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CHAPTER I

INITRODUCTION

A judicious and successful breeding programme
often requires atleast three distinct types ef infermation,
Firstly, it is desirable for the breeder to have a sufficient

knowledge of the nature and magnitude eof variation in the availableg
collection, so as to ensure proper choice of the initial material. z
In case, ample variation does not exist in the collaction at hand,
it 4s but futile to attempt any improvement by selection before i
enhancing variability by some means or further enriching the l
collection. Secondly, since variation in any character (s) may be
due to both genetic and non-genetic or environmental factors,
4t is further necessary to assess the centributiocn of genetic
facters and thus determine that part, which is amenable te
selection. Thirdly, a knowledge of the association of characters
i3 often helpful and at times imperative.

The ultimate aim of a plant breeder is to obtain
high yield., But yield is a very complex character depending upon

(1) interaction among several quantitative characters within
a plant as well as (2¥ interaction of the genetype with the
environment in which the plant grews. Direct methods te evaluate

or select this character is eften very difficult and therefora,
seleactiocn may be facilitated by determining the existence of
assoclation ef less variable characters with vield,




Accordngly, numerous investigations in this
country and abroad have sought to provide such information as

aids to breeding of various crops. No attempt has yet been made

!
in this direction in Ragi (Elensine coracana, Geertn) - an important:

millet crop of India. Hence, the present investigation was.
undertaken to obtain such basic information regarding quantitative
characters, supposed to have direct or indirect bearing on yield,

in Ragi varleties of Orissa and neighbouring States, The specific

objécts may be stated as followsi-

(13 to estimate the magnifude of genetic variance in the collec-

tion of Ragi varietiesy (2) to determine heritability of

different characters, and phenotypic, genotypic and envircmmental
- correlations between bairs of characters and (3) to select certain

characters as indicators of high yield in this crope.

————




CHAPIER Il

REVIEW OF LITERATURE

I, VARIATION AND HEBRITABILITY:
The quantitative and analytical study of factors i
concerned in variation owes its origin to Johannson (1909), who
demonstrated that both heritable and non-heritable factors con=-
tributed to variation in segregating populations and that variation

in pure lines was entirely environmental. This observation was :
i
subsequently confirmed by Nilsson-Ehle (1909) and Bast (1916) and

thus provided the first method for estimating the magnitude of 1
relative contribution of environment and genotype to the total
variation.

3ince then several workers (Powers, 1936 and 1942;
Hutchinson, Panse and Govande, 19383 Charles and Smith, 1939;
Panse, 1940; and Hutchinson, 1940) have tried to assess as precisely
as possible the nature and magnitude of the genetic and non-genetic
components of variation in different plant specles and to further |
resélvo the genetic part of varlance into other components. The

amount of variation 1s usually messured and expressed as the

variance, which 1s the mesn of squared values of individual

deviations from the population meen, Denoting the phenotypiec,
genotypic and environmental variances by the symbols Vp ) Vg & ¥,

respectively, the relationship among these varisnces can be

expressed as Vp = Vgt+Vq
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As early as 1918, Filsher suggested that the genetic
variance (Vg) itself was contributed by three distinct components:
(1) that due to additive effects of genes, (2) the deviation from
the additive scheme due to deminance and (3) another part of the
deviation from the additive scheme attributable to inter-allelic
interaction.

Methods for estimatlon of the relative magnitude

of these components of genetlc variance have been further elaborat-
ed by Fisher, Immer & Tedin (1932), Hutchinson, Panse and Govande
(1938), Panse (1940), Hutchinson (1940), ILush (1948), Mather(1949)
and others. I

| Using the symbols VA , V and VI to denote the ‘._
additive dominance and interactlion components of genetic variance i
réspectiveih the total varliance may be expressed as the sum of
the components as follows:

% = ( Yd-y?g-\-vx )+ Ve
]

However, the relationship of the total vsriance
to its components is not so straightforward as indicated by the
| above equation. Falconer (1960) points out that certain factors
like genotypic - environment correlations and interactions between
genotype and environment as well as between pairg of components |
of genotyplc vsriance not only render the relationship shown
| above more camyleX, but also coutplicati the precise

and undbissed ‘

estimation of the components of variance., This would explain the

discrepency that is often observed among the estivates of component(s)
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of variance of a particular trslt elther obtained by different

metho’ds or worked out by different investigators, :
One of the main objectives of partitioning of ,’
total variance into components 1s to know that part which is !
heritable and hence amenable to selection. lMich of the work on f
variation of metric or quantitative traits of direct or indirect :
economic value is in fact aimed in this direction il.e. the I
determination of heritability of economic traits. In a broader |
sense, the formula Vg/Vp or Vg/ Vg+ Vy has been taken to |
denote heritsbility (Burton and Devane, 1953).

However, as proposed by lush and Panse the ratio
of additive genetic varlance to total varliance is a true measure
of heritability. Robinson, Comstock and Harvey (1949) used a
method involving estimates of components of variance through a
study of biparental progenies to measure her:ltability in corn.
Warner (1952) presented another method of estimating heritability
from the varlances of three segregating populations. The method
has the advantage of not requiring an estimate of environmental
or of total genetic varisnce, Heritabllity estimates were also
calculated by many plant and enimal breeders in order to Improve
the efficlency of selectlion of superior genotypes (Panse, 1940;

Iush, 1949; Robinson et. al.._, 18493 Mehmid and Kramer, 19513
Burton, 1951; Burton and Devesne, 1953; Webel, 1956; ana others), |

Robinson, Comstock and Harvey (1949) calculategq
heritsbility values for different characters in corn snd obtained
high heritability values for plent height, ear height, hugk

extension and husk score and low values for nusber of ears per
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plant, ear length, ear diameter and yleld. Low heritability was
obtained by Burton (1951) in Pearl millet for effective tillers,
plant height and number of leaves, while high values of heritabie
1lity were obtained for stem dlameter, head length, maturity date

and leaf width., In rice, high heritability values have been i
estimated for plent height, panicle length and flowering period
(Nei and Syakudo, 19573 Syakudo and Kobori, 1957; and Toriyama 1
end Futsughura, 1958). Sakal end Niles (1957) however, obtained
a high heritability value for plant height but a low value for
panicle length.

Heritability estimates for different characters
in wheat were calculated by Sikka and Jain (1868). They observed
low heritability for grain yield and number of ears pei' plant =anad
high values for characters like number of grains per ear, 1000-grain
weight and earing date. Murthy and Sethil (1961) in their studies
on varisbility in Barley recorded higher values of heritability
for 250-grain weight, ear length, number of days taken for ear-
emergence and plant height. lLow heritabllity estimstes were
recorded for number of ears per plant and yield. Low heritability
values for yleld were also obtained in case of meny other crop
plants ( in wheat by Davis et. al., 1961; in soybean by wae:
snd Moorthy, 1982).

In sorghum, Vishnu Swarup and Chaugale (1962)
ohtained lower heritability .estimatos for stem diameter, panicle
weight, grain yield, sugar content and resction to stenm borer.

Yields of grain snd fodder were found to have a high heritsbility
]

e e i - o e e
ey e —
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but the values were lower than those for some other characters
like plant height, leaf number, length of pednncle, length of
panicle and HCN-content.

Apart from the use of partitioning of total
variance of a metric tralt in plant breeding, the other aspects
of variation like its range of variability and genetic coefficient
of veriation have also been studied as an aid to the planning of
breeding programmes of different crop plants ( wallan, et.al.,
1955; Frey, 1980; Philipp, 1960 and Vishnu Swarup and Chaugale,
1962).

TI., CORRELATICNS:

The asseciation between two or more variables
1s usually determined by calculating the correlation ceefficients.
Phenotypic and genotypic cerrelations are usefgl in plahning
and evaluating breeding pregrammes.

Several workers in India and abroad have
calculated the correlations for different pairs of characters
in different crops. Séme pertinent reports relating teo the

correlations ef the characters studiod under the presont
investigation are given below:




Bumber of days for panicle emergence and other plant characters:- |
Working with rice, Vibar (1920) noted that flowerin&
duration was positively correlated with the yield of grain. Fronm
his extensive studles at the Central Rice Research Institute, .
Cuttack, Katwe (1958) found that dquration is feebly correlated
with yleld, ear bearing tillers and sterility. But Bollich( 1957)

obtained a negative correlation between flowering curation ang
grain yield.

Goulden snd Elders (1926), from a study of
characters of wheat varietles influencing yield found that the
date of heading was most highly correlated with yileld. A positive |
correlation has also been reported in wheat by Hayes, Aamodt ang
Stevenson (1927), Immer and Ausemus (1931), Bridgford and Hayes
(1931) and Moussouros and Papadopoulos (1935). However, in the
same crop, Tsn (1945) failed to find any correlation between
duration and yleld while Chinoy (1947) reported a negative
correlation between the two characters. In =n attempt to determine
sultable index as an aid to breeding for high yield in sestivum
wheat, sikka and Jain (1968) observed a low and non-significant
correlation between earing date and grain yleld, The correlations
obtained between earing date and ear number, and earing

date anqg
1000-grain weight were negative and non-significent,

Positive correlations between duration and ylelgq
were also recorded by Immer and Stevenson (1928) in oatg end

Fluzat and Atkins (1953) in Barley. In Sorghum,

Rengaswami
Ayyangar et, al,

(1935) found that duration was highly negatively

e




correlated with yleld. Similar results were also obtained by
Joshi, Ramanujam and 3isodia (1961) in Linseed and Murthy and
sethi (1961) in Barley.

The correlations between duration and other
plant characters have been reported by several workers. Ramish
(1933) in a few cases of rice found a positive correlation
between duration and height, while in other cases negative
correlations were obtained., Syakudo and Kobori. (1858) reported
positive correlation between these two characters. In wheat, a
negat'ive‘ correlation was obtalned by Bridgford and Hayes (1931).
Burton (1951) in Pearl millet found that heading date was
positively correlated with leaf number and negatively correlated
with plant height., The correlation calculated with the length of
internode was of a low order. Vishnu Swasrup and Chsugale (1962),
from their studies on genetic variability in sorghum found the
number of days for panicle emergence to be positively correlated
vith plant height, stalk diameter, number of leaves, seed weight
and fodder yleld.

Height of plant and other characters :-

| | studying correlation of characters in wheat,
Iove (1912) snd Hayes, Immer and stevenson (1927) reported a
positive correlation between plant height and yleld of grain.
But Immer and Stevenson (1928) did not find any relation between
these two characters. Stewart (1931) found that the height of

culms and number of culms were correlated but the value was not

significant, Ten (1945) obtalned a highly significent correlation




of height with the length of earhead and graln yield.

Gangull and Sen (1941) found height to be
significantly correlated with panicle length in rice. Ramish
(1953) also obtained a positive correlation between plant height
and yleld; and helght and ear length,.

Whitecomb (1913) and Robertson and Koonce (1936)
observed positive correlation between height and yield in barley.
But studles by Kiesselbach and Webster (1940) did not indicate
any association between the two characters, while a negative =nd
significant correlation was obtalned by Choubey (1952).

