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Comments on thesis ontitlod GENETIC VARIABILITY 
& PATIJ-COEFFICIENT STUDIES ON FODDER YIELD AND 
ITS COMPONENTS IN OATS (Avena Sativa L .) submit­
ted by Mr P Sukumaran Nair to tho University of 

  ____    ____Udaipur______________ _____

Thesis ombodios results on hcritability, genetic 
advances, correlations and path-coefi’ioionts in forage 
oats. Study is based on 32 genotypes of oat3. Compo­
nent characters of both greon and dry matter yield 
have boon studiod and path-coefficient analysis based 
on first order and second order components has revea­
led an interesting information regarding the most im­
portant characters liko plant hight, tho numbers of 
tillers, leaf area and tho number of leaves. Their 
direct effects on green weight of both tho loaves 
and stem arc high and maximum influence was found to 
be of the loaf area. This is an important confirma­
tion of the recent finding in forages, including oats, 
that tlie leaf attributes arc relatively more important 
component characters of both green and dry mattor yiold 
and, therefore, could bo usod aa solootion critoria for 
further genetic improvement. .

Thesis is woll-written and tho roviow of litora- 
ture is up—to—dnto. Besoarcli methodology, including 
statistical analysis is appropriate. I, therefore, 
strongly recommoud tho thesis for the award of the 
sit id degree os the work dono by tho author is of 
good stundard.

Sd/-
(R S Paroda)
Forage Brooder 

Dept of Forage Research 
Haryana Agricultural Univorsity 
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, IHTRGD33TI0H

The rualnants are able to produce! high food la  
anlaal pro ta in  and other n u trien t a for nan froa substances 
which are inedible and cannot be converted in to himep 
food to any appreciable mount, The principal eouroe of 
energy to convert the rua lne l end product a seeded for 
neat, a i lk  and wool are v o la tile  fa t ty  aclda and la c tic  
acids, which a r t produoed in and absorbed froa tha ruaen. 
All tbeea me aade ar a i l  able froa  eereale and leguaea, 
which are the aajor food for c a t t le .  As cord lag to  Kirk 

&£ a j, (1934) oats are sore palatab le , end etasde f i r s t  
mong tha c a rta ls  like  bm ley, wheat and rye.

India has tha la rg est oat t ie  population in tha 
world, With tha increase in c a ttle  population the supply 
of fodder for doaestio an la  ale is  getting  aore and aora 
defic ien t every year. In ao s t of the regions of our 
country, oereal atrav is  provided at o a tt le  feed. The 
present trend towards tha davalopaent o f dwarf v a r le tie s  
of c a r ta ls  asks a  decrease in the production of fodder 
for livestock . Hence i t  is  obvious th a t adaquate steps 
are to be taken in  good tia e  to augment the fodder 
resources o f the country.
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In India crops a rt seldom grown aa fodder 
crops except in aooe l ia l t te d  area. However oata ea 
foddar is  cu ltivated  in Western H.P., Punjab end a 

l l t t l a  me a in Hahsrshtra.

Oata belong to the f  ta lly  graainae end under 
genus Arena • "Tha orig in  of tba p lant is  unknown but 
i t  is  beliavad to  be soaevrhare in north west of Alps 
and on tho border of Surope towards Tmtery and Cauoaaiea" 

(Oeorge Watt, 1839).

Oats tee suitad to  a l l  typaa of so ils  and grown 
in ra b i ■ a aeon. I t  requires cool c lla a te , Ko in te r­
culture is  usually dona. Irriga tion  and asnura la  also 

la ss  when ooopmed to other crops.

The annual foddar production in our country la 
only 111 M. tonnes, against an astiaa ted  requirement of 
239 H. tonaea (1989)*. Therefore, the developaent of high 
yielding fodders is  very e sse n tia l to  copa up with the 
increasing demands. “

Before planning any breading so hast, aiaed 
a t the laprovenent of a coaplex character lik e  fodder 
y ield  which Is influenced not only by the ganetloal : 
architecture of a plant but by environaent also to a

* Handbook of Agriculture, I.C.A.R., Kew Delhi.
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greet ex ten t. I t  beooaes very essen tia l to find out i t s  
(y ie ld ) component characters and th e ir  extent of association. 
Simple co rre la tion  stud lea alone -miss'd oee not projects 
the true cans e l re la tionsh ip  between the two o barest ere end 
henoe th e ir  p a rtitio n  in to  d lrao t and ind irec t affects is  
indispensable. .

I t  vm  w ith th ia  view in aind -that- the present 
pleoe of work on oate was under taken to  estimate the 
various genetic e l parameters llk s  b e r lta b lllty , genetic 
coeffic ien t of v a r ia tio n ,, genetio advance and genetic gaini 
components of forage y ield  and th e ir  extent of association ' 
and path analysis to  work out their d irec t and lndireot 
e ffec ts . i

In oats maturity is  a aajor facto r for the 
assessment of fodder value (Mayer e£ j j .  1957). The 
y ie ld  end maturity are re la ted  to e u h  other (Kaufman,
1981). The percentage of organic and inorganic substance* 
l lk s , f a t ,  ash e tc . are decreasing with m aturity (Smith 
Dale, 1980) as w all as p a la ts b ill ty  also is  dsorsased 
(Scheldt, 1983). The p lan t height is  another important 
o rita rlo n  fo r forage oate (Holler e t  j J .  1939 and Art arson, 

1983). ?ha Banner in  which lig h t is  d is trib u ted  within a 
plant eo u u n ity  is  Influtnolng the dry a a t ts r  acouaulatloon 
(Bsarc* a t  ml. 1937). Tbs fa c t or a involving lig h t d i s t r i ­
bution a rt le a f  area and le a f  angle (Tenner * t ifl.. 1966).
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£ha p areen tag o  o f  lo a f  by w eight la  a ls o  an im p o rtan t 

c r i t e r i o n  £o» s e le c t io n  and developm ent o f  fo rag e  o a ts  

(K iloher and T ro ls tn ,  1973)* There w i l l  be v a r ia t io n  

in  fo ra g e  y ie ld  due to  h e ig h t o f  th e  p la n t  and t i l l e r  

number (Bo h r a  e t  a} . 1973). Changes in  p ro te in  c o n te n t 

i s  r e l a t e d  to  beading  d a te  (Campbell and F rey , 1974). 

Green w e ig h t, t o t a l  d ry  w eig h t and p e rcen tag e  dry  w eight 

ere th e  o th e r  p e r sue t e r  a o f  p o t e n t i a l i t y  o f  th e  fo rag e  

v a lu e  o f  c e re  a le  (F is h e r  and Fow ler, 1974) and hence 

th e  ch a r a c to r  a l i k e ,  days to  em ergence o f  f la g e  l e a f ,  

days to  m a tu r i ty , p la n t  h e ig h t ,  number o f  t i l l e r e ,  

number o f  le a v e s ,  l e a f  a n g le , l e a f  a re a , g reen  w eigh t 

o f  stem , g reen  w eigh t o f  l e a s e s ,  t o t a l  green  y ie ld ,  

s te m /le a f  r a t i o ,  t o t a l  d ry  m a tte r  y i e l d ,  p e r  o e n t d ry  

w e ig h t, p e r  c e n t  crude  p r o te in  and p e r  o e n t ash  c o n te n t 

were s e le c te d  f o r  th e  p re s e n t in v e s t ig a t io n .
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RS7I5* OF LXTSRJE0R3

Tha following *ra tba pionaara In tba f ia ld  of 
study rela tad  to  tba prasant imraatlgatlons* ,

Qanatlo v a r ia b ili ty . B jr l ta b ili tv . groaotad ganatlo advanea, 
Ganatlo gain and Ganatlo ooafflo lant of varia tion .

Fla bar (1918) partltlonad  ganatlo varlanoa in to 
i t s  coaponanta aa addltlva ganatlo variance, dominant 
coaponanta and e p ls ta tie  coaponanta. According to  hta tba 
additive ganatlo varlanoa can ba axploltad for ganatlo 
advanea through aalaction*

Acs cor ding to  Pansa (1957). If h are tab ility  la  aainly 
dua to ganatlo a ffae ta  (doalnanoa and ap la tea l a ) tha ganatlo 
gain would ha low whila In othar oasaa h a r ita b ility  la  

oh iafly  dua to tha addltlva gana a ffao ta ; a high ganatlo 
advanea a  ay ha axpaotad.

B itr &£ j l ,  (1966) aatiaatad  ganotypic correlation*, 
doalnanoa and h a r lta h llity  of quantitative oharactaro In oata* 
Plant height, panicle length, heading data* number of 
aplkelete par panicla, number of paniclaa par p lant and 
grain jriald had 61, 54* 37, 74, 33 and 33 par oant 
h a r lta h ll ity  respectively  Is  a t l x  parent;; d la l la l  of 
13 oat oroeeea*



Moor# end SAvvdi (19(B) in tba es tlaa tio n  of 
genetic variance in oata fo r backing date, a tra r  atrength, 
plant height, panicla nuabar, nuabar of aeede par panicla 
and aaad weight found tha t tba oharaotara were a ign ifican tly  
d i f  fa r  leg froa aero a t 5 par cant level In tbraa and 

population* Genetic variance ee tlsa tlo n s  vara raduoad froa 
♦0 to  90 per cant fo r aoat o bar actors, whan ganotypic 

anvlrocaant intaraotlona vara reaoved. Heading data vaa tha 
aoat a tab la  character a ta ile d .

BhagaaL a t  J&. (070) found p lant height vaa tha 
aoat variable character aacmg tha nine quantitative char as taro 

studied in foddar oata. Her i t  a b ility  ao tiaa tas vara aodarata 
fo r p lant height and foddar y ield  and high for t i l l e r  nuabar, 
stea g ir th , nuabar of leaves on tha beat developed t i l l e r ,  
leaf length, lea f breadth, le a f a taa ra t io  and half bloom 
atage.

Huehlbauer a t  a^. (1971) aatiaatad  her i t  a b ility  of 
Maturity, p ltn t height and etrav atrangth in oata and found 
th a t the values vara 60.7, 39.7 and 20.0 per oant respectively,

Phul a t  (1972) investigated tha inheritance of 
s ix  forage oharaotara eaong 40 ganotypae of oata a t two 
lo c a li t ie s .  Forage yield had tha highest ganatie coeffic ien t 
of varia tion  followed by t i l l e r  nuaber. Moderately high 
her i t  a b ili ty  values vara obtained fo r p lant height and lea f 
breadth a t the la t  lo c a lity  and fo r t i l l e r  nuabar and forage
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yield a t the 2nd locality* High genetic gain oould only 
o® predioted for forage yield and t i l l e r  nuabar at the 
second lo c a lity . They concluded th a t selection for high 
t i l le r in g  was quit# effective  to increase foddar y ie ld .

Correlations

Gal ton* a (1399) concept on correlation  elaborated 
by Fisher (1919).

Dent J.Vf. (1957) found th a t oat cultlY V s groan in 
a  a in si# envlronaent a t a coap arable physiologic ataga bad 
s in lla r  straw protain contanta and alao found no rela tionship  
between proto In oontanta in  etraw and grain of cultivated 
oata.

, Oupta, V.P. (1971) raportad selection  or I t  a r iai
fo r improving green fodder y ia id  quality  In paarl a 111a t .  
Data on p lant characters and ohaaloal constituents of green 
foddar were u ti lis e d  to find out tha association of ohsnleel 
characters with Morphological oharaotara. Correlation# and 
ragraaaion atudloa revealed th a t aora nunher of leaves* 
th in  ataas and la a a height end ta r  l in t  as accounted for 97 
per oent v aria tion  in green foddar protein of Indian 
v aria  t i t s ,  while laaa nuabor of laaraa and low t i l la r in g  
accounted for 50 par oant v a ria tio n  in oxallo acid contanta 
of Aierican inbrad a. Aa lsaflnese  and high t i l la r in g  
favourably influenced tha grain y ie ld , I t  ataaa feasib le  to 
coabine good forage quality  with high y ie ld . Phosphorus* 
calolua and ash showed aoaa dependence on plant height and
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la teness, bat tbs degree of determination was only 5 to  
20 per ea s t.

Suthmen, D.D. and Hsrten, 0.0. (1972) ataeured . 
varia tion  fo r a l l  quality  t r a i t s  except crude protaln 
concentration in oata* forage was negatively aaaoclctad 
with quality a t ha ad tog data but independent two weeks 

la te r .  Poraga y ie ld  was correlated  with plant height 
(+ 0.67) and heading data {♦ 0. 76).

SolanJci jrfc (1973) studied the coaponanta of 
green fodder y ie ld  in oata and found th a t tha genotypio 
correla tion  between plant height and t i l l e r  number bad the 
maximum co rre la tion  (r -  ♦ 0*090) followed by number of 
t i l l e r a  w ith le a f  length (r  •  + 0*301). The height of the 
plant and la a f  length had negative co rre la tion  (r « -0.705)* 
but tha le a f  breadth had high positive re la tio n e  hip 
(r -  +0*793). Though tha graan y ie ld  bed a positive 
correla tion  with plant height (r  « + 0*610) number of t i l l e r a  
( r  * + 0*410) and le a f breadth (♦ 0.591), there was a 
negatlva re la tionsh ip  between green y ield  and le a f  length 
(r -  -  0*403)* f i l l e r  number and le a f  breadth hal 
comparatively low correla tion  value (r ■ +0*201) and tt»y 
found a negative co rrela tion  between lea f breadth ard leaf 
length (r -  -0*193)* The phenotypio corre la tion  coefflclente 
were lower in  a l l  c u t e  except in negative correlations*
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P ath  c o e f f i c i e n t  a n a ly s is
b ^

P a th  c o e f f i c i e n t  a n a ly s is  suggested  ~by b r ig h t  

(1921, 1923, 1934, 1960) and d isc u sse d  by H ilee  (1922, 1923) 

I«i, C.C. (1 9 5 5 ), Turkey (1 9 5 4 ), Kaapthurne (1957) and 

T urner and Stove no (1959) ia  a means o f  u n ta n g lin g  d i r e c t  

and I n d i r e c t  c o n tr ib u t io n s  o f  v a r io u s  f a c to r s  in  b u ild in g  

up a complex c o r r e la t io n *  Thia method i s  baaed on the 

pro raise t h a t  th e  degree o f  in f lu e n c e  o f  one v a r ia b le  upon 

o th e r  can be d e fin e d  in  q u a n t i ta t iv e  te rra s . A fter the  

c o n s tru c tio n  o f  c a u s a l  d iag ram , the v a lu e s  had to  be assign*  

to  each  o f  th e  in f lu e n c in g  p a th s .  The v a lu e s  assigned  to  

th e se  p a th s  la  term ed th e  p a th  c o e f f i c i e n t s .  I t  i s  d efin ed  

as th e  p o r tio n  o f s ta n d a rd  d e v ia t io n  o f  a dependent v a r ia b le  

i f  a r i s in g  as a r e s u l t  o f  th e  v a r i a t io n  in  the independent 

v a r i a b le .  In o rd e r  to  have a c o e f f i c i e n t  independen t o f 

p h y s ic a l  u n i t s ,  p a th  c o e f f i c i e n t s  ere expreseed  in  term s o f  

s ta n d a rd  d e v ia t io n s  o f  ? on X. T h ere fo re , p a th  c o e f f ic ie n t  

may a lso  be co n s id e red  as s ta n d a rd is e d  p a r t i a l  r e g re s s io n  

c o e f f i c i e n t s .

