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INTRODUCTION

The species Oryza sativa L. is made up of a mass of

| complex forms showing large variaﬁons in morphologigal as well as
pnysiologiégl charac;teré». Based on bybrid sterility, 0. Sativa is
divided 111%0 ';hreé_geographiegl races vizj 0. sativa var. _::._:g_d_i_c_:é,
0. sativa ver. japonica and Q. sative var. jevenica.

The richness .oi’ va;cietal Qiyersity in the cultivated
rice species 0. _éggj_:}lg_ and the easy grpssabil;l.ﬁy among the varieties
have le_ad‘to the deveiopment of a large number of improved sitrains
through inter-varietal hybridization. Hostly crosses have been
limited to types of jthe same geographical race or sub—species-
Varieties with a wide range of adaptability can be evolved only by
hybridiza‘biop end selection. The most imporitent objective in breeding
has always been yield, the»other requirements being straw strength,
response to high fertility, carliness in maturity, less sensitivity to
photoperiod and temperature, resistence t0 major diséases and insect
pests and good milling and cooking quality. With such a wide rsnge of
objectives 1t is considered that the cholce of parénts for euy
hybridj.zation programme need not be 1imited to any one of the racial

groups. The work on indica X japonica hybridization has indicated the

scope of obtaining suitable verieties with greater response to increased
soil fertility. The varying degrees of sterility exhibited in the

indica x japonica hybrids have been explained on genetical, cytological



and cytoplasmic”grounds}

though the utilization of helerosis in a seli-pollinated
orop like rice where aéeh crgssed seedvis the resuéﬁ~nf emasculaibion
‘ané,pollina$iog of_individual‘spikelet has éo far been coneidered %0
be of 0 prectical significence (Remiah 1953), the present treid is
 to see whether thé vigour can Ea made persis%en? inithe Fo g@nératicn
u by'éelecting euitable parénts with the lesst veriation fer height, |
flovering duration and grain cheracters but expressing hyhrid vigour
(Misze & Shastry 1962). Combinaﬁiag of varielies from the two distantly
reldted groups (vizp indicas and jaganicaé) migﬁt be a¥pected to show
considerabie hybrid vigour. Heterosis for yieid, hoﬁevers could not
be measured, because of the regularly observed éeed'sﬁerili%y.

characteristic of such combinations (Jemnings 1966).

As the understending of the relatians‘ié of the different
varieties would put the breeding progremme on 2 beﬁtar.fss%iag, a etud&
was undertaken with two varietiesleach from the indica (Velleyeni 1
and Taichung Native 1) and japonica (Teinsa 3 exnd Taichung 65) groupss
(1) to assess the relationship of indica and gawanigg races of riqé
b& morphological and hybrid sbterility étudies anﬁ:(ii) to compare the
‘expression of hetgrosis in different hybriés to.f&cilita%e the
isolation of superior combinations recording high heberotic vigour

for grain and straw yields¢
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REVILW OF LITERATURE

The cultivated rice, Oryza sativa L. and its varietal diversity

)

- The species Oryze sativa Linn. belongs to the section Sativa
of the genus Ozyza of the sub-tribe Oryzineae under tribe Oryzeae of the
family Gramineag. |

Racial differences in rice as shown by grain size have been
recorded by Koernicke as early as 1885. But it remained for Kato et al.
(1928) and Kato (1930) to establish the concept of two sube-species
jagonica. and indica on the basis of the morphological and physiological
characters as well as the sterility in their hybrids. These two sub-
species were considered as the extreme types of a continuous variation
by Terao and Mizushima (1939). Oka (1958) based on a study of character
association divided the cultivated rice varieties into two groups namely

'Continental' and 'Insular' largely corresponding %o indica and japonica

types respectively and sub-divided the 'Insular' group into two minor
" groups '"Tropical inégla;b' ‘and'Temperate insular' according to their

.geographical distribution.

The indicas have wide distribution and high renges of
variability. In general, they show more rapid germination, lower’milling
output and more resistance to drought and diseases than japonicas, but
they are mpstly suscepﬁble to 'lodgiﬁgv', poor in high fertility reséolnse

and have 'grains with étarchy endogparm.
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Adepted as %hé;t,r are to the subetroplesl and warn tempsrature

regicns, the range of veriebility in Q&Eﬁ ces 1s lesser then in indicas.

