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INTRODUCTION



INTRODUCTION

The species Oryza sativa is divided inlo two main races,

viz. 0. sativa var. indiea, 0. sativa var.joponiea. The japonicas ave

characterised by short stature, stiff straw, long panicle, non~lodging
habit and possess what is known as ' the response to high fertility
The indicas are tall end lodge even under normal deses of mamres and
are poor responsers to high fertilizatiom. It is gemerally believed
that a lprge mumber of geme mutatioms and geme rearrangements within
the chromesomes have accummlated in the jopomicas on accouni of their
cultivation in entirely different agro-climatic conditions (Jones and

Longley, 1941) which largely accoumts for the sterility in the hybrids.

The genetic investigations of rice started with the study of the
inheritance of grain colour by Vanderstok (1908) in Java., Since then,
the study has been persued in several countries, notably in India,

Japan end U.S.A. More than 8300 genes affecting 50 plant characters

have boen identified and their mode of inheritamce followed, In the
early stege, the studies were mainly confined to the inheritance of
qualitetive characters and then they have since been extended to quanti-
tative and physiological characters as well. Matesura (1933), Jones (1936)

Jodon (1948), Kuang (1951), Nagao (1961) and Remiah (1953 a) have

summarised the genmetic work on rice.

The varietal diversity in the cultivated riece species 0

Y.sativa

and the easy erossability among the varieties have led to the



development of a large mumber of improved strains through inter-
varietal hybridization. Mostly crosses have been limited to types

&f the same geographical race or sub-species, With a wide range of
objectives in breeding, it is conmsidered, that the choice of parents
for any hybridization programme need not be limited to any ome of the
racial groups. In order to combine the useful genes of the two forms,
the janonica - indiea rice hybridization programme was launched by the
F,A,0 at the Central Rice Regeareh Imstitute, Cuttack, India, and the
F1 hybrid seeds were sent to participating countries and Indian states
for stady and selection from the first segregating generation onwards.
The work on this hybridization has indicated the scope of obtaining

suitable varieties with greater response to increased soil fertility.

The study of imheritance of plant characters is of great impore
tance in guiding a plant breeding programne., The plant breeder is
conscions that selection capacity of his material depends upon the
amount of haritable variability present. It is also necessary to
understand the manner in which the variability funetions in order to

be able to estimate it and use it in breeding.

Therefore, the present study was undertaken with the object of
determining the mode of inheritance and evaluating the genetie varia-
tion expressed in the F2 generation of inter-racial and intra-racial

hybrids of rice in respect of eertain characters.
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REVIEW OF LITCRATURE

Geographical Groups of the Species Oryza gativa L.

Working with more than 200 varieties, Kato et al. (1928, 1930)
proposed to classify 0. gativa into ‘ﬁwo sub=-gpecies, japonica and indica,
N

on the basis of morphological differemces and sexnal affinity. The

jeponica group included varieties from Japasn, Korea and northern China,

whereas the indica group comsisted of varieties from India, Southern
China, Taiwan, Ceylom, Java and other tropical areas. The existemce of
hybrid sterility between the two groups - 66 - 100% sterility in hybrids
in contrast to 16-51% within japonicas and 29 - 31% within indicas~
aroused mch interest among rice workers. Terao and Mizushima (1939)
found that the phenomenon of inter-varietal hybrid sterility was too

complicated to allow classification into two distinct groups.

Later on, a third group, javanica or buluw, was recognized to
include vorieties showing intermediate characters. The javanica
varieties showed a very high affinity with japanese varieties and a
high to very high affinity with most of the indian varieties tested
(Terao and Mizmnshima 1944). Thus three major variety groups are
generally recogmized by Japanese workers. Mizoshima (1948, 1950)
recognized eleven groups on the basis of hybrid sterility, whose affimity

varied from one extremity to the other.



The general morphological features of the above three groups as
summarised by Terao and Mizmshima (1949}, are as follows:

indiea isnonica javanica

i. Broad, light Narrow, deep green Broad siiff light
green leaves. leaves. green leaves.

2, Slender, somewhat Short, roundish Broad, thick grains.
flat grains. graing.

3. Profuse tillering. Medaum tillering. Low tillering.

4. Mostly awnless. Avnless to awned. Awnless or long awnmed.

5., Thin andkshort Dense and long hairgs Long hairs on glumes.
hairs on glumes. on glumes.

6. Basy shattering. Low shattering. Low shattering.

Studies with large colleetions of varieties showed that the
morpholeogical variations within the two variety groups were not
discontimmous, (0ka, 1958), Based on the study of character association,
Oka divided the cultivated rice varieties into two groups namely

'Continental' and 'Insular', largely corresponding to indica and japonica

types respectively amd sub divided the Insular group imte two minor
{
groups 'Tropical insular' and ‘Temperate insular' according to their

geographical distribution.

Unlike the indjcas,tie japonicas are adapted to the sub-tropical
and warm temperate regions with lesser range of variability. They are
characterised by glutinous endosperm, early maturity, response to heavy
menaring and non-lodging habit. According to Ramiah (1961) the andacag

when compared to japonicas, possessed greater number of dominant
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characters and hence indicas could be the originasl form from which the
japonicas were evolved.

Sterility in hybrids

(a) Inter-racial: In cultivated rice, hybrids between different
varieties, particularly those belonging to 'indiea' when crossed with
'japonmica' showed varying degrees of sterility. Ever since the discovery
of hybrid sterility in inter~varietal hybrids of rice by Kato {1930),
Jenkin (1930), Ramiah (1931) and Oryosi (1940), there bas been specula=
tions by various workers concerning the canse of sterility commonly found
in these hybrids. Akomine and Hoshika (1941 ) concluded that the
sterility in rice hybrids wvas due to inter-varietal difference and the
effect of climatic factors i.e. air-temperature, humidity and sunshine.
The effect of the first fackor (air-temperature) was most predominant
and the sterility percentage could be predicted from the air-temperature
daring the growth period. Webstor (1950) while working om rice hybrids

agreed with the above statement.

Inter~varietal hybrid sterility has been given three intere

pretationg - Genetic, Chromosomal and cytoplasmic.

(i) Genetic: Hsu (1945) during his investigations, found for the first

tame that the sterility was genie in nature. He further reported that



F1 and F2 of two pertially sterile hybrids derived from indica x japomics

ecrosses exhibited a wide range among F2, plants from complete fertility
to plants as sterile as the F1 and concluded that sterility was due to
complementary genes.

Tu (1949) and Faang (1951) suggested that sterility was caused
either by lethal genes or minute stractural differences in the
chromosomes. Oka (1953, and 1956) arrived at the conclusion from a
study of segregating populations of several crosses, that the sterility
could he accounted for most logically by sets of duplicate gemes in
which homozfrgous recessive combinations led to abortion of spores or
gometes. Silow (1954) stated that gene subgtitution differences in

chromosome structure were the cause of sterility.

Oka (1957 b) alse postulated a mechanism of dominant lethals to
explain the weakness of F1 plants and another of complementary recessive
lethals to account for vegetative break-downs in F2 plants. Oka (1964)
made extensive review of this problem in the light of experimental
results obtained by him and his collahorators, over the period from
1953 to 1962 and characterised the intervarietal F1 gsterility by the

following features.

The inter-varietal F1 gterility was haplontic or gametophytic
and could he accounted for by assuming sets of duplicate genes which
work in the gametes as development maintainers (Gametic development oz

G.D. genes). A mumber of such duplicate genes may be concerned with



sterility between distantly related varieties.

In the F2 and later gemerations of the inter=varietal hybrids,
partly sterile or weak gegregants were found and from the partly sterile
plants, true breeding partly sterile lines could be obtained., This
sterility was diplonitic or sporophytic and is not correlated with Fl
sterility. This phenomenon vhich might be considered as a partial break

downn of hybrids, could be exp‘zlgned by duplicate genes of sporophytic

effect.

The origin of duplicate loei might be accounted for by assuming
gsecondary polyploidy.

Genetic consequences of sterility in japonica x indica hybrids

have been summerised by Jennings (1966) as follows:

Sterility in the F:l and F2 was caused by common chroosomal and/or
genic mechamisms. Recombinants and nom=recombinants (parental ty‘pes)
were edqually fertile, regardless of the degree of hybrid sterility in
the population. There was no deficiemey of recombinants resulting from

hybrid sterility.

Small genic differentiation between the two subwspeecies indica

and jsponica which gave rise to highly sterile hybrids, though chromosome

behaviour was normal, had been brought to light by XKihara (1966).

(1i) Chromosomal: Jonss (1930) working with both Chinese and Japanese

varieties of rice, found a higher desree of sterilaty inr the F1 of



certain crosses, from which he deduced the existence of chromosomal
incompatibility. Ramanujam and Parthasavathy (1935) found s completely
sterile mutant which shoved an asynaptic behaviour of chromosowmes.
Working with a wmumber of varieties representing diverse characters
Sethi (1937) detected a positive correlation between meiotic irregu-

larity and sterilaty.

Terao and Mizashima (1939} expressed the view that eventhough
chromosome pairing in the hybrids was apparertly normal at metaphase-I,
the sterility must be due to small chromosomal differences not
detectable at this stage (cryptic struetural hybridity).. Jones and
Longley (1941) after a study of the gametic tissue of mormal emd sterile
diploid plants, found that the sterile plants were abnormal in meiotic
behaviour in spite of their diploid chremosome mumbers. It was possible,
they thought, that the cultivated rice vavieties classified by Xato as

0. gatave - japonica and 0. zativa - indica represented varieties of the

same origin that had been grown under different environmental conditions
so long that owing to an asccumlation of gene mutations and genic
rearrangements within the chromosomes, they became largely incompatible
when crossed, Cua (1952) roported that the fertility of partially

asterile l?'1 hybrids between indica and japonica varieties was improved

considerably by artificial doubling of the chromosomes amd concluded that

the sterility was caused by complex gene matations and genie rearrange-

ments within the chremoasomes.



Mello — Sampayo (1952) discovered decentric bridges and acentric
fragments at anaphase~I, in partially sterile hybrids, and concluded
that the sterility in that case was caused by paracentric inversions.
Sampath and Mohanty (1954) in a study of partially sterile hybrids
found that metaphase~l was normal but bridges and fragments were found
at anaphase~I in 11 of the 85 hybrida and the sterility was caused by
inversions. They also stated that in most hybrids the sterility appeared
to have been caused by genic or cytoplasmic factors as the bridges with
fragments were not found. Parthasarvathy (1954) observed laggards,
stretched chromosomes and anaphase bridges with fragments in 33 hybrids

and the incidence was more tham 10%.

Hsieh (1957) in an extensive study of mumerous crosses between

indica and japonica varieties observed certain cytological abnormalities,

guch ag stretched chromosomes and bridges but there was scarcely any
difference in frequency of occurrence of these aberrations between the
parental varieties and their F1 hybrids. In a further study he concluded
that chromosome inversions were an unlikely explamation of sterility in
ndica x japonica hybrids of rice., Venkatasvamy (1957) was the first
to indicate that chromosomal differentiation between jndica and japonica
varieties of rice was due to translocations. Sempath (1957) supported
this view and indicated that the origin of duplications and deficiencies

in the gametes might account for the sterility in these hybrids.

Yao et al. (1958) presented evidence from studies of the pachyteme

stage of meiosis that chromosome loops characteristic of inversions were
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present in at least 3 or 7 hybrids under investigatioms. They also
studied that structural differentiation of the parental chromosomes
in inter~varietal rice hybrids was even more common than reported by
Sampath and Mohanty (1954) and arrived at the comclusion that partial
sterility encountered in most such hybrids was probably due to cryptic
structural differentiation in the chromesomss arising from included
inversions. Hsiech and Oka (1958) reported that bridzes accompanied
by " small gromilar fragments " at anaphase-I in 21 of 23 zice
varieties, and in 19 of 29 Fl hybrids studied,were formed. It was
further concluded that these did not represent inversion bridges because
of their eccurrence in homozygous variety and the opinion was that
sterility was probably genic in cause, rather than being due to

structural difference in chromosomes.