The r e p o r ts  on p a th  c o e f f i c i e n t  a n a ly s is  in  c ro p  

p la n t  ore l im ite d ,a o re  o v e r , le u s  a ttem p ts  hare been made 

in  m ost o f  the  fo d d er c ro p s .

Betray ®nd I*i (1959) an a ly sed  th e  p a th  bo tween sse tj
/
s i z e ,  sp ik e  l e t  p a r a p ik e , f e r t i l i t y ,  p la n t  s i s *  and seed 

y ie ld  in  w heat g r a s s .  They found th a t  f e r t i l i t y  had h igh
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positive d ire c t e ffec t (+ 1*130) toward# aaad y ield  followed 

by the p lan t e lse  (d ireo t e ffe c t » +0.914). 3ut tha f e r t i l i ty  
had i t s  in d irec t e ffeo t through p lan t alsa (**0.603)• Tha 
ind irec t e ffeo t of aaad e lse , ep ikalet per apika and plant 
e lse  through f e r t i l i t y  were a l l  nsgatlve (-0.790, -0.336. 

and -0.744 reapeetively ). The f e r t i l i t y  had negative 
oorralatlon w ith aaad else ( r  -  - 0. 706), ap lkalat par spike 

(r  -  -0.300) and plant aisa ( r  -  -0.665) and hence tha path 
coeffic ien ts a lto  ahowad negative ralatlonahlpa. They 
eoncludad th a t a favourable rala tlonah lp  (r -  +0. 535) 
existed between p lan t aisa and aaad aisa and ainoa lv g e  
plants hara forage producing advantages, aora aaphadla should 
probably ba piaaad on plant a l ia  then on f e r t i l i t y ,  because 
o f  tha negative oorralatlon  between f e r t i l i t y  and p lant aisa 
and th a ir  high d ire c t a ffec t on aaad y ie ld , aelaotlon aust 
ba b&aad on a coaproaisa between tha two t r a i t  a . i f  aaxiaua 
yield have to  ba obtained.

Seeing and Walter (1966) studied tha ra la tlonah lp  
batwaan a ta lk  die*# te r ,  la a f  n usher, le a f  area and grain 
y ield  of eorghua. They found high positive influanoa of 
these oharaotara on grain y ie ld .

Ponssea and Patterson (I960) analysed tha path 
ooafflelents on wheat revealing th a t tha nuabar of epiksa 
(+ 0.9759) and karnals par apika (+ 0.7133) h«i tha aaxiaua 
d lrao t a ffao t on y ie ld  as against the oorralatlon ooafflolant
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positive d ire c t e ffeo t (+ 1*130) towarde teed y ie ld  followed 

by the p lant e lse  (d ireot e ffeo t » +0.914). But the f e r t i l i t y  
had it*  in d irec t e ffe c t through plan t also (•0*609)* The 
ind irect e f fe c t of seed else* ep ikale t per epilce end plant 
else through f o r t u i t y  were a l l  negative (-0.790* -0.336* 
and -0*744 respective ly ). The f e r t i l i t y  had negative 
correla tion  w ith eaed also ( r  « -0.706)* eplknlet per aplke 
(r  ■ - 0*300) and p lan t else (r  « - 0*665) and hence tha path 
coefficient* aleo a hewed negative ralatlonahlpa* They 
concluded th a t a fa r our able ra la tlonah lp  (r  -  +0. 525) 
existed between p lan t alee and need e lse  and since large 
plants hara forage producing advantages* wore eaphaila should 
probably be pieced on p lant e lse  then on f e r t i l i ty *  Because 
of the negative corre la tion  between f e r t i l i t y  and p lan t else 
and th e ir  high d ire c t e ffec t on seed yield* se lec tion  oust 
ba baaed on a ooaproaise between tha two t r a i t s ,  i f  aaxlaus 
y ie ld  have to be obtained*

Seeing and Walter (1966) studied the re la tionsh ip  
between s ta lk  disaster* le a f  nuabar* le a f  area and grain 
y ie ld  of aorghua* They found high positive influence of 
these characters on grain y ie ld .

Pone bo a and Patterson (1969) analysed the path 
coefficient*  on whsat revealing th a t the nuaber of splices 
(♦ 0*9759) and kernels per spike (♦ 0.7193) ha! ths aaxlaua 
d ireo t e ffeo t on y ie ld  ee against the correla tion  coeffic ien t
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between y ie ld  and number o f  sp ik e s  ( r  ■ +0* 7032) and k e rn e ls  

p a r sp ik e  ( r  » +0.1793) w hich showed r e l a t i v e l y  lower v a lu ta .  

The baight o f  th e  p la n t  and e a r l in e s s  had n e g l ig ib le  d i r e o t  

e f f e c t  on y ie ld  (+ 0 .0226 and + 0.0012 r e s p e c t iv e ly )• They 

concluded  th a t  th e  number o f  s p ik e s ,  k e rn e ls  p e r ep lk s  and 

k e rn e l w e ig h t had so re  c o n tr ib u t io n s  tow ards th e  y ie ld  in  

w e ig h t.

Bur a te  and M ass (1972) ana ly sed  th e  f i r s t  and 

second o rd e r  components o f  y i e ld  in  f i e l d  b ean s. They to o k  

number o f  pods p e r  p la n t ,  number o f  seed s per pod and seed  

w eigh t as f i r a t  o rd e r  components o f  th e  y i e ld .  The number 

o f  l e a f l e t s  p e r  p la n t  and s iz e  o f  l e a f l e t s  were th e  components 

o f  second o rd e r ,  w hich were im m ediate cau ses  o f  v a r ia t io n s  

in  th e  f i r s t  o rd e r  y ie ld  com ponents. The c h ie f  f in d in g s  were 

(1 )  poda p e r p la n ts  e s c o r ts  a  m ajor e f f e c t  on y i e ld .  The 

d i r e c t  e f f e o t  was + 0 .8 8 9 .(2 )  Tho f a m il ie s  where s e le c t io n  

had produced d iv e rg e n t  typ®8 w ith  r e s p e c t  to  seed number 

p e r  pod w hich had a  d i r e c t  e f f e c t  o f  +0.139 and seed  w eigh t 

w hich had th e  d i r e o t  e f f e c t  o f  +0.427 r e s p e c t iv e ly .  These 

components a ls o  assumed m ajor r o le  in  d e te rm in in g  y ie ld .

(3 )  L eaf number was h ig h ly  a s s o c ia te d  w ith  ( d i r e o t  a f f e c t  ♦ 

0554) pod number p e r  p la n t  and l e a f  s iz e  was h ig h ly  a s so c ia te d  

w ith  seed a ls o  in  f a m il ie s  s e le c te d  f o r  h ig h , m oderate and 

low le v e ls  o f  e x p re s s io n  o f  th e  two l e a f  e ra  com ponents.

T h e ir in t e r p r e t a t i o n s  were based on a  common gone t i c  

progreame r e g u la t in g  th e  number o f  main stem , in te rn e flc s  and
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tha genetio progranae regulating le a f  c e l l  nuabar and/or 

ra ta  of expansion,

Napbada (1972) atudlad tba yiald of foddar and 
othar y ie ld  contributing oharaotara In 20 sorgh.ua v a rla tlaa . 
Tha y ia ld  of foddar shoved sign I f  io ant positive oorralatlon  
with laa f nuabar (r  ■ +0*9269) and p lan t height (r*+0*6079) 
a t 1 par oent where as tha correla tion  between le a f  nuabar 
and laa f area (r « *0. 5246) and la a f  nuabar and height 
( r  * +0*5146) were positive and a ig n iflean t a t 5 par cent* 
Plant bolght and la a f  area (r » +0*1216) and laa f area and 

y ie ld  (r -  +0*3759) ware not a ign ifloan tly  correlated* In 
path analysis nuabar of la  are a per p lant was ths moat 
Important component of foddar y ie ld , since I ts  d ireo t 

influence (+0*9127) on y ie ld  waa tha highest* followed by 
the p lant height (+0*1532) and lea f area(+0,1235). So also 
tha p lant height had high ind lrao t e ffe c t through la a f  
nuabar (+0*4696)* le a f  area through le a f  nuaher a lto  waa 
high (+0*4793)* Ha concluded th a t tha number of leavee par 
p lan t waa the aoat important contributing fa s te r  towards 

fddder yield*

Phul e t  .§1* (1972) studied tba genetic v a r ia b ility , 
oorralatlon  and path analysis of foddar y ie ld  and Ita  
ooaponente in  30 v a r ie tie s  of aorghua* They found th a t tha 
foddar y ie ld  a bowed highest G.C.V. and with nuabar of days 
to flowering tha highest s a t  la  ate of h sritab lllty *  Tha



fodder y ie ld  was s ig n ifican tly  and positively  correlated 
with nuabar of days to flowering, s tea  g ir th , tha nuabar 
and length and breadth of la  area. Path coeffic ien t analysis 
indicated th a t length and breadth of le a f and stem g irth  
contribute tha aoat towards the fodder y ie ld .

2>ahiya (1973) observed in 121 e tra in s  of eorghua, 
th a t days to 50 par oent flowering, the nusber of lecrss  and 
loaf area had negative d ireo t e ffec t on the green fodder 
y ie ld  and th e ir  in d irec t e ffe c t v ia  oharaotara like p lan t 
height, etsa thickness and dry a a t te r  y ie ld  were positive; 
oharaotara like p lant height, s tea  thickness and dry a a tte r  
y ie ld  had high positive d ireo t e ffeo t on tha green fodder 
yield*

Patel £& (1973) analysed the d ire o t and indireot
e ffeo t o f p lant height, to ta l  le a f  area and s ta lk  diameter 
towards the fodder y ield  in aorghua. She s ta lk  diameter, 
p lan t height and lea f area had r  valu ta  ♦ 0*339, + 0.622 
and * 0.251 respectively  as d ire o t e ffeo t on fodder yield*
The ind ireo t o f fs e t of le a f  are through plant height wee 
lower hut positive (+ 0*336) end the Indireot e ffe c t of leaf 
area through s ta lk  d laaeter was (+ 0.650). The length of 
Internode had d ireo t e ffeo t of 0.355 and number of Internode 
had 0*505. They concluded th a t fodder y ield  In aorghua is 
the contribution of p leat height, le a f  area and length 
of Internode.



Path analysis of fodder yield in Barley was stud ltd  

by Stiwia a t  J l .  (1973). They included the morphological 
a haras ta rs  lik e  plant halght end t i l l e r  per plant along w ith 
grain y ie ld  and 1000 grain waight. The t i l l e r  per p lan t 
had a  positive d ire c t e ffeo t of 0.2309 in  fodder y ie ld . I t  
showed a lig h t higher ind ireo t value (♦ 0.4429) through 1000 
grain weight. The d ireo t e ffeo t through plant hsight end
grain y ia ld  were negative (-0.0092 and -0.0145). The

1 \

d ireo t a ffao t of halght of p lant was vary low (♦ 0.0749).
The d ireo t e ffeo t of 1000 &?aln weight was also positive 
(+0. 3252) hut the ind irec t values through t i l l e r a  and p lan t 
halght respectively , were very low and negativa.

Solanki, K.R. a t  e l .  (1973) analysad the path 
co effic ien t in 49 genotypes of oats fo r fodder y ield  and 
i t s  ooaponente. They obtained the aaziaua d irec t influence 
between green y ie ld  and height of the plant (+ 0.441), 
followed by le a f  breadth (+ 0.351). The other two characters 
they studied, ebowed only neglig ible d ireo t influence as w sll 
a s  nsgativs d ire c t e ffe o t; le a f  breadth +0.053 and nuaber 
of t i l l e r s  - 0. 100* Sven then the Indireot e ffe c t of t i l l e r s
v ia  p lan t height bed a  value of +0. 395, end Indireot e ffeo t

\ '

of le a f  breadth v ia  p lant height was +0.302. Tha aoxlaua 
negative value obtained was the in d ireo t e ffeo t of le a f  
length through p lan t halght (-0. 312). The other influences 
were very low end neg lig ib le . They concluded th a t selection

14
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on th e  b a s is  o f  p la n t  h e ig h t and l a a f  b re a d th  s im u ltan eo u sly  

would be most e f f e c t iv e  and cou ld  load  to  f u r th e r  

Improvement in  th e  fo rag e  y ie ld .
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MATERIALS AHO METHODS

A f ie ld  expariaent for the analyaie of genetic 
v a r ia b ili ty  and path coaff io itn t atudleo on foddar y ia ld  
and I ts  ooaponentt In oata (Arana aa tlv a  L .) was conduotad 
during tha ra b i aaaaon in 1975*76*

S s w J & s & l J t i&s

Tha expariaent was oonduotad a t tha f  la  Id a of 
Rajaethah Collage o f Agriculture, Udaipur* TH aipur la 

altuatad a t an a ltitu d a  of 579*5 M froa a t an at a l tv a l  and 
batman 24* north la titu d e  and 75* aaat longitude*

Tha experiment waa la id  out In randomised block 
daalgn with 4 rep lications haring 52 v aria tion  of oata* 
Saoh rep lica tio n  eonaiatad of 32 aub p lo ta , ona for aach 

varie ty , two lines o f 4*0 H aach length wora planted In 
each aub p lo t a t a dlatanoa of 30 oas. Plant to  plant 
d litanca of 25 caa waa a ain talced by th in  leg,

Satda nnd aowlnsf

Tha aaada of 52 v a rla tla a  of oata wart obtalnad 
froa tha Head, Dopartsant of Sntoaology, Rajaethan College 
of Agriculture, Udaipur and eowlng waa dona on 19*11*1975*

<2
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TABU 1
Jfetoriologlool dota t o r  tho period froa Kovoaber, 1975 to 
March, 1976, whon tho crop woe In tho fie ld  (woekvrlot)

r Toapog*turo*0 . guajdity Rainfall
tfoelco Maxi- Mini-  ̂ oxiaua) (a a .)

auo aua

5.11.75 «a 12.11.75 29.7 10.0 79 4*

13.11.75 19.11.73 29.5 9.4 76 -
20.11.75 - 26.11.75 28.0 3.3 34 -
27.11.75 - 2.12.75 24.0 5.4 36 m

3.12.75 - 11.12.75 27.0 6.2 90 m

12.12.75 «o 16.12.75 27.7 5.6 91 -

17.12.75 - 25.12.75 26.4 5.3 76 -

24.12.75 - 30.12.75 26.6 5.4 79 -

31.12.75 - 6. 1.76 27.9 6.2 61 -

7. 1.76 13. 1.76 27.9 7.1 57 -
14. 1.76 - 20. 1.76 24.5 7.2 78 0.5
21. 1 . 76 27. 1.76 25.5 5.S 34 -

29. 1.76 - 3. 2.76 20.0 6.0 79 -

4. 2.76 10. 2.76 24.0 6.3 52 6.5
1 1 . 2.76 - 17. 2.76 26.0 10.5 62 -

19. 2.76 0* 24. 2,76 29.3 7.6 99 -

25. 2.76 - 3. 3.76 30.6 7.2 79
4. 3.76 - 10. 3.76 28.0 11.0 61 -

11. 3.76 - 17. 3.76 31.5 12.5 65 -

18. 3.76 - 24. 3.76 32.0 11.3 6 8 -

25. 3.76 - 31. 3.76 35.2 14.7 53 m



Tho datallad  l i s t  of thosa varia tio n  is  inoludsd in

Tabl# 2#

Post aowlng operations.