Positive correlations between plant height and
yield of grain have also been reported in sorghum by Patel ( 1923),
Patel and Patel (1928), Kottur and Chavan (1927, 1928), Martin
(1928), Kulkarni (1932), Venkatraman =nd Subramanyam (1933) anqd
Kolhe (1951); and in Soybesn by Weatherspoon and Wentz (1931)
and Weber and Moorthy (1952). An appreclable positive association
vas also recorded by Robinson, Comstock and Harvey (1951) in Cornj
Burton (1951) in Pearl millet; Murthy and Roy (1967) in maize;
Khem Singh G111l eng Gursham Singh (1958) in linseed, and Vishu
Svarup end Chaugale (1962) in Sorghum.

Vishnu Swarup and Chaugale (1962) have algo fonnd
height to be correlated w:.ﬁh other characters like stalk dlameter,
number of leaves, sceq weight end fodder yield in sorghum,

Tiller number and other characters:~-
~ Number of tillers is one

| of the most important
ra%%rs in determining yield. In rice,

Jacobson (1916) Teported

T ———




| -positively correlated with the number of tillers. A feeble coe

1

that varieties with profuse tillering produced more gralns per i
plant than poor tillering ones. Findings of Copeland (1924), |
Mahalonobis (1934), Rao (1937), Grant (1941), Genguli and Sen
(1947), Ramish (1953), Brown (1953), Alim (1957) and Katwe(1957) 1K
are in confirmity with the sbove obserwation. Ting (1936) con-
cluded from his Investigations in rice that tillering capacity

was the most important yield component and average panicle weight

which seemed to be composed of length of ear and number of seeds

per panicle, was next to it. Rao (1937) and Ramiah (1953) obtained
negative correlation between tillering and penicle size. Alim |
and Sen (1957) found that the yleld of the spring paddy was |

rrelation between the two characters has also been reported by
Katwe (1957).

- smith (1925), who studled a series of wheat
varieties over a nuzmber of years did not find any consistent
correlation between number of ears per plant and yleld. He,
however, found a close relationship between tillering and ylela
in some years. smith (1937), working on vulgare wheats found
that the number of ears snd grain weight were highly correlated.
Simlote (1947) found that the number of tillers at harvest yas

closely correlated with number of ears and weight of stray and |
|

| positively, but not significantly correlated with 100-grain weight
Csukly (1954) and Sikka end Maini (196€2) report that esr pumber md |

ear weight have greater Influence on yleld than the nunmber of
tilhra.




In Oats, significant negative correlation between
tillers per plant and yleld per panicle was obtained by Fore and
woodworth (1933), However, a high and significent positive corre-
lation between tillering and yield has been recorded in barley
by Choubey (1952), sSandfaer (1953), end Murthy and Sethi (1961);
and in corn by Robinson, Comstock and Harvey ( 1961).

From a preliminary study on the relationship of
population aﬁd yield in Ragi, Samathuvam (1961) observed increased
y;‘ield with a wide spacing =nd attributed 1t to a greater number
c;f tillers produced by a pleant. Thus he indicated the existence
of a possible correlation between yleld end tillering. Khem Singh
Gill and Gursham singh (1958) and Joshi, Ramanujam and Sisodla
(1961) also obtained positive correlation between these two
characters in linseed.

Grain yield and other characters :-

Yield is the ultimate criterion which a plant
breeder keeps in view in order to evolve improved varieties of
crop plants. The assoclation of different quantitative characters
with grﬁin yield in coreals, millets and other crops has been
studied by sovarg.l wrkérs. The correlation of yield with duration
and height of plaht has already been reviewed above.

In rice, Pao (1945) found that the weight of grains

- per plant was positively and significantly correlated with welght

and density of panicle but no significsnt correlation was obtalnegd
with coleoptile length, length of peduncle and number of grains

per heads. Alim sand Sen (1957) working with spring paddy found that
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number cf tillers, length of the panicle and number of grains
per panicle were collectively associated with yileld. |

‘ Waldron (1929) working on wheat observed a
significant positive correlation between yleld and most of the
important economic ancillary characters. Tan (1945) found signi-
ficant positive correlation of yield with Qeight of heads, kernel
number, leaf width and plant height, sSikka and Jain (1958) noted
that the grain yleld of wheat was positively correlated with

number of ears, number of grains per ear and 1000egrain weight,
Eeaven (1947) and Murthy and Sethi (1961) from extensive studies
in barley found that number of ears, kernel weight snd ear weight
were also positively related to yleld.

In sorghum, Kottur snd Chaven (1927, 1928) determin~
ed the correlation between yield and seven other characters and

found that the correlations sre positive and significant in five

cases, viz. height of plant, number of leaves, length of rachis,
breadth and weight of the ripe ears, and small and unreliable in
two cases, viz. length of peduncle and size of the grain, Patel
and Patel (1927, 1928) working on 3urat Jowén arrived at the samg
conclusion. Martin (1928) concluded that the yield of grain 'sorghumg 1

was more closely assoclated with the number of heads per acre than
with the size of head or weight of grain per head. High positive
correlations between grain yield of sorghum with diameter of

: peduncle, weight, length and thiclméss of earheed and strav welight
were obtalned by Rangaswaml Ayyangar et., gl, (1935),

Burton (1953)
obgerved positive correlation with sten number, stem diameter
?

R




plant height and leaf width in Pearl millet., Murthy and Roy (1957)
obtained high total correlation coefficlents between yield of
malze and weight of the ear, length of the ear, leaf area and
1000-grain weight and moderate correlation between yield and girth
of the ear.

1000-grain weight and other characters:-

From his studies in wheat, Quisenberry (1928)
concluded that 1000-grain weight was not as important a factor in
determining yield as number of kernels per head and size of head.
But significant positive correlation between 1000-grain weight
and yleld was determined by Waldron (1929) snd Bridgford and
Hayes (1931). Slkka snd Jain (1988) showed positive correlaﬁion
of 1000-grain weight with ear number and negative correlation with
grain number, the value being nonsignificant in both the cases.
Simlote (1941) found no correlation between 100-grain weight ang
welght of straw. Sikka and Maini (1962) obtained a positive corre-
lation between 100-grain weight and grain yield. Rangaswami
Ayyangar et. al. (1935) found that 100-grain weight was signifie
cantly correlated with yield in sorghum.

Fodder yield amd other characters:-

As early as 1908, Scherffius and Woosley from
their study in wheat concluded that there was absolutely no relae
tionship between yleld of straw and grain, but generally higher
yields of straw were associated with the lower yields of grain

under normal conditions. In cats, Love (1914) ma Leighty (1914)

found a direct assocliation between the Yield of grain eng stra
We
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But Musgrave (1925) showed the general association of large grain i
yields with low straw yields in oats; whereas in barley no signie ]
ficant relationship was appsrent, Positive correlation between thesej
two characters has also been reported by Martin (1928), Kolhe ( 1951),!,
Ahmed snd Bhatti (1954) in sorghum; and shafer and Wiggans (1941) :
in mal:ze.

| Vishnu Swarup snd Chaugale (1962) working with

sorghum found that the yield of fodder was positive.ly correlated

with days for panicle emergence, plant height, stalk diameter,
number of leaves, and 1000-grain welight but negatively correlated
with grain yleld.

Earhead length and other characters:-

Correlation between panicle length and yield was
reported by different workers . In rice, Ramiah (1963), Alim (1957)
and Katwe (1958) have reported positive correlation between panicle
length and yield, But Ramiah has noted that there was negative
correlation between panicle length and number of. tillers, Alim snq
sen (1957) reported that length of panicle was positively correlae
ted with number of grains per panicle. In barley, Leasure et, al.
(1948) and Choubey (1952) found significeant positive correlation
between ear length and yield. Venkaframan and Subramanyasm (1933)
also obtained positive correlation between ear length =nd grain
yield in sorghum, Robinson, Comstock and Harvey (1951) from
correlation studies in corn fqund that ear length ang ear dlameter
bore relatively low positive or negative correlations with each

of the characters like plent height, ear height, husk ext
*_htisk score, ears per plant and yleld,

ension,
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Ieaf nunmber snd other characters :-
In sorghum, Kottur and Chavan (1928), Patel and
Patel (1928), Patel (1932) and Kolhe (1951) reported that the

number of internodes was positively correlated with yleld.
Weatherspoon and Wentz (1933) also found significant correlation
with yleld. Burton (1951) in Pearl millet found leaf nuumber was

positively, though not significantly, correlated with internode

length, In sorghum, Vishnu swarup and Chaugale (1962) also

obtained significant positive correlation between number of leaves
-and seed weight,

Leaf area and other characters :- !

The relationship existing between leaf area and

yield has also been studled by several workers. Davis (1940) from
his work on field besn obtsined a positive correlation between
lesf area mnd yleld. Later on Swanson (1941) studled the relation
of leaf area to grain yleld in sorghum, He observed that abundent
rainfall stimilated leaf development snd found that less leaf area
was required to produce a bushel of grain in dry year than in a
wet year, but the highest yields were obtained in seasons of
abundent rainfall, Positive correlation was also reported in groung-
nut by Mishra (1968) who found that the seed size was significantly
correlated with each of the leaf characters, namely lgaf length,
leaf breadth , lengths breadth ratio and proauct,

Correlstion between other chsracters :-

Venkatraman and Subramsnyam (1933) obtained s
positive correlation, between peduncle diameter and yield in sorghu

|
|
|
'l
1




17

Rangaswaml Ayyangar et al. (1935) observed that the length of
peduncle was elther not cofrélated or was negatively correlated
with yield. In case of Italian millet, Rangaswami Ayyangar and
Hariharsn (1937) found that the Internodes and heads of the tall
plants were longer and hence had a correspondingly greater number
and welight ot grains, thus showing a p051tive correlat:lon between
internode length and grain yield.

L4 2




CHAPTER II
MATERIALS ARD METHODS
I, MATERIAL3:
A set of twenty seven ‘vaariietie's of Ragi
(Eleusine coracana, Gaertn.) were used in the present study.

The varleties, listed below, mostly represent local types grown

in Orissa and some improved types grown in other parts of South |

India. The investlgation was condacted during the Kharif season
in 1962-63 in the experimental plot of the Economic Botanist II

section, Bhubaneswals.
The varletlies used in the present investigation

are given belows

1. 56-136-2 10 V.Z.M.I . 19 C0.5

2. Bistuguda-1l 11. 55-98-4 20. Padar Ragi
3., Bistuguda-2 12. N.R.124 21. Debgaon

4. Black Ragl o 13. Co0.6 ) . .22, Prunagunpur
5. Jalantri Ragl 14. Paluria 23. P.Ro.1

6. sikiri -I 15 Gauntia 24, Punnadl Regi.
7. Bhodei Ragl . 16. Aska ' 25. A.K.P. 3

8. AK.F.-7  17. Red Ragl 26. Sodsngi

9., Kara Ragl 18. A.K.F.6 . 27. RKakeri Ragl

'The materials for this study were obtained from
the Economic Botenist II Sectlon, Bhubaneswar.,

Seeds were sown in nursery beds on the 20th
June, 1962 end seedlings were transplanted in the field on the
18th July, 1962, The la.v?ut-adopted for the experiment was
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rasndomised block design with four replications and with a total
area of 9.25 cents. The area of each replicstion was 30'3" x 24'6",
i.e. 1.701 cents. Each variety in a replication was grown in a
plot containing .three rows, esch being .7'6" long snd 9" apart from |
the other snd consisting of fifteen plants. The distance between N
plants in a row was 6 inches and only one plant was transplanted
per hill, The spacing given between replications was 3 feet and ;
between varietles was 1' 3". |
Normal cultural operations such as manuring,

weeding, irrigation etc. were conducted in time.