Henderson et al. (1959) showed further evidence of s¥ructural
differentiation in inter-varietal hybrids of rice. Im their investi-
gations they found two types of umasual behaviour, namely, bridges
without fregments and bridges accompanied Py acentric fragments.
Bridges without fragments were noted in some homozygous varieties in
the same frequency of hybrids. Bridges accompanied by fragments were
found at very low frequency in 9 of 12 hybrids, indicating the presence
of paracentric inversions. They strongly suggested that the partial
sterility which occurred commonly in inter-varietal hybrids was caused
by complex inversions of the inecluded type., Cafey (1959) ana

Mizushima and | Konda (1959) stated that the partial sterality in inter~



varietel rice hybrids eould be explainod on the bagis of struetural

dilferontiation of the parental chromwsomes.

thastry ond Hiera (1061) studied the pachytene chromosomes
in Japonies » indies hybrids d observed three typeo of abewvalions:
hetovomorphic bivelents; guadrivalonte and incomploie chwomosome
pairing, which are indicative of deletioms, iranalecetiens and difierecne
tial segrents rosvectively. A subeterminal inversien leop was fooud in
bivalemt of ome hybrid, sugcesting o perimgoptrie inversion. Swong
the Zour Lhinds of abnovmalizies, loosge poiring wes Ly far the mwet
conrmon. The above observations led Shastry ond Misra te conclude ihat
indjce and jepopica croups were difforentiated by a semios of swall
strecturyl difforence im their chromosoms corplement snd thet gtorility
in the hybrids might be copsidered as "rocombinational' botween
chromosoms sogments. However cich loop fowmition wos sbserved hoth in
purents and their hybride (Wa ey pl.1564) and eridieal evidence for
translecatod segments was locling. On the othor hund, Honderson (1664)
suggested a poegibility im which two inversions wilk the semw
chromogome wore involved, prodacing adjscent overlapping ond included
inversion. This type of included inversiem wus diffjeult io detect
cyralogically, yot il would produce hipher storility tben simple

paracentrie inversions.

In summavy mest rice workors tond to rocognire hybrid sterility

ag a resall of eryptic atructurel differentintion in chrorwsomes

il



between the two variety groups (Teras amd lMizuchime 1933, Jones and
Longley 1941, Fnang and Tu 1949 Cuz 1052, Yao gt al. 1968, Henderson

et al. 1959, Sempath 1960, Skastry and Misrs 1061).

(3ii) Cytoplasmic: Sampath and Mohanty (1954) reported semi-male
sterility in direct and reciprocal cresses of Oryza gativa varieties,
The occurrence of semi male sterility, when japonica was the female
pavent, was attributed to chromesomal abnormality (inversiens). A
statistically significant increase in sterility was appavent in the
F1 hybrids of reciprocal crosses which the authors intevpreted as
eytoplasmic effeet on pollen dovelopment when indica cytoplaszm and

javonica gene were cowbined.

In a back cross experiment between a Phillipine variety and a
Japanase variety, wsing the latter as the recurrgnt pollen pareunt,
Kitomira (1962) selected two strains from Bca generation. Crossing
the wwo strains with varicus Jepanese varieties, he found that when
the japenese varieizes were used as maternal pavent, all the F,s were

i

fertile. Bat some reciprocal Fia with & Japanese variety as pollem
parent, were partially sterile. It seemed ihat this was em instance
of dioharmonicus interaction betwecen certain genss of the Japanese

varieties and the cytoplasm of the FPhillipine variety.

Bao (1964) found pe major cyteplasmic differences between
erosses imvolving indiea and janomiea vice varieties. OConducting a
back erosz experiment between jindica and javopics varieties usieg

the latter as the regaurvent pollen parent, Uke (1964) observed that



repetition of the experiment until Klue did not bring about a remer
kable improvement in fertility. He also obse‘rved that if the partially
gterile plants were selfed, the progeny was almost completely fertile.
Since a backcross of the reciprocal combination with recurrent parent

as the maternal plant did not restore fertility, the sterility
appearing in this experiment could not be attributed to cytoplas:wic
effect. Jeming (1961) found no large reciprocal differences for either

pollen or spikelet fertility.

(b) Intra-racials Members of this race inter-cross readily giving
mostly fertile hybrids. However Oka (1956) reported instances of
sterility in these hybrids. Richaria gt al. (1962) recorded a range
of zero to 100% sterility in 11 crosses standied by them. Joseph (1962)
reported lesger spikelet sterility than pollem sterility in indica x
indiga combinations.

Inheritonce of characters

Plant height$ According to the results obtained, Ramiah (1933)
suggested that the presence of mmltiple genes, H1, H2 and H3 contro-
1lled the culm height, 31 and l’l2 having a similar action but I{3 was
greater than the others. 111 was fully dominant over H3 end H3 over
H2' However, some cases of momogenic segregation with tallness as

dominant have also been reported by Ramiah ( loc.cit.) and Nandi

and Ganguli (1941 b.).
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Syakado et al. (1952) found that in ithe cross between a semi-dwarf
form and normal form with 70 and 90 em in height respectively, the height
was controlled by iwo mltiple genes Hg and H3 with the combined actions
of the gene complex C1 and the gemes for semiwdwarf Dl' The gene D1 was
perfectly dominant over .:11 which determined dwarf stature. This semi-
dwarf form and the normal form were designated by ey h2 h2 Ha Ha dl dl and
01 112 H2 h3 ha D1 D:l respectively.

Syalmdo et al. (1054) found that in the hybrid progeny of the
crosses between Aikokn, Girbozy and Kyoto Asehi, the genmes which deter—
nining tbe heading periods also affecied the culm height by the mamner
parallel to that observed in the heading period which was governed

quantitively by the group of three genes.

A genetic study of the cross Pela x l.yeo-itze indicated that
tallness was partially dominant to shortness ond that modifying genes
weve epistatic to ihe shortness in genes {Anon. 1964). Both parents and
hybrids varied comsiderably in height.

Chalam and Verkateswarlu (1965) reported that the inheritamce
of heighv in wany cases was governed by at least 3 genes designated as
‘1‘1, T2 and Ta, eack having dafferential effect in controlling height.
fillerang: Lillering has been shown to be a polygemic character by
Bhide (1926). Aa in other guaniitative character, when heavy and
light tillering varieties were crossed, a tramsgressive variation

was obgerved in F2 with the meam values falling some where between the
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parental means (Nagai 1928, Jonmes 1028). Ramioh (1953) observed tillering
to be & polygenic character. When the high and low tillering varieties were
crossed, Nagai (1959) observed a transgressive variation in the F, with the
mean value falling between the parental mean. Ghose et.al.(1960) found thet
genes numbering ghree to four in some cases and more than four in others,

controlled tillering.

Flowering duration: Hoshine (1915) found in a cross between early and late
maturing rice that the time of flowering in Fl was intermediate but nearer
to th;t of the early parent, The F2 generation equalled the combined range
of the parents, The anthor suggested that three mzltiple genes would
explain the results, Ikeno (1918) reported that in crosses of early and
late rices theF1 was intermediate aud segregation in F2 was complex and
apparently due to multiple factors. Hector (1922) found that the F2 progeny
from a cross between an antumm and winter rice segregated into two distinct
groups with respect to data of flowering, These two flowering periods were
the same as the flowering dates of the two parents with am interval of about
{three weeks during which time no blooming eccurred. The ratio of early to
late was 1:3. Nomre gt al. (1925) found that the F; hybrids were a few
days later in shooting than the late parent and in the F2 segregation it

was in the ratio of sbout 3 late? 1 early with transgressive segregation

on both sides. For interpretation, the amthor drew up a trigenic basis.

Bnide (1926) observed the dominsnce of lateness in a monogenic

ratio in certain crosses while in ether crosses, however, such dominance

of lateness over earliness was not very evident. Jones (1928) while stadying
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the erosses from various early snd late types of rice observed that
the F1 plants might be earlier than the early parent, later than
the late parent, or nearer to the oarly or late parent in time of
flowering. The Fz planis showed trawnsgressive variation and there
was a heaping up of plants in the intermediate powitiom in the F2.

He finolly observed that two or mere genetic factors were involved in

the production of earliness in the rice varietfes studied.

In crosses between summer and autumm rice Nandi et al. (1940)
found the F2 bybrids to be more or less intermediate, but nearer to the
early parent. The F2 segregation suggested that mmltiple genes were
concerned. In the cross between antwrm ond winter rice and between
summer and winier rice, the F1 plants were intermediate. The 1"2 in
the former case, héwevex: showed transgressive segregation on both
sides while in the latter ihe tramsgression was onmesided i.e., towards
leteness only. Nendi et 2l. (1941) found that in a cross beiween an
antump and winter rice, the F‘1 was definilely intermediate and the Fg
had a wide range of variation with transgressive segregation on both
sides. Graphically, the F2 population segregated wath a bimodal curve
showing clearly a ratio of 3 latet 1 early, In amether cross between

the summer and the winter rice, the FPi was initermediate and F2 the

transgression was again one sided, i.e., towards the lateness only,

Duration expressed im terms of number of days te heading in

rice had been demonstrated as being governed by a large number of
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mltiple genes; but the qualifying values of these gemes were mot the
same (Nagi, 1959). It was shown that a pair of penes determined a wide
range af difference. Besides the basic gene, many mor; genes might
determine minor differences. Chalam and Venkateswarlu (1965) found
shorter duration to be simple dominent to long duration. In some cases
however, lateness was found to be dominant and in some other cases the

segregation wag polygenic,

Exsertion: According to Ramiah (1932) exsertion of panicle was controlled
by a large mumber of gemes., Sethi gt al. (1937 a) on the other hand,

observed an F2 segregation of 49:3:12 of exserted and partially exserted ?
tip exserted: enclosed and have expalined their results on a three factor

hypothesis with a magyber of assumption.

Chang and Bardenas {1965) classified pamicle exsertion broadly

into four groups.

(1) Exserted: Psnicle base is clearly sbove the flag leaf sheath.

{2) Partly exserted: Panicle base appears at the same level as the
top of the flag leaf sheath.

(3) Partly enclosed: Pamicle 1s partly emclosed by the flag~leaf
sheath.

(4) Enclosed: Panicle is entirely enclosed by the flag-leaf sheath.

Chalan and Venkateswarlu (1965) were of opinion that exsertion
was governed by at least three genes.
Length of paniclet Panicle length in rice is a variable character and has

definite relationship with-yield. Many of the hybrids between short anmd



long ear types demonstrated in F2, a continuous variation extending over

the range of the parents.

A woll analysed ease could be seen in the cross '"Koyabozu " x "ohba"
varieties, studied by Takesaki (1925). "Koyaboza" was a variety possessing
a medium height with short and demse ear measuring 14.756 cm in length.
"Chba" was medium tall in height with medium long ear, measuring 20.38 cm.
The mean ear length in F2 population was 18,38 em varying between 12 and
28 ems He concluded that length is governed by the cumlative action of
mltiple genes whose qualifying value would be 1.0 em. Studies made by
Bhide (1926) and Ramiah (1930) also showed that this character was governed
by polygenes.
¥Weight of graing: The weight of grain is of economic importance. This varies
according to the size and shape of the grain. -

Parnell et al. (1922) showed that coarse grains were heavier and that
weight was associated with grain colour. Chandraratna gt al. (1960)
reported that grain weight in reeceprocal crosses between the pure line

varieties Vellai Ilankala Yan 28061 and Pandarani, showed a maternal effect.

Grain characterst There is considerable variation in the size and shape
of the rice greins,

Inheritance stadies on the length of grain by parmell gt al.(1917)
qshowed normal length to be simple dominant over short length, Bhide (1926)
reported that grain length was controlled by mltiple genes. Chao (1928)

found that short was dominant over long. The eross between short (4.13 mm

in length) and long (8.81 mm) showed a distinct segregation in F,, the short



kernel was dominant; the obsexrved mimber gave a fairly good agreement
with the segregation expected %)n the ratio of 3:1. According to famizh
and Parthasarathy (1933) kernel length was governed by three multiple
genes, Hara (1942) found that the length appeared to be controlled by
two pairs of genes in the crogs between an oval-shaped japonica variety

("Kokuryomiyako") and a long and red kerneled indica variety. In a cross

between 'long' (Nioi—ine) and mediuam ("Tataso"), Morinaga et al. (1943)
found that at least five allelomorphs govern the kernal lemgth. Studies
at the Central Rice Besearch Institute showed that length of grain was

a gquantitive character and was governed by three genes.

According to Ramiah end Parthasarathy (1933) and Mitra and
Ganguli (1938), inheritance of the breadth of grain is polygeniec.
Majid (1939) explained the inheritance of breadth of grain on digenic
basis. H«: has also observed that thickness of grain was controlled by

polygenes.

Pollon sterility: Ishikena (1927) interpreted pollen storility on the basis
of a single recessive gene 's'., Ramamjam (1935) has yeported that pollen
sterility was governed by duplicate recessive genes. Oka (1953 a, 19563 b)
found that percentage of pollen abortion in jndica x janonica hybrids
varied widely among diffevent crosses, ranging from nome to 100%. Although
a wide renge in steriliiy was also found in segregating populations, he
concluded that the sterility was uwaused by segregation of a few duplicate
genes. He further stated that mo evidence of irregular chromosome

hehaviour was found in meiosis. Differences in pollen and seed fertality
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between reeiprocal Fl hybrids of Indiam and Japanese varieties were

noted by Sampath and Mohanty (19054). In two series of reciprocal crosses,
lower fertility was observed when a japsnese variety was used as the
female parent. Miller (1959) studied segregation for pollen .fertility in
the Fg and Fa of a cross having 12% pollen fertility in the Fl" F2
fertility ranged from two to 99 per cent, averaged 80% and showed ome
mode in the 91 to 99 per cent fertility class. There was no detectable

ratio for pollen stainability in the Fz.