They are shmacﬁe'rizseﬁ"hy glutinous endosperm eorly meturity, response te

heavy manuing snd nonelodging nature.  According to Ramieh (1969) the

indiecan whan compared to jeponicag poseess greater number of dominant

characters and honce indicos could be the original forme from vhich the

jeponicas were avolved,

Ramish (1961) hoo presented the following comparisons of the

two subegpacien with respect o certain morphologicel charscterse

SLali0e
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. Btem habit

Combination of characters in Jamniéa and indice rices

Particulars

Length of ﬁt@n

]

Bumbar of $illeys .

Hordiness of the plent stem

Ansle formed by the second

~ leaf blude and the sbem

Length of the second leaf
blade

Angle formed O‘by the flag
leaf ond the oiem

Length of the flag leaf

width pi‘ the flag leaf

Tape = A Type - B
Japonica Indica
Short long
Frect Spreading
Momy ey
Herd Sefd
Small Large
Shoxt Long
Medium Small
Short Long
Hoprow liarrow
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10 . Leéf hairs Rone Hany

11 ‘Extrueion of the last
stem node out of the | Yot
leaf=ghenth , extruded = IExtruded
1é Humber of paniolas ¥any Kany
| 13 Length 'bf"p"miala | Short | Yodium
14 Tupber of paniclo branches Few Vediom
45 Demsity of panicle . Dense Hedium
1¢ . Weight of puanicle Heavy Light
17 Tyye of grein Short Hazrow
16 Glume hairs o Many Few
19 wa » B Awnless Avnless
20 . thattering | pifficult Lzey

Inter-varietal oterility in Q.92tiva Le

Tho interevarietal hyi’aridé in Q.pstiva xmz.j' be bresdly grouped

into two, namely, intereracial and infra-raciale.

1 Intg_:g’ racial
Japoniea x indicae
Txtensive studies in hybridization betwesn these two races wers
made over since thair recognition, mainly with the cbject of combining
the eh&rmterifaﬁiea 1ike high ﬁéld.. rospongiveness to high fe;-tility end
non lodging nafura of the jeponicas with the hardiness and adaptability
to tropical conditioms of indicas.
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sance the clessification of verleties of J.gativa by Kate (1930)
inte indien snd japonica types, the pollsn eterility of F, hybrids has
boen regurded as & poens fopr ostimating 'bhe phylogenetic relationships,
Toe degree of eterility varies widely in different oroes cowbinstions
ranging from 2exo ta,omt‘, per conte

Xueng end Ta (1949) recorded & mean sterility of 90.66% in
indics - jsponics hybride. Brown (1955) found that slthough nsicsis was
 normel in japonies - indiea hybrids, steriliiy was highs Rickheria
ot al. (1962) Teoorded a range of 16 to 975 sterility in 26 diffevent
indica - joponica hybrids and concluded t&m’t sterility could not be used
as & oritexion while conwidering %@ relative affinity between the
éiffarent varisties and sub~species in the species. In & stizéy of shoub
300 Mgg - indiea eombmatiéns, Sampath {1964) recorded a opikelet
sterility of 60 to 70%. Yammekaron (1964) recorded 63.45% and 88,285
pollen and apikclet ‘,étériiitty vaspactively in joponics - indica hybrids.
On the other hand, Jennings (1966) did not ahésrve large' differences in
pollen and spikcled fm:tnity in jeponice - indies hybride. 4n identical
meem of 46% for both pollen and spikelot fortility was recorded for all
the 363 hybrids, 1a'tk=:aiea'.

i:i. In%ranmcial | -

Imlim x rnai,ea. Membea:a 05? this race interworios readily g;iv:mg
nomtly fe;-ms hybmﬁa. Rowaverrs Oka (1956) zeported $nstances of |

aterility in these h;fbrtda. P.ichnaxia et a!.. (1962) re@@rﬂe& a zange



of 0 to 100% sterility in 11 crosses studied by them. Joseph (1962)
repo;-ted lesser spikelet sterility than pollen sterility in indica x

ind_ica combinations .

| Nature of sterility in inter-racial hybrids

'Thé nature of sterility in these hybrids has been explained in
'berme_ of genetical, cytological and cytoplasmic factors. The related
evidences bearing on the nature of hybrid sterility have been reviewed
recently (Hendverson 1964, -Oka 1964, Sampath 1964 end Shastry 1964.)