II, EXPERIMENTAL OBSERVATIONS: -
For collecting data on various chsracters, five

plants of each varlety in each replication were gselected at Tandom,
The selected plants were tagged and properly labelled. The average
of the five plamts per replication for each character observed was
used for statistical analysis.

| Data on individual plants were recorded on the
following eighteen characters:
1. Height_of plant :- Plant height was measured at maturity in
centimetres from the ground level to the tip of the panicle of
the main axis.
2. puration or Number of davs Yaken fof panicle emergence:- The
date of emergence of tip of the first panicle of each selected
plent was noted and the nuuber of days from sowing to this date

wvas calculated.

e e e e im e o  romtor m tm ee m,
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3. Esr=bear tillerg:- Only those tillers which bore panicles
were counted for each plant. These include both primary and
secondary tillers.
4. Leaf pumber :- The nuuber of nodes per plant in the main
axis was counted at maturity. Since the number of nodes corres-
ponds to the number of leaves, the former was taken as a measure
of the tptal number of leaves produced on the maln culm.
5. Interpode_length:- The length of the middle internode of the
main culm was measured in centimetres.
6. Interno irth :- This was measured in centimetres with the
help of a plece of thread at the middle portion of the internode
whose length was Tecorded.
7. Fourth lgaf aresas- The leaf area measuroments were taken
in centimetres. The fourth leaf from the top of the plant’in the
pailn axis was measured for both lamina length end wigth., The
preadth of the leaf was taken at the middle of the lamina. The
product of the two was taken as an approximate messure of leaf

area. This observation was recorded at the time of full emergence

of the earhead.

g. Flag_leaf areas- The area of the flag leaf of the main sxis
was similarly obtained as that for the fourth leaf after measure
ing lamina length and breadth at migpoint.

o. Batic of lamins to leaf sheath of flsg leaf (LL/IS)i- The
length of f1ag-leaf sheath was measured from the topmost node
of the main culm to the junctura of the flsg leaf and the length
of the lamina was Beasured from junctura to the tip of the lgaf
snd the ratio was determined,
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10. ghort internode frequengy :- In Ragl, the internodes at
certain places in the stem are some what shortened and the number
of such short or condensed internodes as well as total number
of internodes were counted at maturity, and the percentage of
shortdnterxiode was calculated.

The following characters were noted just after
harvest and the observations were recorded in the laboratory.
11. Finger Nupber per earhead :- The number of ears per plant
and the number of fingers in each earhead were counteds Then the
average number of fingers per earhead per plant wes obtalned by
dividing the number of fingers by the esrhsad number.

12. Pegquncle th s- The length of peduncle was taken to be
 the distence frouw the topmost node to the base of the earhead

and was measured in centimetres.
13. Pedupcle girth ;- The girth of pedincle was measured in
timetres at the middle portion of the peduncle «

cen

14 W := This was measured on the ear of the wmain
tiller from the base of the esrhead to the tip of the longest
finger in centimetres.

15. E ht 3= The weight of esrhead includes

the weight of about 0.5 cm. stali with which it was cut. The total
yelght of earheads per plant was taken in grams, a few days after

harvestinge

16 grain yleld per plaat (ilngle plaat yleld):- The earheads
of indiviaual plents were threshed separately with hands ang the
grain weight was recorded in grams.

FU——————
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17. -oT8 v ight - After threshing the earheads of each
plant, 1000-grains were counted out at random from the bulk of
the individual plant yleld and weighed in grams.
18. r yiel r plapnt :- After removing the esars, plants
vere allowed to dry for several days inside the lsboratory and
finally the weight of the individqual air-dried plants was recorded.
Out of twenty seven varietlies studied in the
present experiment, most of the planBs of one varlety, named ic
Red Ragl, did not reach full flowering till the final harvesting
was done on the 5th November, 1963. Only four of the selected
pfmts flowered snd reached maturity. The seéd setting was also
very poor and the earhead snd other grain observations thus
recorded were insufficient to include in the calculations. Therefors,
the variety has been totally c.liuinatad from the study and the
data of the remaining twentysix varletles have been subjected to

necessary statistical eanalysis.

III, ANALYSI3 OF DATA:
General means, standard error of means,F ¥#alues,

ceritical difference at & per cent level and the rmge of variation
for all the eighteen characters under study were worked out by

the method of enalysis of varlance used for the rendomised block
design (Panse and Sukhatme, 1954). The percentages of short-
internode were transformed Into corresponding : arcsin values
(Snedecor 1961 ) snd were used for statistical snalysis,
Heritability sod Cenekic coefficlent of varistion:- For computing
the heritability and the genetic coefficient of variation, the

[— - e
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error, phenotyplc and genotjplc variances for different characters
were worked out. The mesn sum of squares at error level, worked
out by the method of ansalysis of variance, was taken as the
environmental variance. To obtain genotyple variance, the error
mean square was subtracted from the varietal mesn square and
this number was further divided by the number of replications.
(Burton snd Devene, 1953). Denoting the genotypic and environmental
varisnces by Vg and Vg respecti&iﬁl&‘ -and the number of replications

by N, the expectations of the mesn squares may be given as follows:

Ve+NVg = the expectation of the varietal mean

sum of squares.

Ve e the expectatlon of error mesn square
Yo = the total genotypic variance
N = the number of replications of each variety,

Heritability in a broad sense was obtained by

using the formla VG . (Burton and Devane 1963).
: VG -+Ve
The genetic coefficient of vsriation was calculated

by the following formla suggested by Burton (1952):

G.CoV. = LG800typic varisges X 100  where

‘ T
G.C.V. is the genetlc coefficient of variation snd X 1s the mesn

of the characteX.

e e+ =
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CORRBLATION BETWEEN CHARACTERS ;-

Stan dard statistic‘alprocedures were sdopted for
calculating pne'notypic,‘ genotypic and environmental correlations
between different characters under study.

The association existing between the different
characters studied was estimated by calculating the correlations
at three levels.

For calculeting the correlation coefficients the |

formila suggested by Fisher (1954) for environmental and Al-J1ibourt, '
Miller and Robinson (1958) for phenotypie and genolypic correlation
coefficlents were adopted. The general formla mey be expressed

as follows:

Covariance 1.2
J(Varisnce 1)(Variance 2)

T2 =

The error, phenotypic and genotypic varimces and
covariances were used for calculating the environmental, phenotypic
and genotypic correlation coefﬂcionts respectively. The sum of
squares and the sum of products at error snd varietal levels yere

taken as error and phenotyplc varlances and covariances, Tespectively,

The genotypic correlation coefficlent was calculated by obtaining
the variance and covarisnce by deducting the sum of squares ang

the sum of products at error level from their respective values at

varietal level.

L2 2




CHARIER IV

EXPERIMENTAL RESUII3

A. Variation and heritability:-

| Meéns, F valués, sténdard errors of- meaxis; critical
differences end the range of variation for each of the eighteen
characters under stuay, worked out by the method of analysis of
variance have beeﬁ presented in Table 1.

As indicated by the F values, the differences
observed amongst the varieties were highly significant in respect
of all the characters studied, except for tiller number, mtemoa
-girth, finger number and earhead welght. These differences vere
of a very high order for panicle emergence, plant height, leaf
number, flag leef area and earhead length. Table 2 embodies the
data regarding the phynotypic values of five important metric
traits of individual varletles,

Estimates of phenotyplc, genotypic and environmental
variances have been recorded in Table 3, Estimatéa of genetic |
coefficlent of varistion and heritsbility of different charmcters
have been furnished in Table 4.

The genetic coefficlent of variation of varioug
characters ranged from the minimm value of 3.92 for finger number
to the maximum value of 30.10 for peduncle girth, A fey characters,
such s panicle emergence, plant height, leaf number, lamina/lest-

sheath ratio of the flag leaf, peduncle girth, earheag length, grain
J
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TABLE~ 1
Bhenotypic variation in various plant characters
] J §General § Calcu~ '
Character § Unit}) Range § mean § late?i g Se B, g g.Diesgl
0§ s § F.value §_ 4 |
Panicle Days 61.4 -109.4 81. | ' ‘ ‘
o Eeence. ‘ 1.105 101.12** 1,000 2.813
Plant
height Cm. 46,38-114.62 82,143 ]14.84%* 3,203 2.013
Tiller ' '
number No. 0.8 = 5.2 2.342 1.31 0,400 1.125
Leaf | i
number- No. 7.6 - 25,2 16046? 27089** 0.214 0.602 'l
Internode |
Pngth Cm. 6.26~- 12.8 9,663 2.79%% (0.512 1.441
Internode
girth Cm. 1.02- 1.94 1.552 0.49 0.173 0.487 .
Fourth
leaf area SQ.CEgQO.S?“ 45.58 34,373 1.73% 2.074 5.836
Flag leaf
area. Sq.Cm. 11.85~- 35.06 21.737 25,48+« 1,640 4.615
LI/LS of |
flag leaf# Cm. 1.83- 4.33 2.711 5.86*% (0,160 0450
Short inter-
node frequ- Arcsin ,
ency. value 26.87- 45.72 37.61 9,52%% 1,107 3.120
Finger num~
ber earhead. No. 4,0 - 6.7 5.275 1.56 0.274 0.771
Peduncle
length Cm. 13.58- 25.356 18,8523 3.37+% (0.823 2.316
Peduncle
girth Cm, Qeb - 1.24 0.784 2.32%» 0.206 0 579
Earhead
mgth Cm. 4058' 13076 7.621 15061*‘ 60370 1 041
Eerhesd s,  3.63- 19.47 9.796
we g - L] - L] . P
Giairé/;’l t G 2.05~ 15.94 7 - 0 a0
e P an NS e« . . 0892
1000-Craln o 1.96- 3.56 2 T a0 sz
g . . . . 4
o ddeT | 747 6.74%+ 0,09 0.283
1eld/plant Gms. 2.98- 34.96 15.449 4 74*
e -—-————3" “;!"da;-d T ¢ * 2.230 60275
Se Be : A error of meangs ‘
C.D. - Critical difference * - Simificent ot g

dgnificant at 3¢




TABIE - 2

Estimates of means and standard deviations of
different varieties for five important characters

"9 Plant jpuration | Leaf § Earhead §1000-grain

Variety

ht 9 § numbe § th __§ weight
Lﬁié&%&hl@@iwm Mﬁiﬁ.j. 32De

© 55=136-2

63.3 10.24 64.3 4.01 9.8 1.87 6. 1.78 2.3 0.36

5
Bistugude-104.8 12.44 94.8 4.72 19.2 2.58 8.3 1.78 2.8 0.47
I

Bistugu-~
" da -2
Black
Ragi.
Jalantri

BhodeiRagi
B ) A. K.P * 7
Kera Ragi
VelZoMsl
56-98-4
N.R. 124
Co.6
Paluria
Gauntia
Aska
A.K.P.6
Coeb
Padar Ragl
Deogaon
Pruna-~
gunupur
FP.NXol
Punnadi
Ragl
A K.P.3
Sodangi
Kakari