Percentage of viable pollen in normally fertile lines could also be
lowered by adverse environmental conditions (Misra 1962). He found that
gome of the known factors are: low air and water temperature, high
hamidity or excessive rain at flowering, low light intensity, short photo—
period, drought and nitrogen fertilization. Henderson (1964) summarized
segregation data from a large number of F2 plants and lines in.a cross. F‘2
pollen fertility ranged from one to 98 per cent and averaged 53%. Although
there was tendency towards ;“trimodal segregation, many plants were found
in each fertility class and it was concluded that the F2 congisted of an

indefinitely large numbers of genetically distinct classes.

Spikelet sterility: Spikelet sterility often exceeded pollen sterility
in inter-varietal hybrids and their progenies, (Hsu, 1945). He referred
to a trimodal segregation in the F2 of the two different highly sterile
F1 hybrids. The F2 populations predominantly were divided into the three
seed-set classes of zero to 5 per cent, 45 to 55 per cent and 65 to 76

per cent fertility.
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Sumnerising a large amount of pertinent work by Tadian

Scientists, Sampath (1959) reported that wide segregation for sterility

was found in the F2 and later geperations of indica x japonica hybrids
and that plants more sterile than the F1 parents were present in most
F2 population. Butany et al.(1961) reporied F2 data from three crosses
having widely different levels of F1 fertility (20, 52 and 75%). On the
basis of similar ranges of F‘2 pegregation and similar Coefficiemts of
variability, they concluded that F2 and F3 sterility behaviours were
comparable irrespective of the degree of the F1 sterility.

Phenol reaction: Derk~violet stecining of grains and lmlls with phenol
solution was inherited as a single dominent, Ph., This staining reaction

was found in the indica varieties (Nagao 1981).

According  to Nagi (1959) certain varieties of indica type

possessed the power of oxidising phenolic compounds and hence the colour

development.

Oke (1953) recorded the 'continental! forms as phemol positive
and 'insular' forms phenol negative. Most of the japamese upland varieties
studied by Yamaguchi and Eimura (1958) showed positive phenol reaction

in contrast to the irrigated rice.

Jennings {1966) reported that lemmas, paleas and outer glumes of
psterile and fertile spikelets of some varieties of rice were stained

darkly following soaking for several hours in 1.56% phenol solutiom.

Phenol staining was found monogenic dominant to ne staining.



Narsyanan Unnithan (1967) has reported that the 'Phenol positive'

reaction of the jindica varieties was found to be dominant over a 'phenol

negative 'reaction of the japonica varieties.

Cytological: From the prevalemce of semi-sterility in the hybrids between

japonica and indica varieties of rice, it has been inferred that the sube

species formation in rice is connected with strunctural changes in the
chromosomes, in addition to geme matations (Terac ond Mizushima 1939 and

Gua 1952). However, visible differences between the chromosomes of indica

and japonica varieties have not been found. Sampath and Mohanty (1954)
observed a low frequency of ‘chromosome bridges' and fragments in the
anaphase~I stage of meiesis in japonica x jindica hybrids and concluded that
inversions of chromosome segments have played a part in the formation of

the japonica sub=species.

Venkataswanmy (1957) isolated a true breeding semi-sterile culture

from FG of a japonica x indica hybrid in which one or twe guadrivalents
were frequently present in metaphase~I of meiosis. He coneluded that
translocation of chromosome segments may also have contributed to the

formation of japonica sub-species.

Vhile studying the chromosome behaviour in meiosis-I in six partially
sterile hybrids between varieties of cultivated rice Yao et al. (1958)
found that diakinesis and metaphase~I were mormal in these with no evidence

of translocation or absence of pairing to account for the sterility. In



two of these hybrids chromesome bridges without fragments occurred at
anaphase~I and telophase~I in low but regular frequency. It was coneluded
that such bridges may be the result of delayed termimnalization of chiasmata
in pairs of chromosomes which were structurally different at some point.
Hsieh and Oka (1958) found that the F, plants and parents did not differ
significantly as regards the frequency of rarely occurring uuivalents of
'stretched’ chromosomes at metaphase~I and of hridges at anaphase-I.
Stretched chromosomes might be due to precocious geparation of bivalents.
The occurrence of such chromosomes end univalents moy be indicative of loose
pairing of homolognes possibly as a result of formation of am insufficient
mumber of chiasmata per chromosome. They could not be inversiom bridges

in view of their presence in the parental pure lines, but their nature was

unknovwn.

Detailed study of the chromosome behaviour ot anaphase-I in 12
inter~varietal hybrids of cultivated rice was conducted by Hemdersen
et al. (1959). Dridges without fragments aud bridges accompanied by
acentric fragments were found. Bridges wirheut fragments were also found
in each of the three homozygous varieties in approximately the same frequency
as in the hybrid. It was concluded that their behaviounr was not abnormal
and did not indicate the presence of structural diflerences in chromosomes.
Bridges accomponied by fragments were observed at very low fregueney

indicating the presence of paracentric inversions.

Madhneudhana Rao (1964) analysed 6134 anaphase~I cells of 15 hybrid

conbinations and found that 19 cells showed bridges without fragments,, and
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49 cells with laggards. The same type and intensity of abnormality
were noticed in parents aleo. A total of 4219 diplotene cells wag
examined from the above hybsid combination and 40 cells were found
showing unpaired chromosomes. Parents also exhibited zbout the seme
per cenl of cells showing umpaired chrowosomes. He concluded that
analysis of diplotcne and anaphase~I cells did met give amy positive

e¥idence of the structural differentiation of chromosomes.



MATERIALS AND METHODS



MATERTALS AND MOTHODS

A, Msterials

Thé present investigation is a contimmation of the work

already started earlier. Imter-varietal crosses of rice (Oryza sativa L.)

representing japoniea and indica types, in the following four combinatiens

were effected in November, 1966.

Cross No. 0 parent Orparent Groups
I Vellayani~-i Tainan-3 indica x japonica
II Tainan-3 Vellsyani-i japonica x indica
111 Vellayani-1 Taichung indica x jndiea
Native-1
v Taichung Vellayani-i ipdicz x indica
Native-1

The behaviour of the first generation hybrids along with the

parents was studied during December to March, 1966~-1967,

Seeds obtained from 16 F1 plants representing all the four
cross combinations as detailed below,, received from the Division of
Botany, Agricultural College & Research Institute, Vellayani, were

utilized for the present study.
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No. Combination. F2 famly. population
studied.
i - 12 270
1 - 7 64
I Vellayani=1 x Tainan-3
i - 14 87
1 17 21
) 8 425
6 i 126
II Tainan-3 x Vellayani-1
5 - & 121
8 -~ 7 56
2 2 224
2 21 38
IiI Vellayani-i x Taiclmng Native~1
2 - 6 33
2 - 3 26
6 - 12 223
6 - 16 98
s Taichung Native-1 x Vellayani-i
6 - 7 60
6 14 68
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B. Kothods
Raiging the F2 generation of plants

All the available seeds of 16 P1 plants vrepresenting th; above
four crosces along with the three respective parents, were sozked
separately in water for 24 houws, drained: and kept in a ecol dark place
for another 24 hours., They were then sown separately in pots. Pot
watering was given twice a day for first omewsek after sowing and therg
after once daily.

All the avzilsble geedlings of the four erosses were planted
separately in singles in the main field, 25 days after sowing at a
spacing of 30 cm either way, in such & way that seeds obtained from one
F:l plant ropresented one Fa fomily. Hundred plante in each of the three

parents were alco raised aide by side with the hybrids for comparison,

The ugnal mamyring schednle of 40 1b N, 30 1h 3’205, and 30 1b xgo
in the form of emmoniam culphate, single superphosphate and mriate of
potash, over a basal dose of 1000 1b of green leaf par acre, recomscnded
for paddy was odopted. There was no incidence of discase during the erop
period. 3ild atitack of pests to the crop during ita early phase was

effectively checked by saitable plant protection measures.

Ohservations on the following 15 characters were recorded both on

@

the hybride and on the pavents and their pattern of inheritance worked eut.

Besults of four typical families representing all the four creas combinations,



are presented in the body of the thesis and the rest in the appendix.

I DPlant height

Height was measured in em from the base of the plant to the
tip of the main panicle after the grains attained full meturity. A

total mumber of 2043 plants was sindied for this characters.

II Productive tillers

Namber of ear~bearing tillers per plant was counted at the time
of harvest and the mean mamber of tillers per plant in both hybrids and

parents was calculated. A total number of 2028 plants was studied.

ITT Non-productive tillers

Namber of non-ear bearing tillers per plant was counted at the
time of harvest. The mean number of tillers per plamt in both hybrids
and parents was calculated. This observation was confined to a total of

1907 plants.

IV Flowerang duration

Mumber of days from the date of seeding to the opening of the
gpikelet in the first emerging panicle was taken as the flowering duration.

This was recorded on 2084 plants.

V Exsertion of panicle
Length in cm of the internodal region from the tip of the

lagt leaf-sheath to bthe neck of the pamicle was measured as exsertion.

2
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A total number of 986 plants was studied. This observation was

recorded on the main tiller of mcch plant.

VI length of noniele

Longth of panicle of the maim tiller of each plent was measared
in cm, the measurenond being token from ithe neek to the tip of the top mest

grain. A total number of 693 plonis was studied for this cheracter.

VII Grain and strow vields per wlont

Single plants vose horvested and seeds collected separatcly.
The yiecld of grain snd siraw waz recorded in grams after drying and the
meen yield per plant was worked out, both for grain ond straw. A total

manber of 1447 plants was studied for this.

VIII Length, bresdth ond thiclneps of graing

Meeonrements in mm from B branch tip groins per pamicle of the
main tiller of each plant wers made. Mean lepgth, breadth and thiekness
of grain were -caleulated for cach of the hybrids end the parents. A

total mumher 236 plunts was studied for this.

IX FPhenel resction test

The test was conducted in family i -~ 14 under erose X ond in
fomily 5 - 7 under cross II comprising of a total populetion of 56 ond
53 plants respectively. Seed samples from all the Fg plonts at the rate

of ten seods por plont were drawn at maturity and were soaked in 1.5%



30

agqueous phenol solution for six hours, draimed and air dried. Hull
colour was recorded as phenol negative if unstained and phenol
positive if stained to black., Based on thig the individuals were
grouped into two phenotypic classes - stained and unstained. The
agreement of the observed frequencies to the expected ratio was tested

by .2.2 test of goodness of fit.

X Pollen sterility

Sterility of pollen grains was estimated both for the parents
and the hybrids. Fresh pollen grains were collected at the time of
anthesis, They were stained with glycerine - acetocarmine mixture (1:1)
and the slides were kept for a few minutes so as to allow the stain to
act on the pollen grains. The slides were then examined under the
microscope (low power). Well stained pollen grains were counted as
fertile and others as sterile ones. Counts were made from 30 microscopic
fields selected at random for each plani. The data were tabulated and

the percentage of sterility was estimated as shown below:
Ed

Percentoge of pollen sterility = No, of sterale grains x 100
Total number of grains.

The study was conducted on 122 hybrid plants seleeted at

random belonging to four crosses and on 30 parental plants.

XI Spikelet sterility

Tiis was estimated after the grains attained full maturity.
The carheads from the main tiller were collected from each of the
plants and the total number of well filled grains and chaff was counted
geparately. The data were tabulated and the percentage of sterility was

estimated as shown below:
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Spikelet sterility = Number of chaff x 100
Total number of spikelets

A total namber of 900 plambs belonging 1o the four cross

combinations and the parents were situdied.

Methods of amalysis: Based on the results obtained, the individuals were
grouped into frequemcies by selecting appropriate class inmtexvals. Then
the mean, standard error of mean and coefficient of varidtion were calculated,

both for hybride end pavents. The results are presented in Table I to XIV,

XII Cytological sindies

Panicles of the proper stage from 15 plants selseted at random
in each of the four eross combinations were fixed botween 9.30 A.M. and
10.A,4, in three paris ethyl alcohol to ome part glacial acetic acid,
The materaal was kepit im the fizalive over night, washed in rectified
spirit and slored im 70% alcohol. Temporary slides with 1% acetocarmine
were prepared, gently warmed over the flame and the cells flatiemed
placing the slides oz folds of filter paper by applying modest pressure.
The slides were examined with the help of an Olympus microscope.

Abnormalities in meiosis as observed under the microscope, were recorded.



