REFERENCE

GENETIC VARIABILITY AND PATH COEFFICIENT
STUDIES ON FODDER YIELD AND ITS
COMPONENTS IN OATS

( Avena sativa. L.)

P. SUKUMARAN NAIR

THESIS

Submttied to the University of udatpur ini~the partial
fulftlment of ihe requirement for the degree

of

MASTER OF SCIENCE IN AGRICULTURE

Department of Agricultural Botan ' ajasthan College of £'Agriculture,
' UNIVERSITY "OF UDAIPUR, o
' UD AIPUR.



GIBBTIC VARIAIILIT?Y AKD PATH CORFRICIURT STUDIRS
OR FODDER YIBLD a5D ITS COMPONANTS 1IN QATS

(dweng sativg L,)

A Theasis
Tressntad to
the TFaculty of Agriculture
Univeralty of Waipur

In Partial Fulfilment
of the Requirements for tha Degree
of
4egter of Sclence in Agriculture

P, SUKIMALAN NAIR
July,1976.



Couments on thesis entitlod GENETIC VARIABILITY
-& PATN-COEFFICIENT STUDIES ON FODDHER YIELD AND
. TIPS COMPOSENTS IN OATS (Avena Sativa L.) submit-—
ted by Mr P Sukumparan Nair to the University of

Udaipur

Thesis owbodios results on heritability, genetic
advanecs, correlations and path-cocffiolonts in forage
oats, Study is baseé on 32 genotypes of oats., Coupo=
nent characters of both greon and dry matter yiald
have boon studiod and path-cocfficient analysis Lased
on first order and second order coamponcnts hins revea-
led an interesting inforwation regarding the most im-
portant characters likeo plaat hight, the unumbers of
tillers, leaf area and the number of lcaves., ™heir
direcet cffects on groon weight of beili the lonves
and stem arc higk and wuximum influence was found to
be of the leaf arca. This is un igportant confirma-
tion of the recent finding. in Torages, including oats,
that the leaf atiributes are relatilvely more Lwportant
conponcnt chiraciors of hoth green und dfy mattor yield
and, thercfore, couid bo uscd as solecfiion critoria for
furthor genctic iwprovemont,

_ Thesis is well-written and the roviow of litera-
ture is up-to-datc. Research methodology, including
statistical analysis is appropriate. I, thercfore,
strougly recommend thce thesiz for the award of the
sulid degree as the work douo by the author is of
good stundard. ' \
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INTRODUCTION

The ruminants. are able to preducm high foold in
anianl protun and other nutriontl for man froa substances
which are inedible and cannot bs convertsd in to human
food to any appreciable amount. The principal ecurce of
energy to convert the ruminal exd products needed for
meat, ailk and wool are volatile fatty acide and lactic
acids, which are produced in and absorved froa the rumen,
All these are asle arailable from eereals and legumes,
which are the major food for cattle. Aicording to Kirk
ot a]l. (1934) oats are nore palatadle, end stande first
aong the cereals like barley, wheat and rye,

India has the largest oattle population in the
world, With the increase in cattle population the supply
of folder for domestio animals is getting more and wore
deficient every yesr. In most of the regions of our
country, cereal sirsw is provided as cattle feed. The
present trend towards the development of dwsrf vacieties
of ceraals maks a decrease in the production of fodder
for livestock, Hance it is obvious that alequate steps
~are to be taien in good tias to augment the fodder
resources of the country, '



In India crops =re seldom grown as fodder
crops except in some limitted srea. However oats s
fodder is cultivated in Western U.P., Punjad and a
1ittle srea in Maharshtra, |

Oate belong to the family graminas ard unier
genus dveng . "The origin of the plant is unknown but
it is believed to be somewhsre in north west of Alps
and on ths border of Europe towards Tertary and Cawauses”
(Gecrge Watt, 18393). |

Oats are suited to all types of solls and grown
in pabi season, It requires cool climate., Fo inter-
culture is usually done. Irrigation and manurs is also
less wh'tn compared to other crops.

_ The anrual fodder production in our country 1is
only 111 M, tonnes, ageainat an estisated requirement of
239 M, tormes (1959)*, Tharefore, the devslopment of high
yielding fodders is very essential to cops up with the
incressing deaands.

Before planning any treeding schems, aimed
at the improveuent of a couaplex character liks fodder
yield which is influenced not only by the genetical

srchitecture of a plant but by enviroment also %o a

# i{sndbook of Agriculture, I.C.A.R., New Delhi,



groat extent, it heoconmes very esssantial to f£ind out its
(yield) component characters and their extent of association.
Simple correlation studies alons -aise-does not projects

the trus ceusal relationship betwesn the two oharactere and
hence thelr partition into direct ard indireot sffects is

ind ispensadle.

| It‘_w‘s with this view in wind ~that the present
pleoce of work on oate was under taken to estimate the
various genetical parmeters like heritability, genstic
coefficisnt of variation, genetic advance and genetic gain;
cozponents of forage yield and their extent of asscolation
ard path analysis to work out their direct and indireot
effects.

In oats maturity u'. aajor factor for the
assessment of fodder value (Mayer et al. 1957). The
yisld and maturlty sre related to each otb&. ( Ksufaan,
1961). The percentage of organic ard inorganic substances
liks, fat, ash eto. are decreasing with maturity (Saith
Dale, 1960) as well ae palatsbility also is decreasssd
(Sehmidt, 1963). The plant height is another important
oriterion for forage oates (Noller et al. 1959 and /nderson,
1963). The manner in which light is distributed within a
nlant ooilunity‘ is influencing the dry satter accuaulatioon
(Pearce ot al. 1957). 7The factore involving light distri-
bution are leaf wrea and leef angle (Tanner st gl., 1966).



The parcentage of leaf by weight is also sn important
criterion fosselection and dsvelopasnt of forzge oats
(Rilcher and Trolsen, 1973). There will be variation
in forage yleld dus to hoight of the plant arnd tiller
mumber (Bohra et al. 1973). _Ohange in protein content
is related to hesiing date (Campbell and Frey, 1974 ).
Graen welght, total dry weizht and percentage dry weight
ere the othsr paraicters of potentiality of the forage
value of cereals (FPisher and Fowler, 1974). ard henge
the charactera like, days to emergence of flage leaf,
days %¢ maturity, plant height, number of tillers,
nu&bbr of loaven, leaf angle, lerf area, green welght
of stem, green welght of leaves, total green yleld,
 atem/leaf ratio, total dry matter yield, per oent ary
wolght, por cent crude proteir and per cent =sh content

weres goleoted for the prosent investigation,
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REVIEW OF LITSERATURZ

The following are the pionsers in the field of
study related to the present investigzatiorns. ,

Genetic variability, Herl ity, B te netic sdvgnes,
Genetic gain and Genatic coefficient of variation,

Fisher (1918) partitlonsd gonetic variance in to
its coaponents as alditive genetic variance, dominant
components and epistatic coxsponents. According te him the
alditive genetic varimnoe can be explolied for genetic
alvance through selsction.

kcording to Panse (1957),1if heretadbility le mainly
due to genetic effscts (dominance and epistasis) the menetic
zain would he low while in other csses heritability is
chiefly dus to the additlve gens effeote; a high genetisc
sivance may be sxpected.

Patr gt al. (1966) setimated gemotypic correlatiorns,
dcainance and heritability of quantitative characters in cate,
Plant haight, panicle length, healing date, number of
spikelets psr panicle, number of paniclss per piant and
grain yisld had 61, 54, 87, T4, 33 and 53 psr oent
heritability respectively in a six parent:) diallel of

15 oat orosess.



Moore and Bdwarde (1963) in the estimation of
geretic varience in oate for haading date, straw strength,
plant twight, panicla nusber, number of esede per panicle
and seed waizht found thet the characters were aignificantly
differing from sero at 5 par cent level in thrae rs ard !4
population. Genetic variance estizsations were reduced froa
40 to 90.per cent for acet oharactars, when genotypic
envirorment interactions were removed. Healing date was the

aoet stables character etuldied,

Bhagual et gl. (970) found plant heizht was the

@08t variable character smong the nine quantitative characters
studled in fodder cate., Heritability sstimetes were moderate
for plant height and fodder yield ard high for tiller number,
stem girth, number of leaves on the hest developed tiller,
leaf length, leaf btreadth, leaf atem ratio and half bloom
staze.

. Muchlbauer et al. (1971) astimated heritability of
maturity, plant height and strar strength in oate =nd found
that the valuea were 60.7, 33.7 and 20,0 per oant respeciively,

Fhul ot al. (1972) investigated the inheritance of
8ix forage ohscsotera mong 40 genotypes of oats at two
looalities., Forage yileld had the highest gsnetic coefficient
of varintion followed by tiller number. Moderately hizh
beritability values were obtained for plant heizht and leaf
brealth at the 1st locality and for tiller number and forase



yield at the 2nd locality., Highk genetic gain coculd only
" be predioted for forage yield and tiller number at the
second locality. Theyooncluded that selection for high
tillering was quite effective to inorease folder yisld,

c slat

Galton's (1539) conoept on correlation elszorated
by Pisher (1918),

Dent J.W. (1957) found that oat cultivars grown in
a sinzle environment at a comparadle physiologzic etags had
similar strg protein contents and also found no relationship
batwaen protain contents in straw and grain of cultivated

. Qupta, V.P, (1971) reportsd scleotion oriteria
for isproving green fodder yleld quality in pearl millet.
Data on plant characters and chemical constituents of green
fodder were utilized to find out the assoclation of ohemicsl
characters with morpholozical oharactsre, OCorrelatione and
regression stuliee revealed that more number of leaves,
thin stems and lees height and emrlineses accounted for 37
per oent variation in green fodder protein of Indian
varietiss, while lsee number of leaves and low tillering
accounted for SO par osnt varliation in oxalic acid contents
of Merican inbreds. As lesflness and high tiliering
favourably influencsd the grain yleld, it seeus foanible to
combine good forage quality with hizh yield. Fhosphorus,
calolum znd ash showsd some dependence on plant height and



laterness, but the degree of determination was only 5 %o
20 per cent,

Suthmen, D.D. ard Marten, G.C. (1972) asasured
variation for all quality traits except crude protein
concentration in oate. Forage was negatively ssscciated
with quality at healing date bHut independent two weeks
later. Forage yioid was correlated with plant height
(+ 0,67) and heading date {+ 0,76).

Solanki ¢t sl. (1973) stuldied the coaponents of
green fodder yleld in oats and found that the genotypie
correlation between plant haight and tiller number had the
aacisun corrslation (r « + 0.890) followed by nuaber of
tillers with leaf length (r = + 0,801). The heizht of the
plant ard leaf length hal negative correlation (r = =0,705),
but the leaf breaith hal high positive relationship
(v = +0.793). Though the gresn yield hal a positive
correlation with plant height (r = + 0.610) nuaber of tillers
(P w ¢ 0,410) and 1saf bresdth (+ 0.591), there was a
negativa relationship between green yield and leaf length
(¢ = « 0,403). Tiller nuabter and leaf trealth had
comparatively low correlation value (r = +0,201) and they
found a negative correlation hetwsen leaf breaith and leaf
length (r = =0.198). The phenotypio correlation cosfficiente
were lower in all casee except in regative corraelations,
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Path coafficient analyais sugpgeated by Wrisht

(1921, 1923, 1934, 1960) and discussed by Nilee (1922, 1923)
Li, C.C. (1955), Turkey (1954), Zempthorme (1957) and
Turpsr and Stovens (1959) is a zeans of untangling direct
ard indirect contributions of various factors in building
up a complex corralstion, This method is based on ths
premize that the degree of influence of one vaciable upon
other oan be defined in quantitative terams, After the
construction of causal diagran, the values hal to be assipgne
to ¢oeth of the influercing paths., Ths values assigned to
these paths iz termed the path coefficients, It is defined
a3 the portion of stamdard devietion of a dependen.t variable
if arising 23 a result of the veriatiecn in the indepsndent
variable. In order to have a coefficisnt independent of
physical units, path coefficients cre expressed ir terms of
stondard devimtions of Y on X. Thereforse, path coefficiant
nay alse be considered as standardized pertial regression
coofficisnts,

The roports on path coefficient analynis in crop
plant are liamited,morse over, levs atteumpts hawe bsen male
in nost of the fodder erops,.