In addition to ths showers obtsinsd during tho 
so as onr, throo irrig a tio n s  wort givon a t an in te rva l of 
20 to 25 days. F e r ti l is e r  was appliod in tho fora of 
Asaoniua eulphoto o± tho ra to  of 40 kg R/ha in two oqual 
doit a, a t tho t in t  of f i r s t  and sooond ir r ig a tio n , tbs 
information r s  gar ding tho toaporaturo, r a in f a l l  and husidity 
during tho porlod of oxporiaont i t  glvon in Tab I t  1.

Characters stud ltd

The fo lloving 19 charaotoro wort aolootod fo r tho 

prosont studios.

1. Days to saorgoncs of flog loaf

2. Doys to a a tu rlty .

3. Plant height.

4. limber of f i l lo ro .

5. Kuaber of la arts.

6. loaf anglo.

7. Loaf a r t a.
9. Green weight of stoa .

, 9. Green weight of lsa raa .
10. Total graon y ie ld .
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s t o / l t o f  r a t io #

1 2 , T o ta l  to y  n a t t e r  y i e l d .

1 3 . Per c e n t  toy w eig h t.

1 4 , Per .c e n t crude p r o te in ;  and

1 5 . Per c e n t  ash  c o n te n t .

fihnarvatioPe

Pour p la n t*  o r a w y  w a r la ty  w ar. ran d o a ly  s . l « s t . d  

f r o a  o « h  r e p l i c a t i o n  f o r  a l l  t h .  a o rp h o lo g lc a l  a* w . l l  »  

h io o h a a lc a l  a tu d l .*  a t  h a i r  m ilk  . t a g * .  a x e e p t r o r  day* to  

ao a rg m o a  o f  f l a g  l a a f  and d a y . to  a a t u r i t y  wh.™  t h .  w t i r a  

p o p u la tio n  waa tak a*  in  t o  ooh8id o * a tio n  and tha w crag a

was ta k e n .

T o ta lle d  'procedure fo llow ed

1 , n ar  tn  e m e r g e  o f n a g l e a f : The nuabar o f  d*y« were 

c o u n te d  f r o a  th e  d a te  o f  eowing to th e  d a te  when th e  f l s  

l e a f  emerged c o m p le te ly , in  50 per c e n t  o f  th e  p la n ts .

2 , to  m a tu r i ty s The number o f  dgye ta k e n  to  m atu rity  

were coun ted  f r o a  th e  d a te  o f  sowing to  th e  d a te  w ba $ 

p er o e n t p la n ts  become h a lf  a ilJc  o ttg e  ( Schm idt,D .il. ,1 9

3 , P la n t h e ig h t ; The p la n ta  were p u lle d  ou t and a  leng th  

o f  5 cm. o f  th* stem p o r t io n  from th e  r o o t  i n i t i a t i o n  

p o in t was removed and th e  height o f  th e  h ig h e s t t i l l e r  

waa re c o rd ed  In  erne, to  th s  n e a re s t one te n th  o f  a  cm. 

(Oohra * t  , 1969).
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1 1 * 3 te a /la a f  ratio*

12* Total dry a a tta r  y ie ld .

15. Par oant dry weight.

14. Par oant oruda protein*

15. Per oent aeh content*

Observatlona

Sour plants of every varie ty  were randomly selected 
froa each rep lica tion  fo r a l l  th# morphological aa wall as 
biochemical studies a t half a i lk  stage* except fo r daye to 
eaargenoe of flag  la a f and day a to m aturity where tha en tire  
population waa taken In to  consideration and tha average 
waa taken.

Datailed procedure followed

1 • Daya to eaargenoe of f la g  le a f ; Tha nuabar of day a wara 
counted from tba data of sowing to the data whan tha flag  
la a f  sasrged oomplstaly, in  50 per oant of tba plants*

2. Para to  m aturity! Tha number of days taksn to maturity 
wara countsd froa tha data of sowing to tba data whan 50 

par oant plant# haeoma half a i lk  stage (SotMidt,Z>*R*,1962;

5. Plant halghti Tha plants wara pulled out and a  length 
of 5 cm. of tha atea portion from tba roo t in itia tio n  
point waa reaovad and tha height of tha highest t i l l a r  
was rtoordid  in  eaa. to  tha caarsst ont tanth  of a cm. 
(Sohra fit j l * , 1969)* '
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4* Muabeg of t l l l a g a i Tha t i la r a  froa ••oh plant wart

aaparatad and counted.

5* Haabtr of la a raa» Tha laaraa were reaovad excluding 
la a f  ehaath froa  a l l  tha t l l l a r a  and counted*

la a f angles Tha la a f  angle wan aaaaurad at tha tla a  of 
aa tu rity  vhlla  tha plants wara standing In tha field*
Tha procedure given by Seetak a t  jJ.. (1971) waa adoptad 
to aeasure tba la a f angla* Tha angla between axis and 
tha la a f  blade of thraa laaraa below flag  la a f  of tha 
main t i l l a r  waa raoordad and tha artrags waa taken.

7* Iiaaf araai Tha length and breadth of thraa laaraa 
halow flag  la a f  of tha aaln t i l l a r  wara recorded and 
tba araa calculatad as par s a t  hod auggastad by Oar la ton 
and Foote (1965) and waa given aa la a f product aatbod 
by Jain , T.O. and Niare, X>.£. (1966),

9* Ocean weight of tha a tea a Tha laaraa wara reaovad froa 
a l l  tha t i l l a r s  end tha weight including flower head 
waa raoordad In graaa to  tha neareet one hundredth of 

•  g?M .

9* Ocean weight of la a raa t Tba weight waa taken in graaa 
to tha neareet one hundredth of a  gran of a l l  laaraa, 
aeparatad froa a a Ingle p lan t (Xilohar and Trolaan,1973),
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,  „ „  v ie ld -  The o f  , t , B  “ 3 1* " * *m  "ntirt T og>n v l t x g - a ,  .

« . » * *  -  * “  '1" ' -  

„  »r t t o  100 • * > / » • *  Catl° “ “  0a<!Ulat’a 00
th e  M i .  o f  green w e ig h t  o '  ■ * «  “ *  18" ” '

12 - > ■ »  - t t »  y te -M ?  “ ‘ W -  l f la v a s  304 , t e a  p s r t lM t

” w ar. ta to n  to  pap«t t a f f  » ^ h « —  “ lfo r9 lT  • » « « * » «  
with paper punching aeohtoe tod topt to hot air « u  at
90«0 t i l l  c o n s ta n t w eigh t was a tta in e d  to  the  n e a re s t 

one hundred th  o f & g re s .

1 5 .  o -  "« "*  d ry  w e ig h t! Tha p er c a n t  d ry  w eigh t waa

c a lc u la te d  on th® b a s is  o f  gseen w eig h t of th e  whole 

p la n t  and th a  w eig h t o f  d ry  . a t t a r  < ' g a t o ^ t . ' «

14# Pur c e n t o f  QpudQ p r o te in a the whole p la n t  wets ground 

to  pass e  40 a a  a e sh  and n itro g en  was e s tim a te d  by 

K je id sr  a i t  hod. The procedure suggested  by S n a i l  and

S n a il  (1955) waa fo llow ed  fo r  t ie  a g i n a t i o n  o f  w -O tii 

c o n te n t.

15. Per c e n t o f  ash  c o n te n t a Tfy ground a
*  hfl ̂ 4 ^  j

to  600*0 in  a a u f f l e  furne* for . . *a
- Ugfl SHdf WBirrhm*

The p ercen tage  was c a lc u lo d  m. , i  a *
tne be»i* o f  *

w eigh t (S u n t, L .A .,1966 a(Pja te p  t a l  * y
* * * * « . 1975).

S t a t i s t i c a l  a n a ly s is

?he seen  o f  4 p la n t /  e*e**y v
I ilj ft dfcnt h

r e p l i c a t i o n  wa3 ta to o  as th e /1® o f  +Ka*



10. Total y ie ld : The green weight of etea and laaraa
were aided to  get the to ta l  green y ie ld  o f the plant*

11* Stew/loaf ra tio  i The stem /leaf ra t io  wae calculated on 
the baa la  o f green weight of a tea and learea* .

12* Total dry a a tta r  y iald? Chopped leave a and a tea portion* 
ware taken in paper bega which wara uniformly perforated 
with paper punching machine and kept in hot a ir  oven at 
30*0 t i l l  constant weight wae attained to  the nearest 
one hundredth of a  gras*

15* Per cent dgg_w*ight> Tha par oant dry waight wae
calculated on the baela o f green weight of the whole 

plant and tha weight of dry a a tte r  ( green^wt1 * 1 00 ̂

14* Per oent of crude p ro te in ; The whole p lant wae ground 
to paas a  40 aa mesh and nitrogen was estimated by 
kjeldar aethod. Th* procedure suggested by Snell and 
Snell (1955) waa followed fo r the estimation of protaiz 
content*

15* Per, cant of ash eon ten t t The ground aaaple was heated 
to  600*0 in a  a u f f l t  furnace fo r 4 hours and weighed.
The percentage waa calculated on the baa is  of to ta l  drj 
weight (Ifoat, Xi*d*,1966 and fish e r and Fowler, 1975)*

S ta t is t ic a l  analysis

The a*an o f 4 plants of every v a rie ty  in each
rep lica tio n  was taken ae tha value of th a t p a rticu la r
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rep lica tion  for a l l  th# calculation*. Tha data  ttaue 
obtained war# proceeaed bjr analysis of variance for various 
analysis llk s  genotypic and phenotypic variances, bar i t  abi­
l i t y ,  genetic advsince, ganatie gain, ganatlo ooafflo lan t 
of v a ria tio n , ganotypio and phenotypic covaranoes, corre­

lation* and path ooafflolant*.

Ganatlo v a r ia b ili ty

Tba analyai* vaa dona by tba aethod suggaatad by 
Panaa and Sukhatse <1961) for randoalsad block design. Th* 
variation* vaong ̂ individuals caused by genetic reason* vara 
aeasured by using tba fo lia tin g  formula

MSV -  TSV g  .  ------- g -----

vhara Tg •  Ganatie variance.
MS? -  Mean sum of a qu ora s . of v a r ia t io n  
70 n Error varianoa.

H * Humber of rap lica tlo n a .

• The actual v isu a l v a ria tio n  nong individual*
is  due tb  gsnatio a* v a i l  a* anvironaantal oauaea. Thia
can ba asasurad using the formula;

Tpb -  Vg ♦ vs
where Tpb -  Phenotypic variance.

Vg m Ganotypio varianoa.
73 -  Snvironmantal variance.
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The forau la  used in the present study was
*  U  TTTph -  Vg ♦ y

where ?8  •  E rro r  v a r ia n c e

R « Ruaber of rep lication* .

H eritab lllty

?Sie her i ta b i l i ty  is  tha p o ten tia lity  of an 
individual to  in h e rit a  particu lar character to  its  off 
spring* In broad sens a* i t  is  equivalent to the to ta l  
genetic varia tions divided by the to ta l  phenotypic 
varia tion  and ie  denoted in  percentage* The her i t  ab ility  
in broad aensa wo* calculated by the fo rau la  suggested by 

Burton and Be vent (195?) and Johnson a t  a l* (1955) where 

i t  is  given t

H

where H « Ilerltab ility*
7g » Genetic variance*
Vph « Phenotypic variance*

&eosoted genetic advance

At a ce rta in  level of selection pressure the sh if t 
of a  population towards the superior side o f genetic action 
is  aeent by genetic advance. The genetic advanoe of the 
population under these stud lee wee calculated by the foraula 
glvan by Lush (1949) and Johnson a t  «1, (1955a) a t 5 per cent



aalaetlon pressure using tha constant S as 2*06 given by 

Allard (i960)*

GA m X /9p5 X K
m - ? 5 r *  *  2/Vph

where ®A •  Genetic advance*
Vg -  Ganatie variance*
Vph * Phenotypic varianoa.
X m Selection d if fe re n tia l (Constant).

G anatlo g a in

Ganatlo gain Is  tba percentage of expected ganatlo
adv ansa baaad on tba aaan of tha p articu la r char so ta r  under
study* 2 fra mat hod for tha aaaassaant of ganatlo gain suggested 

by Johnson a t  (1995) was uaad which Is as followst

Ganatie gain (G*G*) » x 100 

whara G* A. *• Ganatie advance*

* * Mean of character.

Ganatlo coafflo len t of v a ria tio n

fowork out tha magnitude of ganatlo varia tion  In a
character, ganatlo co effic ien t of v a ria tio n  was calculated by
tha formula auggested by Burton (1955) which is  as follows t

Ganatlo ooafflo lan t /wrr
of varia tion  (G*C»V«) - x ^qq

X .
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whare 7g -  Genetic variance.

— m Mean oharaoter undar atudy.~ .X

flenotyplo and phenotypic covariances and corre la tion  
cos f f  Iolanta

The gtnotypio and pbanotypio coyariancea war* 
workad out in the ease way aa the ysrlancea war# calculated. 
Mean product of tb t expectation of corarianoe analytic la 
a ia i la r  to  the n a n  square expectation for analysis of 
▼ariance, The phenotypic and genotypic corre la tions between 
dry a a tta r  ylald and a l l  tha othar char act or a wara worked out 
by substitu ting  tha ganotypic and phanotyplc covariances and 

variances in tha fo rau la  suggested by ?lsbar (1954) and

.  r 1 iS .  - £ f r . J . : . 2— _

^ . D  (a ?  .2 )

.  r .  .  .  -A -fo r Art------------

1 2  ' < & >  H * - * >

m Genotypic covariances of
oharaotara in .pair^.

■ Phanotyplc covariances of 
oharaotara in p a irs .

■ Genotypic variance of tha 
f i r  a t character.

■ Genotypic variance of tha 
aacond character*

iljb o u ri «1*(1953).

Genotypic eorrala tlon  
coafflo lan t between two 
oharaotara (1 ) and (2 )

Phanotyplc co rre la tion  
coaffic ian t batwaan two 
oharaotara (1 ) and (2 )

where g  G o t  1.8

ph G o t  1.2

2
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•  Phenotypic variance of tho f i r s t  character.

* Phenotypic variance of the second character*

Path co effic ien t analysis

. Tbs princip les and technique suggested by b righ t

(1921) and I»i (1955) fo r tba cause and a ffao t systea wara 
aloptad fo r tba analysis, using tha fo rau la  s i t  an by Daw ay 
and lit (1959)* Since a laost a l l  tba t r a i t s  wara sign ifican t: 
oorralatad a t 1 par cant level with dry a a tta r  y ia ld , 
b a r ita b il ity , expected ganatlo advance, ganatlo gain and 
ganatlo ooafflo lant o f varia tion  wara also taken into 
account to  ealaot tba oharaotara for path ooafflo lant analysis, 
and accordingly tha following char sc ta rs  wara selected .

1 . Or ain weight of tba s taa .
2. Green weight of tba leaves*
3* Plant halght.
4* Nuabar of ti lle ra *  .
5* la a f  area*
6* Huaber of laaraa*
7* Total dry a a tta r  yield*

Tba correlations between f i r s t  s ix  characters 
lis te d  above wara also worked out In a l l  possible combination.