‘Genetical

Hsu (1945) during his investigations found for the first time

~ that the sterility is genic in cause. He studied the Fyy F, and F

2 3
generations of a cross and explained that sterility is mainly due to the

lethality of germ cells governed by two factors A & B which act in a

conpltementary mamier. The formgr was assumed to be located in a2
reduplicated pair of ch;‘omOSOmes and the latter in a non-reduplicated
pairs Kuang and Ta (1949) end Kuang (1951) glso coritend.ed that the lethel
effects of genes are the main cause of sterility. -Oka (1953 & 1956)
arrived at a conclusion from thé study of segregating populations of
several crosses, that theé sterility could be accounted by sets of
duplicate genes, in which homozygous recessive combinations lead to

abortion of spores or gametese

Oka (1964) made extensive review of this problem in the light of

the experimentel results obtained by him and his collaborators, over the



perfod from 1953 t0 1962 and choractorised the inter-veriotal By
starility by the following features: o

(1) There is no partioular reason for assuning that 0. sativa
verieties are differentiated :_Y.n‘ chromogone structure, Differentiation
night be mainly due to genic' changess

_ (2) The intem-vametal F, sterility ic haplontic or g&metophytm,
end can be accmmte& z‘or assuming seta of duplicate genes which work in
the gemeten as development maintainers. (Gametic aevempment cr G.I}.
gemea). A mumber of such Quplicate genes moy be conoorned with sterility .

between distontly related varietios,.

- . {3) The F, sterility is accompanied by gomatic seleotion, which
vesults in modificetion of cagz'agatioh rotics. I% also brings ghout a

matmeum on recombination of indopandent genas.

(4) I the F, and later gencrations of the inter=varietal hybrids,
partly sterdle or weak sesregimte sre found and from the partly sterile
Plenta true breeding partly sterile lines can be obtained, This sterility
is dip}.canﬁie er sporophytic anﬁ w not correlated with P, Fy sterility.

' mxemmmon which mey Yo coneiﬂsrm as a partial break-down of hybri&s, can
also bo expleined by ﬁuplicate ganas of Bporﬁpﬁytic aof fects

(5) The arigin of ﬂuplica,ted loci moy be accomteﬂ for by assuming
aacandary palyplo.idy.

Jennings (1 966) studied the genetios and consequences of stc::ility
in ;jam indica hybrids and arrivaed at the fallowing resultss




The a@@a&ﬁ%@n between E’? and E’?_ fertility ond the pmsemé@
ef many 292 Porbility classes tend 0 support the hypothesis that
sterility in tho Fy and F, i ceused by eomwon chromosomsd andfor genic
mechaniongde Recombinente and aonevecowbinente (pavensal types) werve
equally fertiles reogordless of the dogree of hybrid oterility in the ‘
g@mmﬁ.@m There was no eﬂeﬁ‘mi@my of zocoubinants reoulting from

hybrld sterility.

Yihava (1966) ouggested Ghot there are omell genie diffeventistion
bobtween the o subeopecies jpdics and japonics which give rise %ghigiﬁy
sterile hybrids, though their chromosons i:s@iw:i@ar during peiosis is
apmwﬂy nozmal. Buch differentiation within e genome seems to be not
vnugusl in Urysoe |

@g:@lﬂg.,fiml
 forao cmﬁ Mizushima (1939), Jomes and Longley (1941) and
- Xvang {(1951) contributed to the view that slthough chromosouwe paiwing
in theso hybrids was spperently normel at metephose Iy the sgwgm‘&y
pust be Gue te amall chromosomsl differences not deleciable atb this |
&@g@ (cxyptie otrucstural hybridity)e A pavitial evidence in suppord

of thig view mﬁa obtained by Cun (1952) whe mecorded that japon ios ®

indles allotebraploids eve mowe fertilo than the dipleid hWybride and

foxm less qﬁ&@rﬁmﬁ.&ﬁ%- | '

The nopmnl diakinesis ond motnphase I with no evidence of

tremalocation or abponce of pairing, the occurrence of chromvsope bridges
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without fragments, at anaphese I and ‘belophase I and the occurrence of

" what appeared . to be,chromosgmelloops.at:pachytene in some hybri&s, 1ed

Yad‘gg‘ggb(195a)=ta conelude that the partisl sterility in interbvarietal
hybrlés of .cultivated rige is probably . due primarlly to cryptic

s*ructural hy%ridmty possibly arising from 1ncluded inverslons.