EXPERIMENTAL RESULTS



RESULTS

The objective of any breeding programme is to obiain
individuals possess:ng meximmm mimber of desirable attribmies. 4
Iknowledge aboui the mode of inheritance of characters will be of
great help to the breeder in planming his work and alse in selecting
out such desirable pheno-types from a segregating populatiom. Resulis
obtained from a study of 15 ghavaclers in F2 generation of both imter

and wnbraeracial hybrids of four crosses in rice, awve presented belows

Datailed characteristics of the parental types used

S1.Ne. Particulars Vellayani=1 Taichung Tainan=3
Native=1
i Iype Indica Taiwenege Japonica
ipdica
2 Oprigin Seleetion Selection Seleetion from
from a from a a eross betvecn
mtont type cross Kwan In
developed between 401 x Gj Unk 38
by neutron  Dee~Goow— {Taiwon)

irradiation Weo.Gen
in Ptbh.10 and Tsaie
(Ivelved at  Yiwan-
A.C.& R.I,, Chung
Vellayoni) (Taiwan)

3 Hahit of Tall Short Meginm tall
the plant
4 Tillers Fevr end Many and Mapny apd

spreading compacth eompact



S1.No, Particulars Vellayanieli Taichung Tainan-3
Native-1
5 Panicle Vell Not Well exserted
exgertion exserted exserted
6 Penicle type Semi Semi- Compact
compacthy compact drooping
partly drooping
dreoping
7 Lepma palea Green Green Green
colour
8 Grain size Uedium Medium bold dold
9 Grain colour Straw >traw Straw
10 Avnless Awnless Aymleas Avnless
11 Rice White White White
32 Daration Short Madijum Madivm

(90-100 days) (120-i25 days) (120-125 days)

I Plant height
The data pertaining te the frequency distribution of
individuals ef both parents and hybrids based on plant height are
presented in Table I.
( TABLE I }
Height of Vellayani~-1 and Tainan-3 ranges from 45 to 114 cm
and 80 to 104 em respectively. The F2 progeny of the cross Vellayani-i x

Tainan~3 shows a wide range of plant height as compared to the parental



PABLE T

T'requency distribution of individmwals (parents and 1?2) for beight (in cm) of plants

Clagses 40 45 50 55 60 65 70 75 80 83 90 95 100 105 110 115 120 1925 130 135 Total X S.E C.V
44 49 54 59 64 69 T4 T9 84 89 94 99 104 100 134 119 124 1290 134 139

particu~
lars *

i o 1 ee <o 1 1 2 8 T 4 15 18 11 3 2 se ee e e .o 63 91.8 1.8  12.8
2 e oo 1 ee 2 . 3 B B8 18 14 9 2 . .. ee we  ae e e+ G2 86.5 1.2 10.9
3 e ss e 2 4 6 18 11 11 2 1 s eo es  co cs es  ws se s B3 T4.1 1.0 2.9
4 9 4 e« 3 5 13 24 33 20 39 28 25 21 156 19 .8 B .. v es 270 88.9 0.9  17.3
5 7 4 6 11 26 24 48 56 56 B4 45 37 23 11 8 4 2 1 1 1 425  82.3 0.8  18.9
& e 1 4 6 26 20 32 17 20 33 26 8 30 12 .o «s ee s s se 21B 8.3 1.3  25.2
7 e 4 B 11 21 15 26 22 23 22 32 18 14 7 1 1 1 e s ee 223  80.6 1.0  19.0
*1 Vellayani-1 _

2 Tainon=-3 X = Meom

3 Taichung Netive-1 S.E. = Stondard error of meen

4 Vellayani-l x Toinen-3 Eramny 1 =12 C.V. = Coefficicnt of variation

5 Tainan~3 x Vellayami~1 { ,, 5= ©

8 Vellayani-1 x Teichung Native=i (Family 2 - 2)

7 Taichung Native—i x Vellayami-i (,, 6~ 12)

129
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lines {vide plate I and II), This is supported by the fact that the
coefficient of variation is found to be more in F2 than in the
respective parents. The reciprocal of the above eross also shows
almost the same pattern of segregation in F, (Fig.1). The highest
frequencies of Fg individuals in both direct and reciprocal crosses
are observed to be between 80 - 89 cm and in fact coincides with the

mean of the two parental values.

Height of Taichung Native-~i ranges from 55 to 94 om. The F2
progeny of the cross between Vellayemi-l x Taichung Native-1 shows a
range of variation between 45 - 109 em, (vide Plate III and IV). The
mean of the F2 is seen to bhe near to the mean of the two parents. The
reciprocal cross alse shows similar pattern of segregation with a wider

range of variation in F, then in the parents (Fig.2).

It is also seen from the table ihat a few of the F2 individuals
in all the four croeses, rescmble the respective parents in plant height.
A minor proportion of Fa population is feund to surpass the pavental
limits in the expression of the chavaecter. This transgression is found

to be on botk sides in the four crosses studied.

No reeiprocal difference is seen in the pattern of segregation

of plant height in Fz.

II Produetive tillers
The data referring to these of both parents and hybrids are

presented in Table II
{ TABLE I )



FREQUENCY

FREQUENCY

60

50

40

30

10

40

T 3X V i

o e < inm
= fo in in In

V 1 X T 3

o
<0

ID

HISTOGRAM REPRESENTING THE FREQUENCY DISTRIBUTION C
Fo INDIVIDUALS FOR PLANT HEIGHT



FREQUENCY

FREQUENCY

I TNLIXV i J HISTOGRAM REPRESENTING THE FREQUENCY DISTRIBUTION Q!
Fg INDIVIDUALS FOR PLANT HEIGHT

—
30 N
1
—
N ~
» Y
— 1 F1 OB
20 J
L 4 2
. '
! B FT
—1 ¢
o " 1
: SEe )
M - - Ul k
10 ] [ ] - . '
- [ 4
' - ?
s .
L . ~ t
| - " "" * IJ\[ l ‘-I lsl
n o o <
¢ ¢ o

1o
114
115
ns
120
124

10
B33

68

o ©n e < 0 O
h!bgﬂmmm

94
95
89
100
104
106
109

n o o
T3 (7] o

HEIGHT IN C™

[ VIXT N1 |

[ ] B
30 )
s
20 | .
[ .
- , -
LY
1
Ll - L]
<
| - . :
0
L2 23R 28 38 e Rr2FILTE I BT Ie

HEIGHT IN C m



TABLG 11
Frequency distribution of individuals (parents and F2) for the
mumber of productive tillers

Classes 1 2 3 4 5 8 7 8 9 10 11 12 13 14 16 16 17 Total X s.L C.¥v

.

particu=
lars «
1 e« 10 16 13 16 23 i i e ee se  es  ee  se e e as 60 3.9 0.2 34.8
2 3 12 13 11 8 4 3 3 4 1 .o ess oo .. .o .o .e 62 4.3 0.3 53.2
3 es  we i 1 6 8 58 12 4 7 2 4 2 e ee 1 . 53 7.9 0.5 434
4 2 38 40 36 34 22 27T 21 i85 9 9 3 3 4 2 3 2 270 5.8 0.2 857.4
B 20 79 79 08 49 38 22 14 8 2 2 e 1 . L e e 422 4.0 0.1 52.2
6 2 13 20 31 28 18 84 17 15 8 5 5 6 3 1 6 1 213 6.7 0.3 534
7 oo 2 8 10 23 22 232 23 23 22 22 13 9 8 1 2 3 223 8.4 0.2 37.0
* 1 Vellsyani-i

2 Tainan-3

3 Toichung Nativee1 =

4 Vellayani-1 x Tainan~3 (Family 1 - 12) s QEE ; leixdard error of mean

5 Tainon-3 x Velloyani~1 ( ., ~ 5 - 9) C.V. = Coeffictent of variation

6 Vellayani~1 x Taichung Native-1 ( Family 2 - 2)

7 Taichung Native-1 x Vellayeni-1 ( ,, 6 -12)

9€



Mamber of productive tillers in Velluyani-1 and Tainane3
ronges fvom 2 te 8 and 1 to 10 respectively. The F2 hybrids of these
parents are found to exhibit a wide ramge of variation between 1 and 17,
(vide Plate V and VI). The mean number of tillers in cross Vi x T3 and
I3 % V1 are 5.8 and 4.0 respeciively. These in turn agree nith the meam

of the two paremis.

Taichung Native~l shows a variation of 3 to 16 with a mear of
7.92.Crogs Vellayani-i x Taiclung Native-1l and its reciprecal exhibit a
greater range from 1 to 17 and 2 to 17 with mean 6.7 and 8.4 {vide Plate

ViI and VIII). The means in turn agree with the mean of the iwo parents.

Individuals having the parental values are feund %o occur in all
the F,s. A one sided transgression is seen in all the four cases. No

reciprocal diffevence is detected.

ITI Non~Producive tillers

Frequency of individuals grouped on the basis of muber of

non-earbearing tillers is shown in Table III,

( TABLE III )

Among the paremts, Taichung Native-1 shows the maximum mmber
of non-productive tillers per plent with & mean of 6.0. I"z progeny
o Vellaysni—l x Teinan-3 shows a mean value of 2.8, which is in close

agreement with the mean of vhe two pavents. DReciprocal cross also shows



TABLE TIT

Frequency distribution of individuals (parents and I‘z) for the
mmber of non-productive tillers

Clagses i 2 3 4 5 6 7 8 9 10 11 12 Total X S.E. C.V
particu—
larg *
1 15 22 2 2 2 .o .e .o . P .e «» B0 2,1 0.1 47.8
2 13 32 B8 3 2 .o s .e .e .o . .e 55 2.1 0.1 47.8
3 .e 1 7 9 10 10 ki 9 3 4 .e i 55 6.0 0.3 38.7
4 36 113 58 32 i2 4 1 1 1 ve i ve 256 2.6 0.1 B2.1
3 8 160 69 B3 14 i3 6 .e .. i .r vs 393 2.6 0.1 54.4
6 19 81 80 22 i8 [ B i 2 .o ve ve 204 3.0 0.1 51.8
7 20 74 35 43 ¢ 6 8 2 3 2 3 i 208 3.4 0.1 62.0
* 1 Vellayani-1
2 Toinane3
3 Taichung Native-i b P
4 Vellayani-i x Tainaned (Tamily 1 - 12) X = Mean
. . S.E. = Standard error of mean
5 Tainan-3 z Vellayani-i ( ,, 9) C.V. = Coefficient of variati
6 Vellayani-1 x Taichung Native-1 (Pamily 2 - 2 +Ve = Loeliicient ol variation
7 Taichung Native~1 x Vellayani-1 (Family 6 -12
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the same pattern of segregation.

The F2 progeny of the eross between Vellayani-i z Taichung -
Native—1 shows a higher mean of 3.0. The reciprocal cross also shows

the same pattern of variation with meam 3.4.

The cross Vellayani=-1 x Tainan-3 shows a coefficient of
variation of 52,1 and its reciprocal cross a variation of 54.4., This
is higher than the variation possessed by the parents i.e. 47.8 each.

The same is the case in the second set of crosses.
IV Flowering duration

Data pertaining to this are presented im Table IV,

( TABLE IV )

Vellayani-1 flowers earlier with & mean flowering duration of
78 days. Tainan-3 and Taichung Native-1 have a mean flewering duration
of 83.9 and 82.2 days respectively. The F2 progeny of the cross between
Vellayani-i and Tainan-3 shows transgressive veriation with its mean
nearing to the meon of the two parents. The reciprocal cross also shows

similar resulis.

In the cross between Vollayaniel and Taichung Native-1, the
raenge of variation in the FZ is found to be within the limits of the
variation exhibited by the parents. However, the mean of the I'2 is
found to agree wath the mean of the two parental values, The reciprocal

erogs does not differ from the direct cross in its patteram of segregation,



TABLE IV

Irequency distribution of individuals (parents and F2) for
flowerang duration in days

Jlasses 50 B3 56 59 62 65 68 TL 74 77 80 83 86 89 92 05 08 101 104 107 Total X S.E. Cc.V.
52 55 58 61 64 67 T0 73 76 T9 B2 85 88 91 94 07 100 103 106 109

rartica-
Larg *
i ee a8 on e e i 38 16 1 16 17 6 1 3 ee oo oo s .e .o 863 78.0 0.7 6.9
2 e es es se se ee i 1 1 5 26 7T ¢ 7 1 1 3 .e .e .o 62 83.8 0.7 7.0
3 «s oo ss s se 0 ws 1 1 3 38 3 3 4 2 .. .. .o .o .o 55 82.2 0.8 4.6
4 1 1 1 15 29 37 43 38 25 39 17 B5 6 3 4 1 2 1 1 i 270 72.3 0.4 9.1
3 we oo e 1 4 21 32 57115 79 54 11 11 14 10 9 1 2 3 i 426 797.3 0.4 9.6
8 es se se ee e 8 19 60 14 20 68 8 3 ¢ 6 3 .. .o .e . 216 7.2 0.4 8.5
7 e e se se 3 29 18 53 4 26 60 9 6 9 3 2 1 .. e s 223 76.3 0.7 13.6
* 1 Vellayani~1

2 Tainan=-3 -

X = Moom
3 Taichung Native~1
. . S.E.= Standard error of mean

4 Vellayani=1 x Tainan-3 él"amﬂy 1-12) s s s

5 Tainon~3 x Vellayaniei ( 5, 5- 9) C.V.= Coefficient of variation

6 Vellayami~1 x Taichung Native-1 gI‘amily 2 -2 g

7 Taichung Native-1 x Vellayani-1 s 6 =i2

ik}
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the means of the two being - 77,2 and 76.3, which also agree with
the parental mean. In two of the four crosses, there is clear

evidence of tramsgressive segregation.