2
<rph*1

2
crp h .2
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Th© design adopted by Bur ate and f f la i  (1972) wee 

cbootee for fu rther analysis of path co effic ien t. The 
diagrammatic representation of path and ite  rela tionsh ip  

is  given is  Plate I .

Thd diagrM  includet f i r t t  order and second order 

ooaponente. Char«jtere 1 and 2 , (green iwight of atea and 
green weight of leaves) were taken as f i r a t  order ooaponente 
because these two characters were the major cause a to 
influence the dry a a tte r  y ie ld . Tha other characters lik e , 
p lant height, nusber of t i l l e r ,  le a f  araa end nuabar of 
Is  eras were taken aa eaoosd order ooaponente, since th e ir  
amis effeo ts  were through the increase of atea weight end 
ths weight of lessee to  give an ultimate increase in dry 

a a tte r  y ie ld .

The double arrowed lin es  in  the dlegres indicate 
the autual association between characters. The single 

arrowed lin es  indicate d ire c t e ffeo t measured as path 
oooffio ien ts. Tha path oceffiegents were worksd out by . 
solving the following throe se ts  of lin ea r equations using 

matrix method.

Linear equations
I* F ira t ordar ooaponente

!

v(3 ,7 )  -  Pt ?  ♦

•  p2 .7 + P(t3 2 )p 1 .7  

1 * ^ . 7 + *2.7 * P2,7 *



P L A T E  N9 I

D I A G R A M M A T I C  R E P R E S E N T A T I O N  OF P A TH 
A N D  ITS R E L A T I O N S H I P S

X
x \X \

1 -  G R E E N  W E I G H T  OF ST F M

2 ~  G R F E N  W E I G H T  OF L E A V E S

3 — P L A N T  H E I G H T
4 — N U M B E R  OF  T T L L E R j

5 -  L E A F  A R E A

6 -  N U M B E R  OF L E A V E S

7 -  T O T A L  DRY M A T T E R  Yt F- LD 

X -  R E S I D U A L  F A C T O R



I I ,  Sdoopfl ord»g c o a o o n rita  

(* )  Gr#«n w i g h t  o f  » t» a  *a3 i t a  e o p p o n tn f

% 3>* P1.3 ♦ r(3,4) P1.4 ♦ % , 5) ?1. 5 * r0>6)  P1.6

% 4>* P1.4 ♦ ^ , 4 ) P1.3 ♦ ^ 5 > P1.5 * T4,6)P1.6

V6,5)m p1.5 ♦ % 5 > p1.4 ♦ ^ 5 ,0  *1.3 * rt5f6) P1.6

rM ) ’ p1.6 % s ; pi.5 ♦ % 6 ; p 1.4 * r(3,6^P1.3

1 » P2 ♦ x1 ' l . 3* 4 .4 *  4 .*5* 4 .6 *  2\->% 4pu *+

2P1.3?(3,5>P1.5* 2Pt . ^ , $ P1.6 * *?1 .4 % ^ 1 .S *

2P1.«^«,^1.6* 2P1.5^5,6) P1.6.

(&) Often w ig h t of Xmmmm  tad l t t  ooapppiptB

*2.5 * r(3,4)P2.4 * r(3,5)P2.5 * %6)*2.6

P2.4 * r(3,4)P2 .3  + T«,5)P2.5 * % , 6 ) P2,6

% i ) m p2 .5  * % 5 ) p2.4 + r<3,5)P2 .3  * % 6 ) P2.6

% 6 ) -  *2.6 * % 6 ) * 2 . 5  * % $ ) p2.4 * % $ ) P2.3

1 * 4 . 2  * 4 . 3  * *2.4 * 4 . 5  * 4 .6  * ZP2 . f ^ 2 . 4

2P2.3  % $ P2.5 * 2P2.3  % & 2 . 6  * 2P2. 4% f 2 S  

2P2.4 % 6 ) P2.6 * 2p2.5 ri3,6̂ 2.6 •
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SXPimiMSSTAL RSSOI/PS

Mtw valu ta , rongt, S .3 .(d) and c r i t ic a l  
d lffartnoa fo r tha f i f t t t n  oharaotara wara oaloulatad.

Tha raau lta  ara arrangad in  tah la 2.

i l l  tha oharaotara analyaad for varianoa axhlbitad 
highly s ig n ifican t dlffaranoaa (a t ona par cant la v a l) .
Total graan y ia ld  par pland had tha highaat pbanotyplc and 
ganotypio varianoa a (0 ■ 2036.4552, P •  2244.2215), followad 
by graan walght of ataa (Q*  999.3724* P -  1102. 2112 ), 
nuabar of laaraa (0 -  223.6452, P * 232.8972), la a f ora a 
(0 *  219.6572, P » 231.9114)* graan walght of laaraa 
<0« 209.0654* P -  273.4815)* p lan t halght ( 0 -  117.6519,
P * 127.6875) and day8 to f lag  la a f  aaarganoa (0 -  100.7543, 
P ■ 101.0622). Tha alniaua valuasobaarvad wara fo r 
a taa /laa f  r a t io  (0 « 0.2409, P * 0.2442). ' Tha varianca In 
cruda protain parcantaga (0 -  1.5904, P * 2. 2248) and 

percantaga of aah contant (0 -  2.3259, P •  2.6791) wara alao 
low cooparad to  tha othar oharaotara (Tabla 3 and 
Jppanlx I-XV)•

I r r i t a b i l i ty

Daya to f la g  la a f  aaarganoa and days to maturity 
had tha higbast her i t  a b ility  valuas (99.696 and 99.631



TA3LB 2
Mean, Range, Standard e rro r , C ritic  ail difference and over e l l  mean of ths c her asters studied

S.
So. V arieties

Days to  
f lag  le a f  
eaergsnce

Days to  
Maturity

Plant
Height

fitmber of 
T ille rs

Kuaber of 
leaves

Leaf
eagle

Leaf
area

Green 
weight of 
a tea.. . , 4* - - V-. R*_ . . 4*____ .... fPk  -  -

1 . 3.C .55197 90.500 113.000 135.000 14.150 61.150 29.175 59.400 136.225
2. Fleningold 104.250 119.500 123.200 11.200 55.025 31.900 53.950 97.075
3. B.C.99162 99.500 117.500 133.850 9.200 39.475 29.700 69.200 145.700
4. lent 98.500 113*500 126.200 3.200 39.225 30.300 64.325 94.250
5. Seed.19 93.750 112.500 131.900 10.325 47.175 29.500 66.525 105.300
6. 3.0.99166 103.500 121.000 132.350 6.125 34.400 25.675 77.975 95.575
7. S.0.5*935 87.300 101.100 129.200 14.125 69.600 23.675 54.200 130.950
9. 8.0.43536 109.300 125.750 132.575 13.250 53.275 35.125 87.300 126.675
9. B.C.9916* 93.750 110.750 130.650 12.525 66.600 24.650 39.225 107.400

10. 0. 0.99167 100.000 117.250 111.850 11.450 62.875 29.650 43.225 104.350
1 1 . I.C . 1919 83.750 100.500 129.125 11.750 62.625 24.400 56.675 149.250
12. S.C.43655 91.500 110.750 131.550 14.700 17.650 27.975 46.375 133.050
13. 8.0.99161 99.000 119.000 139.325 11.500 45.725 29.700 56.025 113.925
14. 3.0.99165 99.900 119.750 126.150 14.370 83.625 24.550 50.225 147.825
15t 3.0.99163 99.000 119.000 143.150 13.950 66.200 28.250 69.675 163.550
16. S.C;96573 107.750 124.000 123.150 7 .2 5 0 31.675 23.725 61.350 67.900
17. 3.0.43535 79.750 99.000 106.650 12.750 64.700 29.625 29.850 107.125
18. I.C . 1829? 95.000 105.000 115.350 11.200 59.500 26.125 45.150 109.425
19. 3.0.54937 94.000 111.250 108.475 15.575 61.150 30.925 30.850 130.175
20. 3.0.43666 103.300 124.500 119.950 7.075 30.200 22.375 64.400 71.925
21. 1.0. 1320 37.000 106.750 133.025 14.450 63.400 33.275

------- , , M..
36.375

* J* -1 V
114.225



(Tabl* 2 c o a td . )

1 . 2. 3. 4. 5. 6. 7. 3. 9. 10.

22. Algarion 91.000 110.250 155.200 13.325 63.400 23.050 54.300 154.975
23* 13.0.96552 31.500 93.500 129.825 17.325 35.200 31.625 49.625 176.475
24. Jcacaa 95.000 125.250 129.075 14.825 63.650 32.250 67.925 189.225
25, S.O.36444 95.000 114.500 122.525 12.825 47.225 26.725 60.325 114.075
26. 12 .0.96529 95.000 114.000 116.350 12.625 64.100 26.025 51.050 100.775
27* HapiOft 68.000 85.000 109.225 5.200 24.775 23.250 23.025 45.000
28* H.P. 101 S3.0G0 102.500 127.025 9.500 43.025 29.425 29.900 73.400
29. X.27 33.000 101.750 120.925 7.625 37.725 27.550 53.025 82.250
30. B .C .96445 73.000 92.750 114.600 11.500 49.025 32.150 31.150 84.175
31. 12.0.54934 77.000 95.750 107.957 12.250 67.275 31.550 29.525 107.325
32. B.C.96531 93.750 111.000 110.325 13.575 62.900 26.925 60.575 120.750

O rerall MaanCx) 92.035 110.515 125.522 11.671 56.054 28.775 52.756 115.303

Rauga 63.000 - 85.500 - 106.650 - 5.200 - 24.775 - 22.375 - 23.025 -  45.000
103.300 125.750 156.200 17.325 35.200 35.125 37.800 189.225

s .  s . ( a ) ± 0.301 0.311 3.190 0.652 3.042 0.733 4.309 10.141

C .D . a t  5* 1.544 1.572 8.957 1.803 8.536 2.049 12.100 28.473

CO



T43L3 2 (C oat d . )

s .
So* T trla tiao

a a lg h t
Of 19 0 08

T o ta l  graext 
j i t  2d

3 tt» /l«  af
r a t i o

T o ta l  d r j  
s a t t o r  
j i t  Id

P tr c e n t  
d r j  ^t i g h t

P t r  c a n t  
cruda 

p r o t a l a

Par can t 
aah

c o n t t n t
1 . 2r ■ 1 %* 12. 13. 14. i£ . 16* 1.7*
i . B.C.55197 65.550 201.750 2.03975 47.225 24.375 10.395 12.075
2. F la a irg o ld 36.587 133.850 2.63050 37. 975 23.625 12.713 11.475
5. C.99162 49.460 165.200 2.34390 44.450 29.250 12.970 12.975
4* 43.325 157.600 2.21075 32.925 27.600 11.932 9.975
5. 19 43.040 148.975 2.23075 39.725 26.650 15.045 11.500
6. B.C.99166 40.090 135.675 2.40950 30.850 25.075 12.192 4.600
7. 3.0.54933 52.637 136.150 2.49450 39.675 24.600 11.932 12.250
S. 3.0 .43536 61.142 173.950 2.26500 47.350 29.300 16.600 12.275
9. S.C.99164 40.640 143.050 2.64250 37.775 23.475 15.822 10.950

10. 3.0.99167 52.135 132.050 1.99125 36.925 29.450 12.710 11.725
1 1 . 1.0. 1919 55.742 204.025 2.75475 45.650 24.250 10.637 12.900
12. B.C. 43665 46.592 184.650 3.03775 49.600 23.625 10.995 10.775
13. 3.0.99161 45.240 159.100 2.55300 44.650 29.800 11.933 12.300
14. 3.0.99165 75.205 213.100 2.14K)00 49.400 24.450 15.045 12.650
15. 3.0.99165 90.999 269.050 2.32275 63.475 24.950 11.415 13.300
1*. 3.0.9653 31.150 92.450 2.01525 27.100 02.250 11.672 11.975
17. 3.0.43535 45.450 142.625 3*01350 34.000 28.350 11.932 10.325
19. X.C. 1329 45*942 155.350 2.33425 39.000 27.375 12.452 11.900
19. 3.0.54937 35.422 165.625 3.63475 53.275 33.775 10.995 11.725
20. 3.0.43666 32.095 140.050 2.30575 90*300 32.225 10.637 10.150
21. I.C . 1329 46.997 136.255 2.40225 41.025 29.150 11.672 12.025

(Contimiad) co
ro



(T abla 2 cont<5* )
1 . 2. 1 1 . 12 . 13.______ 14. ..... 15. . 16. ... 17. _

22* 41gt?ion 56.847 211.375 2.73200 54.750 27.425 10.637 11.125
23. 8.0.96552 65.305 216.825 2.72050 52.375 25.500 12.450 9.400
24. 4s«0« t 90.627 279.975 2.20600 53.550 25.300 11.670 11.125
23. S.C.95444 44.657 153.775 2.55350 39.825 27.175 10.897 11.800
26. 3.0.96529 49.050 149.875 2.04450 39.950 29.500 11.157 11.850
27. Btpid* 11.767 56.750 3.83725 15.625 32.300 12.972 9.850
28. S.P.101 21.337 39 .775 3.68000 35.675 36.125 11.932 11.250
29. X.27 31.252 113.825 2.75475 31.700 31.050 11.935 9.525
30. K.C.86455 25.272 112.000 3.53425 27.325 25.825 11.672 11.150
31. K.C.54834 39.062 146.700 2.75225 33.125 25.025 11.192 11.300
,32. 3.0.96531 53.397 179.525 2.09975 41.550 25.950 11.157 12.175

Or»E«ll Q»aE(x) 46.997 159.117 2.59125 40.736 27.764 12.208 10.950

Ra»g* 11.767 - 56.750 - 1.99125 - 15.625 - 24.300 - 10.637 - 8.400
90.627 279.957 3.83725 63.423 36.125 16.600 13.800

S. 8.(3)+ 4.943 14.415 0.07500 2.932 1.024 0.923 1.157

C.D. a t 5* 13.979 40.477 0.20490 8.233 2.877 2.325 2.296
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TABLE 3

Ganotypio, phanotyplc and arro r ▼arianoaa of oharaotara atudlad

S.
KO. Oharaotara Ganotypio

▼arianca
Pbanotypie
▼arianca

Error
▼arianca

1 . Days to f la g  la a f aa trg tae t 100.7543 101.0622 1.2043

2. D^a to raaturity 97.6954 99.0000 1.2473

3. Plant haight 117.6519 127.7863 40.5763

4. Nuabtr of t l l l a r a 9.6931 9.1159 1.7068

5* Huabar of laaraa 223.6452 252.3972 37.0224

6* Laaf angla 10.0916 10.6251 2.1393

7. la a f  aram 219.6572 231.9114 74.2239

a. Qraan w ig h t of atari 999.3724 1102.2112 411.3739

9. Grate w ig h t of l a m a 209.0634 273.4315 97.6739

10. Total grean y it ld 2036.4552 2244.2215 831.0397

1 1 . Stoa/loaf ra t io 0.2409 0.2442 0.0128

12. Total dry a a tta r  y i t ld 92.6571 101.2532 34.4012

15. Par oact dry waight 9.3576 9.4116 4.2224

14. Par cant orudt protain 1.5334 2.2243 2.7457

15. Par oant aah eontant 2.3259 2.6791 2.6800
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per c e n t  r e s p e c t iv e ly ) .  Only the  c h a ra c te r s  liJce p er c e n t 

crude p ro te in  (6 9 .1 4 7 ), per c e n t  nsh c o n te n t (86 .567 ) and 

per c e n t d ry  w eigh t (8 8 .7 9 9 ) m an ifested  h e r i t a b i l i t y  v a lu e s  

le s s  than  90 p e r c e n t .