Mello-Sampayo (1952) found dlcentrlc brlages and acentrlc :
fragments at anaphase I in a partially sterile hybrid of a cross between
two japonica varieties end concluded that the sterility ves due to a
paracentric inveratan, Sempath and Yohanty (1954) found that meiosis.. .
in~partially sterile hybrids was noimél, but'bridges with fragments.

were observed at anaphase I in 11 of the 85 hybri&é studied. These

workers assumed that inversions were responsible for the sterility.

Henderson gt al. (1959) suggested that the partial sterility which ocour
commonly in 1nter~varietal hyhrzds is caused by complex inversions of the

included type.

| Venlcataswamy (1957) was the i‘:.rst to mdma,te that the chromosomal
differences hetween the suh-specles were due to translocation.
Sampath (1959) supported this view snd indicated that the orig sin of
dupliqa&zon dgfiglehOlgs in the gametes mlght‘account for the steriliﬁy'

in these hybrids.

Shastry and Misra (1961) concluded that indica and japonica

groups were differentiated by a series of small‘strucﬁural differences



in thelr chromosone Icamplem_ents and that the sterility in these hybride
is more welated to oiﬁsmoaemal struchural hybridity then 40 genic causos.
They also interproted Oka's G«D. gones 28 amsll trenalocations, wﬁere the
hemologous segments have been located on nonherologous chromosomes,
Henderson (1964) sugzested that the hybrid sterility may be as e pesuld
of cryptic structuxal differentistion in chromosones between the two
verioty groups. Heich ond Oka (1958) observed univaleats, strotched
@bxaméezzzea and anaphase I bridgzes in pollen mother cells of both somie
steriie ?1 plants and fertile paronts. As the frequencies of occurence
in the F,s and their parents sore similer they concluded that these
Phenonena were not indicative of' the c}nsaz_ma:smal differences between
distanily related varieties. BRao (1964) in the analysis of diplotene end
angphese I cello 4id nob got any positive evidence of structural '
ﬁiffax:@nﬁétionﬁof eﬁromosomeg. The analysis of telophese ¥ indicated

high peorcentage of éynﬂ degeneration,

% Cykoplognic
| Reciprocel crosses between O gativa varieties usually chow no
significant differences in ¥y pollen or epikelet sterility. Sempath and
Yohenty (1954) veporied seni male sterility in direct and reciprocal
oxosges. The semi male oterility ocourring vhen japoniea was the femele
paxyent wag a’atriﬁuteé to chromoscmal sbnormalities {inversions). A
statisticnlly simificant incroese in sborility was appémem in the i’e‘1
hybrids of z;@cip?qcal cross which the suthers interpreted as cytoplasmic

effect on pollen devolopmont when indice cytoplesn and japonica genes
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weye cumbined.

¥itamure (1962) mede a backecross sxperiment between a

. Philippine variety snd & Japanesa variety using the latter as the
recurrent pollen pazent and selected two strains from the 3363 |
gencrationse Crossing the two straing with verious ‘Ja,p&maﬁe varietiegy A
ke found that when the Japaness veprieties were used ap mﬁarnai pezent
81l the Fp8 wore fertiles. But aome reciprocal Fs with a Japanese
variety as pollen parent, were partially sterile. It seemed that

this was an inetenceé of dishermenicus interactions between the cyto-

plasm of the Philippine variety and certain genes of the Japenocge verieties.

Oke (1964) made a backecross experiment between indica end japonice
veriotics uvsing tho labtier es the recurrent pollen parent. Repatition
of bockwcross until Bcé did not *oﬁng about a remorkeble improvement in
fertility, but if the pertly sterile plants weme aelfaé, the ;i:rogeny
was almost completely fertile. Since a hackecross of the reclproeal
combination with recuryent §arent &6 %he masternal plan:b 4id not restore
. fertility, the sterility appesring in this expsriment cculd not be

| abtributed to cytoplacmic effects Rao (1964) aleo found no major
eytopl;aamic diflferencen hef;;e@n creases involving indice and japonice
rice varietics. Jennings (1966) found no large zeciprocal differences,
for either polien or opikelet fertility. 0f the 181 possible
conmpariscng, only 11 were significantly different and in these the

‘differences wove gonerally spall., With the exception of some cprosses of
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en indica variety with the jeponica varieties it was concludad that
veeiprocal differsnces in the study did no$ suggent any cytoplasmic

ini‘lumée on eﬁarili‘by.