103.6 14.59 9407 5036 20.0 1097 808 1.96 208 0041

02.8 14.38 90.6 6,99 19.2 3.11 8.8 2.61 2.6 0.88

65.2 0.82 67.9 5,22 11.3 2.16 6.7 1.30 2.9 0.58
62.3 8.20 63.6 4.48 8,9 2,02 7.2 1.67 2.5 0.54
88.3 14.81 J06. 5 554 23e3 3.68 13.3 1.96 2,2 0.65
80.6 13.61 B6.2 3¢27 17.3 2.23 6.6 1.44 2.9 0.74
57.4 13,63 63.7 4.81 9.4 1.54 7.4 1.14 2.7 0.20
82.1 13.04 85,7 4.70 18,0 2.70 6.6 1l.64 2.9 0.66
61.6 13.42 66.5 4,72 10.1 2.02 7.1 1.62 2.2 0.44
70.8 15.47 793 4.32 16,2 3.28 7.3 1.60 2,9 0.42
93.4 16.15 84.9. 4.03 18.7 2.62 9.5 2.79 2.7 0.70
84.2 13.50 85,6 4¢35 18.0 2.94 7.7 1.82 3.0 0.65
865.8 13.90 83¢6 3.29 17.0 2.47 7.1 1.70 2.5 0.75
89.1 11.56 8le1l 2.56 1B8s7 3.04 6.4 1.15 2.5 0.57
§3.4 6.489 81.3 3.74 18.2 2.32 6.3 1.49 3.0 0.28
88.3 0.04 77.5 3.29 17.8 1.61 7.8 1.23 2.8 0.28
78,9 7.38 76.4 1.81 17.7 1.81 Ged 1.57 2.9 0.73
88.5 10.51 86,2 3.74 17.3 1.87 7.1 1.54 2.7 0.37

8006 8.01 82.1 3.33 1705 1.98 6.9 1.45 2.7 O.&
83.8 12063 8l.4 3.03 17.2 2,94 7.4 1.46 2.7 1.04

805 12.66 86,9  4.04 16.7 2.14 7.1 2.27 2.8 0.36

82,9 12.63 80.3 3.82 16,1 2.32 6,7 1,62 2.8 0.63
82.8 14.51 79.4 4.47 17.4 1.79 7.4 1.93 2.9 0.5

4. 2.4__1.38 2.6 0,36

i ey r e e e i e e e e




TABIE « 3

characters

Estimates of phenotypic, genotypic and error variances
for different

Character Phenotypic Genotypic Error
variance varisnce variance
- - V&, Ve, _—
Panicle emergence 414.49 102.62 4,00
Plant height 609.05 . 142,001 ' 41.045
Tiller number 0.88 0.05 0.67 |
Leaf number 51.05 12.305 1.83
Internode length 2.937 0.471 1.062
‘Internode thickness 0.06 0.005 0.055
Fourth leaf srea . 29.847 3.157 . 17.217.
Flag leaf area 38.99 6.032 14.86
LI/Ls of flag leaf  0.62 0.127 0.11
?i‘ggﬁe,i‘;;‘“’“’"‘ 52,62 11.77 5.53
Finger number/esrhead 0.473 0.043 0.301.
Peauncle length 9,161 1.612 2,712
Peduncle girth 0.398 0.562 0.17
Earhead length 8.562 2.003 0. 548
Earhead welght 9.635 0.343 8.263
Grain yleld/plmt 12.96 1.88 6.42
1000- grain weight 0.221 0.047‘ 0.032
'Foddor yleld/plant 84.789 18.704 19.973

Ot o T 210 4.t s 0
o St v .




lity estimates were
tiller number, length and girth of internods, fourth leaf area,

flag leaf area, finger nugber,
An attempt was also made to study variation and

period for panicle e

mergence as shown below:e

yleld and fodder yield; were found to have a high genetic coeffici-
ent of varistion while other characters like tiller number, length
and girth of internode, peduncle girth, finger number, fourth leaf
area, earhead welght and 1000-grain welght showed lower values. |
gight of the eighteen characters studled showed |
high heritsbility values. Girth of internode had the lowest herie
tability end peanicle emergence had the highest value. High values
of heritability were obtained for panicle emergence, plant height,
leaf number, ratio of lamina to leaf sheath of the flag leaf,
ghort internode frequency, earhead length and 1000-grain weight,
Yield of fodder and peduncle length had moderately high values ,
of heritability. On the other hand, comparatively lower heritabi-
recorded for characters like grain yislg,

girth of peduncle snd earhead weight,

heritability separately in the three duration groups, viz. early,

medium end late. The varieties were classified according to the

29

Esrly RIQuUR.-
56=136-2
Jalsntri Ragl
sikiri I
Kera Ragl
55-98~4

Madiup _group Lata group
N.R., 124 Bistuguda -

Co. 6 Bistuguda - %

Paluria Black Ragl

Gauntia Bhodei Ragi |
Aska AK.P. 7 |
A.EF.6 V.z.K, I |
Padar Ragi &eon

Pmmm’g ur FPunnadi Ragi.

PeNO.1

AK.P, 3

Sodangi

Kakeri Ragi




TABLE - 4

‘Estimates of Genetlc coefficlent of variation and
Heritabllity for different characters

Character

Genetic
coefficient
of variation

Heritability £ !

Panicle emergence

Plant height

Tiller number

Leaf number

Internode length
Internode girth

Fourth leaf srea

Flag leaf area

LL/Ls ratio of flag leaf
short internode frequency
Finger number/ earhead
Peduncle length
Peduncle girth

Esr-hesd length

Earhead weight

|| Grain yield/plant
1000-grain welght
Fodder yield/plant

12.49
14.49
9.73
21.29
709
~ 7.86
5.16
11.29
13.13
9,11
3.92
6.85
30. 10
18.56
5.97
17.37

7.86
27.98

96.24
77.57
- 7.20
87.05
30.92 i

1.81
15.49
28.86
53. 58
68.03
12. 50
a7.28

7.67
78.51

3.98
25,75
59.49
48,35
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General means,fr values, standard errors of means
end critical differences calculated for the three groups separately
have been presented in Table 5. The phenotypie, genotypfic and
environmental variances and the genetle coefficlents of variation
and heritability estimates have been summarized in Table 6 and

Table 7 respectively. _
In the early group, the varietles showed significant

differences in respect of characters like plant height, 1000-grain
welght and flag leaf area. In the me dium group, the variation
differed significantly in respect of all characters except leaf

number and flag leaf area. In the late group, the varleties showed

highly significant differences for almost all characters except

for flag leaf area and Li/Ls ratio of flag leaf,

Considering the genetic coefficient of variation
among the three guration-groups, only 1000-grain weight showed a
high value in the early group. In the me dium group, earhead length
end flag leaf area showed greater G.C.V. values, whereas in the
plant height, leaf number, earhead length and 1000-grain

late group

welght were observed to have higher G.C.V. valves than others.
As regards difference in the heritability values

among the three groups, plant height, 1000-grain weight and flag

leaf area shoved higher values than other characters in the early

group. Panicle emergence and short internode frequency gave moderat-
ely low values ( 35.02% and 32.65% resp.) but gery 16\1 values yere
obtained for earhead length & 1.66%) and LL/LS ratio of flag leas
(17.93%). In the medium group, higher heritability values yere

|
|
|




32
TABLE ~ §

Bhenotypic vsrlation ip varlous plspt characters of Ragl
mie&iﬁs-ﬂmgimmm.mm;ngg srs-ol-

A - Barly Group.

i

IR B I | §GeneraliCalcu- § K.D. at

Character - fnit ) Range § mean jlated § S.B. {54 19331',
§ § d JE.vslue § g !

Panicle
emergence Days 6104 - 72 « 60 ' 65.25 3.16 1.07 3.28
Plant height Cm. 46.38- 76.92 61.98  4.44% 2,60  7.98
Leaf number Ko. 7«6 = 12.0 9.92 2.13 0.60 C l.84
short inter- : E
node fregqu- Arc., 26,87~ 37.49 = 32.12 2.93 . 1.25 3.84 |
ency. val. |
Earhead - : » ~ . |
lﬂngth Cm. 4058" 7086 7003 0093 0038 . 1.17
1000-Grain ,
weight Gms. 1096" 3.03 2055 8025¢* 0010 0031
F‘lagleaf area Sq.cm¢13041" 35.08 25.12 4,08% 2.12 6.51
LI/Ls of ‘
flag leaf Cm. 2.48- 4,33 3.36 1.91 0.24 Q.74

B -~ Medium Group

anicle |
mergence Days 75.2 - 87.0 80.80 9,04%*« 0,90 2,58
lant height Cm, 49.92-101.68  84.93 = 3.41%* 3,40 9.75
af number No. 12.4 - 20.6 17.48 1039 0.71 2.04
hort inter- | ‘
ode frequ-— Arco 33019“' 43091 37067 2.98** 1‘11 3. 18
cy . Valo
arhead
ngth Cm. 5088- 10'& 7‘30 6.21‘* 0.34 0.97
000~-grain
ight. Gms. 2,08- 3.56 2.81 4,00%* 0.09 0.286
Plagleafl Sqe |
e8. " Cme 13.21- 34.07 20.77 1.87 1.61 4.62
Li/Ls of Cam, 1.86- 3.50 2. '
flag leaf. 64 2.16 0.12 0.34

et TR - A%E g .




TABLE - 5 (Contd,)

C - Late Group
§ b " jGeneral fCalcu- § .D. at
Chsracter §Onit § Range ) mean {lated §3.E. gg% 193e1
. § J -4 $F.¥al § |
‘Panicle Days 82.4 -109.4 91.82  79.07%x 0,79 2.32 .
emergence . ‘
Plant
height Cm. 67.66~-114.62 90.20 11.20%= 2.80 8.23
Leaf S | | " |
number No. 1506 - 25.2. 18090 11085‘* 0.62 1.82 '
j.ntér- Arc. 34,58~ 45,72 40,63 3.80%%* 1.25 3,87
Jnode Vala . . . _
‘|| frequency
Earhead
length Cue. 5¢ 850~ 130?6 8.5 33.94 %% 0.3 1012 :
1000-grain _ . _ ,
welight. Gms.  2.03- 3.19 2,74 11.50%** 0,07 0.21
ares Cm,. 11085’ 29.37 21018 2.086 1.65 4.85
LI/Lg of | '
f]lig leaf Cu. 1.83- 3.02 2.39 1.20 1.09 3.20
SeBe = Standerd error of means
CoDe - Critical difference
* - 3ignificant at 5%
e+ - Significaat st 1%




TABIE - 6

Estimates of ‘phenotypic, genotypic and environmental .
variances of a few characters in Ragl varieties, .
grouped according to-duration.