Sxpeoted genet io advance

The t o t a l  green y ie ld  per p la n t  had the h ig h e s t 

g e n e tic  advance (93 .661) fo llo w ed  by g reen  w eig h t o f  stem 

(6 3 .0 1 3 ) and green  'weight o f  le a v e s  (3 6 .7 6 9 ). The number 

o f  le av es  p e r  p la n t  (30 .176 ) and p la n t  h e ig h t (35 .439) a lso  

had h igh  g e n e tic  advance. The l e a s t  v a lu e  o f  expected  

g e n e tic  advance o b ta in ed  was (1.GQ4) fo r  a t e a / l e a f  r a t i o .

g en e tic  g a in  . .

The h ig h e s t g e n e tic  g a in  was observed f o r  g reen  

w eig h t o f  le a v e s  (7 3 .2 3 7 ) fo llow ed  by l e a f  a re a  (56.235)* 

t o t a l  g reen  w eig h t (5 4 .5 2 6 ), number o f  le a v e s  (5 3 .3 3 3 ), 

g reen  w eigh t o f  stem (53 .550) and number o f  t i l l e r s  (5 0 .7 9 2 ). 

Almost a l l  th e  c h a ra o te ra  ex c ep t p e r  c e n t  d ry  w e ig h t (5 .6 1 2 ) 

and days to  f l a g  l e a f  emergence (2 .2 4 1 ) had h igh  v a lu e s  o f  

g e n e tic  g a in  (range 17.357 to  73 .2 3 7 ).

G enetic c o e f f i c i e n t  o f  v a r i a t i o n

The c h a ra c te r s  w hich had m odera te ly  h ig h  v a lu e s  o f  

hor i t  a b i l i t y ,  ex p ec ted  g e n e tic  advance and g e n e tic  g a in
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exhibited cooperatively high genetio coeffic ien t of 

varia tion  (range 3,636 to 33.693). The bighaat value 
of a.O.V. was obtained in green weight of l a m e  (33*633), 
The other chsraotars 111a ,  le a f  area (23,092), to ta l  green 
yield  (27*770), green weight of e tea (27.239), nusber of 

I t  area (26,672) end nusber of t i l l e r s  (25,364) aleo had auoh 
higher value a . lower 0 .0,7. value e were observed fo r dry 

n a tte r yield (3,174) and p lant height (9.636),

The expected aan lfeste tion  of h e r ite b ll ity , genetic 
advance, genetic gain end genetic co effic ien t of varia tion  
in e l l  the characters under study are given in table 4,

Aa b o o  le t  ion of o her eaters

To find out tbs various dspendent ooaponents of 
dry matter y ie ld  and th e ir  extend of association, the 
genotypic and phenotypic co rre la tion  coeffic ien ts  were 
analysed with the help of ganotyplo and pbanotyplo variancae 
and covariances analysis. The re su lts  are given in table 5 
and appendix X7X*X7XX,

genotypic and phenotypic correla tions between oharaetere

The valuta of genotypic co rrela tion  of a l l  
oharaoters were almost sim ilar to tha t o f phsnotyplo values, 
although on s lig h tly  to the , higher side , indicating the 
le a s t  environmental influence. Highest positive association 
with dry s e t te r  y ie ld  wee observed of green weight of etea
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TABLS 4

Herltafrllity* expected genetic advance, genetic gain 
and genetic co effic ien t of v a ria tio n  of oharaotara etudled

S.
*0. Oharaotara i r r i t a ­

b i l i ty
Expected
genetic
advance

Genetic
gain

0.0.7.

1 . Days to flag  lea f eaargenoe 99.696 20.640 2.241 8.940

2. Days to aaturitjr 99.691 20.326 19.392 10.903

3* Plant height 92.065 25.433 20.265 3.636

4* Humber of t i l l e r a 95.285 5.928 50.792 25.364
3. Number of laaraa 95.029 30.176 53.333 26.672
6. le a f  angle 95.009 6.379 22.163 11.053
7. laa f area 94.713 29.715 56.525 29.092
3, Green weight of stem 90.670 62.013 53.550 27.239
9. Ocean walght of lta re a 91.158 36.769 78.237 33.633

10. Total green yield 90.742 33,561 54.526 27.770
1 1 . Stem/leaf r a t io 93.636 1.004 39.749 19.950
12 . Total dry a a tta r  walght 91.506 18.960 46.543 3.714
13. Par oant dry walght 88.799 5.613 5.612 10.410
14. Per cent crude protein 69.147 2.119 17.357 10.163
15. Per cent aeh content 86.567 2.925 26.712 13.331



" C J b  « r r
Genotypic and phenotypic c o r r e la t io n  c o e f f i c i e n t s  "between 

t o t a l  d ry  M a tte r y ie ld  and n i l  o th e r  c h a ra c te r s

T49L8 5

T o ta l d ry  m a tte r  y ie ld
Genotypic Phenotypic 

c o r r e la t io n  c o r r e la t io n  
c o e f f i c i e n t  c o e f f ic ie n t

1. Days to  f l a g  l e a f  eaergence + 0.23332** 0.27199**

2 . Days to  M a tu rity + 0.30792** + 0.30214**

3. P la n t h e ig h t + 0.59377** + 0.56193**

4 . Nuaber o f  t i l l e r s 0.79507** + 0.75309**

5. Number o f  le a v e s + 0.70304** + 0.67239**

6. Leaf angle +■ 0.19921* 0.17502

7. Leaf a re a ♦ 0.31131** + 0.30703**

9 . Green w eigh t o f  a te a + 0.95113** + 0.93331 **

9 . Green w eigh t o f  le a v e s + 0.32464** + 0.93709**

10. T o ta l g reen  y ie ld 0.93776** + 0.91237**

11. S tem /lea f  r a t i o 0.26903** - 0.23577**

12. Per c e n t  d ry  w eigh t - 0.25619** - 0.25076**

13. Per c e n t  crude p r o te in “ 0.10192 - 0.06444

14. Per c e n t  ash  c o n te n t + 0.29501** + 0.21605**

;?• Character*No. '

* S ig n if ic a n t  a t  5 p e r c a n t  l e v e l
** S ig n if ic a n t  a t  1 p e r c e n t  l e v e l
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with dry a a tte r  y ield  (Q •  40.95113* P -40.93331) follow#* 
by to ta l  groan walght (0 » 40.93776, P -  40.91337), green 
walght of laaraa ( 0 -  40.93464, ? « 40. 30709), nuabar of 
t i l l e r a  (0 -  40.79507, P * 40.75309), nuabar of laaraa 
(0 « 40. 7030*; P *  40.67399), p lant halght ( 0 -  40.59977,

P •  40.56193), la a f  araa (0 •  40.31131, ? -  40.30709), d«ya 
to  a a tu rlty  ( 0 -  40. 30793, 3 -  40.30314), par cant aah 
eontant (0 -  40. 33501, P -  40.31605) and day# to f la g  la a f  
aaarganoa (0 * 40.33393, P » 40.37199). Poaltlva hut non 
s ig n ifican t oorralatlon  a t 1 par can t level waa observed 
with laa f angla ( 0 -  40.19931, P * 40.17503). S taa /laa f 
r a t io  (0 •  *0.36903, P •  -0.33577) and par cant dry walght 
(0 ■ -0.35619, P -  -0.33076) had high a lgn iflean t negative 
oorralatlon  with dry a a tta r  y ia ld . Tha rala tlonah lp  of 
par oant erode pro ta in  with dry a a tta r  y iald  waa negative 

and non algn if lean t (0 -  -0.10193, P -  -0.06444). Tha 
graphic rapraaantatlon of tha values ara given in P lata I I .

Reviewing tba above oorralatlon  values of varioue 
oharaotara with to ta l  dry a a tta r  y ield  and th e ir  h e rlta b llitv . 
ganatlo ooafflo lan t of varia tio n  and ganatlo gain value a 
tha following oharaotara wara aa lac tad fo r path analyeia.

. 1 . drain M ight o f a taa .
3. Ocean walght of lecree.
3. P lant halght.
4 . Huabar of t i l l e r a .
5. le a f area. .
6. Huaber of laaraa.
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* ,  o u t o f  t h .  abo*a o h s r « t . r .  t h .  f i r s t  tw o. 

l . e .  g c . .n  w .lg h t  o f  sts®  an* gsaen w «Ight o f  l * w .«  » »  

t h .  o n ly  eoaponsn ts c o n t r ib u t in g  A lw o t ly  to M v ta  t h .  t o t

d ry  m a tte r  y la l*  ten0#  were ta k e n  as f i r s t  o rdo r 

com ponents an* t h ,  r . o t  o f  t h .  e h a r a c t . r .  a ,  th sy  in f lu .n o .  

th e  d ry  m a tte r  y io M  o n ly  th rough  s t s .  ^ & / o r  l e a f  g r . . n  

w e ig h t, w a r . g ro u p .*  u n * .r  e.oon* o r * . r  c o u p o n .* ,  in  p a th

analysis.

m  o rd e r  to  work o u t t h .  p a th  o o . f f i o i . n t  a n d y s *  

th e  m utual r e l a t io n s h ip s  betw een th e  o h a r a o t .r s  o f  t h .  

f i r s t  o r * . r  components an* t h a t  o f  . .e o n *  o rd e r  oomponsnte 

ware a lso  worked o u t .  *> to  P « th  s n s ly s ia  we s r . o o n c rn a *  

on ly  w ith  gano typ io  o o r r e la t i o n s .  hence now onward r e fe re n c . 

has b tcn  made on ly  to  geno typ ic  c o r r e la t io n  v a lu ta .

Green w eigh t o f  a te a  had a  h ig h e r geno typ ic  

c o r r e l a t io n  c o e f f i c i e n t  <+ 0 .95113) w ith  t o t a l  dry  a a t t e r  

y ie ld  th an  green  w eigh t o f  l e w o s  (+0 .82464). A ssociation  

'between g reen  w eigh t o f  a te ii end greeft w eigh t o f  le is e e  

were ©loo v e ry  h ig h  (+ 0 .9 2 0 3 2 ). ('Table 6 and P la te  I I I ) .

Jfcong th e  c h a ra c te r s  o f  second o rd e r  ooaponente, 

th e  nuaber o f  t i l l e r s  (+ 0.93544 )haft the h ig h e s t  c o r r e l a t e  

w ith  g reen  w e ig h t o f  o te a  fo llow ed  by nuaber o f  leave*

(+ 0 .79679), p la n t  h e ig h t (+ 0.52455) and l e a f  ar**(+0.26Z  

$he a s s o c ia t io n  o f  above fo u r  c h e n w te re  >»vc*v > ^ 4 ^ +

o f  le tv e s  was a ls o  found to  be in  th e  ease  p a t te r n .  Tin m^\ 

o f  t i l l e r s  had th e  h ig h e s t  value (+0.70409) follow ed by
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ia» out o f the above character® the f i r a t  two*

l .a .  grean weight of stem rad grata weight of lavras wart 
tha only component# contributing d ire c tly  toward* tha to ta l  
dry matter yield and ha net wart taken «a f i r a t  ordar 
component* rad tha r a s t  of tha oharaotara a* thay influence 
the dry matter y ield  only through ataa and/or laa f green 
weight, vara grouped under eeoond order components In path 
acalyaio.

In ordar to  work out tha path ooafflo ian t analyela 
tha Qutual re la tionahips batwaan the oharaotara of tha 
f i r a t  ordar components and th a t of aeoond ordar component# 
ware also worked out* Jm in  path analyaia wa are concerned 
only with genotypic co rre la tions, hence now onward reference 
has bean made only to ganotypio co rrela tion  valu ta .

(keen weight of a taa  had a  higher ganotypio 
co rre la tion  coeffic ien t (♦ 0. 95113) w ith to ta l  dry matter 
y ield  than green weight of lessee (♦0. 83464). feaoolatlon 
batwaan green weight o f ataa rad green weight of leasee
ware alao vary high (♦ 0.93032). (Table 6 and Plata I I I ) .

Aioug tha oharaotara of aeoond ordar components, 
tha nuabar of t i l l a r a  {♦ 0.83544)had tha highest correlation  
with green weight of etem followed by nuabar o f laaraa 
(♦ 0.79679), p lan t height (♦ 0.52455) and la a f  a rt #(♦0. 26723), 
Tha association of above four oharaotara with green weight 
of lee?*a was alao found to be in tha ease pa tte rn . H r cumber 
of t i l l a r a  had tha highaat value (♦0.70409) followed by
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TABLES 6

The possible genotypic and phenotypic co rrela tion  co e ffi­
c ien t a between to te l  dry n a tte r y ield  and the c he* act era 

selected for path coeffic ien t analysis 
- ( f i r s t  order ooaponente)

Total dry 
a a tte r  y ield

Green weight 
of etea

Green weight 
of learee

Total dry matter 
yield (3)

<P>
X

♦ 0.95113**
♦ 0.93331**

♦ 0.82464**
♦ 0.83709**

Green weight of (0) ■ ♦ 0.92032**etea
(P)

X X
+ 0.90462**

Green weight of <G) '
learee

(P)
X

1

X X

** Significant a t 1 per cent level
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nuabrr of laaraa (♦ 0.66597)* plant bright {+ 0.51515) 

and laa f era a  (♦ 0.51225)*

Tha highest ra la tlonah lp  batatas nuabar of 

t i l l a r a  and nuabar of laaraa (a 0.94920) was obaarrad, 
followtd by batwaan plant haight and laaf r « a  (+0. 54342), 

plant haight and nuabar of t l l l a r s  (+ 0.17435) and 
batwaan plant haight and mastar o f tacraa {+ 0.10644)*
Nr gat i r  a association waa obaarvad batwaan nuabar of t i l l a r a  
and Tieaf a rt a (*0. 15964) and batwaan nuabar of laaras and 

la a f  a rt a .(- 0.20901). (Table 7 and Plate IT). '

Path eoafflo lan t anal re la

F irs t ordar ooanononts (Table 3 and Plata 7 ) .

1 * Brr a a tta r  y iald  r /a  ggten walght of ataa

Path asalyala rsrealad  a war/ high and posit Ira 
d lrao t a ffe c t of graan walght of ataa  (+ 1 . 25606). Kowarar* 
i ta  Isd lrao t affao t on to ta l  dry a a tta r  y iald  r l a  graan 
walght of laaraa waa nr gat Ira (* 0. 30495). Thua tha to ta l  
co rre la tion  ooafflo lant waa only a  p a rt ra flac tio n  of i ta  
d ir  ac t a ffao t as p a rtly  I t  was n u ll I f  lad by tha Indirect 
a ffao t through graan weight of laaraa.