Deway and Ia (1959) analysed the path hotween aeafl
size, apikelet por epikes, fertility, plant size and seed
yield in whoat grass., They found that fertility hal high
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positive direct effect (+ 1.120) towards eeed yield followed
by the plant siaze (direot effect » +0,914). DJut the fertility
hal ite indireot effoot through plant size («0.503). The
indireot effect of eeed size, spikelet Ser spile and plant
eize through fertility were all negative (-0,790, «0,335,

and =0,744 rupo'ot.l.nl.r). The fertility had nesgative
correlation with esed eixe ( r » «0,706), epikelet per spike
(p = =0,300) ond plant size (r = -0,665) and hence ths path
cosffiziente aleo showed negative reletionships. They
concluded that a favourabls relationship (r « +0.525)
existed between plant sice and seed sige arnd sinoce lacge
plants hare forage producing sivantazes, mors emphakis should
probably be placed on plant size thad on fertility., Hecause
ef the negative oorrelation betwesn fertility and plant eise
and theiv high dirsct effect on esed yisld, esleotion must

be based on m compromize between the two traits, if aaximum
yield have to be odbtained,

| Koeing and wWalter (1966) stuiied the relationship
betwsen stalk diametsr, leaf number, leaf srea and grain
yield of sorghuw. They found high positive influence of
these charectsre on grain yisld,

Porssea and Patterson (1962) enalyssd the path
cosfficlents on whsat reveasling that the number of spikes
(+ 0,9759) end kernels per epike (+ 0.7182) had the waximum
dirsot effect on yisld as azainst the correlation coeffiojent
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positive direct effeot (+ 1.120) towards seed yield follewsd
by the plant size (direot effeot = +0,914). 3ut tha fertility
hal its indirect effect through plant size («0,608). The
indirect effect of seed eize, epikelst fier spike and plant
eize through fertility were all negative (-0,790, =0,336,

and =0,744 respectively). The fertility hal negative
correlation with seed eize ( r = =0.706), epikelet per spike
(r = =0,300) and plant eize (r = <0.665) and hence the path
cosffioients also showed negative relationshipe. They
concluded that a favouravle relationship (r = +0.525)
oxisted between plant size and ssed eize and since large
plants hare forage producing sivantages, more eaphakis ehould
probably bs pleced on plant eise than on fertility. Decause
of the negative correlation between fertility and plant sige
and their high diract effect on seed yisld, selection must

be bDased on = oomproaise between the two traits, if maximua
yield have to he obtained,

Xoeing and Walter (1966) studied the relationship
between stalk diametsr, leal nusher, deaf area and grain
¥yield of eorghus. They found high positive influence of
thase charactsre on grain yisild,

Fonesca and Patterson (1955) analysed the path
coefficisnte on wheat revealing that the numder of spikes
(+ 0.9759) ana kernels per spike (+ 0,7182) hal ths maximum
1irect effeot on yield as azainst the correlation coefficisnt
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hotween yield and number of spikes (r = +0,7032) ard kernale
par spike (r = +0.1783) which showed relatively lower values.
The lmight of the plant and earlines= hai negligible direct
effect on yield (+ 0.5226 and + 0,00%2 reaﬁectixely). They
cencluded that the number of spikes, kernals per splles and
kornel weight hal more contribitions towards the yisld in
welght,

Durate and Aams (1972) analyssd the first end
second order components of yield in field beens, They took
nuzber of pods por plantg, numbef of sseds per pod and seed
woizht as firvat order coaponants of the yisld, The number
of leaflots per plant and size of leaflets were ths couponenta
of secord order, which were imuediate causes of variations
in the first order yisld coaponents. The chisf findings were
(1) pods per plants axcerts a major effect on yield, The
direcet effect was +0.935.(2) The fanilies where sclection
hed produced divergsnt typss with respect to'sead nuzber
per pod which hel a direct effect of +0.193 214 seed weight
which hed the direct effect of +0.427 respeciively. These
components also assuxcd major role in determining yield,

(3) laaf numbsr was highly asssciated with (direct effect +
©554 ) pof number per plant ard leaf size was highly swscoiated
with geed size in families melected for high, moderate aznd
low levels_ gf exproscion of the two leal ara comsporents.

Their interprotations were bassed on a comnon genetie

brogreane regulating the number of main stem, internedes and




12

ths genetio programae regulating leaf cel) number and/or
rate of expansion, '

'Naphste (1972) etudied the yield of fodder ard
other yield contributing characters in 20 sorghua varisties,
The yleld of foider showed signifioant positive oorrelation
with leaf pusber (r = ¢0,9268) and plant height (re+0.6079)
at 1 par oent whare a3 the correlation between leaf number
axd lenf area (r = +0,5246) and leaf nuebsr and height
(r = +0.5146) were positive and significent at S5 per cent,
Flant height end leaf area (r = +0,1216) and leal arse and
yis1d (r = +0,3733) were not significantly correlated. In
path analysis number of leawes per plant was ths most
important coaporant of fodder yleld, since its direct
influence (+0,9127) on yisld wae the hishest, followed by
the plant haight (+0,1532) exd leaf area(+0.1235). So elso
the plent helight had high indireot effect throuzh leaf
nusber (+0.4695), Isaf srea through leaf number aleo was
high (+0.,4793). HRs concluded that the number of lseves per
plant was the wmost iaportant contributing factor towards

fodder yield. '

Phul st al. (1972) studied the genetic variability,
oorrelation ard path analysis of foddar yield and its
oomporsnts in 30 varieties of sorghum. They found thet the
fodder yliesld ahowed highast G.C,V. end with nuaber of days
to flowaring the highest estimate of heritebility, The
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fodder yield was significantly and posiiively correlsted
with number of days to flowering, stea girth, the nuaber

=0l length end breadth of leaves. Path coefficisnt analysis
indicated that length and brealth of leaf and stea girth
contribute the nost towards the fodder yield,

Dahiya (1973) observed in 121 strains of ecrghus,
that days to 50 per cent flowering, the nusber of ionu ard
leaf srea hal negative direct effect on the grsen fodder
yield ard their irdirect effect via oharacters 1like plant
height, -tﬁm 'thloknna ard dry nmutter yleld wers positive;
characters like plant height, stem thickness end dey matter
yield hed high positive direct effeot on the green fodder
yis=la,

Patel ot sl. (1973) analysed ths direot and indireot
effeat of plant heizht, total leaf area and stali Aismeter
towards the fodder yisld in sorghum, The stalk diaeter,
plant height and leaf aream had r© values + 0,239, + 0.622
and « 0,251 respectively as direct effeot on fodder yield,
The indirect effact of leaf sre through plant heicht was
lower but positive (+ 0.336) and the indireot effect of lsaf
area through stali dimmeter was (+ 0.5650). The length of
interncde hal divect effect of 8,355 and xumber of internode
had 0,505. They concludedq that fodder yisld in sorghum is
tias contribution of plent heizht, leafl srea and length
of internode,
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Path analysis of fodder yield in Barley was stuldied
by Sheema sf al. (1973). They included the morphological
characters 1like plant helght axd tiller per plant along with
geain yisld and 1000 grein weight. Tae tillsr per plant
hal a positive direct effect of 0,230% én fodder yleld. it
showed alight higher indirect value (+ 0.4429) through 1000
grain weight. The dirvect effeot through plant haight and
grain yield were negative (-0,0032. and "«0,0145)., 7The
direct effect of height of plant wnﬁ\ very low (+ 0,0749).
The direct effect of 1000 grain weight was also positive
(+0,3252) but the indirect values through tillers and plant
heizht respsctively, were very low anl negative,

Solanki, K.R. st el. (1973) am.vud'tho path
cosfficient in 49 genotypes of oats for fodder yleld and
its componente, Theyobtainad the maximum direct influence
between green yield and height of the plant (+ 0.441),
followed by leaf brealth (+ 0,351).. The othsr two characters,
they studisd, shoved only negligivle direct influsnce s well
as negative direct effect; leaf Lresith +0,053 and number
of tillers =0.1C0., ZEven then the indirect effect of tillers
via plant heizht had a value of +0.393,erd indireot effect
of leaf bresdth via plant height was +0,302. The marisum
vegative value obtaired was the indireot effect of leaf
length through plant height («0,312), The other infiuences
were very low and negligivle. They concluded that selection
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on the basis of plant haight and leaf breadth simultansously
would bs most effective and could lead to further
inprovement ir ths forage yisld,
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MATERIALS AED METHODS

A ﬂcld expariment for the analysis of genetic
variability and path cosfficient studiss on fodder yleld
and its oomponsnts in oate (Jiveng sativg 1.) was conducted
during the radl seawon in 1975-76. |

Exnar igent te

The expsriment was oonductsd at the fields of!
Rajasthan College of Asriculture, Weipur. Raipur is
situntsd at en altituim of 579.5 M from mean sea level and
betwesn 24° north latl.tnd.o and 75* east longitude,

Lay out of experiment

The expsrinent was laid out in renlomised bloeck
design with 4 replications having 52 varieties of oats. -
Each roplicution consistad of 32 subd plote, one for sach
variety, two lives of 4.0 M each length were planted in
each sud plot at a distance of 30 cms. Plant to plant
distance of 25 can was naintained by thﬁning.

Sesds and gowing

The sesds of 32 varietiss of oats wers obtained
fron the Heal, Departzent of Zntomology, Rajasthat College
of Agriculture, Udaipur and sowing was done on 12,11,1975,

-3
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TARLE 1

‘Meteriological data for the period froam Noveaber, 1975 to
March, 1976, when the crop was in the f£ield (woek wise)

Temperature*C. !unidity

Weeks Haxi= Hini- (Haximum) R?::f?l
i 131 ] aun

5.11.75 = 12.11.75 28,7 10,0 79 -
13.11.75 19.11.75 29,5 94 7 -
20.11.75 26.11.75 28,0 8.3 94 -
27.11.75 2.12.75 24.0 504 86 -
3,12, 75 11.12.75 27.0 6.2 . 80 -
12,12, 75 16,12.75 27.7 5.6 81 -
17.12.75 25.12.75 26.4 5.8 % -
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, 1.76 200 1.76 24,5  T.2 78 0.5
21.1. 76 27. 1.76 25.5 5.8 T -
28, 1,76 3, 2,76 20,0 6.0 79 -
4. 2.76 10, 2.76 24.0 63 52 6.5
1. 2.76 17. 2,76 26,0 10,5 62 -
13. 2.76 2‘0 2076 28.3 7.6 89 -
25, 2,76 3. 3.76  30.6 7.2 79 -
de 3476 10. 3.76 28,0 11.0 61 -
1. 3-?6 1?. 3076 3105 1205 65 -
18, 3,76 24, 3,76 32,0 11.8 68 -
25, 3,76 3¢ 3.76  35.2 14,7 53 -
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The detailed 1list of those varieties is included in
Table 2.

Post sowing gperationy

In midition to ths showers obtaired du_ri.ng the
ubason:-., three irrigations were given at an interval of
20 to 25 days. Fertilizer was applied 1in ths fora of
kmaonium sulphate et the rate of 40 kg K/ha in two equal
dozes, at the time ef Lirat and seoond irrigetion. The
inforaation regarding ths temperature, rainfell ard humidity
during the pericd of experiment is given in Table 1,

Charanters stulled

The following 15 charactere were selected for the
present stulise.

1. Days to sumergences of flag leaf,
2. Deays to maturity.
3. Plant height.
4. HNumber of tillers,
5. Number of laaves.
6. Isaf angle,
7. Isaf area,
3, Green weight of stea.
., 9« CGreen weight o:é leavas.
10. Total gresn yisld,
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$1. Sten/leaf ratio.

12, Total dry matter yield.

43. Por cent ary weight.

14. Par cent crude protein; and

15, Per cent anh content,

Ohnarvations

Tour planta of avery variety wore riandoulv selected
¢rom sach reoplication for all the morphologicael as well 2as
piochamical studles at half milk stage, except for days to
agergence of flag leaf and days to maturity whare the antire
population was taken in to consideration and tha sverage
wans taken.

Detailed procsdure follosed

1. Days to emerganoce of flag leaf: The nuabsr of days were
counted from the date of sowing to the date when the fls¢

jeaf emerged completely, in 50 par cent of the plants,

2., Days _to maturity: The number of daye taken to maturity
were counted froz the date of sowing to the date when 5

per oent plants bscoze helf m3ilk stage (Schaidt,D.ite, 19
eiley '

3, Plant haizht: The plants were pulled out asnd a length
of 5 ocu. of ths stem portlon from the root initiation
point was removed and the height of the highest tiller

wes recorded in cms, to the nearest one tonth of a cm
(Bchl‘a ﬁ _Qlo' 1969)0 '



1.
12,
13.
4.
15,

Obsarvations
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Stem/leaf ratio.
Totel dry matter yield.
Per oent ary welight.
Per ocent orude protein; and

Per oent ash content,

Pour plants of svery varlaty wers randomly selected

from each replication for all the morphological as wsll as
biochsmical etudies at half milk etage, except for days to

snergence of flag leaf and days to maturlty where the entire

population was taken in to consideration ard the awerage

wvas taken.

Detailed procedure followed
1. Daye to emerzsnce of flax leaf: The number of daye were

counted froa the date of sowing to the date when the flax

leaf emerged oconpletely, in 50 psr cent of the plants,

2. Daye to maturity: The nuasber of daye taimn to maturity
were counted froz the date of sowing ¢o the date when 50

per oent plants becose half milk etage (Schmidt,D.R,,19562)

3. RPlant height: The plants wers pulled out and a length
of 5 cu. of the etsn portion from the root initiation
point was removed and the height of the highest tillexr

was reoorded in cas. to the nearest one tenth of a cm.
(Sohra et al., 1969),"



4.