q

et ot - [ - e e i

A_~ Early GArougr .
Character Fhenotypic Genotypic tvironmental
variance varisasnce variance
——m e : Y. Ye.
FPanlcle emergence 14,60 2.49 4,62
FPlant height 120.83 23.41 27.18
Ieaf number 3.15 0.42 1.48
short internode frequency 18.56 3.06 6.31
Rarhead length 0.63 0.01 0.59
1000-grain weight 0.33 0.07 0.04
Flag leaf area 73.68 4.39 18.03
LL/Ls of flag leaf 0.44 0.05 - 0.23
B - Me m_Gro
Panicle emergence 31.73 7.055 3.51
plant height 157.85 27.89 46.26
Leaf number 2.86 0.202 2.04
short internode frequency  14.83 2.46 4.97
Earhead length 2.86 0. 60 0.46
|Plag leaf area 19.46 13.91 1.87
LI/L3 of flag leaf 0.13 0.017 0.06
C =~ Late _Group
nicle emergence 201.65 49.77 2.55
lent height 375.46 85.49 33. 50
af number 18.36 4,202 1.55
Short internode frequency 24.04 4.43 6.32
head hngth 20-03 4,86 0.5
000~grain weight 23-23 0.52 0.02
1ag leaf srea .o 2.90 10.99
L1/L3 of flag lesl 0.0 0.002 0.05

P e



4

Early Group

EBotimstas of genetic coefficient of Mtim and
heritability of £ few characters in Ragl varieties
grouped according to duration,

Character

Genetic
coefficlent
of variation

Heritability %

LI/Ls of flag leaf

Panicle emergence 2.40
Plant height 779
‘Leaf number . 6.55
short internode frequency 5.41
Earhead length 1.42
1000-grain weight 10.19
Flag leaf area 8.32
LL/Ls of flag leaf 6.54
B = um Gr
Panicle emergence 3.27
Plent height 6.21
Leaf numr 2.40
short internogde frequency 4,14
Earhead length 10.54
1000~grain welght 4,98
Flag leaf area 17.96
LI/Ls of fleg laaf 4,92
Cc__=__Late Group
Panicle emergence 7.70
Plant height 10.386
Leaf number 10.84
short internode frequency 5.16
Earhead length 26,00
1000-grain welght 26.27
Flag leaf ares i.gﬁ

36.02
46.27
22.10
32.65

1.66
63.63
70.12
17.93

66.77
37.61

8.92
33.10
56.60
40.00
43.556
14.28

95,12
71.84
73.04
41.20
96.29
89.17
20.87

3.84




obtained for panicle emergence and earhead length; moderately low
values were recorded for plasnt height, 1000-grain weight and

flag leaf area; and very low values were estimated for leaf nusber
and LI/Ls ratio of flag leaf. In the late group, characters like
panicle emergence, plant height, leaf number, earhead length and
1000-grain weight showed high heritability. But, however, compara-
tively low values were obtalned for short internode frequency and
- flag leaf area and a very low value was found in case of LI./Ls‘

fatio of the flag leaf.

B, Correlations :=
It should be pointed out, at the outset, genotypic

correlations could not be established in a large number of casses,
where imaginary numbers were obtailned. mrther; a nuiber of correge
lation coefficients exceeding unity were reported. Although similar
values have been also obtained by previous workers in certain
other crops ( in Pearl muleg by Burton, 1951; in Koresn Lespedsza
Robinson and Comstock, 1956; and in Linseed by Joshi,

by Hanson,

Ramsnujam and Sisodia in 1961) these mist be taken as indicating

the experimental error involved in the determination of this parae

meter.

(a) Correlation between yield and other characters:-

The correlations observed between yield ang bther
 characters and the covariances obtalned at the three levels have
been summarized in Table 8 snd Table 8a respectively.

Grain yleld was found to be positively and signifi.
,cmtlyfmfrelatod wifh panicle emergence, plant height, leaf number,




TABLE « 8

Estimates of phenotyplc, genotypic and environmental
correlation coefficients of grain yield per plant
with other characters.

Character pair

Phenotypic r Genotypic r

Environmen-

tal _r ____

Panicle emergence
Flant height

Tiller number

Leaf number‘
;Internod.e length
Iinternode girth‘
Fourth leaf area

Flag leaf area
LI./LS»or flag leaf
sShort internode frequency
Finger number/earhead
Peduncle length
Peduncle girth
Earhead length
Earhead weight
],oob-grain weight
Fodder yield/plant

0.435¢
0. 592%+
0,047
0.632%%
0.3265
0.442+
0.066
-0.431¢
-0.661%*
0.436%
-0.164
0.185
-0.4424
-0.171
0.952%¢
0.649%%
0.647%%

oenese

LR N B

o8B

[ 2R R 3 2

LN R

es o e

LE B N N 4

¢esoes

L R

L E RN R J

oesese

L N N J

LR N N N J

(AN X N ]

FE X R R J

e - Significent at &%
ss - Significant at 1%
- Imaginary number obtained.

0.101
0.328
0.551%»
0.314
0.104

0.240

0. 563%x
0.285
0.056
0.001
0.266
0.345
0.420*
0.223
0.976%+
0.216
0. 556%%




TABLE ~ 8a

Estimates of phenotypic., genotypic and environmental

‘covariences of grain yield per plant with giff-
erent characters

Character Phenotyple  Genotypic mavironmental |
g ---COvarlance covarisnce
Panicle emergence 797,349 761.818 35.531
| Plant height 1315.958 948.821  367.137
Tiller number ~ 3.987 ~74.886 78.873,
Leaf number 408,275 331.061 75.214
Internode length 50,134 31.342 18.792
Internode girth 9.706 - 4.871 14,577
Fourth leaf area 32.813 -375.1490  407.963
Flag leaf area -242,224  -434.716 192,492
LL/L3 of flag leaf - 46.354 - 48.487 3.133.
Short internode freguency 284.620 283,922 0.698
Finger number/earhead - 10.170 - 35,659 25,488
Peduncle length 50.501 - 48,733 99,234
Peduncle girth - 7.914 - 17.283 9.368
Earhead length -44.809 - 73.770 28,861
Earhead weight 2664153 -220.910 487,063
1000-grain weight 27.473 20.608 6.864
Fodder yield/plant 479.435 45.455 433,979




| fodder yield.

internode girth, 1000-grain weight and short internode frequency
at the phenotypic level, Graln yield was also positively correlated
both phenotypically and environmentally with earhead weight and

A significent negative phenotypic correlation of i
yield was observed with flag leaf erea, LL/LS ratio of the flag |
leaf and girth of peduncle at the phenotypic level.

The environmental correlation coefficlents revealed
that grain yleld was positively correlated with all the characters. |
Hoyever,the correlation was significast only with tiller number, |
fourth leaf area and peduncle girth, r

At the genotypic level, yleld did not show °°fr°1at1°n‘

with any trait as imaginary figures were obtained in all cases.

(b) Panicle emergence and other characters :-

The correlations end the covariances of panicle
emergence with other characters have been presented in Table 9 ana
Table Sea respectively.

The number of days taken for panicle emergence bore
high positive correlation with plsnt height at all the three levels,
Positive and genotypic correlations were also obtainod with leaf |

number, ghort internode frequency, fodder yleld and earhead length,
However, these correlations were not significant at the error level, ’%
Positive and highly significant phenotypic correlations vere
obtained with length and girth of internode and 1000=-grain welight,
The positive correlation obtained with grain yileld was not signi-
i’:::{;: at the environmental level bul significant at the phenotypic

——

\




TABLE - 9

Estimates of phenotyple, gerntypic and environmental
correlation coefficlients :'of panicle emergence
with other characters.

Character palr

Fhenotyple r

Genotypic r maxiiron ment-

|

T
Plant height 0.821%» 0.927 0.703%#
Tiller number -0.,388% cccee 0.104

Leaf number 0.921%* 0.971 0.299
Internode length " 0.565%* 0.028
Internode girth 0. 6024+ 0.547%s
Fourth leaf area -0.272 sesee 0.169 ‘
Flag leaf sarea -0.013 ey 0.231

LI/IS of flag leal -0.806%* -1.163 0.038

short internode frequéncy 0.928%+* 1.128 0.075
Finger number/earhead ~0.163 casse ~0.077
Pequncle length -0.005 0.048 -0.131
Peduncle girth -0.688¢+ 0.054
Earhead length 0.646%+ 0.708 0.254
garhead weight 0.348 0.151

Grein yield/plant 0.436% 0,101
1000-grain weight 0.939 %+ 0.0889 0.251
Foader yleld/plant 0.801++ 1.306 0.112

« - gignificant at 5%
s - gignificant at 1%
veess = Imaginary number obtained,

—e— .




covariances of

TABLE - Og

panicle emergence with different

41

Estimates of phenotypic, genotypic and environmental

characters.
Character Fhenotypic Genotypic Environmental
covarjance  covarlsuce coyarisnce

Plant height 10322.852  10255.205  67.647
Tiller number =185.49 ~198.290 12.8

Leaf number 3350.02 3289,140  60.88

Internode length 493,326 488,985 4.341
Internode girth 765165 -15.344 90. 509
Fourth leaf ares -756.564 -862.412 105.858
Flag leaf sarea - .40.34 -137.602  133.568
LL/L3 of flag leaf -324.215 - =326.080 1.865
short internode frequency 3427.312 3400.713  26.699
Finger nunber/earhead - 57.381 - 51.016 ~6.366
eduncle length - 8,032 24,424 -32.456
ted\mch girth - 66,693 . - 67.756 -  1.063
Earhesd length - 963,137 934.824 28,313
Earhead weight - 580,917 485.858 65,059
Grain yield/plant 7987.349 761.818 35,531
1000-grain weight 22.483 15.644 6.839
Podder yleld/plaat 3968.106 3892.514 75,502

[




High megative correlation was found between
panicle emergence and LL/LS ratio of the flag leaf at the pheno-
typic and genotypic levels, but the correlation was positive and
non-significant at the environmental level. Negative phenotypiec
correlations were observed with tiller nucber and peduncle girth, |
The value was very high in case of peduncle girth,

The environmental correlation coefficients were

not significsnt except In case of internode girth end plant height,

The genotypic correlstions of panicle emergenc§
|
with 1000-grain weight and peduncle length were very low. Correlationi

of this trait with many characters could not be established at the
éenotypic level, the values obtalned being imaginary.

(c) Tiller number and other characters:-
The data relating to these assoclations have been

indicated in Table 10 and 10-8.

It was observed that the number of tillers per
plant was negatively correlated at the pheno_typical level with a
large number of characters except LI/Ls ratio of the flag leat,
peduncle girth, earhead welght and grain yield per plant. The
porrelat ions with the four characters were, however, almost negligible,
The negative phenotyplic correlation obtained with panicle emergence
end plant helght was found %o be significant at 5 per cent level
and were of the same magnitude,

Tiller number dild not appear to have :y genotypic
correlation with say character studied, the values Tecorded being

imaginary. At the error level, it yas significantly correlated with

e e e = e ot et = s e et e e o

—




TABLIE - 10

Estimates of phenotypic, genotyplc and environmental S
correlation coefficlents of tiller pnumber with 1
other characters

——— H
!

