*.G0 4 

76 135 16.^3 
80 1M* 37.50 

07 13M- 18.68 

05 131 17.18 
90 1**2 16.50 
08 135 16.00 
Ilk W 228 

79 228 16.87 
97 150 16.75 
87 132 15.28 
m 1^6 I6 f 50 

C*mfc»d } C 
I6 f 50 

C*mfc»d } 



Uonta. 

(1 ) (a) (3) (4) <5> (6) (7) (S) (9) 

fc~141 "*>5.09 09.16 197.20 3.56 121 83 131 17.62 
L-142 37.66 94.66 126.60 3.60 107 0? 141 15.75 
i*~143 33*64 ©5.28 124.60 3»60 134 01 132 20.31 
.•~144> "37*7$ 96.28 191.00 3.52 139 ^9 135 16.12 
fc-14$ 37.^1 100.28 179.60 3*52 1*3 07 135 18.32 
l*-l<+6 39.25 80.00 123.20 3.44 130 G^ 141 15»75 
iwmy 37.04- 92.68 13^.60 3.32 113 03 141 18.00 
L-148 29.34 9^.60 159.60 3.44 136 91 131 17*01 
M-149 31.29 99.^0 192.20 3.48 I37 83 139 15.56 
B~150 29.03 85.64 131.00 4 56 124 92 150 16.18 * 
I>W151 27*06 82.68 168.40 3.56 122 89 140 17.06 
ii~l52 22.00 90.80 124.80 3.40 113 92 14$ 17*50 
E-153 23.68 87.00 118.M0 3-56 109 95 144 3X1.56 
lUlgk 22.56 92.12 125. U> 3.32 118 02 146 15.16 
L-155 19.33 84.80 85.60 3.00 105 91 145 17.18 
K-256 28.90 69.40 164.20 3.52 107 92 145 1C.C0 
K-1^7 16.39 83.04 112.60 2.96 103 83 168 15.18 
L-l£8 11,19 84.60 101.20 3.5? 87 96 144 1^.25 
L~i>9 ^0.69 90.72 107.00 3.08 105 94 152 14.C8 
^ 1 6 0 18.65 94.10 137.40 3.36 91 05 136 16.C6 

(Cont 'd) 



(1 ) <2) (3) U») C5>_ (6) _ f / * 2 _ _ (8) (9) 

L-161 15.57 S***20 90.60 3.56 101 96 1** 15*25 
K~162 17.73 10C.92 93.M) 3.36 100 92 1**5 17.08 
&OJ63 22.38 98.**0 93.00 3*®* 101 92 !*•! 16.81 
h-lfi^. 27.32 91.60 19^.80 3.kQ 2$Q 91 131* 15.56 
14-165 20.70 95.60 157.20 3.1#8 \k6 06 131 17.93 
V~166 25*70 87.70 139.00 3*36 117 09 IS1*- 16 .81 
L~167 22.17 89.0** 169.00 2.96 117 00 1**3 17*37 
L-l<£ 4-1.8? 102.50 2C6.*Q 3***0 128 07 150 15*75 {[ 
K-169 10.90 7C.80 56.20 2.72 72 d***&* 07 137 15*9^ 
*>170 22.57 90.80 9C**0 3*28 85 92 152 16*00 

;;v 1.-171 17.11* 87.90 126.20 2.68 91 07 1W- 19.56 
; f M-172 28.78 82.60 107.80 2.88 Uh $2 1**9 1*K06 

M 7 3 31.00 86.**2 I67.20 3.28 113 $$> 135 15.31 
K-17?* 30.36 101.76 Vj%kO 2.6C 122 07 1WL 17.56 
h~l?$ i^rkd U$*QQ ^9? i ? l 93 &M»6 21*4 
B-175 35.71 87.26 163.00 2.92 121 93 1**6 16.06 
M-176 29.t»8 90.4O 123.. 00 2.92 102 7? 132 16.62 
1-177 28.53 88.50 171.60 3.2!* i n $+ 136 20.62 
ii-170 1 .̂1*2 8O.38 136.60 3.16 138 93 167 20.&1 
lv-179 29.31 72.30 165.UO 2,8*+ 109 96 157 20.87 
i^.180 23.50 mM 137.20 3.32 90 77 128 15 .31 
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