Se

6.

Te

8.

9.

Number of tillerq: The tilere froa each plant were
neparated end counted,

Rugber of legveg: The leaves were rexcved excluding
leaf sheath froa all the tillera anl counted,

Ingf angle: The leaf angle was neasured at the time of
saturity while the plants were standing in the fleld,
The procedure ziven by Sutaik ot 1. (1971) was slopted
to measure the leaf angle. The engle between axis and
ths leaf blaie of three lesree bolowe flag leaf of the
main tiller was recorded and the swersgs was taken.

Isef arag:t The length and bdrealth of three leaves
below flag leaf of ths main tiller were recorded and
the area calculated as pesr method euggested by Cerlston
end Poote (1955) and was given as leaf proluct method
by Jain, T.0. and Misca, D, K. (1966).

Green weizht of the stem: The leawee were removed fron
all the tillers and the welight including flower head
was recorded in grams to the nearest one huniredth of
& gram,

Green waicht of legven: The weight was taken in grams
to the neareet one hundredth of a graz of all leaves,

esparated from a single plant (Kilohsr ard Trolaen,1973).
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10. To%al areol yield: The green welight of stem and lesves
- snte.
were alded to get the total green yis=1d of the pl

11. Stem/isaf ratios The sten/leaf ratlo was calculated on

the basis of grean weizht of sten and loaves,

12, Total dry matier yield? Chopped leaves and stea portlont
wore taken in paper bags which wera uniforaly perforate!
w!.t‘h paper purching aschine nnd kept in hot alr oven at
agec till constant weizht wad sttained to the nsarest
one hundredth of a ¢rak.

13, Der cent dey weights The per cent dry welght was
calculated on the basis of green waight of the whole

fotal dry wit.
plant snd the weight of dry matter ( ool rie.-

14, Crer cent of crude protein: the whole plant was ground
to pasa a 40 nn mesh and nltrogen was estinated by
Kjeldar method., The procedure suggzested by Snall and

5nell (1955) was followod for the estipgt
on of
content. ppat.i

15. Par cent of ash content: Th 2T0UTA e
: Beaple W

t0 6000 in a muffle furney

42 heatyq

h
0 4 hyyps anj wolrheq,

Ths percentage was calculud ,p the |
as

is
weight (ilant, L.A.,1966 alPlangy .. of .tota) apy

i‘owler, 1975),
Statintical anglysim

The wesan of 4 plan

oy
replication was taken as theje oach

or
that Partion) pm
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14.

15,
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Total cresn vield: The green weizht of etem and leaves
were alded to get the total green yisld of the plant,

Stem/laaf ratios The sten/leaf ratio was calculated on
the basis of green weight of stea and leaves,

Totsl dry matter yie)d? Chopped leaves and stem portiors
were taken in paper bags which were uniformly perforated

with paper punching machine and kept in hot air oven at
830°0 t111 conatant weizht was attained to the nemrest
ore hundredth of a gcram.

Der cent qey welgh¥:s Tha per oent dry weight was
calculated on ths dasis of green weight of the whole

Tot dry wt.
plant and the weight of dry aatter ( Q%t%fm x 100)

Per cent of grude protein: The whole plant was ground

to pass a 40 mm mesh ant nitrogen was estinated by
LJeldar asthod. The procedure suggzested by Srnell and
Soell (1955) was followed for the estimation of protefir

content,

Par _cent of ash content: The ground smmple was heated
to 600°C in & auffle furnece for 4 hours =nd weighed.

Ths percentage was calculated on the basis of total d&ry
welight (Hunt, l.A.,1966 and Yisher and Fowler, 1975).

tic

The asan of 4 plants of every variety in each

replication was taksn as the value of that perticulwe
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raplication for all the calculations, The data thue
obtained were processed by analysis of variance for various
snalysis like genotypic and lph-notyplc variances, beritabi-
1ity, gonetic sivance, genetic gain, genetic coefficient
of variation, gerotypio and phenotypic covarances, corre-
lations and path coefficients,

Ganetic var 111

The analysis was done dy the method suggested dy
Panes and Sukhatme (1951) for randomised block design., The
variations maong:individuale caused dy genetic reasons were
measured by using the following foraula:-

g - -_-ﬁ—

where Vg = Gsnetic variancse.
MSV = Mean sum of squares.of variatics,
VE = Error varisnce,
E = Xumber of replications.

Phenot varishility:

‘ The actual visual variation swong individuals
is due to geretio as well as environmental oasuese. This
can be neasured using the foraula:

Yph = Vg + VB
where  Vph « Phenotypic varisnce.
Vg = Genotypic varianoe,
VE =» Crnvirormental variance,



The formula used in the present study was

Yph = Vg-o'-ig-

whers V2 » Error variance

¥ = Kumbsr of replications.

Heritability

The heritability is the potentiality of an
irdividual to inherit a particuler character toits off
spring, In brosl sense, it is eguivalent to the total
genetic variations divided by the total phonot_yplc
variation and is denotsd in percentaze. The heritability
in hrosl sense was calculated by ths formula suggested by
Burton ard Dsvane (1953) and Johnson et gl. (1955) whare
it is givern 3

v
H = —ﬁﬁ- x 100
whare H « fieritability.

Vg » Usnetic variance.:
Vph = Phsnotypic variange,

Expsoted senstic alvance

At a ecortaln lsvel of selection pressure the shif?¢
of a population towards the superior side of genetic sction
is mmf by genetic alvance. The menstic advance ot’tm
population unier these atulise was calculated dy the foraula
given by Iueh (1949) and Johnson st al. (1955a) et 5 per cent
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sslsction pressure using the constant K a3 2.068 given by
Alard (1960).

where €A « Gonetic advance.
Vg = OGsnatic variance.
Vph » Fhenotypic variance.
£ = Sslection differential (Constant).

genetig zain

Ganetic gain is ths percentage of oiﬁtctod aenetic
advance based on the wesn of the pacticular chsranter under
study, The method for the asssesssent of genetic gain suggested |
by Johnson st al. (1955) was used which is as followss

Gonetic gain (G.G.) « <2 x 100

X
where 4, A, : w Ganetic alvance.
§ " = Hean of chazacter,

Cenetio coafficient of variation

Towork out the nagnitude of genetic verliation in a
character, genetic coefficisnt of varlation was calculated by
the formula suggested by Burton (1955) which is as follows:

Genetic coeffioient e
of vartation (G.C.¥.) * L& _ .09

X
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where Vg = Genetic variance,

- = Mean character under study.
X

Genotypic and phenot covarisnces and relation

coafficisnte

Thea genotypic and phsnotypic covariances were
worksd out in the sane way as ths varliances were calcuiilated.
Mesan product of the expectation of covariance analysis is
similer to the msan square expectation for analysis of
variance, Ths phenotypic and senotypic correlations hetween
dry matter yisld and all the othsr characters wars worksd out
by substituting the genotypic and phenotypic covariances ard
variances in the formula suggested by Pisher (195¢) and
Aljvouri et al.(1958),

Genotypic correlation .
coefficient between two LRI g Cov 12

oharacters (1) and (2)
. / ; -3

Phenotyplc correlation

coorriggnnt between two - r1.2 - ~2b Cov 1.2

charactere (1) and (2) [(o2 1) to2..2)
ph’ ph'

where gz Cov 1,2 « Genotypie covarisnces of

characters in pairs.

ph Cov 1,2 » Phsnotypic covariances of
characters in pairs,

0—3.1 = Genotypic varisnce of the
first character.
0__2
8.2 . = Uenotypic variance of the

second character,
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2 -
¢ ph.1 = Phenotypic variance of the first character.
2
oph,2 = Phenotypic variance of the second character,
Path cosffioient )

~ The principles and technique suggested by Wright
(1921) and Li (1955) for the cause and effect system were

alcpted for the snalysis, using the formula given by Dewey

 amd Ia (1959). Since almost all the traits were significant’

oorrelated st 1 psr cent level with dry matter yield,
heritability, expected genetic aivance, genetic gain end '
gerietic ooefficlent of variation were also taken into

account to select the characters for psth coefficient analysis,
and accordingly the following charscters were selected.

1.
2e
3
4

Se .

6e
Te

Grainwight of the stea.
Green welizht of the leaves.
Flant height. |
Kuabsr of tillere,.

Ieal srea.

Humber of lewee,

Total dry matter yileld,

Tha correlations hetween first six characters
1isted above were also worksd out in all possible conbination,
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The design sdopted by Durate and Mens (1972) wes
choosen for further analysis of path coefficient. The
diagramastic representation of path and its relationship
| is given in Platel.

Thl dlssrsa includes first order end second order
oonporents, Charactere 1 and 2, (green weight of sten and
gresn iol.ght of lcaves) wers talen ms first order oomponents
becauge these two ehlraotoin were ths major cauzes to
influence the Ary matter yield, The other characters 1like,
plant height, pumber of tiller, leaf area &nd number of
lasves were taiken as sacond order oomponente, since their
main effects wers through the increase of stem weight and
the welght of leawes to give an ultimate increass in dry
matter yield,

The double arrowed linss in the diegram inlicate
the mutual asaociation betwesen chsracters. The single
serowed lines indicate direct effect msasured as path
ooeffioclsnta, The path ocefficisnts were worked out by
solving the following thrse sets of linear equations using
matrix aethod, |

Linsar sguations
I, Firgt ocrder components

r
4,7) = Byg + %y 2y Pay
% - B2t Tu,0)%1.7
1T = Pz > Pz + Pa

X7 1.7 2.7 + 21‘@,2)9107 PZ.T *



PLATE N2 I

DIAGRAMMATIC REPRESENTATION OF PATH
AND (TS RELATIONSHIPS

. A
| — GRLCEM WEIGHT OF STEM \\®
~ GRFEN WEIGHT OF LEAVES

3 — PULANT HEIGHT

4 — NUMBER OF TILLERS

5 - LEAF AREA

6 — NUMBER OF LEAVES

7 — TOTAL DRY MATTER YIELD
X — RESIDUAL FACTOR
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1X. Sscond opder coupohente

(a) Green weight of stem and its compovents

Ta, 3"
a0
l‘a’ s)u
4,6

1=

P13 * 5,004 ¢ 6,915 * T6,0 5.6
Pra * B0 * U9 * N6
Pies * R,9%14 * 3,9%.3 * T5,6 1.6

P16 * ,0F1.5 * 4,614 * 3,613

2, 2 2
Fa* P P P%.s" P1.6* 203%,4%1.4°

221, 5%3,9 P1.5% 2P, 3%,8%1.6 * 2P1.4%, 1.5

2Py 4%, 651.6* 2Py, 5%,6)%1.6.

(v) Green weight of leaves and its oomponents

%, 3)
%5 4)=
9"
Te,6)"

1=

F2.3-* 0% * T * T5,6)%2.6

P24 * TB,0%2.3 * %,5)%5 * N6
2.5 * Tu,5)%24 * T5,9%.3 ¢ T,6)F26
P2.6 * T6,6) 2.5 . T%4,872.4 * T,6)F2,3
B * Bt B+ BB 2P, 56,4 2.4 *

2%2.3 6,9 P2.5 * 2P, 3 N3, ¢F2.6 * 2P 454,525 o

2204 T4,6)%2.6 * 22,5 %5, 0P2.6
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RXPER IMRNT AL, RESULZLS

Mean values, range, S.7%.(d) and critical
difference for the fiftesn charactere were caloulated.
The resulte ars arranged in table 2.

A1l the charactere milyud for variance exhihited
highly significant differencee (et one per cent level).
Total green yield per pland hal the hizheset phenotypic and
genotypic variancee (G = 2036.4552, P = 2244.2215), followed
by green weight of etem (G e 399,3724, P = 1102.2112),
nusber of leaves (G = 223.6452, P = 232.8372), leaf area
(G = 219.6572, P = 231.9114), green weight of leaves
(G =« 209,0654, P = 273.45815), ‘plant height (G « 117.6519,

P = 127.6873) and days to flag 1saf ezmergence (G = 160.7543.
P = 101,0622), The minfaus valuesobservad wers for
eten/leaf ratio (G = 6.2409_. Pw 0.2442). ° The varimnce in
crude protein percentage (3= 1.59%, P « 2,2248) and y
percentage of ash content (G w 2,.3259, P = 2.,6791) were alao
low compared to the other characters (Table 3 and

fppenix I-XV).