V Exsertion of panicle

Frequeney distribution of both parents and hybrids, on the

basis of exsertion of panicle is shown in Table V.

(T4BLE V)

Among the parents Taichung Native-1 is not exserted at sll.
Vellayani-1 and Tainen-3 have a mean exsertion of 3.0 cm and 7.1 cm
respectively. The cross between Vellayani-1 and Tainan-3 shows
a mean exsertion of 3.7 cm which falls between the two parental means,
Reeiprocal cross shows the same pattern of segregation with a mean of

3,3 cm which is also very close to the meam of the parents.

In the cross between Vellayani-i and Taichung Native-1 majority
of the F2 individuals show no exsertion. The same is the result obtaine
in reciprocal cross also. The mean of the F2 progeny agrees with the me

of the two parents.

The fact that F2 has a greater range of voriability as compared
to parents, is shown by the magnitude of coefficient of variation. Thie

is also seen in Plates IX amd X.



Classes

particu-
lars *

~No0ahr,wnNn -

TABLE V

Frequency distribution of individuals (parents and Fg) for
assertion of panicle

0O 1 2 3 4 5 6 7 8 9
8 1 5 6 3 5 2 2 1
2 2 7 8 8 3
47
68 12 16 29 23 19 22 14 12 10
73 15 15 21 28 22 16 15 6 7
153 14 10 10 6 9 2 2 2 2
132 16 16 9 10 7 8 . 2 1

Vellayani-1

Tainan-3

Taichung Native-1

Vellayani-1 x Tainan-3 (Family 1-12)
Tainan-3 x Vellayani—1 ( 9f 5- 9
Vellayani-1 x Taichung Native-1 ( Family 2-2)
Taichung Native-1 x Vellayani-1 ( ,, 6 —12)

10 11
1 1
4 8
4

12

in cm

13 14 15 16 17 Total

33

32

47

1 1 236

Qe a. .= 1 *e 226
210

201

X » Mean

S_E. =5 Standard error of mean

X

3.0

7.1

3.7

3.3

0.9

1.1

S.E.

0.4

0.3

0.2

0.2

0.1

0.1

C.V. B Coefficient of variation

C.V.

76.8

21.5

93.7

96.6

204.8

173.5

to
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VI Lencth of panicle

Data are presented in Table VI,

( TABLE VI )

From the results presenmted in Table VI, it is seen that all the
parents show the same range of variation of 17 to 26 cm, with mesnse
almost nearang to 22 em. The cross between Vellayani=l and Tainan=3
exhibits transgressive variatiom with meen value lying close to the
mean value of the two parents. The reciprocal erosses do not show any
difference and their means agree: with the mean of the respective

parents (Fig.3),

The 1"‘2 progeny in zll the four c¢rosses are found to have greater
range of variationm as compared to the respective pavents (vide Plates XI
and XII), There is a clear case of transgressive variation in all the

above four cases (Fig.4).

VII Grain yield

Frequency of individuals of both parents and hybrids are presented

in Table VII,

(TABLE VII )

The results show that the ¢cross between Vellayani-i and Tainan-3
and its reciprocal have recorded mean grain yields lesser than that of

either of the parents.
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Classes

particu-
lars *

~Noahk~,wNr

Frequency distribution of individuals (parents and F*) for
length of ear-head in cm

13 14 15 16 17 18 19 20 21 22 23 24

1 4 7 11 13 31 28 26 34 22 11

Vel layani-1

Tainan-3

Taichung Native-1

Vellayani-1 & Tainan-3 (Family 1 - 12 )
Tainan-3 x Vellayani-1 ( 9 5- 9)
Vellayani-1 x Taichung Native-1 (“amily 2-2)
Taichnng Native-1 x Vellayani-1 ( ff 0 -12)

TABLES VI

.® Standard error of mean

25 26 27 28 29 30 Total
1 1 33
1 1 32
3 46

11 11 3 » 247
8 5 2 1 218

10 1 211
8 5 206

X S Mean
S.E
C.V

.® Coefficient of variation

21.5

22.5

22.0

20.8

20.0

20.1

20.8

S.E.

0.3

0.3

0.3

0.2

0.2

0.2

0.2

C.V.

9.3

7.0

8.7

15.8

18.3

12.7

12.9



Classes

particu-
lars #

~No o PhWN R

=
w
o1

65 50 33

142 87 40

24 20 30

Vellayani-1

Tainan-8

Taichung Native-1

\I

26

25

37

30

9
10

11

10

17

20

TABLE VII

frequency distribution of individuals (parents and Fg) for
grain yield (in g)

11 13 15
12 14 i§
*e 1 1
4 2 *»
4 4 2
1 3 3
6 *# 1
14 3 4
15 11 23

17
18

12

19 21 28 25 27 29 31 33 35

20 22 24 26 28 30 32 34 36

Vellayani-1 x Tainan-3 (Family 1-12)
Tainan-3 x Vellayani-1 ( ,,
Vellayani-1 x Taichung Nafcive-1 (Family 2-2)

Taichung Native-1 x Vellayani—-1 ( 9

5-9)

ox

6 -

2 *®
1 1
1 3
2 8

12)

1

30

30

30

207

312

+* 00 182

.- 1 169

X a Mean

Total

6.8

Sol

11.8

5.2

3.6

8.7

12.4

S.E.

0.6

0.8

1.1

0.3

0.2

0.5

0.5

S.E Standard error of mean
C.V. @& Coefficient of variation

C.V.

51.9

51.9

50.9

80.2

73.8

74.6

53.2

CT
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In the cross between Vellayani-i and Taiclmug Native-1, the
meen value of the F2 is found to lie between the parental means. Similar

pattern of segregation is found in the reeiprocal ecross also,

The coefficient of variation is observed to be more in all the
four crosses as compared to parents, thereby indicating the wider range of

variability in hybrids.
VIII Straw vield

Data pertaining to siraw yield are presented in Table VIII

(TABLE VIII)

Results show that the cross between Vellayani=-1 snd Tainan-3
has recorded a variation in straw yield ranging from 1 te 3¢ g. Its mean
of 10,0 agrees wath the mean of the two parents. The veciprocal of the
above cross is also seen to have similar results. Same is the case observ

in the other set of erosses.

In all the Fzs studied the extent of variability is found to be
more as compared to respective parents. There is a clear evidence of

transgressive variation on both the sides.
IX Length of grain
Data ave presented im Table IX,

(T4BLE IX)



IABLE VIII

Frequency distribution of individmols (psronts ond Fg} for
straw yield {(in g)

Classes 1 3 8§ 7 9 11 13 15 17 19 21 23 25 27 20 81 33 3y Total X S.E. C.V,
2 4 €6 8 10 12 14 18 18 20 22 24 26 28 30 32 34 36
particu=
lars *
1 L X ] 3 3 3.“ 7 -.1 2 g 2 L 2 J L X J > 8 [ X % L E J E 2 3 L X J L X 30 9.1 g—l? 41.5
2 s 1 3 4 & T 8 1 2 2 46 26 o¢ 60 oe ca s <o 30 11.2 0.7 56,0
3 s s 3 8 38 8 2 T 2 2 e oo se oo co se se sve 30 11.4 0.7 34.8
4 14 22 3632 20 1B 7T 18 12 10 4 2 2 2 1 e 1 e 207 1.0 G.4 62.6
b 26 55 G668 37T 19 14 9 11 5 4 B 8 1 ee ee 1 e 312 Bel 03 6.5
G 2 17 2040 35 9 4 15 8 0 2 4 38 2 s 1 oo 2 182 16.6 0.5 80.6
7 1 1 1121 19 27 8 81 10 11 10 1 12 .« 3 e 1 2 169 14.4 0.5 45.5
i
*1 Vellayani=i
2. Tainone3
8 Tatchung Native=1 -
4 Vollzyoniel x Tainene3 gr'amily 1-12 X = ¥eon
id Toinans3 x Vellayaniel { 44 Be= O S.He = Standard erver of wean
6 Vellayani=1 x Taichang Nativeel (Temily 2 - 2) CoVe = Coefticient of varintion.
7 Taichung Nativeel x Velloyaniel (Family 6 =12)

L%



TABLE IX

Frequency distribution of individuals (parents and Eg) for
length of grains (in M)

Classes 6.4 6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0 8.2 84 86 8.8 9.0 Total X S.E. C.V.
6.5 6.7 609 7.1 7.3 7.5 7.7 7.9 8.1 8.3 85 37 8.9 9.1
particu-
lars *
1 1 3 1 4 1 10 7.7 0.08 3.2
2 1 2 5 1 1 10 6.8 0.06 2.9
3 2 6 2 10 7.5 0.04 1.9
4 1 2 6 7 9 8 10 8 3 2 1 57 7.4 0.06 5.7
5 1 1 4 6 7 9 6 3 1 1 1 e 1 .- 41 7.4 0.06 5.2
6 e 1 2 4 6 7 12 7 5 4 3 - e 1 52 7.6 0.05 4.9
7 .- 1 2 4 8 10 10 6 4 8 2 55 7.8 0.06 6.0
*1 Vellayani-1
2 Tainan-3
3 Taichung Native-1
4 Vellayani-1 x Tainan-3 (Family 1 — 14) X = Mean
5 Tainan-3 x Vellayani-1 ( ,9 5 - 7) S.E. Standard error of mean
6 Vellayani-1 x Taichung Native-1 (Family 2-2) C.V. = Coefficient of variation
7 Taichung Native-1 x Vellayani-1 ( 9 6 -14)
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UL

The cxoss between Vellayani-i and Teinen-3 shows a range of
6.4 to 8.6 with a mean of 7.4 mm. The mean is in agreewent with the

mean of the twe parente. Reciprocal cross gives similar results (Fig.s).

The cross between Vellayani-l and Taichung Native~1 shows &
range of veriation between 6,6 and 9.1 mm with 7.6 mm as the mean. This
is in agreement with the parental mean of 7.6 um. The reciprocal eross

elso gives similar results (Fig.6).

The extent of variability exhibited by all the ng studied, is
found to be more with respeet to parents. Transgressive segregation on

bothk the case is seen only in two of the four cases studied.

X Breadth of CGrains

Regults are presented im Table X,

{ TABLE X )

Bange of variation in the F2 of the eross betwoen Vellayani-i a
Tainan-3 is scen o be 2.4 to 3,5 rm with mean 3.0 mm. This is in accord

vith the mean of the two paremtal values. The reciprocal cross is also f

to behave similarly.

In the cross between Vellayani-l sud Taichung Native-1, the ran
of variation is found te be from 2.2 %o 3.5 wa with mean 2.9 mm. This is
in agreemont with the mcan of the two parents. The reciprocal cross is
observed 4o have a lesser range of variation with 2 mean 3.0 mm whach

agree with the mean of the parents.



FREGUENCY

FREQUENCY

HISTOGRAM REPRESENTING THE FREQUENCY DISTRIBUTION
L Taxvi ] F, INDIVIDUALS FOR LENGTH OF GRAINS

635 655 675 685 715 735 7S5 775 795 815 835 855

LENGTH OF GRAINS IN 772 72

635 6855 675 ©95 715 735 755 775 795 815 835 858
LENGTH OF GRAINS IN 722 72




FREQUENCY

FREQUENCY

¢5

[TNLIxV 1]

S ]

HISTOGRAM REPRESENTING THE FREQUENCY DISTRIBUTIC
F2 INDIVIDUALS FOR LENGTH OF GRAINS

655 675

[VIXT N 1]
12

695 715 735 785 775 79 815 835 8655
LENGTH OF GRAINS |N?722 7

655 675

695 715 735 755 775 795 8\ 835 855
LENGTH OF GRAINS IN”m 722



TABLE X
Frequency distribution of individuals (parents and F) for
breadth of grain ( in m2 )

Classes 22 2.4 2.0 2.8 3.0 3.2 3.4 806 Total X S.E. C.V.
2.8 2.5 2.7 2.9 3.1 3.8 3.5 3.7
. parti-
culars *
1 3 2 10 2.8 0.01 0.7
2 3 0 1 10 3.4 0*04 3.2
3 3 7 10 8.0 0.01 0.8
4 .o 2 9 16 11 12 7 ok 57 3.0 0.04 9.0
5 *e .- 1 5 16 11 3 «* 41 3.1 0.08 5.5
6 1 2 9 15 15 B 1 e 51 2.9 0.08 8.5
7 ©0 e 4 24 18 8 1 .o 55 3.0 0.02 5.7
* 1 Vellayani-1
2 Tainan-8
3 Taichung Native-1
4 Vellayani-1 x Tainan-3 (Family 1 - 14) X X Mean
5 Tainan-8 x Vellayani-1 ( ,, 5-7) S.E. ss Standard error of nean
6 Vellayani-1 x Taichung Native-1 (Family 2 — 2) C.v* s Coefficient of variation
7 Taichung Native-1 x Vellayani-1 ( ,, 6 -14;
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Higher coefficient of wariation is observed in all the four
cases as compared to the respective parents. Tramsgressive variation

on both the sides is seen only in two of the four cases studied.