Inheritence of guentitetive charactoms in inter-varietol hybrids

PFlant height

¥onogenic segregation for plant height with tallness as dominan®
have baen reported by Ramish 1933 b) and Nandi and Gangull {1941)s In
some cases the latter authors found teliness to be recessive. 4 ;;;enetic
study of the cross pe?& b4 »t - ged = tze indicated that tallnese vas
partielly dominent to chortness ond that modifying genes were eplstatic
to the shortness in genss (4non.1964). Toth perents and hybrids varied
considerably in height. Jemnmgé {1956) zfound that the height of T
. plants was cloper to that of tho i;anar‘ parents, 'inc}icating partial

dominance for talinaesse
Chalem end Venkateowaralu (1965) reported that the inheritance of
height iin many ca*aeaé is govemned by at least % genes designated as T1,

Yo

7, and "1‘3 each having differentisl effect in controlling helghte

2 Tilloring _

T4llering has bgen sﬁawn by Ramieh (1953) %o be a polygenic
charestore Nogal (1959) expressed that when high end low tillering
varietios weye e:raszaéﬁ 8 tmnsgg‘easive.vm*ia‘bien wag observed in the Fz
with the mesn values f2lling between the pavental meel. Acc_m:&ing to

Ghose of £1.(1960) penes numbering 3 to ¢ in some cases and more then 4



P,
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in oﬁhers control tilleving.

.3+ Duration

| Ramiah (1933 a) found that ahortlgu¥aticn is a simple gominant
to long duration. In another cross where thelparénts differed in
durafien the FH was found to be early. He sﬁggested<that ﬁwo genes
designated as E2 and E3 with a cumulative effect controiled earliness.
Sethi et al. (1936) on the other hand £ound lateness to ve a simple
éominant over earliness. Chalam and Venkabeswarlu (1965) found.
shorter duration to be simple dominant 4o long devration. In soune
cases, however, lateness was founé to be dominaﬁt and in some other

crosses the segregation was polygenic.

Duration expressed in terms of numﬁef of days 0 heading in
rice has been demonstrated,as being governed by a laége number of
multiple geﬁes, but the qualifying values of these geiles are no% the
same, Nagei (1959). It has beén shown that s paixicf genes debermine
e wide range of difference, besides the bhesic gene, many more genes

may determine minor differences.

Early maturity was controlled by more than one gene with
partial dominance (Anon. 1964). |

-4« Exsertion

In most riée varieties the panicle is long and exsertgd,
while in some it does not emérge from the sheabhe Remiah (1932)
recorded that exsertion of panicle is contrelled by a large number

of genes.




Chalem and Vemkateswarlu (1965) are of the opinion that exsertion

is governed by at leapt three genes.

Chang and Bardenas (1965) clessified panicle exsertion into
broadly four groups. ‘ |
(1) Exserted: Paniele base is clearly above the fleg-leaf
| _sheathe 4 »
(iL) Portly exgerteds .?smiclge base appesrs ob the same laovel
as tha top of the fleg lesf sheath. |
(1:1:3.) Partly encloseds Panicle ie partly enclosed by the.
' ﬂag—»lem" eheath. ] |
(i.v) Enclosed: Panicle is entimly snclosed by the ﬂag-leaf

shoaths
5 Poniclg lonath
Panicle length in rice is a wory varisble character and has a

definite vrolationship with yielde Studies made by Bhide (1926) and

Remiah {1930) show.that thic character is governed by polygenes.

Johamned ond Benna (1965) indicated the existence of p&rﬁal
dopinanee for longer length of panicle over ghorter ones It wes i‘eun&
thet the two pavents wore diffeventieted by t@&fwﬁve factor patrs.
(4 « o and B - b). Foctor 'AY exhibited & higﬁm degree of partial
dominence over 'nts However, the dominance relation betwesn B and 'Y
was not consistent. | |

& Grein ame and shape

. Inheritince muﬁiea by Paznel et ale (19 7} showed nof-mal
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length of grain to be simple dominant over shors lengthe On the
other hand Fhide (1926), Chakravarty (1939) émd Hajid (1939) reported '
thet grain lemgth is controlled by multiple genes. Studies at the
Central Rice Research Imstiiute, Cubtack also show that length of
grein ie a quantitative choracter and isﬁ,;s«rg\;r_erned by % menes.

| According to Rauieh and Parthasarathy (1?3@) and Mitre end

Ganguli (1938) inheritance §£ the breadth of grain is polygenics
#ajid (1939) explained the inheritance of breadh of grain on digenic
basigs According ﬁo him the thicknese of grain iz controlled by
polygenes. Negai (1959) mmﬁé& ‘that the mean size of kermels in
the F,, plant is intemmediate between the parenis. | Jennings (1966)
found that the length of F, graing was internediate between parental

MEENS.