Heritahility

Days to flag leaf emergsnce and daysto maturlty
hal the hizhest horitadility velues (99.696 and 99.68%



TABLE 2
Mean, Range, Standard error, Critical difference znd over a1l mean of the characters gstudied

S. ' gg‘; }:“ Days to Plant  Number of Kumbsr of lsat  Isaf Cresn
No. Varieties esergence Maturity Heicht Tillers lexves angle azea welight of
sten
1: z. 2 v i Ts B Tes R 3 G
1. E.C.55197 90,500 113.000 135,000 14.150 61.150 29,175 5%.400 136.225
2. . Flamingola 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 23,700 69,200 145.700
4. Lent 93,500 118.500 126,200 8.200 39.225 30,300 64,325 94.250
5. Eeed.19 93, 750 112.500 131.900 10,325 47.175 29,500 66.525 105.800
6. 3.0.99166 103,500 121.000 132.350 6.125 34.400 25.675 T7.975 95.575
7. £.0.54933 87. 300 101.100 129,200  14.125 63,600 23,675 54,200 130,950
8., B.0.4353 108.300 125. 750 132.575 13.250 53,275 35.125 97.800 126.675
9, 03,0.93154 93,750 110.750 130,650 12.325 66,600 24,650 33,225 107.400
10, 8.,0.99167 100,000 117.250 111.850 11.450 62,875 29,650 48.225 104.850
11. I.C. 1819 83, 750 100.500 128,125 11.750 62.625 24.400 56.675 148.250
12. B.C.43655 91.500 110.750 . 131.550 14. 700 17.650 27.975 46.875 138.050
13. B.0.92161 99, 000 118,000 133,325 11.500 45.725 29,700 56,025 113.925
14. £.0.99165 99.900 119. 750 126,150 14.870 83,925 24.550 50,225 147.325
15 =.0.99163 93, 000 119.000 143.150 13.950 66,200 28,250 69.675 163.550
16. S5.C.96573 107.750 124,000 123.150 7.250 31.675 23,725 61,350 67.900
17. B.C.43535 79. 750 39, 000 106.650 12,750 €4.700 29,625 28,850 107.125
18, I.C. 1829 35, 000 105.000 115,850  11.200 59.500 26,125 45.150 109.425
19, B.C.54937 94,000 111.250 108.475 15.575 61.150 30,925 30,850 130.175
20, 3=.C.43666 103,300 124,500 119.950 7.075 30,200 22.375 64.400 71.925
21. I.0. 1820 37,000 106. 750 133.025 14.450 69.400 33,275 36.375 114.225
)

[Cantinnad §

-



(Table 2 contd.)

1. 2. . 3. ‘- 5- 6. 7. B. 90 100
22, Algerion 91,000 . 110.250 156,200  13.325 63.400 28,050 54.300 154.975
2%; ©£,0.96552 81,500 98,500 129.825  17.325 85.200 31.625 49.625 176.475
24, idcozsa 95,000 125,250  129.075  14.925 68,650  32.250 67,925 189,225
25, B.0.86444 95, 000 114.500 122.525  12.825 47.225 26,725 60,825 114,075
26, B.0.95529 95, 000 114.000 116,550  12.625 64,100 26,025 51.050 100,775
27. Rapida 638,000 85,000 109,225 5,200 24,775 28.250 28.025  45.000
28, N.P. 101 83,000 102,500 127.025 9.500 43.025 29.425 29,900  T78.400
29, X.27 33, 000 101.750 120.925 7.625 37.725 27.550 58,025 82,250
30. E.C.86445 73.C00 92. 750 114,600 11,500 49.025 32,150 31.150 B4.175
31e 2.Ce548%4 77.0C0 95. 750 107.957  12.250 67.275 31. 550 29.525 107.325
32, E.C,96531 9%, 750 111.000 110.325  13.575 62,900 26.925 60,575 120.750
Orerall Mean(x) 92.085 110,515 125,522 11.6T1 56,054 28,775 52,756 115.803
Range ‘68,000 85. 500 106.650 54200 24.775 22.375 28,025 - 45,000
103, 300 125. 750 156.200  17.325 85,200 - 35.12% 87.800 189,225
SeB. ()2 0.301 0. 311 3.190  0.652 3. 042 0.733 4,309  10.141
C.D. at 5% 1,544 1.572 8.957 1.803 8.536 2.049 12,100  28.473

Ie



PABLE 2 (Contd.)

Stes/leaf Total 4ry Fer cent

S. Green welight Total graen : Per cent Per cent
FEce Varleties of lemrves yisld ratio matter dry weight crude ash

' ' ' ' yield : proteln cortent
1. 2r 1. 12, 134 14 ER 16, 17,
1. B.C.55197 65.550 201,750 2.08975 - . 47.225 24,375 10,895  12.075
2. Flmingold ' 36,587 133,850 2.68050  37. 975 28.625 12,713 11.475
3¢ BeC.99162 ' 49.460 165.200 2.34390  44.450 ©  29.250 12,9700 12.975

4. Eent ' 43.325 137.600 ~ 2.21075 32,925 27.600 11,932 9.975
5. Reed. 19 43,040 148,875  2.23075  39.725 26.650 15.045 11.500
6. Z.0.93166 40,090 135.675 ' 2.40950 30,850 25.075 © 12,192 4.600
7. 2.0.54933 ' 52,637 156,150 2.49450 °  39.675 24.600 11,952 12,250
B, B8.0.43536 61,142 173.950 ' 2.26500 47.850 29.800 16,600 12,275
9. E.C.99164 40,640 148,050 2.64250 37.775 28,475 15,822 10.950
10, 5.0.99167 52,135 132,050 1.99125 56.925 29,450 12,710 11,725
11. L. 1919 55. 742 204.025 2. 75475 45.650 24.250 10,637 12,900
12, R.C. 43665 46,592 154,650 3.03775 49.600 28,625 10,895 10,775
t4. B.C.99165 75.205 218,100 2, 19000 49.400 24.450 15,045 12,650
15. E.C.99165 50,970 265.050 2.32275 63.475 24.950 11.415 13.800
1. =.C.9653 31,150 92.450 2.01525 27,100 ' $2.250 11.672 11.975
17. B3.0.43535 45.450 142.625 3.01850 34.000 28,350 11,932 10,325
19. E.C.54937 35.422 165.625 3.69475 53.275 33.775 10,895 11.725,
20, E.0.43666 . 32,085 140, 050 2.30575 $0.800 32,225 10,637 10.150
21. I.C. 1529 46,997 136,255 2.40225 41,025 23.150 11.672 12,025
(Contirued) ?S



(Table 2 contd.)

1. 2. 1. 12, 13._ 14, 15, 16, .
23, B,C.96552 65.305 216,825  2.72050 ° 52,375  25.500 12.450 . 8,400
24. - Joacea '90,627 279.875 ~ 2.20600  58.550  25.300  11.670  11.125
25, B.C.H6444 44657 153.775  2.55350  39.825  27.175  10.897  11.800
26. 2.0.96529 49,850 149.875  2.04450. 33.950  28.500 11.157 11.850
27. Repide 11,767 56,750  3.89725. 15.625 32,300 12,972 9,850
28. H,P.101 21,337 89 775  3.68000  35.675  36.125  11.9%2 11,250

29, - %.27 31,252 ' 113.825 2.75475  31.700  31.050 11,935 9,525
31. - H.C.54834 39,062 146,700  2.75225 33,125  25.025 11.192 11,300
Overall mean(x} 46.937 159.117  2.59125  40,73%  27.764 12,208 10,350

. Ramge 11,767 =  ~ 56.750 = 1.99125 = 15.625 = 24,300 -  10.637 8.400 -
90,627 ‘279.857  3.88725  63.425  36.125 16,660 13.800
S.E.(a)s 4.943 14.415  0,07300 2,932 1.024 0.928 1.157
€.D. at 5% 13.979 40.477  0.20490  8.235 2.877 24296

2.325

ce



TABLE 3
Ganotypic, phenotypic and error variances of charactere stud {ed

Ko Cheracters f::gch:c f:’im“ vrgimo
1. Days to flag lsef amergence 100. 7543 101,0622 1.2043
2, Days to maturity 97.6854 93, 0000 $.2473
3, Plant height 117.6%19 127.7363 40.5763
4. HNumber of tillers 8,6931 9,1153 1.7063
S FRuaber of leavee 223,6452 232.8372 37.0224
6. Ieaf angle 10,0916 10,6251 2.1398
7e Isaf area 219.6572 231,914 74,2239
8. Green weight of eten 999.3724 1102.2112 411.3739
9., Green weight of leaves 209.0634 273.4815 97.6739
10, Total graen yieid 2036.4552 2244.2215 831,0397
11. 3ton/leaf ratio 0,2409 0.2442 0,0128
12. Totsl dry mstter yield 92,6571 101.25%2  34.4012
1%. Per oent 4ry weight 3, 3576 9.4116 4.2224
14. Per.cent crude protein 1.5384 2,2248 2. 7457
15. Fer cent ash content 2.3259 2,679 2.6800
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_per cent respoctively). Only the characters liie per cernt
crude protein (69,147), per cent ash content (86.567) and
per cent dry weight (33,.799) menifested heritability values
less than 30 per cent,

Rxpscted ganetic alvance

The total green yisld per plant hsd the highest
genetic aivance (88.561) followsd by preen weigzht of stea
(62,013) and groen weight of leaves (35.769)., The number
of leaves per plant (30.176) and plant height (25.433) also
had high ganetic alvance. The lesst value of expected '
genetic aivance obtained was (1.004) for stea/leaf ra’ci'o.

Ganetic ~ain

The highest genotic gain was observed for green
wolight of leaves (73.237) followed by leaf ares (56,235),
total zreen weight (.‘54.526). number of leaves (53,9833),
green weight of stem (53.550) and number of tillers (50.792).
Almost all the charaoters eicapt per cent dry weight (5,612)
and days to flag leaf omargence (2.241) hsd high values of
genetic gain (range 17.357 to 73,237).

Ganetic coefficient of variation

The characters which had moderately high values of
horitability, expected genetic sivance and genstic gain
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exhibited comparatively high genstio coefficient of
veriation (range 8,636 to 33.653). The highest value

of 3.0.Y. was obtained in green weizht of leaves (33,638).
The othar charaoters like, leaf area (25,002), total green
yield {27.770), green weight of stem (27.289), number of
leaves (26,672) and number of tillers (25.364) also hal aush
higher values., Iower &.C.V. valitse were observed for dry
aatter yield (8.174) and plant height (8.636). |

The sxpected manifestation of heritadbility, genstic
sivance, geretic gain and genetic coefficlent of varlation
in 211 the chwuﬁtor- under study are given in table 4,

sociation of cheragter

To f£ind out the various dependent ooaponents of
dry anatter yield and their extend of association, the
‘genotypio and phanoiypic correlation cosfricients were
analysed with ths help of psnotypic and phenotypic veriancee
and covariances analysis, The results are given in tadle S
and appendix IVIeXV1I,

no hex 10 corrslations betwaen chasracter

The valuss of genotypic correlation of all
oharacters were almost siailar to that of phsnotypio values,
although on alightly to the higher side, indicating the
least exvironmentsl influence. Hizhest positive association
with dry matter yield was observed 'of green weight of sten
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TABLS 4

Herditadility, expscted geratic advance, genetic gain
and genstic coefficient of variation of characters etudied

Se ' Herita=- Expscted Geretic GeCoVe
¥o. Characters bility genetic  gain
alvance

' R qué to flag leaf emergence 99,696 20.640 2,241 8,940

2, Days to maturity 99,681 20,326 15,392 10,903
3. Plant height | 92,065  25.433 20,265 8,636
4. Bumbsr of tillers 95.285  5.928 50,792  25.364
5. Kuaber of leaves 96,028 30,176 53.833  26.672
6. Isaf angle 95,000 6,379 22,168 11,053
7. Ieaf area 9%.715  29.715 56,325 23,032
3, Green weight of stem 90,670  62.013  53.550 27,299
9. Gresn weight of lemves 91,153 36,769  78.237  $3.638
10, Total green yield 90,42 89,561  54.526  27.770
11, Stem/leaf ratio 93.636 1,004 38,749 18,950
12, Total dry matter welght 91,506 18,950 46,543 8,714
13. DPer cent dry welght 89.799  5.613  5.612 10,410
14, Per cent crude protein 69,147 2,119 17.357 10,163

15. Per cent ash content ‘ 86,567 2,925 26,712 13.831




TALE 5

.
-~

TR
“'..(fbw P

-

Genotypic and phenotypic correlation coefficlents betwean
total dry matter yleld and all other characters

Totel dry matter yield

to. TR corzaltEion commeLumion
coefficisnt coefficiant
1. Days to flag leaf exzerzsnce 0.23382¢# 0, 27199 %%
2. Days to maturity 0, 30792 %* 0, 30214 *#
3. Plant heizht 0, 59377 0,56193#»
4, Kumber of tillers 0. 79507+# 0. 753009+
S« Xumber of leaves 0. 70304 ¢+ 0,67283%=
6. lsaf angle 0.19921* 0., 17502
7. Ieaf area O 31139%% 0. 30703+
3, Green weight of sten 0,95113%e 0.93331 ##
9, Green weight of leaves 0.32464 ** 0. 33709+
10, Totel green ylsld 0, 93776 %* 0.91257#»
41. Stem/leaf ratio 0.26908 %« 0,23577*+
12, Zer cent dry weight 0.25619% 0.23076¢¥
13. Por cent crude protein 0, 10192 0.05444
14, Der cent ash content 0, 28501 #= 0,21605%4+