XI Thickuess of graing
Data pertaining to the above are presented in Table XI.
{TABLE XI)

The Fg progeny of the exoss botueen Vellayani~i and Tainan-3
ghows a range from 1.5 10 2.4 mm with mean 2.0 wm. This is in accordance
wath the mean of the twe pavenis. The reciprocal cross shows a lesser
vange ‘of variabion i.e., 1.0 to 2.4 mm vith mean 2.1 mm which is in agrec
ment with the mean of the dirvect cross and alse that of the two paremtal

HoANS»

The oross betwecen Vellayani-i and Taichung Native~i shows a
variation of 1.7 to 2.2 ma with mean 2.0 mm. This iz in agreement with
the meen of the twe parents. The reciprocal cross also shows a similar

results,

The coefficicmt of variation is observed tof?nore in all 1he
four erosses as compared to the respective pevents, thereby indicating

the wider range of variability in hybrids.



TABLE XI

Frequency distribution of individuals (parents and FO) for
thicloness of grain ( in mm )

Classes 1*5 1.7 1.9 2.1 2.3 Total X S.E. C.V.
1.6 1.8 2.0 2.2 2.4
particu-
lars *
1 -e 1 8 1 -e 10 2.0 0.03 4.7
2 . 90 3 7 10 2.3 0.03 4.1
3 . oo 8 2 .. 10 2.0 0.03 4.2
4 1 3 31 21 1 57 2.0 0.02 5.7
5 - oo 19 19 3 41 2.1 0.02 6.8
6 .o 2 28 21 oo 51 2.0 0.02 6.0
7 - 1 32 22 s 9 55 2.0 0,02 5.4
*1 Vellayani-1
2 Tainan-3
3 Taichung Native-1 »
4 Vellayani-1 x Tainan-3 (Family 1 - 14 ) X =3 Mean
_ _ S.E, s Standard error of mean
> Tainan-3 x Vellayani-1 ( ,9 5 - 1 C.V. a Coefficient of variation
6 Vellayani-1 x Taichung Native-1 fFamily 2 — 2 T
7 Taichung Native-1 x Vellayani—-1 I 6 -14
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XII Yhenol reaction

Rosults of the phenol reaction test conducted for the hybrids

Vellayani=-1 x Tainan-3 and its reciproeal are presented in Table XII

TADLE XII

Phenol reaction test

Claas Observed Ixzpectdd
frequency frequency - ~ )&
(0 in 311 0-E XY= (0B
ratio (E) E

a) Cross Vellayemni-1 x Tainen-3

Stained 46 42 3 0.21
Unstained 11 14 -3 0.64
Total 56 56 - 0.86

b) Cross Tainan-3 x Vellayani-1

Stained 42 30,75 2.25 0.13
Unstained 11 13.25 ~2.25 0.382
Total 53 53.00 - 0.512

Critiecal walue

X (0.08) = 3.841
X* (0.01) = 6.035
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The obtained values are 0.85 eand 0.512 respeetively.

Since the calculated value is less than the cratical value, the

3&2 is significant at both the levels.

The resulis show that there is a clear cut segregation of F2
individuals in both direct and reciprocal crosses, into phenol positive
and phenol negatives in a 3:1 phenotypic ratie, thereby suggesting the

complete dominance of the phenol positive to phenol negative.

Hybrid sterility

Data on pollew: and spikelet sterility are tatmlated and presented

in Tables XIIXI ond X1V,

a) Pollen sterility
(TABLE XIIT)
The results show that the mean range of pollen sterility observec
in the hybrids of the four cross combinatioms is from 22.1 to 45.2 per cc

vhereas in the parental varieties the range is as low asg 9.5 to 14.0 per

In the cross between Vellayani-l x Taipen=3 and its reciprocal, i
percentage of policn sterility is found to be more as compared to the ott

set of croasses.

The hybrids of Vellayani-=l x Tainan=3 and its reciprocal shews a
mean sterility of 45.2 and 38.0 per cent. The sterility percentage in tl
parental varieties Vellayani~l and Toinan-3 is 11 and 14 per cent. The

hybrids of Vellayeni=l x Paichung Native-1 and its reciprocal show 3i.1
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TABEE X 111

Frequency distribution of individuals (parents and Vg) for
pollen sterility ( in &)
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0 5 10 15 20 25 80 85 40 45 50 55 00 65 70 75 80 85 90 95 Total X
4 9 14 19 24 29 34 39 44 49 54 59 64 69 74 79 84 89 94 99
2 2 S 2 1 10 11.0
1 2 8 2 - 2 10 14.0
3 8 1 2 1 10 9.5

1 4 8 4 8 4 1 e 3 2 i i 1 1 1 o 30 45.2

*

.o 4 3 1 3 8§ 1 2 1 2 2 i i 1 = 2 1 30 38.0
+0 8 2 5 7 4 5 1 1 «© 3 *e ©0 1 1 « 1 32 31.1
# 3 5 4 6 4 3 8 2 @0 22.1
Vellayani—1
Tainan-3
Taichung Native-1
Yollayani-1 x Tainan-8 (Family 1 — 14 ) X  « Mean
Taiaan-3 x Vellayani-1 ( m@ 8 - 7 ) S.E. s Standard error of moan
Vellayani-1 x Taichung Native-1 (Family 2 - 6 ) C.V. =3Coefficient of variation

Taichung Native-1 x Vellayani-1 ( ,s 6 -14 )

nn—mmrw m—tiimnan

—mma—w w— ir—m

C.V.

56.8

55.8

85.7

55.3

81.5

78.8

67.6

CaT
or



Classes 0 8 10
4 9 14

particu-
lars *
1 9 4 3
2 -- 11 4
3 2 S 12
4 4 11 27
5 1 12 20
6 4 28 23
7 3 11 29
*1 Vellciyani-1

2 Tainan-3

3 Taichung Native-1

4

6

6

7

15
19

15

28

38

35

TABLE X1V

Frequency distribution of individuals (parents and F*) for

20
24

20

27

24

26

25
29

14

20

28

22

Tainan-3 x Vellayani-1 (
~ellayani—1 x Taichung Native-1 (Family 2 — 2)

30
34

22
13
15

17

f,

35
39

10

15

15

21

40 45 50 55 60 65 70 75 80
44 49 54 59 64 69 74 79 84

14

16

14

10

5 -

Taichung Native-1 x Vellayani-1 ( ,

spikelet sterility (in $)

16 13 11 4

12 16 11 10

117 8 6 9

3 4 4 5

Vellayani-1 x Tainan-3 ( Family 1 - 12 )

9)

6 -12)

85
89

X

S.E.
C.V.

90
94

TV

Me
St
Co

95

an

andard error of mean

Total

28

25

43

214

223

224

203

X

11.0
15.0
17.8
31.8
33.3
29.4

29.0

S.E.

1.9

1.9

100

1.7

1.4

1.3

1.3

efficient of variation

C.V.

91.6
©2.5
59.1
76.2
©3.2

65.3

65,9
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Taineu~3 and its reciprecal. No such instance is observed in the other
set of crosses and aloo in the paremts. Metaphase and amaphase were

obgserved to be regular in all the erosses studied.



DISCUSSION



DISCUSSTON

In the pregent investigation the behaviour of F2 hybrids
belonging to four combinations of crosses between indica and japonica
varieties of rice has been assessed. Results relating to the mode of
inheritance of 15 characters in both inter-racial amd intra-racial hybr:
have been obtained and analysed fully. An attempt to discuss the resuli
briefly has been made here in order to draw valid conclusions regarding

the essential nature of inheritance of the characters.

Ramiah (1933) has suggested that mltiple genes controll culm
height, Besults obtained in the present study show that plant height m
be assumed to be governed by many gemes. This is due to the facts that
all the four crosses studied, the mean value of the F2 population lies
very close to the paremtal means; transgressive segregation is observed
in all the casesj variability in the F2’ as measured by standard
deviation and expressed by coefficient of variation is very large. The
wider range of variability in F2 is indicative of segregation of large
mmber of factors. Approximetely equal mmmber of individuals is seen m
both sides of the modal class which gives a typical normal curve, when
plotted to suitable scales. In both indica x indica and jndica x japon

hybrids, the mode of imheritance follows almost a similar pattern.

Tillering has been reported to be a polygenic character

(Bhide 1926). The present results are in support of the above statemem
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Similar pattern of inheritance is observed for both productive and
non-productive tillers. Mean of the F2 progeny is found to agree with ¢
parental means. Individuals having parental values are found to occur i
all the F,s. Tranagrescive segrogation is also observed. Nagai (1926)
and Jones (1928) have also observed in crosses between heavy and light
tillering varieties a transgressive variation in F2 with the mean values
falling somevwhere between the parental means. A segregation pattern alr
typical of normal distribution is seen im all the cases in the present
study. From this, it can be assumed that many genes govern tillering iw

rice,

Ag per the data obtained, the indica x japonica hybrids show
transgressive segregation for flowering duration with its mean nearing t
the mean of the two parente. The indica x indica hybrids ghow a variati
within the limits of the variation shown by the parents with the mode
close to that of the paremts. Chandrasekharan and Parthsarathy (1960)
have stated that this type of inheritence camnot be considered as due to
blending of characters, but due to the characters being governed by a ve
large mumber of factors. Thus all the four cross conbinations studied,
show a mode of imheritance typical of quantitative characters, This is
agreement with that of Nandi et al. (1940). Nagai (1959) also expressec
that duration in terme of mumber of days to heading in rice is govermed

a large mumber of mmltiple genes, but the qualifying values of these
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genes are not the same,

Results of siudies relating to exsertion of panicle show an
accunlation of frequency in the initial zero class and this accummlatior

is found to be considersbly more in the indica x indica hybrids than tha!

in the jindica x japonica hybrids. This fact seems to eliminate the
possibility of considering this trait to be inherited 25 a quentitative
one at the first sight though evidences from other angles such as
agreement of F2 means with that of the parents, extent of variability
in F2 etc., support a polygenic nature of inheritance of this character.
The present situation can be explained if it is assumed that panicle
exgertion can have megative values, the possibility of which has been
strongly indicated by the high magnitude of coefficient of variation
shown by the Fa. In the present investigation two classes - 'exserted’
and ‘not exserted' have been recognized and in the ‘exserted® class
different %/egregants have been measured and grouped into frequences base
on the results. With respeet to the 'mot excerted' group no test has
been applied to scove off the diffevent segreganls and hence they will
all behave in the same way. This can account for the accumilation of
frequencies in the initial zero class as is observed in the present case
Thus, assuming that the 'not exserted' elass is split up into different
groups based on their negative values of exsertion and their frequencies
calculated and drawn to suitable scales, we get a smooth curve,

characteristic of nmormal distribution. This hypothegis seems to be
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reasonable since in the curve so obtained, mean, median and mode
coincide as in a normal distribution. All these evidences tend to
suggest that penicle exsertion is a quantitative character governed
by polygenes or major and minor genes. This is in agreement with the

results of Ramish (1922),

Studies mede by Bhide (1926) and Ramiab (1930) show that length
of pamicle is governed by the polygemes. The results obtained in this

study agree with this report. The indica x japonica and indica™ indica

hybrids show similar patitern of segregation, with means coinciding
with that of the parents and coefficient of variation being higher than
that of the respective parents. Typiesl transgressive segreation is
observed in all the four cases studied, thereby indicating that many

genes determine expression of the character.