Character pair Phenotypic r  Genotypic r nviron- |
pentsl T |
Panicle emergence -0.388% sesee 0.104
Plant height -0.388% secee -0.312
Leaf number «0.318 . sease 0.18%
Internode length | ~-0.369 secee 0,077
Internode - giﬂ;h =0,337 cecee 0.149
Fourth leaf area -0.144 esses 0.385
Flag leaf sgrea -0.001 sesee 0.280
LI/Ls of flag lesf 0.367 ceses «0.105
short internode frequency -0.088 eeces -0.001
Finger number/earhead -0.118 cesos -0.196
Peduncle ].engthA =0.265 eesee 0.220
Peauncle girth 0.0886 cesee 0.355
Earhead length -0.341  0.085
Earhead welght 0.127 ceses 0.684¢x
Grain yield/plant 0.047 0. 551%+
1000-grain weight ~0.236 cevea 0.124
Foader yield/plant -0.182 cesen 0.460%

e « 3ignificint at 5%
a% - gignificat at 1£
eeeee - Imaginary number obtained,




TABIE - 10a

Estimates of phenolypic, genotypic and environmental
covariances of tiller number with different
characters

Character Fhenotypic  Genotypie

covarisnce covarlance ﬁxgﬂgztﬂ
Panicle emergence  ~185,490 -198.290 12.800
Plant height -224.876 -101.710 ~-123.166
Leaf number - 53,410 - 69,190 15,78
Internode length - 14.862 - 10.061 - 4,801
internode girth - 1.938 - 5,146 3.208
Pourth leaf area - 18.486 ~117.990 98.496
Flag leaf area - 2,180 - 68,676 66,496
LI/L3 of flag leaf 6.823 8.940 - 2,117
short internode frequency - 6.517 - 6,362 - 0,155
Finger number/earhead = 1.820 4.744 - 6.664
Peduncle length = 18.840 -41.202 22,362
Peduncle girth 0.448 - 2,398 2.846
Earhead length = 23.470 -27.376 3.906
Earhead weight $.311 -111.847 121.158
Grain yield/plant 3.587 - 74.886 78.873
1000~grain weight - 2.608 - 3.992 1.386
Fodder yield/plent -34.194 ~163, 538 129,344




only four characters; such as tiller pumber, earhead wéight,
grain yield and fodder yileld. |
The positive correlation with earhead weight and
grain yield was of small magnitude at the varietal level but highly
significant at the error level,
The correlations between tiller number and fodder s

yield were positive and highly significant at the environmental
level but negative and negligible at varietal level,

(d) 1000egrain weight and other characters:-

The data relating to these associations have been
presented in Table 11 end the covariances in Table 1li-a.

Genotyplc correlation of 1000-grain weight could
be obtained with eight of the total number of characters studied .
0f these , the genotypic correlations with LL/Lg of the flag leaf
and earhead length were negative and that with peduncle length
was high and positive. The asgociatlon with other characters was
of a very low order.

At the error level, the corelstion of thisg trait

vith internode length was positive and with flag leaf area negative,

both values being highly significant. Other environmental correlationg

were too low to be noted. !

|

As to the phenotypic asscciation, 1000-grain weight

was found highly positively correlated with panicle emergence
' )
number, earhead weight and grain yileld,

leaf-

Associations between pairs of highly heritabie

characters at the three levels have bheep
ltho sake of easy reference.

summarizeq in Table 32 for

L ————




only four characters, such as tiller number, earhead wehight,
grain yleld and fodder yileld.
The positive correlation with earhead weight ang

grain yleld was of small magnitude at the varietal level but highly
significant at the error level,

The correlations between tiller number and fodder
yield were positive and highly significant at the environmental
level but negative and negligible at varietal level,

(d) 1000=grain weight and other characters:-

The data relating to these assoclations haye been
presented in Table 11 and the covariances in Tsble 11-a,

Genotyplc correlation of 1000-grain weight could
be obtained with eight of the total number of characters studieq ,
Of these , the genotypic correlations with LL/Lg of the flag leat
and ecarhead length were negatlve end that with peduncle length
was high and positive. The association with other charascters was
of a very low oi‘der.

At the error level, the corelation of this trait
with internode length was positive and with flag leaf arga negative,
both values being highly significant. Other environmental correlationg
were too low to be noted.

As to the phenotypic association, 1000-grain ve 1ght
was found highly positively correlated with panicle emergence, leas-
number, earhead weight and grain yleld.

Associations between pairg of highly herit sble

characters at the three levels have been summari
the sake of ouy reference. zed in Table 2 for

e




Egtimates of phenotypic
correlation coefficients .of
wlth other characters

TABIE - 11

genotypic and environmental
-grai ight

46

geess

¢ - gignificant at &%
s - 3ignificant at 1%
| - Imaginsry number obtained,

|

Character pair Phenotypiec r Genotypic r mviron-
bentsl r |

Panicle emergence 0.939%» 0.089 0.251
Plant helight 0.233 0.122 -0.076
Leaf number 0.727*% 0.334 =0,022
Tiller number -0.236 seese 0.124
internode length 0.023 seses 0.048

Internode girth 0.274 essse 0. 6634+
Fourth leaf areas 0.343 ceces -0.169

Flag leaf area h 0,029 esess <0947 %«
LL/Ls of flag leaf -0.362 =0, 666 ~0.033
3hort internode frequency 0.073 0.241 -0.202
Pinger number/earhead -0.084 ceess -0.082
Peduncle length 0216 0.876 «0.001
|lPeduncle guth 0.013 cscos. ~0.086
Earhead length =0.370 ~0.568 0.032
Earhead weight 0. 509 ceess 0.171
Grain yield/plant 0. 648 %* seense 0.216
Fodder yield/plant 0.075 0.208 -0.036




TABIE -~ 11

Egtimates of phenotypic

genotypic and environmental

Fodder yield/plent

e - gignificant ot &%

ss - 3ignificent at 1%

Imaginary number obtailned.

sensse

|
|
i
|
|
i
1
l

correlation coefficients .of -g7r izht
with other characters
Character pair Phenotypic r Genotypic r Hmviron-
-Bentsl 1 |
Panicle emergence 0,939 %= 0.089 0.251
Plant helight 0.233 0.122 =0.076
Leaf number 0.727%% 0.334 -0,022
Tiller number -0.236 sceee 0.124
Internode length 0.023 coces 0.048
Internode girth 0.274 evsee 0.663%+
Fourth leaf areas 0.343 cecse =0.169
Flag leaf area -0.029 seees ~0.947+%«
LL/Lg of flag leaf -0.362 -0.666 ~0.033
short internode frequency 0.073 0.241 =-0.202
Pinger number/earhead ~0.084 secce -0.082
Peduncle length 0.216 0.876 «0.001
Peduncle girth 0.013 decoa ~0.085
Earhead length ~0.,370 ~0. 568 0.032
Earhead weight 0. 500 %% esess 0.171
Grain yield/plant 0. 649+ veene 0.216
0.075 0.209 -0.035

~e - R
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covariances of

TQBIE - lla

=-gra

Estimates of phenotype, genotypic and environmental
ight with different

47

Foader yield/plen®

characters
Character Phenotypic Genotypic mvironmental
covariance <covariance covarilance

Panicle emergence 22,483 15.644 6.839
Plant height 67.897 74, 562 -6.665
Leaf number 19.334 19.759 -0.425
Tiller number - 2.606 - 3.982 1.386
Internode length 0 . 468 - 0.214 0.682
Internode girth 0,792 - 2,348 3.141
Fourth léaf grea 22,093 31.662 -9, 568
Flag leaf srea - 2,204 47.430  -49.634
Li/L3 of flag leaf - 3.371 - 3,116 - 0.154
short internode frequency 6.246 12.672 - 6.425
Finger nﬁmber/ea?head - 0.679 ~ 0,073 - 0.6056
Peauncle length 7.715 7.753 - 0.037
Pedquncle girth 0.034 0.183 -~ 0,149
Farhead length -12.741 ~13.070 0.328
Eerhead weight 21.860 15189 6.671
Grain yield/pleat 27,473 20.608 6.864

8. 657 10.820 - 2,162




"gABLE - 12

Estimates of phenetypic, genotyﬁic and envirenmental cerrelation ceefficients
- of different characters
Panicle Plant  Leaf I1L/1S of  Shert Earhead 1000~grain
emergence height HNumber flag leaf internede length welight
frequency

Panicle ) 4 0.,821%2 0,021%% -0,806*% 0.928%= 0.646%n 0,939«
emergence ¢ 0.927 0.971 -1.163 1.128 0.708 0.089
B 0.703*» 0,299 0.03%8 0.075 0.254 0.251
Plant P 09865** “00713*“ 0. 8"3"* 00414" 0, 233
height ¢ 0.916 -1.065 1.007 0.488 0.122
E 00426‘ "‘00151 0.‘85 00108 "00076

Leal 4 =0800%% 0.886%% 0.4908%% 0., 727%»
rumber e -1.203 1.125 0.541 0.334
E «-0.,022 0.035 0,269 -0.022
III)AS .f r "0.801" "00234 -’00362
flag leaf e} =0.,124 0.616 «0,666
E "0 [ ] 1 98 -0 [ 488" -0 [ 033
Shert ) 4 0.543%% 0.073
internede G 0.696 0.241
frequency B 0.105 -0,202
Earhead P -0, 3‘;2

l.n‘th ¢ =0,.5
B 0.032
1000~-grain
weight g
P = Phenetypic cerrelation * = Significant at 5% 8 |
G = Genetypic cerrelatien ** = Significent at 1%

® _» Emvirenmental cerrelation
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In Figure 1, an attempt has been made te represent
the association amongst different characters in the form ef a
pictorialized scatter dlagram of the type used by Andergon (\ad<q)

for the analysis of introgression, The figure clearly reveals |
(1) the pesitive association between days te panicle emergencé aﬁd
certain other characters like plant height, leaf number, earhead
length, short internode fréquency, fedder yield and grain yleld
and (2) the negative correlation betwecn panicle emergence and
lamina/leaf sheath ratio of the flag leaf. Exceptions to this
‘general trend of character - association are alse evident and the

characteristic association in case of each variety is clearly
shown by the figure. It is further evident from Figure 1 that the

early varieties forming a hemogenous group are well differentiated

‘from tte rest, whereas there 1s ne sharp demarcation between

medium and late varieties.

Analysis of a few selected varieities :
A few high-ylelding varieties were selected te
study the degree of fariation in regard to beth heritable and
| non-heritable characters. It was preéumed that (1) the variation
_ in highly heritable traits like height, panicle emergence ete,

would indicate the degree of purity ef varieties and (2) the
variation in non-heritable traits Uhuldvreflect the quantum of
environmentsl influences to vhich the varieties may be susceptible,
‘Thus it was heped t0 cbtaln at a glance a cemparative ydes of the

varjation patterns in the high Yielding varioties, The data
pertaining to variation in this |

selected group have been presented

—————
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Polygons showing means and variances of g few metri
~ ‘ ¢

characters along axes as given below

Plant height

1 -1t -
0 - Of - Panicle emergence
3 - 3' - Leaf number
4 - 4! - 1000=grain weight
5 = 5' - Earhead length
6 - 6! - Tiller number
7 - 7"‘ - Internode girth
8 - 8' - Earhead weight
9 = 9 - Finger number
10~ 10' - Flaglecaf area

Details have been given in the text (page 49)
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graphically in Figure 2, The meang of each of the five highly
heritable traits have been indicated on axes numbered 1 to 5 by

lengths 0-1, 0-2, 0-3, 04 angd 0-5. The variances of these
characters have been indicated along tﬁe c¢orrespending axes by
lengths 0-1', 0-2' ¢%ce A similar Procedure has been adopted
with regard to non~heritable traits represented aleng axes
numbered 6-10, Finally, the corresponding parts on different axeg
have been joined by solid lines in case of heritable traits ang
broken lines in case of non-heritable traits for obtaining

characterstic polygons that afford easy comparisons. The Polygons
so obtained for variances of heritabls traits have been further
rendered prominent for clearer~impression.by shading, is cgn be
noted for these variation polygons in Figure o the varietieg
differ appreciably from each other in rasﬁdct of (1) magnitude
of heritable fraits, (2) magnitude of Ron=heritable traits,

(3) variation in heritable traits agd.(é) Variation in Nonsheritabje
traits, The figure appears to revoalvthe fcllewing salient
features: (1) Least genetic variation exists in case of twg of
the five heritable traits. These are panicle emergence ang leaf
upbér represented on axeé 2=2' and 4eqt respeetively (Fig.é),

?) The variety P.No.l appears to pogsess maximum gonetic variatygn
8 judged by high variances in respect of three highiy heritahy,
raits, ga) The least amount of genetyc Variability is observeq

tie variety 'Sodangl! , (4) with regapq to envircnmentay Variatyc
e maximum is observed in the Yariety N.B'lg4’ ‘ Ry

. The gehatyc varig~
11ty in respect of the heritable traits inty Variety ss
| NP 8wg

R iremm———— - \—\\
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an early duration type are actually_much lower than that indicated
by tetal variances. This is beeaus;”the characters are highly
influencéd by environment in case of early duration variety

(Table 6 ) .