7 Pollen size end shups

feo (1954) in a ctudy of intereracicl hybrids of wice, '_
observed that v'the asize of pollen}graina varied merkedly in dii‘i‘@rent
hybzi.dl combinationse He Observed thyee types of pollen @ains, normal
derk otained fertilo ones, abmormel light stained fertile pollen
grains and unsteined sterile cnos. He found no marked varistion in
the size of sterile pollen graino. Sampath {1 5364) reported that the .
pollen from joponice x indica hybrids varied in size and that the
undersized polleﬁ was algo viablee

Inheritance of gualitative cheracters

1 Pigmentabion
Parnel eb 92._- (1917) reported that the expression of
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enthocyanin pigment in any lparf:. of the plant is governed by two
ccmi:lamentary- geness This view was supported by workers from Jupen

and UsSefs Heotor (1922) reported an association between purple apiculus
 and colour in (1) leaf oheath, (2) otigma, (3) inteznode, (4) sterile
glumes, (5) lemms and palea, (6) juncture end (7) suricles This ancociae
tion between the presence of pigment in the different paris of rice plant |
is not due to linkeps but due to pleiotropy, mmalia {1553) roported that
there are éther gonea wﬁiehioealize the pigmentation in particuler orgens,
besides the basic genes Ho alse conalders that there ave genes for intenw
gifying or diluting é;he viguent end for producing verious pigment potbexns.
According to him two $6 seven genhes are probobly invelved in the pro;f}mcizion'
of different types of pigmentation in the various plent perts such as |

loaf sheath, interncde junctura, euvicle, ligule end lsaf axil.

- In hybrids botween green Japoni csz‘ end indica varieties, the
preduction of pigmentation in the leaf sheath, suricle and other plant
organs appenr 0 be governed by two complementary genes, one carried by
the indice and other by the japonica parent (Anom. 1953).

Shose et als (1960) reported censiderabls veriation in the
intenoity of snthocyanin pignent in the .le&f sheaths AL least four genes
(including two basic genes) are involved in the expregsion of pigment in
the leaf sheeths Fadan and D'Cruz (1960) reported that the two basie
genes 'A' and 'C' produce colour in tﬁe spiculus and both are x'equiz:ed"
along with énoﬁhaz: speoific gene 'LECY for the development of oolour in

laaf sheath and stiomze



| Venkataswany (1 954} while ammng the inheritance of somg

: wz'gmlegmal characters in jeponiss x inﬁiea crosses obtained the
Yendelian ratios for e,piealua pigwentation. Miaro and Sampath (1964)
ohsepved that plementation of the a.gienl&;a and atigsa# was 'ém-inszm- over
the nonpicmented conditions Jennings (1966) found that colouzed apiculus
was simp].a ﬂamin&nt 0 colourlese apiculus in the eross between a
eolovrleas jeponiocs end coloured indica varietiee.

Negeo ot nle(1960) found that the pubsscence of the leaven is
conditionsd by two compleventary gence and pubescence of glumes by a
single incompletely dominmnt gemes e latier gene aleo governo
pubsscenee afleaﬁ* morgino, aazrm};.es amﬂ z#aniale branchese HMisre and

‘Gampath (15364) atudied the inheritance of hairinesé i lemra and palea
and found hairineaa to be a memgzganie émninmﬁ over glamusnass. -

Jenninga {1956) raportaﬂ that Py of the crose bobween Toinon 3
(yu!msaent in leaves and ghmes')“ and Centupy Palna 231 {glabrous) vas
gmbaman%, ‘and f;iaea > sam%ﬁ.@n suggested nonogenic inheritancas

3 @@az m@tim teot
Hegai (1%9) steted that when the ma.m or graing or theiz

aqﬁ@eua extrects eve trosted with a dilute asalutien of phenol and
zszml. tho colour zeaption exhibited by the eﬁi&ati@n of the-
guﬁat&neea differs a great desl in mietiea. Accopding to him ceptain



varieties of indies %ype posiéssa %he power Of oxidizing phenolic compoundss
Oka {1953) recardeé the -'gozxtinenml' forng as phencl positive

and the incular forms phenol negative. Yamaguchi end Kimura (1958)

vmcqrﬁéﬂ that mopt of the Japanesé upland varieties studied by them

showed positive phenol reaction in contrast to the irrigated rices.