In indica x janomiea crosses mean grain yield is found to be low

as compared to that in jndica x indice hybrids. In other words in inter-
racial hybrids-both direct and reciprocal crosses—~the medal class is in
1~2 g as against 7-8 g in the intra-racisl hybrids. This reduced yield
may probably dae to high spikelet sterility in imter-racial hybrids. A4s
a results of this, the inheritance of grain yield im imter-racial

hybrid is found to follow no definite pattern. In intra-racial hybrids
a normal carve is obtained with transgression towards higher yields,

indicating that yield is governed by mmltiple factors or major gene-minor
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gene systems. With respeet to straw yield both indiea x onica and
indica x indica crosses give similar results. There is a clear evidence
of transgressive variation on both sides. Mean of the F2 progeny is
found to lie near the mean of the respective parents., It can be assumed

that many factors control astraw yield.

Grein size is determined by length, breadth and thickness of
individual grains. In the present study, the results obtained show that
in both jpdica x japonica and indiea x indica hybrids, the mean length
of grain of the F2 is found to agree with the mean of the respective
parents. A higher range of variation as evidenced by the magnitude of
coefficient of variation, is observed in the Fzs ag compared to the
respective parents., Mean, mode and median coincide in all the four case:
and typical mormal curve is obtained with tramsgressive segregation in
two of the four cases stadied (vide Fig. 5 and 6)s 'The same is the mod
of inheritance observed in case of breadth emd thickness of grains
also. These facts suggest that length, breadth and thickmess of grains
are inherited as quaentitative character governed by many geneg. Similar
resalts has been obtained by Bhide (1926), Ramish and
Parthasarathy (1933, 1037), Mitre and Gangnli (1938) and Majid (1939).

Among the parental varieties, the japoniea type (Tainan-3) is
seen to be phenol negative and the indiea types (Vellayani-l and
Taichung Native-i) phenol positive. This agrees with the view expressed
by Oka that 'continental' forms (indiea types) are phenol positive and




tinenlar forms' (jepomaien types) phenol negetive. X! is found that

1‘2 hybrids segvegate intoe phemol positive omd phemel negative in a ¢lear
311 phenotypic ratie. This suggests the complete domimance of phenol
pogitive to phenol necgative. This obzervation iz im confirmity with
the report of Nageo {1051) ena Jemnigs (1968) that phenol staining is

a simple inherited domimant trait to nmon staiming.

Oka (1953 a, 1953 b) has reporied that pevcentage of pollen

sterility in indiea x japonica hybrids varies widely among different

crosses, ranging from zero to 100, In Hendersom®s (1964) gtady, 1"-'2
pollen fertility has ranged from one to 987 with an average of 53¥% and
consisted of an indefinitely large muber of genetically distinct classes

Results obtained in the present siudy of indica x jsponica hybrids chow

& similar range of variation recorded by the above workers with a mean
of 45,2% for the indica x janomica cross and 38% for the reciprocal.
This lower percentage of pollen fertility when japanese variety is used
as the female parent is in agreement with the result obtained by

Sampath cad Mohanty (1954)»

In ipdica x indice hybrids alse instance of sterility has beon

reported by Oa (1956). Bicharia e al. (1962) have recorded a range
from gere 1o 100% sterility in 11 crosses studied by them, Hesults

obtained in the siudy of indies x jndica hybrids show lesser percentage

of pollen sterility as compared to indiea x javonies hybrids. In this

cage also lesser percentage of pollen sterility is observed vhen the
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veriety Velloyami~i is used ss the mole parent. This may probable be
due to the comparatively lesser percentage of pollem sterility im the
indiea parent itself or due to the effect of certain cytoplasmie
factors. This has to be strengthened by further experiment. As
zeported by Miller (1959), no detectable ratio for pollen staimebility,

could be noticed in the cm

Hsu (1945) has reported that spikelet sterility often exceods
pellen sterility. The results obtained in the present study do not
seem 0 agree with that of Hou. In three out of four crosses studied,
the meen spikelet sterility is found to be lesser than the corresponding
mear pollen sterility. As reported by Sampath {1959) a wide segregation
for gpikelet is obsexved in indica x jepomica hybrids. There is no
definite relation with respect to pollen and spikelet sterility in

indiga x jndica hybrids unlike in jndica xz jeponica hybrids. This doeg

not agree with the findings of Joseph (1982) who has reported lesser
spikelet sterility vhan pellen sterility im indica x indica crosses.
This disegreewent may be attributed to t'he difference in the material
gstudied and also due to the variation in the climatic factors. Yoreover
Hoshilka (1941) and Websier (1950) have indicated that climatic factors

ecan play a decisive vole im the expression of sterility.

Both genic and chromosomal camses have been proposed to account
for the sterility in interwraecial hybrids of Oryzs sativa. Beguler

pairing of chromosomes at metaphase I of meiesis in partly sterile



intervarietal rice hybrids to form i2 bivalents as found in the
present study, is in agreement with the report of other workers, such

>
as Kaung (1961), Oka (1953) and Sempath snd Mohanty {(19%4).

Appearance of chromosome loops at pachyteme indicates structural
differences of chromosomes of indica and japonica types. Since no
detailed study on chromosome behaviour during meiosis in hybrids has

been undertaken vaiid conclusion eannot He dvawn in this line,
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SUMMARY
A study on the F2 generation of inter-racial,
(Vellayani-i x Tainan-3) and intra-racial (Vellayani~i x Tzichung Native-t)
rice hybrids of both direet amd reciprocal eombinations of erosses, with
reference to the mede of inheritance of 1B plant characters, has been
condgeted during October to Jammary, 1968, Dased on the resmlts ihe

following conclusions have been drawm.

In both inter-raeial end intra-racial hybrids, plant height,
mimber of productive as well as nom=productive tillers, flowering duration,
exsertion and length of pamicle, grain and straw yields, length, breadth
and thickness of grains are imherited as guantitative characiers controllec
either by mltiple gemes or by one or two major genes and a few mimor
genes. Ne reciprocal differemce in either of the twe racial groups, is

observed. Transgressive segregation is seen im all cases.

Pollen sterility and spikelet sterility are more and yield of
grain end strav-lege im inter-racial hybrids unlike thoge in the
Intre~racial hybrids where the order is reversed. Im both the racial
groups, hybrids exhibit the minimim percentage of pollen sterility whem

Vellayani~l is used as the male parent.

The indiga parents, Vellayani~1 and Taielmng Native~1 are phenol
positive and jsponica parent, 'Tainan-a, phenol negative. The 'F2 hybrids
in both the racial groups, segregate into phenol positive and phenol
negative in a 331 phemotypic ratio without reciprecal differemce, thereby

ghowing that phenol positive iz monmogenic dominant over phenol negative.
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APPENDIX T

TFrequency distribution of individuals (parents and Fz) height
of plants ( in em

Classes 40 45 50 55 60 65 70 75 80 B85 90 96 100 105 110 115 126 125 130 135 Total X S.EB. c.V.
44 49 54 59 64 68 T4 T9 84 80 94 99 104 109 114 119 124 129 134 139
particu=
larg®
1 ee 1 44 e 1 1 2 3 7T 4 16 12 11 3 2 e we as s es 03 91.8 1.5 12.8
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5 *s  ss  we t 1 .. 3 g2 7T 2 9 2 8 2 4 2 1 2 4. .0 44 94.2 2.4 16.9
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7 i +« 4 6 10 8 23 14 19 17 11 7 2 . 4 4s 1 .s ee e 128 77.6 1.7 25,1
8 s ss 3 6 6 9 11 310 12 13 16 14 9 6 3 8 ee e s se 121 85.2 1.1 13.6
9 es  ss ce 2 3 2 4 T 6 T 6 6 4 2 B 2 1 1 .+ e« 86 83.2 2.2 18,9
10 s se 82 1 4 4 6 4 38 2 1 4 1 ce . se ev ee we se 32 75.8 2.4 14.9
11 .. 1 1 4 4 3 85 1 3 6 2 2 1 1 1 ec ae ee se 2e 3B 74.% 3.8 30.0
12 ee 1l oo oo 2 1 3 83 - 1 4 38 2 3 2 2 e eo ae e 26 88.3 3.5 20,5
13 e 1 1 4 6 12 14 9 9 7 13 7 5] B I e es 1 s .. 8B 82.0 1.6 19.3
14 .« 1 2 2 2 7T 11 9 8 4 B 3 4 4. 2 ss se s se os 60 78.8 1.9 18.2
15. ee s» 2o 4 B 9 8 4 2 3 8 & 4 2 ee es oo ee es o OB 79.1 2.5 23.1
% g Vellayani-i 8 Tainap-3 x Vellaysni-1 (Family — 5 ~ 5)
2 Tainan=3 9 Tainen-3 x Vellayemi~ ( ,, 5~ 7)
3 Taichung Native~i 10 Vellayani-i x Taichung Native-i iFamily 2-8)
4 Vellayani-1 x Tainon-8 (Familyi~ 24} 11 Vellayani-1 x Taichung Native-i (Fumily 2-21 )
5 Vellayani-i x Tainan-3 ( ,, 1~ 7 12 Vellayapi-i x Toichung Native-1 (Femily 2-3)
6 Vellayani~1 1 Tainane3 é sy  1-17) 13 Tezichung Native—i x Vellaymni~i (Family 6~16)
7 Tainan~3 x Vellayapiei { ,, &~1) 14 Taichung Native-i x Vellayeni~i {Femily 6 -7 ;
15 Taichung Native=1 x Vellayani~1 {Fewily 8-14

X = Mean

S.B. = Standerd error of mean

C.V. = Coefficient of variation



PPINDIX 1Y

I'requency distribution of individuals (parents and F2) for the
muber of productive tillers
Classesg 1 2 3 4 5 6 7> 8 ¢ 10 11 22 13 14 15 16 17 18 Total X S.B. c.V.
particu=-
lars *
1 . 10 16 13 186 3 1 1 . se ss se as we =e se es se 60 3.9 0.2 34.8
2 3 12 13 11 3 4 3 3 4 1 o0 ee ee eo se o8 os ee 62 4,3 0.3 53.2
3 .e P 1 1 6 8 5 12 4 7 2 4 2 4 oo i e oo 63 7.9 0.8 43.1
4 2 7 10 13 8 5 4 4 1 I 1 46 sa as es es sv ee 56 4.6 0.3 47.1
B .o 1 8 4 6 (] 3 & 3 3 3 e 2 1 se es es e 43 6.8 0.5 44.7
& .o .e i 1 1 1 2 2 3 1 oo o0 2 4o e 2 1 2 19 10.3 1.1 45.8
7 3 26 33 23 20 9 2 4 2 3 oe e es ee es se eo s 125 4.0 90,2 47.0
8 i 12 21 16 19 12 16 4 7 4 4 2 1 .. 1 1 e o 121 5.8 0.3 55.6
9 3 9 8 6 12 3 6 3 3 se 2 ae es  ee 1 26 ee »e 56 4.9 0.4 56.8
10 .o .e .s 1 4 2 1 5 2 3 1 2 1 2 e 2 .. 2 32 9.6 0.7 40,9
11 . .o 6 4 9 7 4 4 .. es 1 1 ee ee es es es ee 36 5.7 0.3 30.5
12 P S .. 2 1 2 2 .o 3 5 3 2 2 .. 1 1 1 26 10.5 0.8 36.5
13 1 4 3 1 T 15 10 13 11 7 12 2 3 3 2 1 1 1 97 8.3 0.3 41.2
14 4 6 12 4] 8 4 3 9 3 3 .. 1 e oo se ee ee  ee &9 5.1 0.4 53.6
15 . 2 i 13 12 12 3 3 b B oo a0 ee 1 46 o s e BB 5.9 0.3 38.3
* 1 Vellayani-1 8 Tainan-3 x Vellayani-1 gFamily 5 - 5;
2 Tainanw3 9 Tainan=3 x Vellayani-1 (Family 5 - 7
3 Taichung Native-1 10  Vellayani-i x Taichung Native-1 (Family 2 - 6)
4 Vellayani-1 x Tainan-3 él"amily 1-14) i1 Vellayani-1 x Taichung Native-i s 2 -21;
5 Vellayani-1 x Tainan=3 ( ,, 1-17) 12 Vellayani~1 x Taiclung Native-1 sy 2-3
6 Vellayani~1 x Tainan~3 é ’s 1-17) 13 Taichung Native-i x Vellayani-1 ss 6 =16 -
7 Tainan-3 x Vellayeni~-1 ( ,, § «1) 14 Taichung Native-1 x Vellayani-1 ss 6 -7
15 Taichung Native~1 x Vellayani-i yy 6 =14

X = Meon

S.0. = Standard error of mesn

C.V.= Coefficient

of variation



APPINDIX III

Frequency distribution of individuals (porents and F ) for the
number of non-productive tillers