2* Spy, w etter yield v /a  ^ e e n w r ig h to f  la  are a

Tha stap le  oorralatlon coafflc len t of graan walght 
of laaraa with to ta l  dry a a tta r  y ia ld  waa (* 0.32464 ’ .
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The possible genotypic and phenotypic co rre la tion  coeffic ien ts  between second 
order ooaponente selected fo r path co effic ien t analysis

- Oreen weight 
of s tea

Green weight 
o f Iseves

Plant
height

Nuaber of 
t i l l e r s

le a f  
ere a

Buaber of 
laaraa

Green weight (a) + 0.92032** ♦ 0.52455** ♦ 0.33544** * 0.26723** + 0.79679**
of etea X

<p) ♦ 0.90462** ♦ 0.49920** + 0.78452** + 0.27474** + 0.75915**
Orten walght (o) - ♦ 0.51515** ♦ 0.70409** + 0.51224** 0.66597**
of learee X X

<p ) ♦ 0.47032** ♦ 0.64341** + 0.50257** ♦ 0. 64866**

Plant height (a) * 0.17485 ♦ 0.54342** + 0.10644
X X X

(p) + 0.15539 + 0.51232** + 0.10299
Nuaber of (3) -  0.15964 * 0.94926**
t i l l e r s X X X X

<p ) -  0.15149 0.92480**

le a f  area (0) . • 0.20901*
X X X X X

(p) • —0.19276*

Nuabar of (3)
leaves X  ' X X X X X

(?)

* S ignificant a t 5 per oant le v e l.
** S ignificant a t 1 par cant level*
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TA3L3 8

The d irec t and Ind irect rela tlonehip  between variables of the f i r a t  
order components of td ta l dry wetter y ield

Variables

1. Total dry matter y ield  v/e green wt. of etee 

Direct e ffec t , P1.7
Indirect e ffec t v ia  green wt. of learee "

Total

2. Total dry matter y ield  v /e green wt. of learee r

Direct e ffec t p2.7
Indirect e ffe c t v ia  green wt.of stem r 1#2

Total

path ooeffic len t

♦ 0.95113 
+ 1.25606

-  0.30493

+ 0.95113

♦ 0.32464
-  0.33133 

.  ♦ 1.15597

•  + 0.32464

3. Residual fee tore P « ■ ♦ 0.23026 x. I
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TA3I.5 8

The d irec t find Ind irect re  le t  lone hip between variable a of the f i r s t  
order components of tb ta l dry s e tte r  y ield

Variables Path coeffic ien t

1. Total dry s e tte r  y ield  v /e  green wt* of etea r  •  ♦ 0.95119
Direct e ffec t P1 ? » + 1.25606
Indirect e ffe c t v ie  green wt. of leaves j  ■ “ 0.50495

Total -  + 0.95113

2. Total dry n a tte r y ield  v/e green wt. of learee r  » ♦ 0.32464

Direct e ffee t P2.7 * “ 0*33135
Indirect e ffe c t v ia  green wt. of s tea  r t .7  r 1i2 * * *#*5597

Total •  ♦ 0.82464

3* Heaidual factors p -  ■ ♦ 0.28026*•» .
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However, lt«  d ire c t e ffeo t vm  negative ( -  0*33133) and 
tha high positive co rre la tion  value wee so lely  due to ite  
indirect e ffec t through green weight of etea (♦ 1*15397)*

Second order coeoonente (Table 9 and Plate ?)•

(a) Often weight of etea and i ta  components 

1* Cteeen weight of etea v /e  p lan t height

The corre la tion  coeffic ien t of + 0*52455 between 
p lan t haight and green weight of etea waa aainly due to tha 
d ire c t e ffec t of p lan t height i t s e l f  (+ 0*24009) and tha 
ra a t was due to  Ind irect a ffao t v ia  le a f  area (+ 0*15974)»

j

v ia  number of t i l l a r a  (♦ 0.09707) end v ia  number of learee 
(♦ 0*03965)* 7hue the overall association of p lant haight 
w ith graan weight of eten wee aain ly  due to i t s  d irec t 
e f fe c t and ind irec t e ffec t through le a f  area only*

?• .Often ,weight of etea v/e_nuaber of  . t i l l e r s

The m anifestation of the simple correla tion  
(+ 0*83544) between green weight of etea end nunbar of 
t i l l e r s  ware the d lre e t e ffe c t of number of t i l l e r s  on 
green weight of etea (♦ 0.49302) followed by the ind irect 
e ffe c t v ia  nuaber of learea (+ 0*34144). P ractically  
there was no e ffec t v ia  p lan t height (+ 0*04233) and v ia  
le a f  area ( -  0*04635) since the sore or le ss  eaae positive 
end negative values mutually neutrilizedtfcair e ffe c ts •
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Tba d irec t and ind ireo t re la tionsh ip  ba tween variable a of second 
order ooaponente of to ta l  dry a a tta r  y iald  (green walght of ataa

and i ta  eoaponents)

IA8KS 9

Variables Path ooafflolant

1 . Green walght of ataa v /a  p lant halght r -  + 0.52453
, Dlraot a ffao t P ^ « + 0.24009

Indlraot a ffao t v ia  na of t i l l a r #  ^ 4*3,4 •  ♦ 0.09707
Indireot a ffao t v ia  la a f  araa ^1 . 5*3.5 » ♦ 0.15974
Indlraot a ffao t v ia  no.of laaraa ?i.6 r 3.6 •  ♦ 0.03965

Total -  ♦ 0.52455

a* Green walght of a taa  v /a  no* of t i l l a r  a r •  ♦ 0.83544
Dlraot a ffao t P-j^ •  + 0.49302
Indlraot a ffao t v ia  p lant halght 3*3.4 -  ♦ 0.04233
Indlraot a ffao t v ia  la a f  araa *1 . 5*4.5 -  -  0.04635
Indlraot a ffao t v ia  no* of laaraa ^ . 5^4.5 -  ♦ 0.34144
Total • * 0.33544

3. Green weight of ataa  v /a  la a f  araa r « + 0.26723
Dlraot a ffao t P ^ g -  + 0.29022
Indlraot a ffao t v ia  no. of t i l l e r s  ^ « -  0.07950
Indireot a ffec t v ia  p lant height 3*^5 -  ♦ 0.13159
Indirect a ffao t v ia  no.of laaraa g • -  0.07517
Total • ♦ 0.26723

4. Greent walght o f ataa v /a  no.of laaraa r « + 0.79679
Dlraot a ffao t P ^g -  + 0.35937
Indlraot a ffao t v ia  la a f araa ^r^ g -  -  0.06065
Indirect a ffao t v ia  no .o f  t l l l a r a  ^ 4*4 g -  «■ 0.47271
Indlraot a ffao t v ia  p lan t height P ^ ^ r^ g •  > 0.02536
Total -  ♦ 0.79679

5. Residual factor a P. _1 *x -  + 0.30674
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3. Cfcon wa Ight .ofjrE agjr/s _laaf_ws_*
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Whan ooapwad to tho othsr coaponanta laaf araa 
hid low oorralatlon ooaff lo lsn t (+ 0.26723)# but i t s  indlraot 
a ffac t was s lig h tly  hlgbtr (+ 0. 29022). Ths ln d irsc t o ffse t 
rim plant halght was ♦ 0.13138» Tha ind lrao t s f f so t win 
nuabar of t l l l s r s  ( -  0. 07930) and rim  nuabar of laaraa 
(-  0.07317) wars nagatira and fcagllglbls. Tha nat a ffao t 
of th io  systaa was# th srafo rs , prim arily duo to  tha d lrao t 

a ffao t.

4. ifca_an_walght. o f a t i i  v / i  Tiiaabar .of laaraa

Tha nuabar of lsarso  axhlbltsd coapw atiraly  high 
oorralatlon  w ith graan walght of ataa (+ 0.79679). I t  
raeultad alnost sn tira ly  froa tha d lrao t a ffao t of tba 
charaotsr I ta a l f  (♦ 0.35937) aa w all aa dua to indlraot 
a ffao t ▼!« nuabar o f tU la ra  (♦ 0.47271). Tba othar affao ta , 
v ia  p lant halght (♦ 0.02536) and v ia  laa f araa (-  0.06065) 
wara wary aa a l l  and nagllg lb la.

(b) Qraan walght o f laaraa and l ta  ooaoonanta

1 . apaan_walght_.Qf_laapraa_v/a_plant halght

Tha slapla oorralatlon  bstwssn p lant halght and 
graan walght of laaraa (♦ 0.5 1515) was aaln ly  dua to  tha 
Indlrao t a ffao t through laa f w aa (+ 0.34143) than tha 
d lrao t a ffao t of tha t r a i t  i ta a l f  (+ 0.05549). Tha indlraot



affao t through nuabtr of t i l l a r a  (■*• 0.09094) and through 
nuabtr o f laaraa wort (♦ 0.03724) pot I t  lo t and nagligibla 
in  aagnltuda.

Gcooo v tig h t of l < t i i  v / i  Biubw o f_ t i l l t r a

Tht hlghaat co rre la tion  co effic ien t exhibited 
enong th t characters of th is  group obtained botwoon green 
wolght of I t  t ro t  and nuabtr of t i l l t r t  (+ 0.70409) 
ooaprised largely  of th t d i r t e t  t f f t o t  o f nuabtr of t l l l t r a  
i t s t l f  (+ 0.46279) aoppltatntad with th t  in d irec t t f f t o t  
v ia  nuabtr o f la  a rt a (♦ 0.33207), I ta f  a r t*  ( -  0. 10037) and 
ind irec t t f f t o t  through p lan t, haight (♦ 0.00960) wtra

f

very sa a ll .

5* grttn weight _of It art t  v /a  l t a f  art a

Tht d i r te t  a ffao t of laaf araa waa + 0.62373, 
which only In part waa aanifaattd  by tha tiap le  correla tion  
co effic ien t (♦ 0.51224) a t tha part of th la  ifae n u llif la d  by 
th t negative ind irao t a ffao t through nuabtr of t l l l t r a  
(-  0.07337) and through nuabtr of laaraa (-  0.07313). 
H tg lig ib lt poaitiva in d irac t a ffac t v ia  plant haight waa 
+ 0. 03046.

4" &f.tn walght, of It art a y/o nuabtr of laaraa

Tht correla tion  o o tffio ian t of thaat two t r a i t  a 
{+ 0.66597) waa dua to tha d ira o t a ffao t (♦ 0. 34994) and

48
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the ind irect t f f t o t  t i t  nuabtr of t i l l t r t  (♦ 0.43929).
Tht ind irect t f f t o t  through Itt f area (-  0.13122) waa 
nsgative and through plant bright (+ 0*00793) vrta vary 
lo t  and htnot did not carry any appreciable weight toward a 
th t contribution of tha t t r a i t  to  the aan ifta ta tio n  of 
the eoaparatlvaly high co rrela tion  Taint.

Tht d ireo t and ind irao t affaoto  of p lant height, 
ztuaber of t i l l a r a ,  la a f  area and nuabtr of laaraa a rt 
compiled in  table 1;0 and tha diagraaaatio represent a t ion 
of path coeffic ien ts a rt given In p la ta  7*

Tha co effic ien t of dataraination  la another index 
which is  tha frac tion  of ooaplata dataraination of one 
variable for which tha oeuee of another variab le i t  d irec tly  
responsible in  a  given ayataa of re la ted  variab les i . e . ,  
tha eta of co effic ien t of a l l  tuoh e tu tta  auet be equal to 
unity* Dus to the ooaplexlty of the characters, corre­
la tio n  studies as well as path coeffic ien t analyois nay be 
alsleadlng in  finding out the aajor ooaponente, unless 
tbs voluae of the e ffeo t is  not deterained. The residual 
facto r analysis gives tbs aagaltude of the e ffeo t of the 
causes under study and the e ffeo t of external fac to rs , 
which could not be taken In to consideration*

The residual fac to r analysis in tha three se ts , 
v is , f i r s t  order ooaponente and the two seta of aeoond order
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Tha d i r e c t  and in d i r e c t  r e  l e t  ion  ch ip s  between v a r ia b le s  o f  th e  second 
o rd e r coaponanta o f  t o t a l  d ry  a a t t e r  y ie ld  (g reen  w eig h t o f  le a s e s  and

and i t s  components .

V a r ia b le s  P a tb  c o e f f i c i e n t

1. Green w e ig h t o f  le a s e s  s / s  p la n t h e ig h t r +• 0.51515
D ire c t  e f f e c t P2 .3

+ 0.05549
I n d i r e c t  e f f e c t  v i a  n o , o f  t i l l e r s P2 .4 r 3.4 ♦ 0.09034
I n d i r e c t  e f f e c t  v i a  l e a f  a r e a * 2 .5 ^ 3 .5 ♦ 0.34149
I n d ir e o t  e f f e c t  v i a  n o . o f  le av es p2 .6 r 3 .6 ♦ **■o.o

T o ta l ♦ 0.51515

2 . Green w eigh t o f  le a v e s  v /a  n o ,o f  t i l l e r s  r ♦ 0.70409
D ire c t  e f f e o t P2 .4 ♦ 0.46279
I n d ir e c t  e f f e c t  v i a  p la n t  h e ig h t P2 . 3? 3.4 0.00960
I n d i r e c t  e f f e c t  v i a  l e a f  ere  a  , P2 . 5*4.5 - 0.10037
I n d i r e c t  e f f e c t  v i a  n o . o f  le a r e s ? 2 . 6*4.6 «■ 0 . 33207

T o ta l 0.70409

3. Green w eigh t o f  le a v e s  v /a  l e a f  a r e a r 0.51224
D ire o t e f f e o t P2 .5 + 0.62973
In d ire o t  e f f e c t  v i a  no . o f  t i l l t r e P2 .4 * 4 .5 - 0.07337
In d i r e c t  e f f e c t  v i a  p la n t  h e ig h t * 2 .3 ^ 3 .5 0.03046
I n d ir e c t  e f f e o t  v i a  no. o f  le a v e s P2 .6 * 5 .6 \. 0.07313

T o ta l + 0.51224

4 . Green w eig h t o f  le a v e s  v / s  no. o f  le a v e s  r + 0.66597
D ire c t  e f f e c t P2 .6 ♦ 0.34994
I n d ir e c t  e f f e o t  v ia  l e a f  a re a P2 . 5*5.6 - 0.13122
I n d ir e c t  e f f e c t  v i a  no. o f  t i l l e r s P2 .4 r 4 .6 0.43929
I n d ir e c t  e f f e c t  v i a  p la n t  h e ig h t P2 . 3*3.6 -*• 0.00795
T o ta l . 0 .66597

5. R e s id u a l f a c to r s P2 .x +■ 0.30242
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cM pO B tB tit i x b ib i t t t l  th e  v a lu ta  + 0*29026* + 0*30674 sd® 
+ 0*30242 r e s p e c t iv e ly ,  r e v e a l in g  t h a t  ao ro  e f f e c t s  were 

due to  th e  c h a ra c te r s  s e le c te d  under s tu d  le a  th an  th o se  

which cou ld  n o t  s e le c te d  fo r  th e  an a ly s is*
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BlSOtTSSIO*

The success of breeder is  iaprov ing a a a te r ia l 
depends on the existence and exploitation of genetic v a r i­
a b ility  to the fu lle s t  ex tan t. The observable v a ria b ility  
aaong individuals, thus, gats tha priae importance. The 
break up of tba phenotypic varia tions gives the environaental 
variance and genotypic variance. The ea t la  a t ion of genetic 
v a r ia b ility  alone is  in su ffic ien t to give ooaplete inforsetion 
about the magnitude of improvement tha t can be ash laved. 
Therefore, the estimation of genetic par an# tree  Ilka herl- 
ta b i l i ty ,  genetic advance and genetic gain are indespeneable.