From these considerations it appears that some
varieties of Ragl are genotypically more heterogenous than ethers,
A comparison of the standard deviations of the traits recorded.
for all the varieties in Table 2 would also substantiate this
 conclusien. In this context, it.msy be pertinent to mention that
if standard deviation for highly heritable traits are taken as

rough guides of gonotyplc variation, varietles like "Black Ragi"
and Co.6 appear to possess maximum genetic variability (Table 2),
On the other hand, the variety 'Kara Ragil' appears to be genoe
typically uniform. 4g pointed out earlier some caution is
necessary in case of early varieties, while applying total
variance of heritable character as a rough: index of genetic

variability.




CHAPTER ¥V
RISCUSSION

In the present investigation, mest of the
characters studied showed a wide range of phenotypic variation.
The varietal differences in respect of characters, like panicle
emergence, plant height, leaf number, flag leaf area, short
internode frequency, earhead length, 1000-grain weight, interncde
length, lamina to leaf sheath ratie of the flag leaf, peduncle
length and girth, and yields ef grain and'fodder were found to be
highly significant, The differences were of very high order for
the first seven characters mentioned above,

However, the characters being susceptible to
environmental imfluences to varying degrees, it is necessary te
know the relative amounts of heritable and non-heritable variation
for each character. Unly such characters as are least influenced
by environment can be of value in (1) ascertaining the nature
and extent of genotypie differences ameng varieties and (2) in
bésing selsection on phenotypic performance, Tﬁe determination of
the range of variation in respect of such characters helps to
obtain an idea as to the gepetie diversity within a collection
of several varieties, However, before any attenpt 13 made te
detdrmine genetic diversity within the Present COIIectiqn

Ragi varieties, it is necessaryr

ef

i select such charactars by means
of a parameter like heritability estimate,

b = e et e ! e e e — e e e, - —
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As 1s evident from the data contained in Table 4,
characters such as plant height, duration, leaf number, lamina
to leaf-sheath ratio of the flagleaf, short internode frequency,
earhead length, peduncle length, fodder yield and 1000~-grain
weight are highly heritable . Grain yield and flag leaf area showed
a moderate degree of heritability. But other characters have
vielded much lower heritability estimates. High heritability
values for plant height, duration and ear length, were also
reported in rice by Nei and Syakudo (1957), Syakudo and Kebari
(1957) and Toriyama and Futschura (1958); in barley by Murthy
and Sethi (1961); and in sorghum by Swarup and Chaugale (1962).
Contrary to the present findings in Ragi, low heritability
estimates wore obtained for earhead length (Robinson, Comstock
and Harvey, 1949) in corn and Sakal and Niles, 1957 in rice )
and for leaf number (Burton, 1951 in pearl millet)., Lew or
moderate heritability estimates for grain yield have been
reéerted by several workers in other crops which 1s in confirmity
with the result obtalned in the present investigation ,(Burten,
1951 in Pearl millet; Robinsen, Comstock and Harvey, 1949 in Corn;
Sikka and Jain, 1958 and Davis et al; 1961 in wheat;{ and Weber
and Murthy, 1962 in soybean). Swarup and Chaugale (1962), however,
repert a quite high value of heritability in Serghum,

Having selected highly heritable charactegs,

‘the genetic coefficlents of variation can now be

compared with
reference to Table 4 as summarized beloy:

-*:v_-—"——-————'-" e e T e - \




Gonetie variability of characters
measured b{ G,C,V, values

1

| | ]
|
High , Low
1. Pre=flowering duration 1, Shert internode frequency
2., Flant height | - 2 Peduncle length
3. Leaf number | 3. 1000-grain weight.

4. LL/LS of flag leaf
5. Earhead length
6+ Fodder yield

High genetic coefficient of varlation was also
obtained by Swarup and Chaugale (1962) in sqrghum for plart height,
leaf number, length o' panicle and yield of fodder. In barley,
Murthy and Sethi (1961) alse found high genetic ceefficient of
variation for characters, 11ke plant height, durati;n and earhead
length. The data of Swarup and Chaugale (1962), however, differ
in respect of peduncle length and 1000=grain weight which showed
higher G.C,V, values in sorghum,

The discrepancy between the present déta and thoge
in sorghum may be due to the ?act that Ragi varieties, with genee
typic difference in respect ef characters, like Peduncle length
and 1000-grain welght have not been included in the p}esent
investigation. In that case, an effort shoulq be made for
obtaining these varieties,

i
|
i

|
i
'

|
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to obtain informatiocn as to tgerapeunt of advance tefbe expected
from selection. Rapid progress in selection can be achieved when
both the parameters are of a high order (Johnson, Robinsen and
Comstock, 1955), Applying this criterion te the data in Ragi, it
appears that selection would be worth vhile in case of a few
characters only viz. leaf number, earhead length, plan height,
panicle emergence and fodder yleld. With regard to grain yleld,
although sufficient genetic variability effers a scope for
selection for this traitirelatively low heritability would impese
some difficulty. The existence of apprecilable genetic variation
in respect of these characters in certain varieties as indicated
in Table 4 and Fig. 2 points to the need of a preliminary selection
(rather secondary selection in case of improved strgtns) before
embarking on any hybridization pregramme.

If the indication as to high degree of genetic
variatien is confirmed by an independent method of analysis, it
would néan that many Raggl varieties are actually mixtures of

discrete genotype. This appears plausible since mutaticgm, escaping
selection wculd tond to remain in hemezygous state favoured by
self~pollination, that is normal for this species. Further, it
appears possible that certain varietles may owe their high yield
petential to the favcurable interaction ﬁgngst its compenent |
genetypes as reported by Rey (196D) in rice and alse suggosted
by Simmends (1962). It vill be highly interesting te investigate
thes preblem by trying to isclate different SCROtYpos fren
variety like P. No.1l,

9

. e e e




A comparisen ef the heritable estimates of '
different characters in early, medium and late flowering varieties
(Table 7) appears quite interesting. The heritability values are
found to be higher in the late duiatien group than either early
or medium except possibly a few characters like flag leaf area

which show & reverse trend. The lewer values recorded in the. three

groups for LL/LS of the flag leaf in censtrast to the high value
of about 54% cstimated for the mtire collection (Table 4) ]

appears anomalous. The variation in haritabilitf'in d4 fferent l
maturity groups could be due te -epistatic actioen of gene(s) z
for flowering on thé penetrance of other genes or the stability
of their expression. A second pessibility is that the hormenal

change associated with flowering may interfere with the expression

of vegstative characters in the early flovering plants.

Correlation i~

As has been emphasized earlier, a knowledée ef both
phenotypic and genotypic correlations is of definite help te the
plant breeder. Egpecially a kmovledge of negative genotypic
cerrelations betwocn econemically importent traits is imperative

1f the gain accrued Dby assiduous selectien 1s nbt_to be nullified
by cerrelated responses in unselected traits (Haskell,\=\§1}),
Unfortunately, genotypic cerrelations could not be established
between yield and other characters, imaginary mmbers being

!
|
l
|
|
recorded in such cases, Consequently, 1

the phenotypic corretation
ceefficionts only can be used Le knew the nature

| o o of asseciation
of grain yleld vith‘ather characters,
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Grain yield was found to be pesitively and
significantly associated with characters like panicle emergence,
plant height, leaf number, internode girth, short internode
frequency, earhead weight, 1000-grain weight and fedder yield
per plant and negatively correlated with flag leaf arca, lamina

to leafsheath ratio of the flag leaf and peduncle girth, These
negative correlations together with the fair degree of heritabi=-
1ity of yleld suggest that there is not much risk in ecarrying

a straight forwvard seldection for yleld. Correlation studies in
sorghum (Swarup and Chaugale, 1962) and rice (Abraham et. al,1956)
have slso led to the same conclusion, ience, the application of
rather complex selection indices does not appear to be much
warranted.

It is necessary to indicate here as to how the
associations of yield with other traits observed in the present
study compare with those recorded in other crops. A positive
correlation between yileld and panicle euergénce noted in the
brasont study has klso been reperted in rice (Vivar, 1923), wheat
(Goulden and Elders, 19263 Hayes et. al, 1923; and Bridgford and

Hayes, 1931) and barley (Fiuzat and Atkins, 1953), On tha otherhand,

Sikka and Jain (1958) observed a lew and non=significant correlae
tion while Ramgaswaml Ayyangar et. al (1933) found a high negative
correlation between these two characterss Since the breeder often
aims at combining early naturity V§th high yield, thig particulay
associatien ;s of the utmost significance and hence necqds furtheyr
scrutiny . The imaginary number rgcordcd for genotypie cerrelation

a'
|
|
|
|




may be taken to nean that no significant association exists at
the genotypic level. Further the magnitude of the phcnotypie
correlation co-efficient (0.435) indicates the probability of
combining earliness and high yield in one variety. Cenversely,
lats flovering low yielding types would also be ancountef-d.

A reference to figure 2 would clearly peint out the occufrenco
of the latter types, though not the former.