# Significant at 5 par caent level
+% Zignificant at 1 per cent level
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with dry matter yield (G = +0,95113, P »+0.93331) followed
by total green weight (G = +0.93776, P = +0,91257), green
weight of leawse (0 » +0.82464, P =« +0.80709), numder of
tillers (G = +0.79507, P & +0,75303), number of leavee

(G = +0.70304, X » +0.67259), plant height (3 = +0,59877,
P a +0,56193), leaf srea (3 = +0.31131, P « +0,30708), days
to maturity (3 « +0,30792, P = +0.30214), per cent ssh
content (G = +0,25501, P = +0.21605) and days to flag leef
emergence (G = +0.28392, P = +0,27199). Positive but non
siznificant correlation at 1 per eent level was observed
with leaf angle (O = +0,19321, P = +0,17502), Sten/leaf -
ratio (G = ~0.26903, P « ~0,23577) apd per cent dry weight
(G = =0.25619, P = =0,23076) hadl high eignifioant negative
correlation with dry matter yield, The relationship of
per cent erude protein with dry nattar yield was negative
and pon eiznificant (0 = «0.10192, P « =0,06444). The
¢eaphic representation of the values are given in Plate II,

Reviewing the above oorrslation values of various
oharactere with total dry matter yisld and their heritability. ‘
genetic ooefficisnt of variation and genetic gain valuee
the following characters were selected for path snalysis,

1. Oceen weight of sten.
2, Ureen weight of leaves.
3. Plant height.

4. FHumber of tillers.

5. ILsaf area.

6. Fuomber of laavee.
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CORRELATION COEFF\CIENT VALUES BETWEEN DRY MATTER
YIELD AND ALL OTHER CHARACTERS
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is, out of the above charaziers the first two,

i,0, green woizht of stem and green welzht of leaves wore

t+he only components contributing adirectly towards the total

4dry matter yield and hence were taken as firat order

componants and tha rest of the characters as they influence
the ary matter yield only through stes end/or leof green '

welght, were grouped under sscond order components in path

enalys ia,

In of'der to work out the path coefficient anaplysis
the mutual raelationships batweon the characters of the
sirst order componsnis end that qt second order componente
were olso workad out. Js in path enalysis we are concerned
only with genotypic corrqlation. hence now onwerd referamcd

has been made only %o genotypic correlation values,

Green weight of sten hat a hizher genotyplc
correlation cosfficient (+ 0.95113) with totel dry matter
yield than green weight of leavos (+0.82454 ). Assoclation
hetween grean welght of aten and gresn weight of loares
were also very high (¢ 0.92033). (Table 6 and Plate III),

Jaong the characters of second order couponsnis,
+he number .or tillers {+ 0,53544 )had the highest correlatic
with gresn weizht of aienm follovad by number of leaves |
(+ 0.79679), plant heizht (+ 0.52455) and leaf arca(+0,267.

Tha aszociation of abhove four CHEDRONIXD wiNs == Lntad
LN N e =Y Q.

of leaves was alao found to be in the saze pattern, Tirruz

of tillers had the highest value (+0,70409) followsd by




40

As, out of the ahbove characters the firet two,
1.0, green weight of stem urd sreen weizht of leaves were
the only components contributing directly towards the total
dry matter yleld and hence wesres taksn as firat order
components and the rest of the charactere as they influence
the dry natter yield only through etem and/or leaf green
welght, wers grouped under second ordor ccaporents in path
sualysia,

In order to work out the path coefficient analysis
the zutual relationships bhetween the oharactere of the
firet order components and that qf seoond order coxponents
wers also worked out, Js in path analysis we are concermed
only with genotypic correlations, hence now orward refersnce
has been nale only to genotypic correlation values.

Gresn weight of stea had a hizher genotypie
correlation coefficient (+ 0.95113) with total dry matter
 yield than green weight of lewves (+0,82464). Assooiation
betwesan green weight of stem and green wsight of leavee
were also very high (+ 0.92032). (Table 5 andt Plate III),

/mong the oharaoters of second order acaponsnts,
the nuaber of tillers (+ 0,53544 )uad the highest correlmtion
with green weizht of stem followed by number of learass
(¢ 0.79679), plant height (+ 0.52455) and lsaf area(+0,26723),
The association of sbove four charectere with green weight
of lesves was also found to be in the sass pattern, Ti»mmber
of tillers had the highest value (+0,70409) followsd by
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TABLE 6

The possible genotypic and phenotypic correlation coeffi-
clents between total dry matter yisld and the characters
selected for path coefficient analysis
(zirst order ocaponsnts)

Total dry Green weight Green weight

natter yleld of sten of leawee

Total dry matter (3) + 0.95113%% 0.82464 «»
yield ) x

{(P) + 0,933314% 4 0,83709%»
Green weight of (G) ‘ + 0,92032%»
sten . x x ’

(») + 0,90462¢#
Green weight of (@)
leavee x X x

(P)

#% Significant at 1 per cent level
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number of leaves (+ 0.66597), plant height (+ 0,51515)
and leaf sreoa (+ 0.51225).

'The highest relationehip between number of
tillers and nuaber of leaves (+ 0.94320) was obesrved,
followed b} betwaen plant height and leaf aveam (+0,54342),
plant height and number of tillers (+ 0,17435) and
betwsen plent height and nuaber of teaves (+ 0,10644 ).
Negative essociation was observed between number of tillers
ard leaf srea («0.15964) and hetween number of lewres and
leaf area (- 0.,20901). (Table 7 and Plate IV).

Path cosfficient snalyeis
Firat order oosrononts {Table S ard Plate V).

1. Doy matter yielqd v[_u_v goaen welzht of stenm

Path analysie raveeled a very high and positive
direct -f.feot' of green weizht of eteam (+ 1.2560C6). However,
ite indirect effect on total 4ry matter yicld via green.
weight of :I.uno'wn regative (-~ 0,30493). Tm the total
correlation auftichnt was only m part reflection of ite
direct effect as partly it was nullified by the indirect
effect through green weight of leaves.

2. Doy uﬁ' ter x. 1014 v/n Q een weizht of ;cgog—

The siaple correlation ccefficient of green weight
of leawes with total dcy matter yield was '+ 0,52464 ..



TAILE 7

The possible genotyplc ard phenotyplc correlation coefficients bhetween sscond
order aomponents sslscted for path coefficient analysis

Green weight Graen weight Flant Buaber of leaf Numder of
of stea of leaves height tillers sTea leawea
G;un weight (G) + 0.92032#* o+ 0.52455%* ¢ 0,93544%* + 0,26723%% & 0,TIET9**
of stem
(p) + 0.90462%% + 0,49920%* 4+ 0,75452%% 0.274'74 % 0.75915%%
Green weight (G) ’ + 0.51515%> + 0,7040C9%** 0, 51224 ¥+ 0.6659T4+
of lsaves x
(?) + 0.47032%% o 0,64381%% + 0,50257%% .+ 0,64866%%
Plant height (G) : + 0.17485 0.54342»» 0.10644
: x X '
(7) + 0.15539 0.51232#% 0.10299
Fuaher of (3) 0.15964 0.94926 %
tillers x x x
(p) 0.15149 0.92480%»
lsaf area (G) 0.,20301#
: x x X x
(¢:9) 0.19276%
Nusber of (G)
lexves x x x x x
(?)

+ Significant at 5 per oent level.
#% Significant at 1 per cent level.

%

£



PLATE NO [V

GENOTYPIC AND PHENOTYPIC CORRELATION COEFFICIENTS
BETWEEN SECOND ORDER COMPONENTS
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TABLE 8

The direct and indirect relationehip between variables of the first
order components of thtal dry matter yield

Variables ' Path coefficlisnt

1. Total dry matter yisld v/e green wt. of etem re + 0,95113
Direct effect . Pyg= * 1.25606
Indirect affect via green wt, of leavee By 5 » = = O 30493

0.95113

+

Total ) =

2. Total 4ry matter yleld v/s green wt. of lesres r = + 0. 32464
Direct effect Py q= = 0.335133
Indirect effect vis greenwt.of stem Py, , Ty o= ¢ 1.15597

Total ' s + 0,82464

3. Regidual fsotors P 7™ + 0,28026
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TABLE 8

The direct and indirect relationship between variables of the first
order components of {tel dry matter yield

Variables ‘ Path coafficient

1. Total dry metter yield v/s green wt. of sten re= 4+ 0,95113
Direct effect _ Py g = + 1.25608
Indirect effect via green wt, of lemves By 1, , = = 0,30495

Total | = + 0.95113

2, Total dry matter yisld v/e green wt. of leaves r = + 0,52454
Direct effect By gm = 0.33135
Indirect effect via greenwt of aten P1.7 rya ™ + 1.15597

Total | ' = ¢+ 0,82464

3. Residual faotors Pz 7" + 0,28026




Howsver, its direct effect was negative (- 0.33133) amd
the high positive correlation value was solely due to ite
indirect effect through green weight of stem (+ 1.15597),

Second order componentg (Table 9 and Plate V),
(a) Oreen weight of stem and its componenty

1. Graen weight of stem !l! plant height

The ccrrelation coefficient of + 0,52455 bHetweed
plant height and green weight of etem was mainly due to the
direct effect of plant height itself (+ 0,24009) and the
reet was dus to indirect effeot via leaf srea (+ 0,159 ),
via number of tﬁlon (+ 0.08707) and via rumber of leaves
(+ 0.03365). Thue the overall sssociation of plant height
with green weight of eten was mainly due to its direct
offect and indirect effect through leaf ares only.

2e ) t of r of tiller

The maenifestation of the simple correlation
(+ 0.83544 ) between green weight of etew &nd number of
tillers ware the direct effect of number of tillers on
green weight of stem (+ 0,43802) followed by the indivect
effect via number of lewvea (+ 0.34144). Practically
there was no effect via plant height (+ 0.04233) ard via
leaf avea (- 0.04635) sinoce the mcre or less eme positive
and regative valuss mutually reutrilizedtheir effects.



TABLE 9
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The direct ard indirect relationship hetween variables of secomd
order components of tctal dry matter yield (green weight of etem

and ite components)

Variahles Path ocefficient
1. Gresn weight of etem v/a plant height r = + 0,52455
‘Direot sffect B, 3 w * 0.24009
Indirect mffect via no of tillere P1 T34 ° + 0,03707
Indireot effect via leaf x'sa 91.523.5 = + 0,15574
Irdirect effect via nc.of laaves ?1.6”3.6 = + 0,03365
Total ‘w + 0.5245%5
2, Green weight of etem v/m no,of tillers r = ¢+ 0.93544
Diract effect E‘1 Y + 0,49302
Indirsct mffect via plant height 1’1 Fx g = * 0. 04233
Iniirect effect via leaf area 1.51:"»5 a = 0,0463%5
Indirect effeot via no. of leaves P, (r, o = + 0,34144
Total | . * 0.83544
3. Gresn weight of aten v/e leaf area r = + 0,26723
Direct sffect P,.5 = + 0,29022
Indireot sffect via no. of tillers Rl. Fes * T 0, 07950
Indirect effect via plant height 1 F3,5 = * 0.13159
Indiract o!foot vis no.of leaves P1 6"'5.6 « = 0,07517
Total - + 0,26723
4. Cresnt weight of etes v/e ro.of lmaves r = + 0,79679
Direot effect P1.6 w <+ 0,35937
Indireot effect via leaf area .' 5".5. = = 0,06065
Indirect effect via no.of tilloro P 1.454.6 = * 0.4727
Indireot effeot via plant height Py 3.6 = * 0.02536
Total « + 0,7979
5. Residual fantors : P = + 0,30674

1ex
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3, en weight "y eaf grs

When oompared to the other componente leaf area
had low correlation coefficient (+ 0,26723), but its indirect
effect was slightly higher (+ 0.29022). The indirect effect
via plant height wvas + O,15158, The indirect effect via
number of tillers (- 0.07950) and via number of lewvee
(- 0,07517) were negative snd hegligible. The net effect
of thio cystem was, therefore, primexrily dus to the direct
effect.