Classes 1 2 3 4 8 6 7 8 9 10 11 i2 Total X S.E. C.V
particu=
larg¥*
1 15 22 9 2 2 .a .e .o .o .o .e . 50 2.1 0.1 47.8
2 13 32 5 3 2 .o .o . .o .o .o .o <] 2.1 0.1 47.8
3 .e i 7 9 10 10 1 9 3 4 .o i 56 6.0 0.3 38.7
4 8 32 (] 2 2 2 .o ee oo .o . i 53 2.3 0.3 85.0
B 6 14 11 ] .o .o 1 .e se .o . ce 37 2.5 0.2 46.0
6 16 2 4 .o ‘e .o .o .o .o se .o .e 21 1.7 0.1 13.8
7 2 23 32 30 21 10 4 2 .o 1 .o .o 128 3.9 0.1 40.6
8 16 47 12 10 10 2 2 2 .o 1 .o . 102 2.8 0.1 51.4
9 B 28 4 9 4 i .o .o .. .o .o .o 61 2.6 0.2 48.5
10 2 18 1 8 4 se .o .s .o IS .o .o 31 2.7 0.2 42.3
11 1 5 10 8 4 7 .o 1 i .o .o i 38 4.0 0.4 66,7
12 .o 19 2 3 1 .o .o .o .o .o .s .o 25 2.4 0.2 35.0
13 9 a8 3 20 17 2 2 .o .e 2 .a .e 25 33 0.2 64.4
14 6 26 i1 5 1 3 1 1 .o i .o .o 685 2.9 0.2 61.6
15 2 12 16 11 8 B 1 1 .r .o .o .o 66 3.8 0.2 42.1
* 1 Vellayani-1 8 Tainan-3 x Yellayani-1 é[’amly 8- 5)
2 Tainan=-3 9 Tainon-3 x Vellayani-1 (Tamily 5 - 7)
3 Taichung Natlive~i 16 Vellayani~1 x Taiclmog Native-1 (Family 2 - 6)
4 Vellayani-1 x Tainan-3 (Family i -i4 11 Vellayani~1 s laichung Native-1 (Family 2 -21)
5 Vellzyani~i x Tainen~3 (Fawily 2 ~ 7 12 Vellayaniel x Taichung Native~i (Family 2 -3)
6 Velloyani~i x Toinan-3 (lamily 1 -17 13  Taichung Hativew! x Vellayani~1 (Family 6 -16)
7 Tainan-3 x Vellayani-1 (Family 5 - 1) 14 Taichung Native-1 x Vellayani-1 éFamily 6 -‘;
- 15 Taichung Native-i x Vellayani-i (Family 6-14
X = Mean S.L. Stendard errof of mean C.V. Coefficient of variation



APPEINDIX IV

Frequency distribution of individuals (parents and I‘2) for flowering

daration in days

wses 50 33 B6 5O 62 65 68 71 74 77 80 83 86 89 92 95 98 101 104 107 Total X 8.L. C.V,
52 55 B3 61 64 67 70 73 76 TH9 82 85 88 91 94 97 100 103 106 109

“ticu—

'3*
es se se ee se i 3 16 1 16 17 6 1 3 4o so  ee .s .. .e 63 78,0 0.7 6.9
ee s 4e ee ee es 1 1 1 65 ¢26 7 9 T 1 1 3 . . .o 62 83.9 0.7 7.0
ae ss se e o8 e oo i 1 8 38 3 3 4 2 .. .. . .n .o 85 82.2 0.5 4.6
ee e oo se ee 3 T 112 2 13 10 2 2 3 3 1 .. P .o ae 87 77.8 1.0 9.4
.o 1 .. 2 3 9 3 11 2 13 10 2 2 3 8 4e e .e .o ce 64 75.3 1.1 11.8
ee es se oo 1 3 1 4 4 B 1 1 e¢ eo ee oo s .e .o .o 20 73.7 1.0 6.3
ee e e ee as 4 18 23 24 14 26 1 2 3 6 2 1 i .o .e 125 7.1 0.7 9.8

1 1 2 4 4 16 6 27 3 7 3 38 1 2 1 1 1 i 1 .e i21 75.0 0.8 11.7

es 66 se se e= 1 4 11 4 15 10 3§ 2 2 2 1 1 .o .. .o 56 78.6 0.9 8.7
ve as ee oo so 2 2 10 14 9 4 3 1 1 «» .o e .e .e .e 33 T6.4 0.9 6.9
oo se 85 se es 4 3 14 3 A0 2 cs er s es se  es .o .o .o 36 73.56 0.7 5.7
ve ae es es e 3 4o 2 11 10 2 .e e+ ae a5 as  ae oo asw .o 26 76.0 0.8 Hel
“e se es es ss 2 .. 256 3 48 9 6 3 1 1 .. .. .e .e .e 98 77.3 0.8 6.5
es se se se es so H 2 23 T i1 T 2 1 1 1 .. .e .o ve 60 78.2 0.7 T2
ec we se ee ae 6 9 12 T 6 B 4e v sr es s e .o . .o 55 73.2 ©.6 6.2

i Vellayani=1 8 Tainen-3 x Vellayani~1 fFami 1y 5~5)

2 Tainan=-3 % Tainan-3 x Vellayeni-1 ( ,, 5=7)

3 Taichung Native1 10 Vellayani-i x Taichung Native-1 (Fomily 2-6)

4 Velloyani=1 x Tainan=3 (Family 1-14; 11 Vellayemi-1 x Taichung Native~t (Family 2-21)

5 Vellayani~1 x Tainan-3 { ,, 1= 7 12 Vellayani=1 x Taichung Native=] (Family 2-3)

6 Vellayani~1 x Tainen-3 ( ,, 1-17) 13 Taichung Native-1 x Vellayomi~1 (Pamily 6~16)

7 Tainan-3 x Vellaysni=1 { ,, 5e1)

X = Mean S.B, = Standard error of mean

14 Taichung Native~1 x Vellayani-1 $Fami1y 6~7)
15. Taichung Native-1 x Vellayani-i (Fomily 6-14)

C.V, = Coefficient of variation



Classes

APPMPIX V

Frequency distribution of individuals (parents and Fg) for

particu-

lars *

©Co~N°o AN P

n

\‘CDO'I-BO.)NHQ

1 3 ) 7 9 11 13 15 17 19
2 4 6 8 10 12 14 16 18 20
1 7 8 9 - 1 1 1 . .
2 2 10 4 4 2 eee 1 1
1 1 3 6 3 4 4 2 3 e*
.. *x 3 5 ) 5 6 5 1 1
-0 1 2 6 4 4 2 3 3 2
e 1 1 2 5 4a 3 2 .
5 16 11 17 15 11 5 7 5 3
.- 5 7 9 5 3 2 1 2
5 5 1 5 1 1 2 4 .
10 5 6 4 2 2 1 ..
.- 3 1 3 3 3 2 5 1 ..
2 7 13 13 12 7 4 5 5 3
#8 10 11 10 8 3 6
9 6 14 U 1 1 6 .o o=
Vol laynni-1
Tainru*-3
Taiohung Nativo-1
vFf~Oyani“l 2 Tainan-3 (Family 1-14)
vfii raai*l 2 Tainan-3( ,, 1-7)
.. HajFani-1 % Tainan-3 ( 1 -17?)
Jainan- 3 x Vellayani—1 ( -, 5-D

on S.E. m Standard error of mean

grain yield (in g )

21 23 25 27 29 31 33 35 37 Total S-E-
22 24 26 28 30 32 34 36 38
e 30 6.8 0.6
ce oo F*  ye ee ek Ke Ky ok 30 8.1 0.8
oo 2  ee 1 »* ee ** *o ee 30 11.8 1.1
1 4 44 -+ aa 44 oo 32 11.8 0.7
4 i I 1 35 14.3 1.3
4 4 1 4 4 4 4 4 * 4 44 16 12'6 1'4
1 2 2 . 101 9.8 0.6
2 1 2 2 41 12.1 1.2
2 1111 30 12.5 1.4
_______________________________ 31 5.4 0.7
. T 25 12.9 1.3
e 292 1 i 76 10.5 0.7
. 1 1 » 1 o o1 9'0 0'9
_________________________________ o 49 8.4 0.6
8 Tainan-3 x Vellayani—-1 (Family — 5 — 5)
9 Vellayani—l x Taichung Native-1 (Family 2 - 6)
10 Veiiayani—l x Taichung Native-1
11 Vellayani—1 x Taichung Native—l
12 Taichung Native—l x Vellayani—
13 Taichung Native-1 x Vellayani—-1 (
14 Taichung Native—l x Vellayani—-1 (

C.v. =

Coefficient of variation.

C.V.
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Classes

particu-
lars *

oo ~NoOoahr~wWNPR

N =
NWDNREFR O

~Nw oo NN R

Frequency distribution of individuals (parents and Fg) for

1 5 7 9 11
2 4 6 8 10 12

-« 3 3 10 7 1
.- 1 3 4 5 7
9# a- 3 6 3 9
= 91 3 5 5 5
oo 1 2 6 4 4
.- 1 1 1 2 5

6 11 17 15 11
ce e 5 7 9 5
.- 1 3 1 4 6

4 7 5 1 4
ex  ex 1 o- ) 2
99 <0 .- ©0 8 20
.- t 9 10 14 4
«i 3 10 11 13 2

Vellayani-1
Tainaa-3
Taichung Native-1

Vellayaai—1 x Tamm-8 (I1"mmly 1 -14)

Vellayani-1 x Taman-3 (
Vellayani-1 s lainan-S (
Tainan-3 x Vellayani-1 (

X a Mean

13
14

*
*r WO o NONODN

|_\
NP P

® K

9 £

*9

15 17 19 21 23 25 27 29 31
16
2 2
1 2 2
3 2 2
5 1 1 1
3 3 2 4 .. 3
3 2 e®e &  ee  «9 1
7 5 3 1 1 2 2
2 1 2 2 1 2 2
5 .. 2 2 2 1 2
3
4 3 4 2 - 3 ..
3 7 5 9 3 3 4
5 2 1 2 »e 2 »
4 1 4 oo *a * « *9
8
9
10
:
1 -17
. _ 1)) 13
14
S.E* e Standard error of mean

APPENDIX VI

straw yield (lag

)

K-

ae

*® KL

1 *a

© »

Tataa»-3 x Vellayaai-I
Vellayoni—1 x Taichung Native-1
Vellayani-1 s Taichung Native-1 (
Vellayani-1 x Taichung Native-1 C
Taichung Native-1 s Vellayani-1 (
Taichung Native—-1 x Vellayani-1 (

33 3 37
18 20 22 24 26 28 30 32 34 36 38

» »

ao

L

©e
© »
©0
ﬂ*

* *

Total

30

30
32
35
16
101
41
SO
31
25
76
61
49

X S.E.

NOUOOROW®OVOOUN AN

e el o
NO~NFP OWOORARN ONNN

=R
ORPROOOUNONDNPERRPEO

PR
OO OFrRORrRPRPOFrRFR OOOO

(Family 5-5)
(Family 2-6)

8w R

Taichung Native-1 s Vellayani=i (

G.V* N Coefficient of variation

C.Vv

41.5
3G.0
34.8
32.9
50.4
43.3
61.0
50.1
48.6
63.5
34.2
36.8
52.9
53.1

2 -21)
2-3,
6 -16,
6 — ?)
6 -14)



PLATE I
Photograph showing the segregation of
F2 hybride for plant height.
(Cross: Vellayani~1 x Tainan-3).

PLIATE _II

Photograph showing the segregation of
F2 hybrids for plant height.

(Cross: Tainan~3 x Vellayani-1).






HATE I

Photograph showing the segregation ef
T, hydride for plamt height.

(Cresst Vollayani~i x Taishung Native~i).
PIATR Y
Photograph showing the segregation of

P‘ hybrids fer plamt height.
(Creset Taishung Native-1 x Vellayani-1).






PLAIE ¥

Photograph showing the segregatien of P
hybrids fer the mumber of tillers.

(Cross: Vellayani~t x Tainen-3).

ELATE V1

Phetograph showing the segregation of Pz
hybrids fer the mumber of tillers.
(Cross: Tainan-3 x Vellayani~1).



PLAT. VI




BLASR VII
Photograph showing the segregation of rz
hybrids for the number of tillers.
(Cross® Vellayani-1 x Taichung Native-i).

PLATE 1

Photograph showing the segregation of !‘2
hybrids fer the mumber of tillers.
(Cross1 Tatebung Native-~1 x Vellayani-1).



PLATE VII




BLATE ZX

Photograph showing tho segregation of Pz
hybrids fer the exsertion of paniele.

(Croset Vellayani-1 x Tainan~3).

BIATE X

Photograph showing the segregation ef !
hybrids for tho exsortion of panicle.

(Crosst: Tainan~8 x Vellayani-1).



&
=t
3
i




PLATE X1

Photograph showing the segregation of P
hybrids for the length sf panicle,

{Croes: Vellayani-1 x Tainan-3).
PLATE XIJ
Photograph showing the segregation of Pz

hybrids for the length of panicle.
(Crosss Tainan3 x Vellayani~l).