*/

?ery high genotypic and phenotypic variance waa 
obeervod in to ta l  green y ield  followed by green weight of 

e tea , number of learee , lea f area, green weight of leaves, 
nusber of t i l l e r s  end plant height. 3 la  l i a r  findings wars 
also ra  ported by Hoore and Edward e (1963) for ha si ing data 
and haight in oats.

H aritab ility

. H erltab ility , being tha p o ten tia lity  of an 
individual to in h arit a t r a i t  in  to ita  offapringa, get a 
tha priaa importance. Her i t  a b ility  indicate tha s ta b ili ty  
of genetic actions which enables to choose a proper breeding



program*. In tha praaant a tad la a high har i t  a b ility  valuta 
wart obtained fo r alaoat a l l  charaetara axcapt pageant oruda 
protaln oontant, '

Batr and Pray (1966) obaarvad high h a r ita b ility  
valuta in plant halght, panicla langth, haading data ato . 
Ohagaal a t  j&»(1970) found high h a r ita b ility  valuta fo r 
dcyra to a a tu r ity , t i l l a r  nuabar, nuabar of l a m a ,  la a f langth 
and braadth and a taa /laa f  r a t io ,  Muohlbauar a t  *3,. (1971) 
astlaatad  h a r ita b llity  of p lan t halght and a trm  atrangth 
and found high valu ta ,

This isp ly  th a t aalactlon in  thaaa charaotara 
baaad on tba phanotypaa would ba ataningful..

jixpactad ganatio advansa

At oar ta in  laval of aalaotion praaaura, tba a h ift 
of a population towsrda the auparior aid# of ganatio action 
ia  aaant by ganatio advanoa, Vary high ganatio aSvemea was 
axhibitad by to ta l  grata yield and graan waight of ataa, 
whila graan waight of tha l a m a ,  nuabar of laaraa, laa f m a ,  
plant halght, « v *  to aaarganct of f la g  la a f , d m  to aa tu rlty  
and dry a a tta r  y ia ld  had aodarata valuta (a t 5 par cant 
laval of aalaotion praaaura) which indieatad th a t ganatio 
varia tion  was aaln ly  dua to  additlva gane aotion (Panaa,££7).
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Genetic gain

The expected percentage of genetic advonce bated 

on aeon of character was highest fo r green weight of leaves 
followed by lea f area, to ta l green y ie ld , number of leaves, 
green weight of etea and nuaber of t i l l e r s .  PhuX f t, a l . 
(1972) also reported high genetic gain in forage yield and 

nuaber of t i l le rs *  .

genetic coeffic ien t of varia tion

The magnitude of the genetic v aria tion  existed 
in the character* selected fo r s tu d lss , was estimated to 
get the standardised varia tion  in these characters* 
Modsrately high gens t ic  co e ffic isn t of varia tion  was observed 
in green weight of leaves, le e f area, to ta l  grsen y i t ld ,  
groan weight of atom, nuaber of laarea and nuahsr of t i l l e r s .  
Phul e t  j i .  (1972) also reported s ia l la r  type of re su lts  
fo r forage y ie ld  and t i l l e r  nuaber*

The number of leaves, le a f  area, nuaber o f t i l l e r a ,
p lant height and green weight of s tea  exhibited high values 
of h a r ita b ility , expected genetio advance, genetic gain and 
genetic coeffic ien t o f varia tion  and hence s ig n ifican t 
improvement can be brought about by exploiting these 
character a through selection*

Correlation of characters with dry matter yield

To measure the extend of dependance of the



components o f  d ry  a a t t e r  y ie ld  as w e ll  as t h e i r  a u tu a l  

a s s o c ia t io n , th e  a ia ly s i s  o f  c o r r e la t io n  c o e f f io ie n t  Is  

the moat e f f i c i e n t  s e t  hod. The phenotypic c o r r e la t io n  

in  alm ost a l l  c h a r a c te r s ,  were s l i g h t l y  l& rer th en  the 

geno typ ic  c o r r e l a t io n  c o e f f i c i e n t s ,  w hich proved the  

l e a s t  e n v iro n a e n ta l  in f lu e n c e .

In th e  p re s e n t  e tu d y  fo u r te e n  p la n t  o har a c t  e re  

were an a ly sed  to  f in d  o u t t h a l r  r e l a t io n s h ip  w ith  d ry  

a a t t e r  y i e l d .  Except th e  p e r c e n t  crude  p r o te in ,  a l l  

c h a ra c te r s  e x h ib ite d  h igh  s ig n i f i c a n t  c o r r e la t io n  w ith  

d ry  n a t t e r  y ie ld .  Bent (1957) a ls o  observed  th e  non­

s ig n i f i c a n t  r e l a t io n s h ip  between p ro te in  c o n te n t  and s traw  

y ie ld  in  c u l t iv a te d  o a t s .  Suthaan and M arten (1973) a ls o  

seaeu red  v a r ia t io n  f o r  q u a l i ty  t r a i t s  end found th a t  fo rag e  

y ie ld  was c o r r e la te d  w ith  p la n t  h e ig h t and heading  d a te .

The c o r r e l a t io n  o f  d ry  a a t t e r  y ie ld  w ith  s t e a / l e a f  

r a t i o  as w e ll  as w ith  p e r  c e n t d ry  w eigh t showed n e g a tiv e  

r e l a t io n s h i p .  The p e r c e n t  d ry  w e ig h t a lso  ha! n e g a tiv e  

r e la t io n s h ip  w ith  d ry  a a t t e r  y i e ld .

R e la tio n sh ip  between f i r s t  o rd a r  co ao o n sn ts

Green w eigh t o f  ate®  and g reen  w eig h t o f  le a r e s  

had h igh  p o s i t iv e  c o r r e l a t io n  w ith  d ry  a a t t e r  y ie ld  as w e ll 

as  between them selves in d ic a t in g  th a t  ia p ro v e a e n t, i f ,  

b rough t abou t in  th e se  two c h a ra c te r s  would p o s i t iv e ly  

lead  to  h ig h  d ry  m a tte r  y i e l d .



R e la tio n sh ip  between ■tooca o r  a eg coaponenta

is  th t characters of f i r s t  ordsr cosponents are 
notIndependent, being influenced by other morphologicsi 
characters, the nature of association between them were 
•Iso worked out*

The co rre la tion  studies of ths morphological 
characters lik e , p lan t height, le a f  area, number of leaves 
and number of t i l l e r s  w ith th a t o f geeen weight of^ stem 
end green weight of lessee indicated tha t the nuaber of 
leaves had le ss  influence on the green weight of lefcve  ̂
whereas i t  had high s ig n ifican t re la tionsh ip  with green 
weight of sfetro?* Other three characters had very high 
correla tion  values*

Since a l l  these choree te r  a wars token as stoond 
order components the co rre la tion  between these in a l l  

possible combinations were also worked out* The re su lt 
showed th a t nuaber of t i l l e r s  end number of leaves had 
high re la tionsh ip  followed by the re la tionsh ip  of p lant 
height and la a f  area* Plant height and number of t i l l e r s  
were independent, since they had non-significant re la tio n ­
ship, Solanki a t  a^. (1973) aleo reported a positive 
association of green yield in oats with p lan t height and 
t i l l e r  number and le a f  braadth*

Ja tha present stud ies, e l l  the four morphologic s i  
characters exhibited th e ir  Importance In influencing the



green weight of etea end leeres end th e ir  autual re la tio n ­
ship. Hoses fu rther iaproveaent can he expected by imposing 

mors sap has is  os these characters, while fraeing breeding 

programs*.

Path co effic ien t analysis

Tbs co rrela tion  co effic ien t gives only a vagus 
idea of the re la tionsh ip  between dry a a tte r  y ie ld  and i t s  
causes. The path analysis suggested by Wright (1921), 
discussed by Li (1955) and used by Bursts and Jdaas (1972) 
fo r the analysis of f i r s t  and second order components 
untangle the d ire c t and ind irec t contributions of the 
various fac to rs in building up of ths aain character.

r-\

1 . F irs t order coabonanti

The green weight of etea and le s rs s , being 
lm edlate oausss of dry a a tte r  y ie ld , were analysed for 
th e ir  d ire c t end ind irec t e ffec ts  as the f i r s t  order 
ooaponente. Tbs green weight of the etea had the higher 
co rrela tion  ooeffie len t (+ 0 .95113) than the green weight 
of leares (♦ 0.32464). The partition ing  of the correla tion  
indicated a  high positive d ire c t e ffe c t (♦ 1 . 25606) o f 
green weight of etea. On the contrary tha d ire c t re la tio n ­
ship of the green weight o f the Is are a was negative 
( -  0 .3 3 1 3 3 ), but the ind irec t effeo t v ia  green weight of 
otea was very high andpositiva(+ 1 .15597).
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Phul •£  al* (1973) is  the path analyeiB ojf tha 

components of fodder a or g hue found aajo r ro les of etea 
g ir th  end length and breadth of leeree.

The present analysis c lea rly  indicate th a t the 
ro le  of green weight of leases in  increasing dry n a tte r 
y ie ld  was not due to  i t s  d ire c t e ffeo t hut was due to i t s  
ind irec t e ffeo t through the green weight of etea* As the 
pbotoeynthates are translocated froe  leases to  etea, where 
i t  acouaulates to increase the dry s e tte r  y ie ld  and hanoe 
the influence of green weight of leasee ehowlng the indirect 
e ffe c t v ia  green weight of etea le Ju s tif ia b le .

2. Second order ooanorwnte

Asong the second order ooapontnte, only the 
nuaber of t i l l e r s ,  le a f  area and nuaber of learee had high 
d ir  ac t e ffee te  on green weight of etea m  w ell as on green 
weight o f learee* The r e s t  of the slap le association of 
the nuaber of t i l l e r s  and nuaber of leeree with green 
weight of etea as well as w ith graan weight of learaa wart 
alaomainly due to th e ir  ind irec t a ffec ts  through nuaber 
° f  lessee and nuaber o f t i l l e r s  respectively . The high 
poeitive association of p lan t height and green weight of 
learee was also aainly due to i t s  ind ireo t o ffse t through 
le a f  area*

The res id u a l factor analyala for the unknown 
onuses disclosed cooperatively low value to  conclude th a t



tba lap«3t  of the ax tsrna l factor* vara nsgllgible
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Dewey and Xu (1959) also raportad th a t tba 
p lan t aia# had s ig n ifican t positive a ffao t on fodder 
y ield  in w ha a t grass. Xbeing and Valter (1966) obtained 

s ig n ifican tly  high re la tionsh ip  of le a f  um ber, and lea f 
area towards green yield In aorghua. Wap had a (1972) 
found aajor ro le  of tbs nuabar of la  ares per p lan t towards 
the contribution of fodder y ie ld  in eorghua. Dahlya (1973) 
observed poeitive d irec t e ffeo t of p lent height, a tea 
thickness end dry a a tte r  y ield  on green fodder y ie ld  in  
aorghua; but the d ire c t e ffeo t of nuabar of leaves and 
lea f arse wars negativs. Patel a t  j l*  (1973) found tha t 
the d irec t e ffeo t of p lant height, le a f  area and length 
of internode were the aajo r causae of fodder y ie ld  in 
aorghua* Sharsa gi* (1973) reported high d ire c t effeo t 
of nuabar of t i l l e r  a on fodder y ie ld  in barley, Solankl 
a t  (1973) obtained naxlaua d ire c t e ffeo t o f halght on 
green y ield  of oats*

Tharafore, nmber of t i l l a r a ,  la a f  araa and 
nunber of laaras a rt to ba oonsidsrsd as aa jo r coaponsnts 
fo r th t  inoreaes of graan wsight of s tea  and le a s ts , which 
are the laved la te  causes fo r  the aoouaulatlon of dry a a t te r  
in oats* In addition, a l l  these characters showed high 
h e r ita b ility , axpaetad genetio advance, genetic gain and 
genetic co effic ien t of varia tio n  and hence aaln eaphasls



has to  bo exeortod fo r ioproring tbost throo ebaraotoro 
wblob would not only laprovo tbo groon wolgbt of otoa 
and groon wolgbt of lo tro s but u ltia a to ly  tho dry aattor 
ylold would bo onbstficod.



sum Air

Proaent inveatlgatlona wort undertaken to 
evaluate the th ir ty  two dlversed v srlo tio o  of oate fo r 
th a lr  oar la b il i ty  t her i t  a b ility , genetic advance, genetla 
gain and genetic co effic ien t of v a ria tio n . Path 
oooffioiont analyaie of coaponent ebaraotoro of foddor 
y ie ld  waa alao dono to  p a rtitio n  th t i r  o f foe to into 
d irec t and indlroot influonoeo.

Super iaen t woo conducted a t tbo fanao of 
ftojeothen College of % ricu ltu re , Udaipur during tbo 
ra b l eeaeon of 1975*76. 7he ooliont flsdlnga a r t 
suaaarlsod bolow.

High b o rlta b llity  valuoo woro obtained In 
ebaraotoro like  doye to  flog  lo a f oaorgoneo (99*696), 
dayo to  maturity (99*631), otoa lo a f r a t io  (93.636), 
nuaber of learee (96.028), loa f anglo (95*009), nuabor 

of t i l l e r a  (95.285), loaf aroa (94*713), p lan t baight 
(92*065), groon wolgbt of otoa (90*670), groon wolgbt 
of loaroa (91*159), to ta l  dry aa tto r  ylold (91*506) and 
to ta l  groon ylold (90*742).

High valuta o f expected gonotlo advanco woro 
obtained in to ta l  groon weight (38.561), groon weight of 
otoa (62.013), groon weight of loaroa (36. 769) , nuabor of
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leaves (30. 176), lea f araa (29.715), p lan t height (25.439), 
days to f la g  la a f  caergenoe (20. 640), days to  maturity
(20.326), and to ta l  dry a a tta r  y itld  (13.960), whloh indie at t  
tbs genetic varia tion  was dui to additive gene set ion,

Tba naxlaua gsnstic gain was observed in graan 

weight of lacroa (79.237) followed by la a f  araa (56.325), 
to ta l  graan weight (54.526), nuabar of learee (53.933), 
graan weight of ataa (53.550), nuabar o f tilla ra (5 0 .7 9 2 ), 

to ta l  dry a a tta r  y ie ld  (46.543), a ta a /la a f  ratio(39.749), 
par cent aah content (26. 712) and plant halght (20.265).

The ganatio eoafflo ien t of varia tion  was also 
hlghih the following character a. Graan walght of learee 
(33.699), la a f  araa (29.092), graan walght of etea(27.233), 
to ta l  graan walght (27.770), nuabar of leaves (26.672), 

nuabar of t i l l e r a  (25. 364) and e tea /lea f  ra t io  (19.9500,

Tba co rra l a t ion batwaan dry a a tta r  yield and 
a l l  othar fourteen character a were worked out to gat the 

extend of re la tionsh ip . Except per cant of oruda protain 
( -  0.10192) and laa f angla (+ 0,19921) axhibltad high 
s ig n ifican t co rre la tions, S taa/leaf r a t io  and per oant 
dry walght had nagatlva re la tionsh ip  w ith dry a a tta r  y ie ld .

The characters selected on the basic of tha 
paranatree of genatlc variance lik e  h e r ita b ility , axpaetad 
ganatio advanoe a te . as wall aa high s ig n ifican t co rra la tio  
wars analysed fo r correla tion  eoafflo ien t in a l l  ooabinatic
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M M  «  ™  "  * "
“  —  * » • «  “ “  ' “ * * * "- #i«t*tb.tr analysis d ireo t
^  „.eobd ordor eo»po».bts * »  f ” tM r 

and ind irec t causes.