4. o8N wWe ‘ f legve

The number of leaves axhibited comparatively high
oorrelation with zreen waight of etem (+ 0.79679). It
resultsd slmost entiraly from t-ho direct effect of the
charaoter iﬁoit {+ 0.35937) a» well as due to indireot
effect via number of tillers (+ 0.47271). The other effects,
via plant helght (+ 0.02536) and via leaf srea (-~ 0.06065)
were very snall and neglligible,

(b) Geeen weight of Jeswes and its components

1," Green weizht of lsares lant hed

Ths sispls correlstion between plant haight and
green weizht of leaves (+ 0.5 1515) was mainly dus to the
indirect effeot through leaf ares (+ 0,34148) than the
direct effect of the trait itself (+ 0,05549). The indirect
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effeot through number of tillers (+ 0.08094) and through
rumber of leawss were (+ 0,03724) positive and negligidle
in magnitude.

2. Gresn h egse v/s rusher of +i

The higlwet correlation cosfficient exhibited
anmong the characters or’thh group obtaired between green
weight of leavee snd nuaber of tillere (+ 0,70409)
couprised largely of the direct effeot of number of tillers
iteelf (+ 0.46279) supplementsd with the indirect effeot
via nusber of lesyss (+ 0.33207), leaf area (= 0.10037) and
indirect effeot through plant.height (+« 0,00960) were
very al;all.

. Graen wgight‘ of leswes v/s lesf ey

The direct sffect of leaf area was + 0,62573,
which only in part was manifssted by the simple correlation
coefficient (+ 0.51224) av the part of this was nmullified by
the negative indireot nrrcot/through number of tillers
(- 0.07357) and through rumber of leaves (~ 0.07%13). _
Negligible positive iudirect effect via plant helzht was
+ 0.03046.

4. Green walght of lewves y/s number of leaves

The correlation coefficient of these two traits
(+ 0,66597) was due to the Aireot sffeot (s 0.34994) ana
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the indirsct effect via number of tillers (+ 0.43929).

The indirect effeot through isaf mrea (- 0,13122) was
nezative and through plant height (+ 0.00793) was very
low and hance did not carry any appreciable weight towacds
the contribution of that trait to the manifestation of
the comparatively high correlation value.

The direot and indirect effects of plant helizht,
rusber o7 tillers, leaf area and number of leaves are
compiled in table 10 and the disgrssmatic representation
of path cosfficisnts are given in plate V,

Tha coefficient of dsteraination is another index
which is the fraction of complete deteraination of ore
variable for which the cause of angther variable is directly
i-apomiblu in a given system of related variables i,e.,
the eum of coeflicient of all such causse must be equal to
unity. Due to the complexity of the ehwmto_ra. corre=-
lation studies as well as path coefficient analyois may be
nisleading in finding out the aajor componsnte, unless
the volume of the effect is not determinsd. The residual
factor analysis gives the maznitude of the effect of the
causes under study and the effeot of external factors,
which could not be taken in to consideration,

The residual faefor analysis in the three sets,
vig, first order oomponsnte and the two sets of seoond order
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PABLE 10
oha direct and indirect relationships batween variables of the second

order components of totel dry matter ylsld (green weight of leaves and
and its coxmponents .

Veriables L Path coefficient
1. CUreen weight of leaves v/s plant helght r = + 0,51515
Direct effect 1’2.3 = + 0,05549
Irdirect effect vie no, of tillers Pz. 4r3. 4 + 0,09034
Indirect effect via isaf area ' PE.BPSJ = 4 0,34148
Iniirect effect via no., of lesven 92.6"'3.6 « + 0,03724
Total = + 0,51515
2, Green weizht of leaves v/a8 no.of tillers r e« + 0, 704093
Direct effect P2.4 « + 0,46279
Indirect effect vie plant height 92.31'3.4 = +0,00%960
Indirect effect via leal men Pa.5r4.5 « = 0,10037
Indircet effect via no, of leawes P2.634.6 w + 0.33207
Totﬂ. = 4 007“09
3. Green weight of leaves v/o leal area r « + 0.,51224
Diract effeot Pz 5 = * 0.62973

Inlirect effect via no. of tillere Pg. 41.'4.5 s = 0,07337 .
Irdirect offect via plant height PE.}I'3 5 = *+ 0.03046
Inlirect effect via no, of leacven P2.6r5 6 * = 0.07313

Total - + 0,51224
4. Green weizht of lesaves v/3 no, of lesves r = + 0,66597
Diract effect Pé 6 & + 0.34994
Irdirect effeotvim leaf area P2 5T5,6 = - 0.13122

Indirect effect via no, of tillers P2.4r4 5 = * 0.43929
Indirsct effect via plant haight 22.3"3.6 = + 0,00795

Total o - + 0,66597
5 Residual factors Py x = + 0.30242
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comporents, exhibited the values + 0,28026, + 0.30674 ant
+ 0,30242 respectively, revealing that more effects were
dus to the characters selected unler studies than those
which could mot selected for ths analyais,

L LA 2
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DISCUSSION

The success of brseder in improving a aaterial
depends on the existence and exploitation of genetic vari-
ability to the fullest extent. The observable variability
azong individuals, thua.‘ gets the prime luportance. The
break up of the phenotyplo variations gives the environmental
verlance and genotyplo variance., The estimation of genetic
variability alone is insufficient to zive ooaplete informetion
about the magnitude of laprovemsnt that can bhe achisved.
Therefore, the estimation of genetic parametree liks heri-
tability, genetic aivance and genetic gain are indespensable, )

Yery high genotypic and phenotypic variance was
observed in total green yleld followed by zreen weizht of
stem, nuaber of leawres, lsaf area, green weight of leaves,
number of tillera and plﬁnt height. Similar £indings were
aico reportad by Moore and Edwarde (1969) for healing date
and height in oats.

Heritability -

Heritadility, being the potentiality of an
irdividual to inherit a treit in to its offeprings, gote
the prime laportance, Hsritability indicate the stabillty
of genetic actions which enables to choome a proper 'bruding
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prograsae, In the prasent etudise high heritability values
were obtained for almost all charactere except prcent orude

\

protein content.

Petr and Frey (1966) observad high heritability
valuee In plant height, panicle length, healing date eto.
Jhagual ot g).(1970) fourd high heritability valuss for
deys to maturity, tiller nuabver, nusber of leaves, leaf lsnth
and breadth and atem/leasf ratio, “uchlbeuer ef al. (1971)
estinated heritability of plant helight and straw strength
ard fourd high valuse.

This iwply that selection in these choractere
based on the phenotypse would be meaningful..

Expscted menstic My arice ,

At oertain level of eeleotion pressure, the ehift
of a population towards the superior eide of genetic action
is aeant by genetic advance. Very high penetic aivance was
exhibited by total green y1eld and geeen welzht of stem,
while grasen weight of %he leaves, Dumber of leaves, leaf ares,
plant height, days to emergence of flag leaf, days to aaturity
and dry aatter yield had soderate valuse (at S per cert
level of selection preesure) which indicated that genetic
vatiation was mainly due to slditive gzene aotion (Panee,1%57).
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Genstic gain

The expsoted percentage of genetic advance based
on mean of character was hizhsst for green welght of lemwes
followed dy leaf area, total green yleld, rumbver of lsaves,
green weizht of etem and number of tillers. Phul et gl.
(1572) also reported high genetic gain in forage yield and
nusber of tillers,

Genetlc coefficient of variation

The magnitude of the genetic variation existed
in the characters, selected for studies, was estizated to
get the standardiged vmintion'in thess characters. |
Modsrately hizh genstic coefficient of vui&hn was ohserved
in green weight of leaves, leaf wrea, total green yield,
groeen weight of stem, nuader of leares and nuaber of tillers.
Phul st sl. {1972) aiso reported similar type of results
for forage yield and tiller nuaber,

Ths number of leaves, leaf. sres, number of tillers,
plant height and green weight of steam exhibited high valuss
of heritability, expeoted genetic alvance, genetic gain and
genetic coefficient of varifntion‘ and hence significant -
improvement can be brought about by exploiting these
characters threugh selection,

Correlation of characters u:l.th_ dry matter yield

To measure the extend of deperdance of the
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coaponents of Ary matter yield as well as their mutual
asscciation, the malysis of correlation coefficisnt is
the most efficient method, The phenotypic correlation
in almogt all characters, were slightly lower than the
genotypic correlation cosfficients, which proved the

lea=t environmental influernce,

In the present etudy fourteen plant characters
were analysed to find cut thair relationship with dry
natter yisld. Except thes per cent crude protein, all
characters exhibited high nignificant correlation with
dry matter yield. Dent (1957) also obzerved the non-
significant relationship between protein content and straw
yield in cultivated oats, Suthman and Marten (1972) also
megsured veriation for quality traits end found that forage
yield was corrsalated with plent height and healing date,

The correlation of dry matter yield with stes/leaf
ratio a3 well a2 with per cent dry weight showed negative
relationship, The per cent dry weight also ha! negative
relationship with dry matter yiela,

Relationahin bhetwesn first order components

Gresr weight of stem and green weizht of leaves
had high positive correlation with dry matter yield as well
as between thcmselves indicating that improvemant, if,
brought about in these two characters would positively
lead to ﬁig;b. dry nmatter yield,



Relationship betyeen ssoond order comporents

ds the characters of first order components are
not independent, being influenced by other morpholozical
characters, the nature of association between tham were
also worked out.

The correlation etudies of the morphological
cheracters like, plant height, leaf area, numder of leaves
and numder of tillers with that of green weight of. atem
and green welight of leawes indicated that the nuader of
leaves. hal less influence on the grun'woight of leaves,
whereas it hal high aignithﬁt relationship with green
weight of Stem;. ~Other three characters hal very high

correlation values.

3ince @ll these characters wers taken as second
order components the correlation between these in all
possible combinations were also worksd out, Tha result
showed that number of tillers and number of leaves had
high relationship £ollowed by the relationship of plant
beight and leaf ares. Plant height and number of tillers
were independent, since they had non-significant relation-
ship, Solanki et al. (1973) also reported a positive
association of green yield in oats with plant heizht ard
tiller number and leaf breadth,

In the present studies, all the four morphological
characters exhivited their importance in influencing the

-
o
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green weight of stea and lewves and their mutual relation-
ship, Hsnce further improvement can be expected by ilmposing
mors emphatis on these characters, while framing breeding

Progr anue,

Path coefficisnt snalysis

The correlation coefficisnt gives only a vazus
idem of the relationship betwsen Ary matter yield and its
ceuses, The path analysis suggested by Wrizht (1921),
discussed by Li (1955) and used by Durate and Mems (1972)
for the analyeis of first axd second order components
untangle the direct and indirect contributions of the

" yarious factors in building up of the main charecter.

i Pir der componen

The green weight of etea and leawss, being -
inzed iate causes of dry matter yield, were analysed for
their direct and indirect effects as the first order
oomponents., The green weight of the etem hal the higher
corralation ooefficient (+ 0.95113) than the green weight
of lesves {+ 0.52464). The partitioning of the correlation
indicated a high positive direct effect (+ 1.25606) of
gresn weight of etem, On the confrnry the direct relation-
ahip of the green weizht of the leaves was negative
(=~ 0.33133), but the indirect effeot via green weight of
stem was very high 'andrpcisitiye(i- 1.15597).
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Phul et gl. (1972) ip the path snalysis of.the
components of fodder sorghum fourd major rolss of etem
glrth and length and bhreadth of leawes.

The present analysis clesrly indicate that thw
role of green weight of lewves in increasing dry matter
yield was not &uo to its direct effeot but was due to ite
indirect effect through the zreen weigzht of etem. As the
photoeynthates are translocated fros leaves to etem, where
1t acoumulates to increase the dry aatter yield and henge
the influemce of green weiilt of leavee ehowing the indirsct
effect vim green weight of etem is justifiadle.

2e iagg order components

Arong the ncond' order ocomporents, only the
number of tillers, leaf area and nuaber of leavee hed high
direct effects on green weight of etem as well as on green
weight of learee. The rest of the simple awsociation of
the nuaber of tillers and number of leaves with graen
weight of etem as well as with green weight of leavee were
dlso mainly due to their indirect offoot;‘ through mmber
of leawee and nmi:cr' of tillers respsctively. The high
poeitive association of plant height and areen welight of
leavee was also mainly due to its indireot effect through
leaf arem, _
h The residusl faotor anslysis for the unknown
causes disclosed coaparatively low value to conclude that
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the impact of the external factors were xegligible,

Dewey and Ia (1959) also reportsd that the

plant eise hal significant positive effeot on fodder
yield in wheatgrass., Xoeing and Walter (1966) ohtained
significantly aizh relationship of leaf numbsr, and leaf
area towards green yield in sorghum. Naphade (1972)
found aajor role of the numbsr of leaves per plant towerds

the contribuation of fodder yield in sorzhum. Dahiym (1973)
‘ observed poeitive direct effeot of plant height, sten
thickness and dry satter yield on green fodder yleld in
sorghum; but the direct effeot of number of leaves and
leal ares wers nezative. Patel et gl. (1973) found that
the direct effeot of plant height, lenf area and length
of internode were ths major causee of fodder yield in
sorghun, Sharaa gt al. (1973) reported high direct effect
of mmber of tillers on fodder yield ir bharley. Solankl
et al. (1973) obtained maximum direct effect of height on
gesen yleld of oats.