_ Anong eleven varieties i;esﬁed, Kayunakaran (1964) found three

" Chinese ond one bjorsh types to be phenol positive like the indica types.
Jennings (1966) reported that the lezmes, paleas and outer glumes of
sterile and fertile ;s;;itkal@ta of some vorieties of rice are sitained derkly
folloning soaking for several hov.mé in 1.5% phenol solutions Phexmi

ateining was found %0 be & oimply inherited dominont to no staining.
Hoterogis - 1

Jones (1926) wes the first to report hybrid vigour in rice for
plont height. Juachon (1932) found in cortain cwosses an increese in

vigour Por number of esrbeering tillers.

mamieh {1935) fron studies over a nunber of yesrs found that the
F, chowed hybrid vigour for tiller production snd esrlier flomering and
that expression of such vigow: varied in hybrids of differsnd cmﬁm&twma
 Idoumi (1936) found macked hetercois for plent height, weight of eatem,
eap léngth end number of shootss The morphological differences botween
Japanege and Indion dypes bore no relationship 4o the phenomenon and in
fact the degroe of hetorosisc wes more merked within Indien types than

between Japanese and Indian types.




Kedam (1937) otudied five cxosses and except in two crosses
a!fmring higher E‘.‘ yield than the high yiewing pamnt, evidenaa of
heterosie in othor dharecters was not reported. o

Copinpin &9 Punyasingh (1976) cbserved marked hetérosis in
cortain orosdos for plent heichty yicld of grein and panicle lengths
| Dhgws was uo evidence of hoterosis in mumber of culhs, grain length,
bresdth. ond thickneas.: :

Hagao and Takshashi (1 941) z‘:’ounﬂ heteroais f'or panicle neight
in & numboy of inter verietal crosses thev atudied. Gpsomer (1 942) cound
-!wtarcais woat marked in grain yields Oomplnpin and Am&b& (4 949) found
that the length of ?1 grains in & croaa exceeded that of either pmnt
- ond this they aseribed £o netercsis: | |

Ramiah (1953) ‘racopded i,bat F‘ -howed moze t:lnering and early

flowering than cither pavents Nichharia and Miero (1959) peported
_ hetexosis in a number of ;}522’ nies x indica hybrids, Parthaserathy (1960)
reported that the F, hybride shoved conaidersble heteronis with regad
to glent h.eigh’e and numb@r of eazfa par plant, mt ﬁhaim' grain yields woro
| genemauv ini‘wior w thy paventse '

 Joseph (1962) did not find heterosis to eny perceptible degreo.
in the indiea x indica ca combinations while all tho japonics X indica
: 'eambmtiom atudied showed Heterosis for pmxauctma 511ars, plant

haigm eam“;‘ straw yislde



¥isro and Shastry (1962) studied hetorosis for haight, car
beering tillers and duration in 360 japonica x indica crossea and made
the following observotionst (1) The mamifestetion of hetercsis in the
nunber of eaﬁ-baarmg tillers is moot conspicucus, height comes next
in the opder and dupetion the lasts (2) Jepenies x indice orcosem are
in no wey inferior to intramindica orosees with regard to the degres

of hotercoise.

Hamboodiri (1963) studieé botercsis in four selscted croas
_ cembimtiona. There wes cleay eva.&ence of vigour only in the height
of plant and mumber of tillers per plant. Rybrid vigour wae exhibited
,cml;r- in cortain csacs.  Of the athes: charmtm gtudicd there was cleaw
oevidenca of heteroa:!.s in the length of panicla and bresdth end thicimess
of grainge claax evidence of‘ hoteresis ia 1&.@1{;&:{7 in tho case of length
of geainge Kopunskswan (1964) while studying the heterotic effect of
indiea x japomics and indics x indica ci‘osaasz‘repnzted positive heterosis
ovar mi@ pavental velue for grain breadth and grain length. Pooitive
~ heberosis over the higher perent was pgen for straw yield, ponicle length
1000 grain w@iﬁh‘b. breadth of min an& grain thiolmess in the direct
crosges end for otraw yield, number of mners,hmght of plant and '
panicle lenggh in the reciprocal crosses.