A significant positive correlation of plant
height with grain yield i1s in accerd with the observations in
rice (Ramiah, 1933,, Wheat (Love, 1912; Hayes, et.al, 1927), |
sorghum (Swarup and Chaugale, 19623 Kﬁlkarni, 1932; and Vbnkatraman;
and Subramanyam, 1933), Corn (Robinson et.al, 1951; Murthy and

Ray, 1957) and pearl millet (Burten, 1951)., But results obtained
by Immer and Stevenson (1923)in wheat, and Kiesselback and
Webster (1940) in barley did not indicate any such association,
while Chaubey (1952) in barley found a negative cérrelaticn
between the same pair of characters. The magnitude of the pheno=~
typic correlation coefficient estimated in the present study
indicates the possibility of evolving dwarf and high Yielding
varieties, Such plants would resist ledging which hgs bsen found
to be a problem in some of the varieities ef Ragi. Plant height
vas found te be significantly correlated with number of leaves

and seed welght, The present study correborate similar findings
of Swarup and Chaugale (1962) in sorghum,

Although tiller number g
impertant yleld cempenent ( in rice by

considered te be an
Ganguli ang Sen, 1947,

L;:“‘*“~**-~‘-~_“““*::=====:==::
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Ramiah, 19533 Brown, 1953; in wheat by Csukly, 1954; Sikka and
Maini, 19623 in corin by Rebinson et.al,195% and in ragi by
Samathuvam, 1961), only a feeble correlation was ebtained
between this trait and yield in the present investigationl This
observatien finds support in the studies of Sikka and Ma%pi(lgsg),
vho also failéd to find any correlation of grain yield and
tiller number., These workers peint out a sert of compensatory
machanism in the wheat plant in that heayy-tillering types

bear smaller and lighter ears and vice versa. This appears to be
true of Ragl varieties as well. Further, a negative correlation
between yleld and .. number of tillers per plant in oats .
reported by Fore and Woedworth ‘1933) alse runs couﬁter to the
usual belief that heavy tillering leads to high yield,

Grain yield and 1000=grain weight were fougd te be
correlated positively. Similar association has been reperted in
wheat (Waldron, 1929; Bridgfowd and Hayes, 1931; Sikka and
Jsin, 1958; and Sikka and Maini, 1962), sorghum (Rangagwami
Ayyangar, et.al, 1935) and maize (Murthy and Roy, 1957), In
certain crops like wheat (Sikka and Maini, 1962) and maize
(Jugenheimer, 1960), the boldness of grain as measured by
Kernel weight is found to be negatively cerrelated with protein
content. Should this relaticnship exlst in Ragi as well, the
high yielding bold-grain tYPos may be peerer in protein, This
peint 1s ef interest for breeding for quality.

Investigations in rige (Ramiah, 19533

Alim, 1957
and Katwe, 1958), barley (Leasure et.al,

1948 and Choubey, 1952,

——————
Z
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sorghum (Venkatraman and Subramanyam, 1933 and Rangaswami
Ayyangar et.al, 1935) and Corn (Robinson et.al, 1951 and Murthy
and Rey, 1957) have indicated a significant positive correlation
between grain yleld and earhead length - an observation, wnich
agrees well with the finding of the present investigation.

The significant and pesitive cerrelation of

yield with earhead welight and leaf number is cerreborated by
several investigators in sorghum (Kottur and Chavan, 1928; Patel
and Patel, 1998; Weatherspoon and Wentz, 1933; Rangaswami Ayyangar,
1935 and Kelhe, 1951); rice (Pao,1945), wheat (Sikka and Jain,
1958) and Corn (Murthy and Roy, 1957). The high value of the
corrélation coefficient (0.952) eof yield with earhead weight
indicates that the latter 1s a fairly reliable index of yield. .

A positive correlation between grain yleld and |
fodder yield was cbtained in the present case. The result is in
conformity with those obtained by Martin (1928), Kolhe (1951),
Ahmed and Bhatti (1964) in sorghum and Shafer and Wiggans (1941)
in maize., Swarup and Chaugale (1962), however, found a negative
correlation between the same pair of characters in seorghum,

Contrary to the reports on positive correlation
betwsen leaf area and grain yleld (Davies, 1940 in fiela beanj
Swanson, 1941 in Sorghum; and Mishra, 1958 in groundnut) ne
appreciable association ef yield with area of the fourth leaf yag |
noted in Ragi varieties. Further, a significant negative corre
was obtained between yleld and flag leaf area,

The findings ef the

ebservatiens in other crops regarding (1) , Positive correlaty
ation

lation |

Present investigatien suppert
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between yield and length of internode in Italian millet(Ayyangar
and Hariharan , 1937); and (2) a positive corrolation of yield
with peduncle 1ength in sorghum (Kettur and Chavan, 1958),

Some of the impertant genotypic cerrelations
obtained in the present study may be mentioned now, Positive geno=
typic correlation was recorded for (a) panicle emergence with
plant height, leaf number, short interncde frequency and fedder
yield, (b) short internede frequency with plant height and leaf
number and (c¢) peduncle length and 1000~-grain yeight; Negative
génctypic correlation was observed between panicle emergence and
LL/LS of flag leaf, Association at the genotypic level could arise
due to (1) linkage eor (2) ploibtropic‘actiqn of one gene or gene=
complex of two different characters or (3) a common physiological
mechanism underlying the acticn of two gene or geneesystems n
centrolling two characters, It is beyond the purview of the
present investigation te ascribe any particular cause for the
genotypic correlations mentioned abeve . thever, the signifi«ance
of the genotypic‘associatlen between short-intemmede frequency
and plant'hoight can haidly be ignored, The.présence of shert

internodes appears to be an adaptive mechanism that pravidg; a

Ragi plant with higher number of leaves and hence, perhaps, greater

phetosynthetic ability and at the same time helps te prevent
lodging. The assoclation between peduncle length andg 1000~grai n

|l ve1ght may be helpful in breeding for quality for the reason

menticned earlier,
1t may be mentioned here

that since grain colouy
was found to be segrezating in ome var '

S ——————— 1oty namely * ,
= ¥ Bistugua‘n’
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two sublines were established by separating grains into twe
classes? light:brown and deep brown. 4 comparison between the

tvo sublines viz, Bistuguda-l and Bistuguda-2, serially numbered

as 2 and 3 (Fige,1) thus afferds a study of any possible cerrelated
response, i.e. simultaneous and unintentional selection of |
éharactef (s) along with deliberate solectiqn of a particular
tragt. A reference to Fig. 1 would clearly shew that definite

difference appeared between the two sublines in respect of fedder |
yield. The apparent correlated response of fedder yield te selectid¥
for grain colour may be ascribed to one of the folloewing pessibi- -
litiest (1) a pleiotropic effect of the gene er gene-complex for

grain colour on vegetative growth, (2) linkage of genes controllihg

these two characters and (3)vchanct'associaticn-ef genes in the |
selected parents” (Clayton et.al, 1957),

Again, referring te Fig. 1, no difference could
be neted betwsen the Twe sublines with regard te other métric
traits, It is evident that the picterialized scatter diagram,
by indicating different patterns ef character-associations in
4ndividual varieties, helps te reveal éuitc well to similarities
or differences among the varleties. Considering the trend of
character-association as revealed by Fig.l, the variety 'Bhoded
Ragi' ( No.7 in the figure) - a local unselected material,

appears ;
te be quite exceptianal in that it combines late maturitva1th \

relatively short height and lew yield. Thig variety appears te \
have originated along a line different from that followed by th
.

remaining varieties. In fact, the leng and slender 8plkes of th
L 0 is




variety well resemble those of Eleusine indica and it is possible.
that introgression with the latter species might have given rise ‘)-

to varieties like "Bhodel Ragi”.

characters of definite taxonomic value 18 necessary to tmgt the !
validity of such a hypothesis. Alternatively, indica ~ 1ike i
character(s) might have arisen independent of introgression,

through mutation,

An analysis of certain key
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CHAPTER VI
SUMMKARY

1. Phenotypic variation, heritability, genetic

coefficient of varlation (G.C.V.) and correlatien coefficients

at three levels i.e. phenotypic, genotypic and environmental
y

were worked out for different pairs of metric traits supposed to

have some direct or indirect bearing on yleld in a collection of |

twentyseven varieties of Ragl.

% A wide range of phenotypic variability was

observed in most of the characters.

3. High heritability estimates were recorded for

char
lamina t
frequencys

1000-grain weil

grain yleld and flag leaf area.
High genetic coefficients of variation were

emergences plant height, leaf number, lamin
a

acters such as panicle emergence, plant height, leaf number,
o leaf sheath ratio of the flag leaf, short interncde
earhead length, peduncle lengthy fodder yield and
ght. Moderate degree of heritability was noted fopr

4.

obtained for panicle
to leaf gheath ratlo of flag leaf, peduncle girth, earhead length
N

yield snd fodder yle

grain
5 When these parameters were estimated separate].
4 ] e y
in three duration-grenps, viz, early, medivm gnd late types, g
» Eroater

obtened 1n the late group in respect of a13 oh
8racterg

values were
1eaf area, for which the high

except for fla

l

o recorded in the
apd G.CoVe WOTS cer © arly and mediug
» i durat
i o iml "

bility




groups respectively and the lowest in the late group,
6, The degree of variation in highly heritable

characters ¢f a few high yielding varieties revealed least genetic

variation in case of panicle emergence and leaf number, Maximum
genetic variation was manifested in the variety P, No.1 and the

least amount in the variety 'Sodangi’.

7. From a pictorialized scatter diagram showing the

agssociation of different characters it was observed that the early

varieties formed a homogenous group, well differentiatad from the
rest, whereas no sharp demarcation could be observed between
medium and late flowering varietles, A varlety called 'Bhodei Ragi!

possessing a few wild Ragi traits appeared to have a type of |

character-association, quite disfinct from the rest,
8., Phenotypic correlation coefficients revealed that
grain yleld was positively and significantly assoeciated with

characters like panicle emergence, plant height, leaf number,

internode girth, short internode frequency, earhead weight, 1000

grain weight and fodder yleld .
9, v Negative phenotypic correlation of grain yleld was

obtained with area and lamina/leaf sheath of the flag leaf ang

juncle girth. Plant height was found to be si.gniricanuy correlateq
4th panicle emergence, leaf number and 1000-grain weight ,
0.7 A fesble correlation obtained between grain
o 2 -
feld and tiller number shows that hoavy tillering typeg bear smalie

r

r ears. The magnitude of positive corralations bety

' een

4 and panicle emerg:nce as well as plant height indicat d
| ate

1ighte
rain yiel




R ————

68
the probability of combining earliness and high yleld in a variety
and of evolving high ylelding varieties with dwarf, hon-lodging

character.

/11,

betwoen

Genotyple correlations could not be extablishgd
grain yield and bthet'characters, imaginary nuhbers.Seing
such cases. At tpe genotypic level, panicle emérgence
be positively correlated with plant height, leaf
rnode'frequenéy and fbdder yield aﬁd négatively
sna/leaf sheath of flag leaf. Significant |

associated with lam
g wers also obtained between short internode |

e e

recorded in
wvas found teo

number, short inte

positive ecorrelation
ght as well as leaf.nnmber'and between j

1000~grain weight and peduncle girthe
At the enviromnmental level grain yield was found

frequency and plant heil

/1P,
to be positively correlated with all characters, the values being

significant with tiller number,
Pantcle emergence was alse positively but not significantly corre-

fourth leaf area and peduncle length,

ed with all characters except plant height and internode girth
Considering the high values of G.C.V, and neritabilitﬂ
{4

lat

13.

gelection appears to be rruitful for a few characters like ‘panicle i_

1ant height, leaf number, earhead length and feddep yieldL
The significant and positive correlation of grain |

14.
in eharacters together with high h°r1t“b111ty’,st1

yield with certa ,
g of the 1atter indicate that panicle emergence, plant height |
’

emorgence, P

mats
Legf mumber, short internods frequencyy earfiead velght, 1000~gran
, a
veight and fedder yiel? & fairly good indices of high yield, of
, 14; o
* e an be put on earhe '
vhich much reliance © put on earioad velght,
*RK
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