Tharefore, number of tillers, leaf area =nd
 nuaber of leaves are to be considered as major couponsnts
for the inorease of greern weight of stea and leaves, which
we the imzedinte causes for ths accumulation of dry nluttu-
in oats, In eAdition, all these charscters showed high
heritability, expsctsd gometio advamcs, genetio gain and
genetic coefficient of variation and hence main emphasis
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has to be excerted for improving these three characters
which would not only improve the zreen waight of stem
and green weight ef leaves dut ultimately the dry matter

yi21d would bs snhanced,
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suHiaY

Present investigatlons were undertaken te |
svaluate the thirty two diversed varieties of omts for
their variadbility, heritability, genetic alvance, gzenetio
gain and gemﬂ.o cosfficiant of varimtion. Path
coefficient analysis of component charactsre of fodder
‘yield was also dene to partition their effects into
direct and indireot influences.

Experiment was conducted at the faras ef
Rajasther College of Agriculture, Ulaipur during the
 2abl seoson of 1975-76. The ealient findings sre
sumaarized below.

High heritability values wers obtained in
charactere 1like days to flag leaf emergence (99.696),
daye to maturity (99.631), otem leaf ratio (93.656),
nusber of leaves (96.029), leaf anglo (95,009), number
of tillors (95.285), leaf area (94.713), plant haight
(92.065), areen weight of stem (90.670), greon weight
of leawes (91.158), total dry matter yiold (91.506) amd
total green yisld (90.742).

High values of expected genetic alvance wers
obtained in total green weight (58.561), green weight ef
etem (62.013), green weight of leawes (36.769), number ef
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leawves (30.176), leaf srea (29.715), plant height (25.438),
days to flag leaf emergence (20.640), days to maturity
(20,326 ), and total dry matter yield (15.960), which indicate
the genetic variation was due to qﬂdiﬂn gere action,

The maxisus genetic gain was obssrved in green
welght of leavae (73.237) followed by leaf arem (56.325),
total green weight (54.526), number of leavee (53.833),
green weight of stem (53,550), number of tillers(%0.792),
total dry matter yield (46.543), etex/leaf ratio(33.749),
per cent ash content (26.712) end plant height (20.265).

The genetic ccefficient of variation was also
high fh the following obmactoro.‘@run weight of leavee
(33.,693), leaf arem (25,092), agreen weight of fma(z'r.zss).
total green weight (27.770), nuaber of lesves (26.672),
rumber of tillera (25.364) and stem/leaf ratio (13,950).

' The correlation betwsen dry matter yield and
all other fourteen characters wers worked out to get the
extend of relationship. Except per cent of orude protein
(= 0.10192) and leaf angla {+ 0,19921) exhibited high
significant correlations, Stem/leaf ratio and per cent
dry weizht hed negative relationship with dry matter yield,

Thes characters sslscted on the basis of the
parazetres of genetic variance 1like heritedility, expectsd
genetic aslvance etc. well as high significant correlatio
were analysed fbr correlation socefficient in all coazbinatic
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Aocording to the magnitude of the degces of relationship
the characters were grouped into firet order conponents

and second order conmponents for further analysis of direot

and irdirect causes.

Green weight of stem and green weight of loaves,
being the imsed iate causss for the accumulation of dry

aatter,wers taken as first order coaponents,

The direct and indirect effects ravealed that
graen weight of atem had much influence on tho dry matter
acoumulation since its divect effect {+ 1.25606) and the
indirect effact of weizht of leaves vie weight of stea
(+ 1.15597) were éery high, whareas the direct effect of
weight of leaves and {ndirect effect of weight of stem

via leaves were negative and low.

| She plant height, nuaber of tillers, leaf area
land nunber of lesves hal direot relationship on

weight of stem and leeves and hance wers nlcotof“n
order components, Its possible direct and mdiruu:'c:.::n
on both the first order coaporents revealsd that ls )
hal more influemce (direct effects on green weight

wes + 0.29022 and on green weizht of leaver

than the other three characters, becaune 1ii

was highor then that of ths correlation oot
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leaves (30.176), leaf srea (29.715), plant height (25.433),
days to flag leaf emergence (20,640), dsys to maturity
(20,326),and total dry matter yield (13,960), which indicate
the genetic variation was due to qddttivl gexne aotion,

The maxinum genetic gain was observed in green
weight 'of leavee (75.237) followed by leaf srea (56.325),
total green weight (54.526), x;umbor of leaves (53.833),
green welght of stem (53.550), number of tillers(50,792),
total dry matter yield (46.543), stem/leaf ratio(38,749),
per cent ash contsnt (26.712) and plant height (20,265),

The genetic coefficient of variation wes also
highih the following charactere.creen weight of leares
(33.683), leaf area (28,092), green weight of ;tn(27.283).
total green weight (27.770), nuaber of leavee (26.672),
nuzber of tillere (25,364) and etem/leaf ratio (18,9500,

The correlation between dry matter yield ard
all other fourteen characters were worked out to get the
externd of rslationship, Except psr cent of orude protein
(= 0.10192) and leaf angle (+ 0.19929) exhibited high
significant corrslations., Stem/lsaf ratio and per oent
dry weight had negative relationship with dry aatter yleld,

The characters selected on the basie of the
parazetree of genetic varience like hsritability, expscted
genetic alvance etc. as well as high significant correlation,
were analysed rbr correlation coefficient in all combinations,
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Jooording to the magnitude of the degree of relationship
the characters were grouped into first order components
and secend erdor componente for further analysis of direot

and md:b.‘qot causes,

Green weizht of eten and gzreen weight of leaes,
being the immediate causss fer the accumulation ef Adry

matter,were taicen as first order components,

The direot and indirect effeots revealed that
green weizht Sf eten had much influence on the dry aattor
sceumulatien since ite direct effeet (+ 1.25606) and the
indirect offect of wlghﬁ of lsawes viz weight of eten
{+ 1.15597) were very high, whereas the direot effeot of
weight of leaves and indireet offect of veizht of eton

via leavee were negative and low. .

' The plant heizht, number ef tillere, leaf area

" and pusber of leavos had direot relationehip on green
'wo.i.ght of stem and leavee and hence were eslected as seeond
order oomponante, Ite peeeible direot and indireot sffects
en both the firet order eomponents ravealad that leaf w'ed
had more influence (d.trnt effeete on groen vught tenm.
. Wwas + 0.29022 and on grun \uight of 10!'0. wes +0.62875)
than the ether three characters, beesuse 1t{u direet effe0t
was higher than that of the correlation eoul:ﬂolcnt values,
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Humaber of.tillora and mmber of lesves alsc had high
influence on inoresss of een welight of stem and leawes,
but plent hoight hal comparativaly low direct sffect as

the part of itas mimple as=ociastion with the othar characters.

Ths conclusions based on the snalysis were good
enouch to decide that expectations on higher yield could
5e fulfilled by concentrating ocur selection efforts mainly
on theze three charastersz i.e.,leaf srea, numbsr of tillere

and nuzbar of lecves,



BSIBLIOGR APBY

Al~Jibouri, H.4A, 3 Miller, P.A, and Robinson, H.®, 1953,
Gerotypio and envirommental variancee and
covariances in upland cotton crosses of inter
gspscific origin. MAgron, J. 503 633-537,

Allard, R.W. 1960, Principles of Plant Dresding. John
Wiley and Sons, Inc,, Few York.

Anderson, L.J. and Ksufsan, M.L. 1963. 4 study of ost
varieties for use as .nlﬂm. g_ﬂo _lIo Elms §_Q_‘-.o
453 157"160. '

i Bhlg:llll ?bh!.'l, K.L., and hti\f‘r. D.S. 1970. Heritable
and non haritable variations in foddar oate.
SASRAOC Kewsl. 2t 31-36,

Bohra, R.X,; Jain, M.B. and Chalcevarthy, 4,%X. 1969,
Estimation of a procedure for asssesment of forage

production in a pasture of Cenchrys cflieris I.
Iﬁdiln _II. m- &_&o 39= 201"215-

Burton, G.W., and Devane, .M. 1953, Estimation of heritability
in tall fesoue. JAgron. J. 45: 478-481,

Caapbell, AR, and Frey, K.J. 1974. Inberitance of stras
protein contsnt and ite association with other traite
. in inter specifio oat orosses. Zuphytica, 23: 369-377.

Carloton, A.BE. and Poote, W,H, 1965. 4 comparison of method
for setimating total leaf area of barley plants,
Qgg_n_ Sci., 5: 602-603,

Crowlen, L.V.; Lotere, J; Fransen, J. and RKrull, C.*, 1967.
Ost protein production in cool tropice e» represented
by Columbia, Azron. J. 59 3 80-82,



66

Dahiya, R.Ps 1973, Cvaluation of sorghum germplasa for
fodder yleld and quelity unler irrigated arngd ary
fxeaing conditions., Ph.,D, dissertation, H.A,U.,
Hisewr.

¢ Dent, J.¥. 1957. The ohemical composition of straw and
grain of some varieties of spring oats in relation
to tine of hacvesting, nitrogen treatasnt and |
envirorment, J. sgrig. Sci.(Csmbridge). 48 3 336-346,

Dewey, D.R, and Ia, K.H, 1959, A correlation and path
coefficient analyeis of componsnts of orestsd wheat
grass seed production., Agron. J. 51 3 515-518,

Durate, R.A, =nd Adeas, M.¥, 1972. Path cosfficisnt analyeis
' in some yleld component inter relations in field
beans, Crop Sci. 121 579-5%2,

® Pisher, R,A, 1918, The oorrslation between relatives on
the supposition of mendsllian inheritance. Irang, \
Roy. Soe, Edinburg. 523 399-433.

* Fisher, R.A, 1954, Statistical methode for Researoh Worksrs.
. 12th Edn, Blological monograph and msgnusls. 51 130131, P

Fister, L.J. and Yowler, D.B. 1975. Predicted value of whole
plant cereals. m.io M ,&‘to 551 975=936,

Folkine, L.P. and Keufaann, 1974. Yield and morphological
etudies with oate for forage and sgrain production,
Can, J. Plant Soi. 54: 617=-620,

Fonesoa, S, and Pattsrson, ?.I. 1953, Yield componente,
heritability and interrelationship in winter wheat,
Crop Spi. 831 614-617,

* Galton. 1889, c.f. Statistical methode for Ressarch Worlkers
by Pubr. RoA, 1954, Oliver and Boyd Ltd, ,london, 209,



George datt. 1389, A dictionary oY the economio products
of Indis, Cosac Publicatioms, 2nd reprint, 1972,

Gupta, V.P. 1571, GSelection criteria for improving green
fodder gquality in pearl aillet. Indign J, Genet.
31 3 283-239,

Hunt, L.4, 1966. JAsh and ensrgy content of material from
7 foraze zrasses. Crop Sci, 6: 507-509.

Jain, 7,0, and Misra, D.,K, 1966, Method estimating leaf
scea in crop plents, Iniign J. Ageon, 11: 230-283,

Johnson, R.W,; Robinson, H.,P. and Comstook, R.B., 1955,
' -Getizmation of genetic environwental variability in
soybean, Azron, J. 47: 314-318,

Johnson, il,¥.; Robinson, H,P, and Comatock, R.B, 1955 b,
Gsnotypic and phenotypic correlations in soybean
and their implications in seleotion, Agron. J.
471 477-482,

Kmifparn, M.D. 1961, Yield maturity relationship in oats.
Can. J. Plant Soi, 41: 763=-771.

Feapthuorne, O, 1957, An introduction to genetical statistics.
John Willey ard Sone, Inc,. New York, pp 28%,

Ellcher, M,R, and Trolssn, J.E. 1973, Contribution and
nutritive value of the major plant couponsnts of
cats through progressive stages of development,
Can, J, Plant Soi, 531 251-256,

* Kirk, L.8,; Davidson, L.G, and Hasilton Stella, K. 1934,

Cereal grain crops for annual pasture, Sei. Azic.
14: 569-580. -

~3



6&

* Ineing, R, and Walter, T.L. 1966. Correlation ’and path
ooefficient analyeis of oomponents of yield in grain
sorghum. Annual neeting of the JMmerican Soclety of
Agroncay held at Oklahoma State University. 10: 21-26,

Li, C.C., 1955, Population genetics. The Univ. of Chicago
Press, Chioago and London, 144-171.

# Iush, Jel's 1949, Animal &'.Odins Plans., Iowa State Univ,
Press, h‘a.. Tows. PP 473.

Mayer, J.H.; deir, W.C.3 Jones, L.3, and Hull, J.L. 1957,
The influence of stage of maturity on the feeding
value of oat hey. J. Aniy. Sci., 163 623-632,

#* Moore, C.L, and Edwards, L.H. 1969, Gspetic variance
estination in threse winter oat populations.
Agron, Ayst, Matison. 1368. p. 15 Avst,

Machlbauer, P.J,; Marshell, K,G, and Hi1l, R,R, Jr. 19M.
Combining ability, heritability and oytoplesnic
effeots in oats. Crop Sel. 11: 375-373,

Naphade, D,3. 1972. Correlation and path cosfficient analysie
- for charscters contributing to fodder yield in sorghum.