Or.eo w.isM  of «*"» 8,14 ®t*en WeiSM ^
^  tho Jw rtU M  •  ^  « -  nceuDUlatlon of a t ,

aatter.w ora  tataw oo f l r » t  “r4*r  o o » p o b .b t..

« •  d i t M t  - *  *»41« o t  e f f ,0 t 9  M V ,*1*d t h l t  
M M  « * M  o f  * w  h r f  - 00b I t f l M M  0b  t h .  dry
m M U  S ib e . i t .  d l r a c t  . f f o o t  <+ 1 .25606) ^  t b .

ind irec t .f fo o t of w ls b t  of ! • « «  . 1 .  wi«M of »to«
<♦ 1 . 15597) « .  very high. «bor.os tb . d iroo t o f f o t  ot 

w .ight o f lo » o s  » 4 indiroot o f f o t  of w ig h t Of S t..  

v ia  l e o r t s  were negative ahd 1°*»

Tho plant height, nuabar of t i l l e r s ,  I t  if  erea 

and nunbar of le s r ts  had d irao t relationship of] gPM£ 
weight of etea and learee and tenet wort saleotea «a b«oot> 
ord tr components. I ts  possible d ire c t and ind irec t effect 
on both the f i r s t  order components revealed th a t le  
had snore influence (d irect effeo te on green weight 
was + 0.29022 end on green weight of leerer 
than the other three character*, because i 1 
was higher than th a t of the co rre la tion  001
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leares (30.176), lea f a r t a  (29.715), p lan t height (25*439)* 
day a to f la g  laa f emergence (20, 640), dsye to maturity
(20.326),and to ta l  dry ■ a tta r  yield (19,960), which indicate 
the genetlo varia tion  vae due to  additive gene action,

Tha maximum genetic gain waa obeerved in green 

weight of learee (70*237) followed by le a f  area (56,525), 
to ta l  groan weight (54*526), nuaber of learee (53.333), 
green weight of etea (53*550), nuaber of tlUore(50«792), 
to ta l  dry a a tte r  y ield  (46.543), o ten /lea f r a t io (33.749), 
per cant ash content (26,712) end plant height (20,265)*

The genetic co effic ien t of varia tio n  waa eleo 
hlghih tha following char act ere. Green weight of learee 

(33*639), le a f  area (23*092), green weight of etea(27*233), 
to ta l  green weight (27*770), nuaber of leeree (26*672), 
number of t l l l e r e  (25*364) and e tea /lea f r a t io  (IS, 9500*

Tha corre la tion  between dry a a tte r  yield and 
a l l  other fourteen characters were worked out to get the 
extend of rala tionah lp , Except per cent of orude protein 
(•  0,10192) end le a f  angle (+ 0.19921) exhibited high 
s ig n ifican t co rre la tions, 3 tea /leaf r a t io  and par oant 
dry weight had negative re la tionsh ip  with dry matter y ie ld .

The cheractere selected on the basle o f the 
parm etree of genetic variance lik e  h s r l ta b il i ty , expected 
genetlo advance a te . as wall ae high e ign iflean t co rre la tion , 
ware analyeed fo r co rre la tion  co effic ien t in a l l  comb in at lone.
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Jteoording to  tbo aagnitudo of tbs degree of rela tionsh ip  
tbo characters woro grouped Into f i r e t  order ooapononto 
and second ordor ooapononto fo r fu rth er analysis of d iroot 

and indiroot causes.

Qreon wolgbt of otoa and groon weight of learee, 
being tbo iaaediate oaaoos fo r  tbo eccuaulation of dry 

a a t to r ,woro takoc ao f i r s t  ordor coapontnto.

?ho d iroot and ind lrao t o f foo ts revealed th a t 

grata wolgbt of otoa bad ausb influence on tbo dry aa tto r 
aoouaulatlon ainco ito  d iroot offoot (♦ 1.25606) and tbo 
indiroot offoot of wolgbt of loaroa v ia  wolgbt of otoa 
(+ 1.15597) wort vary high, wboroao tbo d iroot offoot of 
wolgbt o f  learee and indiroot offoot of wolgbt of otoa 
v ia  loaroa woro nogativo and low. .

Tbo p lan t height, nuabor of t i l lo r o , loa f ®rea 
and nuabor of loaroa bad d iroo t rolatlonoblp on groon 
wolgbt of otoa and lacraa and banco woro oolootod as oooond 
ordor ooapononto. Ito  pooolblo d lroo t and ind iroot affooto 
on both tbo f i r s t  ordor ooapononto rovoolod th a t lo a f art/a" 
had aora influtnoa (d irao t affooto on groan wolgbt of^atta 
woo ♦ 0.29022 and on groon wolgbt of loaroo waa ♦0.62973)

i
than tbo other throo cbaractors, bootuso i t s  d iroo t offooti
was higher than th a t of tbo corre la tion  co effic ien t valuta.



liuaber of tillers and number of lecres also had high 
Influence on increase of green weight of etea and leasee, 
hut plant height had comparatively 1©w direct effect as 
tha part of Its simple association with the other character a,

Ths eonclusions based on the analysis ware good 
enough to decide that expectations on higher yield could 
be fulfilled by concentrating our selection efforts mainly 
on thesa three characters i .e . , leaf area, number of tillere 
and number of leorea.
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. . ippandix I

Analysis of varianoa for days t© f la g  l©af aoarganea

71

Sourca of 
v a ria tio n d .f . 33 M33 F

Replication 3 11.00 3.67 3.0474*

Treatment 31 12531.00 404.23 335.6555**

grror 93 112.00 1.204 ■

Total 127 12654.00
a
**

Significant a t 5 par oant lava l. 
S ignificant a t 1 par cant lav a l.

- C *X). a t 5* -  1.544

Appendix I I  

Analyaia of variance fo r days to  Maturity

Source of 
v a ria tio n d .f . 33 MSS F

Raplioatlon 3 2.00 0.67 0.5372

Treataant 31 12152.00 392.00 314.2783**

Srror 93 116.00 1.247

Total 127 12270.00
** S ignificant a t 1 par cant lava l.

C.B. a t 5£ •  1*572



. . Appandix I

ito a ly s ia  o f  t a r  la n e  a f o r  day a to  f l o g  l a a f  aaarganoa

71

Sourca o f  
t a r ia t io n d . f . . S3 MSS F

H a p lio a tio n 3 1 1 .0 0 3 .6 7 3 .0 4 7 4 *

T raatoant 31 12531*00 4 0 4 .2 3 335 .6555**

Srror 93 1 1 2 .0 0 1 .2 0 4

T o ta l 127 1 2 6 5 4 .0 0

a
♦ t

S ig n i f i c a n t  a t  5  par c a n t  l a v a l .  
S ig n i f i c a n t  a t  1 par c a n t  l a v a l .

C.3). a t  5 $  •  1 .3 4 4

' Appandix I I  

A nalyaia o f  varism oa f o r  day* t o  a a t u r i t y

Sourca o f  
v a r ia t io n d . f . 33 MSS F

H a p lio a t io n 3 2 .0 0 0 .6 7 0 .5 3 7 2

T rea ta a n t 31 1 2 1 5 2 .0 0 3 9 2 .0 0 3 1 4 .2 7 8 3 * *

S rro r 93 1 1 6 .0 0 1 .2 4 7

T o ta l 127 1 2 2 7 0 .0 0

** S ig n i f i c a n t  a t  1 par c a n t  l a v a l .

C .D . a t  5% m 1 .5 7 2



Appl*3ix I I I  

Jtaalyais of varianoa for p lan t ba ijh t

72

Sourca of
Variation.^ d .f . ss ms ?

Replication 3 374.00 124.67 3.0722*
Traataant 51 15346.48 511.18 12.5969**

Srror 93 3773.60 40.58

Total 127 19994.03
* S ignificant a t 5 par oant la v a l. 

** S ignificant a t 1 par oant lav a l.

C.B. a t 5* -  8.957

Appandlx 17 
Analyaia of varianoa fo r nuabar of t i l l a r a

Sourca of 
varia tio n d .f . S3 MSS F

Haplie a t ion 3 44.78 14.93 8.7309**
Traataant 31 1130.36 36,46 21. 3216**
Error 93 153.74 1.71

Total . 127 1333. 83
** Significant a t 1 par oast lava l.

C.B. a t 5t « 1.805



Jppandix V 
Jnalyais of vaeianca fo r nuabar of laaraa

73

Source of 
varia tion d .f .  S3 MSS T

Haplioation 3 134.61 51.54 1.3922

Traataant 31 28379.12 931.53 25.1642**

Error 93 3443.09 37.02

Total 127 32476.82

** S ignificant a t 1 par cant lava l. 
C.B. a t 5* -  8.536

Appandlx 71
jfcalyaia o f variasea fo r la a f angla

So urea of 
v aria tio n d .f . S3 mss r

Haplioation 3 29.79 9.60 4.4959**

Traataant 31 1317.53 42.50 19.8593**

Error 93 199.01 2.14

Total 127 1545.33

** Significant a t 1 par cant lav a l.
. C.D. a t 5* - 2.049



74
Appttdlx T il 

Analyaia of varianoa fo r loaf a r t a

Source of 
varia tion d .f . S3 MSS I

Replication 3 262.10 97.36 1.1770
Troatatnt 31 29756.77 927.63 25.9713**
Error 93 6902.95 74.22

Total 127 35921.70

** Significant a t 1 par coat lav a l. 
O.D. a t 5* -  12.1002

Appandlx V III 

Analyaia of varianoa fo r groan walght of ataa

Sourca of 
varia tion d .f . S3 MSS 3T

Replication 3 5340.97 1780.32 4.3276**
Treatnent 31 136674.* 4409.36 10.7175**
Error 93 39257.73 411.37

Total 127 170273.49

** S ignificant a t 1 por cost lava l. 
O.D. a t 5* m 28.473



ippandix IX 
Analysis of varisnco for graen walght of laaraa
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Souroa of 
varia tion d .f . ss H3S F

Haplioation 3 305.17 101.72 1.0114
Tra attaint 31 33911.72 1093.93 11.1773**
Srror 93 9093.68 97.67

Total 127 43300.57

** Sign i f  io ant a t 1 par cant laval
0 .0 . a t 5* •  13.3799

Appandix X 
Analysis of variasoa fo r to ta l  gpaan / la id

Sourca of 
varia tio n d .f . S3 MSS F

Haplioation 3 2053.31 636.10 0.9256
Traataant 31 278283.11 9976.97 10.9021**
Srror 93 77295.77 831.03

Total 127 357627.19

•* Sign i f  io ant a t 1 par cant lava l. 
0. 0. a t 5* -  40.4773
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Jppt&dix XI
Aialyeia of variance for aten w eight/leaf weigbt ra t io

Sourca of 
varia tion d .f . S3 MSS J

Haplioation 3 1.4117 0.4706 3.6765*

Tre a ta tn t 31 30.2312 0.9769 7.6312**

Error 95 11.9349 0.0123

Total - 127 43.6278

* Sign i f  leant a t 5 per cant level 
** S ignificant a t 1 per cant lava l.

C.B. a t 5* rn 0.2049

4F

ippandix XIX 
Analyaia of variance fo r to ta l  dry a a tte r  weight

Sourice of 
varia tion d . f . S3 MSS f

Haplioation r ^  - 96.43 32.14 0.9343
Tra at a t n t 31 12555.47 405.01 11.7735**
Error 93 3199.32 34.40

Total 127 15951.22
Significant a t 1 par cant laval 

C.D. a t 5* m 0.2330



/opt M ix XIII 
Analytic of variance of p tr  cent dry weight
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Source of 
varia tion d .f . S3 MSS P

Replication 3 11.50 3.93 0.9075
Treatment® 31 1163.02 37.69 9.9239**
Error 93 392.69 4.22

Total 127 1572.21

*» Significant at 
C.D. at 55̂

1 p tr  cent 

-  2.3773

level

Appendix X3Y 
Analysis of variance fo r per c tn t crude protein

Source of 
varia tion d .f . 33 MSS F

He p lica tion 3 6.4799 2.1600 0.1356
Treatment 31 275.3311 3,8994 3.2412**
Error 93 255.3536 2.7457

Total 127 537.7146
** S ignificant a t 1 p tr  c tn t level 

C.Q. a t 5* -  2.3256



Appendix XV 
Analysis of varianoa fo r p tr  cant ash content

Source of 
varia tio n d .f . s s m s F

Replication 3 3*666 1.222 0.4559

Treat a t n t 31 362.320 11.704 4.3672**

Error 93 249.304 2 .6 3 0

Total 127 615.790

** Significant a t 1 per cent level
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Appendix xrI

Genotypic end phenotypic covariances between dry B atter y lald
and tha other oharaoters

Char asters Genotypic Phenotypic

1 . Days to f la g  le a f  emergence ♦ 27.4413 ♦ 27.5011
2. Days to maturity + 32.1516 ♦ 52.3030
3. Plant height ♦ 62.5001 ♦ 63.3342
4. Huaboff of t i l l e r s + 22.5307 ♦ 22.3331
5. Nuaber of leares +101.2145 + 103.3017
6. Leaf angle + 6.1014 ♦ 5.7422
7. Leaf ares . ♦ 44.4341 + 47.0532
3* Qraon weight of etea +239.4347 + 311.7175
9* Qceen weight o f leares +125.4771 + 139.2364

10. Total green y ie ld +407.2814 + 435.0627
11 . 3 ten /lsa f ra tio -  1.2723 - 1.1717
12. Per oent dry weight -  7.1315 - 8.3536
13. Per oent crude protein -  1.2173 m 0.9664
14. Per oent eeh content + 4.9073 ♦ 4.0134



ippend ix  m i l
Ganotypic and phanotypic corsriancas is  a l l  poaelbla combinations of tha o bar actors se lac tad fo r

path coaffio ian t analyaia

Dry n a tte r  
y ie ld

Graan waight 
of atan

Graan walght P lant 
of learaa halght

Nuabar of 
t i l l a r a

Laaf
araa

Nuabar o f 
laaraa

Pry a a tta r  (9) 
y ield  x  

(P)
♦ 239,4347
♦ 311.7175

♦ 125.4771 
+ 139.2864

+ 62.5001 

♦ 63.8342
♦ 22.5807
♦ 22.8931

♦ 44.4341
+ 47.0532

♦101.2145
♦103.3017

Graan weight(G) 
of eten

(P)
x

♦ 459.5028
♦ 496.7846

♦179.6929 
♦ 197.2844

♦ 77.3341 
+ 79.6627

♦125.1527
♦133.9213

♦376.4216

+334.6139
Graan weight(G) 
of leeree

CP)
X

♦ 83.2315
♦ 87.9046

♦ 32.3135
♦ 32.3394

♦119.9465
♦126.6019

♦157.3102

♦163.7234
P lan t haight(G) ♦ 5.5982 ♦ 87.3055 ♦ 17.2573

(P)
3C

♦ 5.3228 ♦ 33.1794 + 17.7642
No, of (G) 
t i l l a r a

(?)
X

-  6.9795
-  6.9679

♦ 41.3667
♦ 42.6295

Laaf araa (G) at -  46.3153
(? ) -  44.8047

*0. of - (G) 
la  arts (p)

X

oo
o