Indian J, agri, Soi. 42: 709-719,

Riles, H.B. 1922, Corrslation, oausation and Wright's
tghoory of path coefficients., (Censticy. 7: 253-273,

Kilee, #.Z. 1923. The method of path ocoeffiolent, an answer
to Wright, GJeneticg., 81 256-260,

}1011.:‘. 0.3.3 Stlllonl. H.C.l M“tz’ F. A, .m H’-ll. Do Lo 1959,
Digestion studies with oat silages using a naw
Fecal oolleotion teohnique. J. Aniw, Soi. 18: 671-574

Panes, V.G, 1957. Gemetice of quantitative oharacters in
rslation to plant breeding, Indign J.0enst. 17:318-323



69
Panse, V.G, and Sukhatas, P.V, 1961, Statistical methode
for lsricﬁltnrll worlers., I.C.AR., New Delhi,

Patel, X.C.; Dabholkar, A,R.; Teland, 5,%, and Baghel, 3.S.
1973, Components of fodder yield in sorghum,
Indim !.. m- &-. "' 602-6030

Peerce, R,.8,; Drown, K.d. and 3laser, R.9. 1967. ‘Photo-
syntheeis in plant comnunities as influenced by
leaf angle. Crop Sgi, 7s 3R1-324.

Petr, ¥.0. and Frey, K.J. 1956. Genotypic correlation
doainance and heritability of quantitative characters
in oats., Crop Sci. 63 259-262.

Phul, P.S.; Avora, X.D, and Mehndiratta, P.D. 1972, Cenetis
variability correlations and path analysis of fodder
yield and ite coaponents in eorghum. J. Reg.
Iudhisna. 9: 422427,

Phﬂl. P0303 thm:l.rlttl, PeD, and Mammohan Bingh.1972.
Quantitative varisbility in folder oat. JIndign
d. agric. Sel. 421 562-564.

Sehmidt, D.R. 1962. Iry matter and nitrogen content of oats
harveetsd at various stages. Agron. J. S4: 8-10,

Sestak, Z.; Castsky, J. and Jervis, P.G. 1971, Plant photo~
synthetic preduction., Henual) of methode., 517=546,

Sharna, R.0.3 Bhatnagar, 3.!4,; Bhatnagar, V.X, and Bhargera,2.D,
1975. Cath coefficient analyeis of grain and fodder
yields, and esleotion indices in 6 row barley.

Ardisn J. agric, Sgi. 431 330-335,

Smith Dale, 1950, Yield and chemical composition of oate
"for forsge with aivarced maturity, Aeron, J.
52' 63?‘658.



70

Snell, ?.D, ard Snell, C.7. 1936, Colourimetric wsethods

of analysis, D. Van Nosatrand Co, Inc,, New York,

Solanki, X.R,; Parcds, R.3. and chﬂﬂdh"’. 8.5, 1973,

Componsnte of gresn- fodder yield in oate (Aeeng
sativa L.). H.A.U. J. Res., Higsar, 33 20-23,

Sutl!ln. D.D. and H‘t.n. @¢.0. 1972, denetic variation in

Zanner,
* Turkey,

Turner,
| Wright,
Wright,
Weight,

deight,

yleld and quality of oat forage. Orop Sei.
123 831-3833,

J.H.3 Gardner, K.C.; Stoskopf, K.C. snd Reinburgs.
1966. Some observations on up right leaf typa small
gr.'l.‘l.n'. 9_‘_‘;- .Ila M &o 463 690.

Joa 1954, causation, segregation and path enalysise,
Statistics ard aathematics in blology. Iowa 3tate
Coll., Eress -Jase. Iowa.

M.B, and Stevens, C.D, 1959, The regression analyais
of caisel paths, 3Biosetrigs, 151 236-253,

8. 1921. Correlation ard causation., J._4Agric. Res,
20: 557-585. - '

S. 1923, The theory of path oosfficient a reply to
Kiles criticisa. Jenstics, 831 239255,

S. 1934, The method of path oosfficient. .Ann,
Math, Statist., 5: 161-215.

S. 1960. Path coefficient and complomentary
concepts. Sioastrics, 161 189-202,



. Appendix I

71

Analysis of veriance for days to flag leaf energence

Source of

vaciation d.fe . 338 M33 4
Replication 3 11.00 3.67 3.0474 ¢
Toeataent 1 12531.00 404,23 335.6555%+
Error 93 112,00 1,204

Total 127 1265400 '

* SIgnificant at 5 per oent level.
*% ‘.Signl.ﬁclnt at 1 per cent level.

CueDe at 55 - 1.5“‘

lppendix II

Anslyeis of variance for days to maturity

Source of

vu-_i.ation d.%, 83 4SS 4
Replication 2 2.00 . 0.67 0.5372
Treatnent " 12152,00 392,00 %14 .2783%%
Erpor 93 116.00 1.247

Total - 127 12270, 00

## Simnificant at 1 per cent level,

C.D. at 5% = 1,572
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. Appandix I
Analysie of veriance for daye %o flaz leaf energence

f:ruii’agi A, . 33 M33 1
Replication 3 11.00 3.67 3. 0474 ¢
Treataent .3 12531.00 400,23  335.6555%#
Rrror 93 112,00 1.204

Total 127 12654,00

» Signiticant at 5 par cent level.
*%+ Significant at 1 per cent level,

cono .t 5% - 1.5“

sppondix II
inslysis of veriance for days to aaturity

Source of

variation d.f, 83 Ms9 »
Replication 3 2.00. 0.67 0.5372
Treatnsnt C31 - 12152,00 392,00 314.2783##
Error 93 116,00 1.247

Total 127 12270, 00

a% 3igmificent at 1 per cent leval,
CDe at 5; » 10572
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ppamdix 1IX
Analysis of variance for plant heisht

Source of

Fariation.s a.r. S8 M3s ?
Replication 3 374.00 124,67 J3.0722%
Treataent 51 15846.48 - 511.19 12,5968 %#
Eeror | 93 3773.60 40,59

Total 127 19994,08

* Significant at 5 per aent level.
** 3ignificant at 1 per cent level.

C.D, at 5’ - 8.957

Appendix IV '
Analysis of variance far rnumber of tillers

Source of

variation d.f. 33 M3S »
Replication . - 44,78 14.93 Be 7309 %4
Trdataent n 1130, 36 36.46 21,3216
Error .‘ 93 153,74 .71

Total . 127 1533 .88

“* Signifticant at 1 per cent level,
C.D, at 5% = 1.803
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Appendix V
Analyeis of variance for nuaber of lesves

Sourae of
variation 4.%. . ss M3SS )
Replication 3 154 .61 51.54 1.35922 .
Treatment 3 28379.12 931,53 - 25,1642%»
Error 93 4 3-_ Q9 51. 02

Total 127 32476.82

»e Significant at 1 per cent level.
c ono .t S$ - B. 536
Appendix VI
Malyais of variance for leaf angle

Source of

varietion d.f. 33 M35 r
Replication S 23.79 9,60 4,4959%=
Treatment . 3 1517.53 42,50 19,.8593#»
EBrror , 9% 199,01 2.14

Total 127 1545.33

*% Significant I.t' 1 per cent level.
CeDs at 5’ - 2.“9



74
Appendix VYIIX
Malysis of variace for leal area

Source of

variation d.L. S3 M3S
Replication 3 262,10 87. 36 1.1770
Srror 93 6502,93 74.22

Total 127 35921. 70

#* 8ignificant at 1 per cont level.
C.D, at 5% = 12,1002

Appendix VIII
Aalynis of variance for green weight of stea

Source of ]

variation de2e 33 MSS r
Replication 3 5340, 97 1780, 32 4.5276%»
Treatment 31 135674 .8 4403.86 10.71754»
Error ). 39257.7 411,37

Total 127 170273.,49

** Gignificant at 1 per cent level,
CeDe at 5’ - 23.‘1’
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inalysis of variance for green weight of leavees

Source of
variation d.f, 83 H38 r
R.pli@ ation % 305. 17 101, 72 1.0014
Treatment 31 33911. 72 1093.93  11.1773%»
Total 127 43300,57
% Jignificant at 1 per cent level
CeDe at 5% = 13,9799
_ Appendix X

inalysin of variange for total gresn yleld
Source of
variation d.f, 33 MS3 r
Replication 3 2053, 31 656,10 0,8255
Treatment 31 278283, 11 8976.87 10,8021 %=
Erreor 93 77295, 77 831.03
Totel 127 357627.19

s* Significant at 1 per cent level,
C.D. ‘t 5* = 4004?73
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Appendix XI
inalysis of vaciance for etem weight/leaf weight ratio

Source of .

Val;'iltion dofo 38 M33 »
Treatzent 3 30,2812 0.9768 T.6312%%
Error 93 - 11.9349 0.0128

Total . 127 43,6278

+ Signifioant at 5 per cent level
** Significant at 1 por cent lsvel.

C.Ds at 5% = 0,2049°

dppendix IXII
inalyeis of variance for total dry natter weight

Sourice of

variation d.L, - 3 M33 ¥
Replication 3 7 96,43 32,14 0.9343
Treataent 34 12555.47 405,01  11,7735%*
Error 93 3999, 32 34.40

Total 127 15954,22

*#* Significant at 1 per cent level
C.D, at 5% = 08,2330



Malysis of variance of psr cent dry welight

Aorendix XIII

Source of

variation i P 38 M358 P
Replication 3 11.50 383 0.3075
Traatnanty 31 1168, 02 37.63 8,928g %
Brror a3 392. 69 4 022

Total 127 1572.21

#% Significent at 1 psr cent level

CeDs at S* ]

Appendix XIV

2.8773

fnalysls of veriance for psr cent crude protein

Source of :

variation 4.2, 83 ¥3S P
Replication 3 6.4799 2,1600 0.B56
Treatment 3 275.9311 23,8994 3,2412%%
Brror 93 255.3536 2. 7457

Total 127 537, 7146

2.7256

& Significant at 1 po}: cent level
C.D, at 5% L
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Appendix XV
inelysis of variance for per cent ash content
Source of
variation d.L. 53 M33 ¥
Replication 3 3,666 1,222 0.4559
Troatment n 362.520 11. 704 4.36T2%»
Teror 93 249,304 2,680
Total 127 615.790
*% Significant at 1 per cent level

-coDo at 5% =
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Appendix XVI

Gsnotypic and phenotypic covariances between 4ry matter yisld
' and the other characters

0 . ' Dry matter vi
harscters Genotyplo Fhenotypic

1. Daye to flag leaf emsrgence + 27.4413 + 27.5011
2. Dgys to maturity + 32,1516 + 32,3030
3. Flent height + 62,5001 + 63,8342
4. Nusber of tillers + 22,5307 + 22,8531
5. Kumber of leawes +101.2145 + 103, 3017
6. Isaf angle + 6.1014 + S5.M422
7. Isaf area . + 44.441 + 47.0592
3, Grecn weight of sten +289.4 347 + 3NN
9. Grson weight of leaves +125.4771 + 139,2064
10, Total green yileld +407.2814 + 435,0627
11. Sten/leaf ratio - 1.2723 - 1.1M7
12. Per oent dry weight - T7.1315 - B,35%
13. Per oent crude protein e 1,2173 -  0,9664

14. Por cent 'uh content ' + 44,9073 + 4,014




Appendix XVII
Ganotyplc ard phenotypic covariances in all possible combinations of the characters selected for

path coefficienit analysis

Dry matter Green weight JGresn welght Plant Xumder of Isaf Kuaber of
yisld _ of eten of leaves height tillers area leawves
mglgattor (3) + 229.4347 + 1254171 + 62.5001 4+ 22,5807 + 44.4341 +101,2145
y z
{r) + 311.T175  + 139.2364 + 63,9542 + 22.8331 + 47.0532  +103.3017
G?.f weight(G) + 459,.5028  3179.6929 4+ T7.921 +125.1527 +376.4216
of etem x )
(?) + 496, 7246 + 157.2844 + 78,6627 +135,921% +33%4.61%9
Green weight(G) + 83,2315 + 32.8185 +119.9465 +157.3102
of leaves x
(P) + B87.9046 + 32.38%4 +126,6019 +163.72%4
Plant height() + 5.,5992 + 87.3055 + 17.2573
x
(P) + 5.3228 5 SS.1794 + 17.7542
No., of (@) L 68,9735  » 41.8667
tillers x
(p) - 6.9879 + 42,6295
Isaf area (G) x - 46,3153
(r) - 44.8047
Fo. of . (G) x
leaves (P)

08