zfan; ‘G'%S)_ stufled hydbrid vigour in exrosses involving gaveral
veriebies and recoaeez‘t;\héﬁemsia for moductive tillers, number of

grains per paniclo end sirew yleld.
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Narshard auaém (1965) studied 14 indiea x jeponica hybrids
and found majority of the hybrids wers aupariex- t@ im‘iiea parent in
hoighty mubar OF geains por planty penicle donsity end nilling
pevosntagse ' ,

Jennmga (1966) in a mmmiwyzéway of heterosis in normelly
far@ila _____;g% % joponics hybride, found hetar@sis for carlinese, total
tiller production, and grain yi@m: mam heigbt in the hybr:i,éa ghowed
1ittle or no hetexosio and weo ehwzwterim& ‘é;,y a high degree ef partiel
- to cumplete dominance for tallneoss
| gﬁ ologfoal

Hello=sanpayo {1952) 4n the eytologicel sisuﬂieﬂ of 3 ponica %
inﬂiaa bybride reported 24 e&m@msemea which Mhaved wagulaxly upto
metaphase I. 4n acentric fm@:ﬁant anﬁ a chromatin brmg;e were a”hsmeﬁ
at ansphepe L. - The homotypic Giuaian' was xegu;au but tho less of &
| 7 fr&gﬁmt is thought to ’ne sufficient to sccount for the sterility A

| uhaei?va&. *&‘myatﬁ and Eohonty (1954) ohgerved atmormalities such as
loggeamde, amécheﬁ chmmsﬁmés and bridzes with fragments at ensphase I
in hybrido between Japonica aaﬂ indica typese The eccum:mwa of m&yhasa
bridges ie ascribed to inversions in japond pm:en‘km '

' Yao ot ale (1958) studied chromosome beheviour in meiosis I

in six gaxtiauy gtorile hybride b@tween variaties of oul tivated rﬂ.ca.

. Diskinesio an& matephase I wers naml in these with no eviderce of

tranglocation or absence M‘ paiving te account for the gtorility. 1‘11



two of the nhybrids chromosome bridges without fragments occurred ot
ansphase I and telophase I in low bub regulay frequency. IV was
concluded that ouch bridges may be the result of delayed torming~
1izetion of chissmatse in paire of chromosomes which ere structurally

different ab nome points

Hoich end Oka (1958) found that the ¥, plante and their parents
were vegular in their chromoscme pairing and they did not differ
gignificontly an vegards frequency of the rarsly occurring univalents of
tatrotohed! chromosomes ab meiephsee I end of bridges at anaphase I.
Stpetohed chromoscmes ney. hé due t0 precocciocun separation of bivalents.
The occurrence of such ehromosomes and univalents mey be indicative of
iocse poiring of homologues, possibly as & vooult of formation of an
ineufficient nmbér of chiasmata per chromosome. The nature of the
bridges is unknown, but they could not be irwersion bridges in view of

~of their presence in the parental purelines

| Henderson ef ale (1959) made an intensive eytologpicel study of
ehromogone beheviour ab anapiﬁae T in 12 inter-verietal hybrids of
cultivated rices, Two types of unususl beheviour were found bridges
without fragmenta and bridges accompanied by acentric !:.‘mgﬁents. Sinee
bridges withont frogments wera aleo found in each of the 3 hﬂmﬂayggcué ’
veriobies in epproximstely the same frequepcy as in the hybrida, it wag
eoneluded thet thoir behaviour wes not amormal »an& did not indicate
the presence of aitructural differences in chromosomes. Bridges

acconpenied by fragrents were obperved at very low freguencies in 9 ef




the 12 hybrids indicating the Qrésence of p&rac@zitzzic inversiong.

¢ Shastry (1964) reported that normel chromosome pairing
at metaphase I and the frequent eccurﬁr@;me of anaphase bridges in
jeponica x indica hybride leads o the“hypothesia thet there are no
»reg;%riefswns -m.zwméiogy between the chromosomes of japonics aud
7@ rices and that the differentié.tion between these subspecies .

- i lapgely due 0 zene mutations,
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MATERIALS AND MBETHODS

Ao Materials

Four varieties of ricé (Oryza sativa L.) representing japonica

and indica types maintained at the Agricultural College & Research
Institute,_?éllayani were selected for the present study. Details of these

varieties are presented in Teble I,

Three cross combinations were made using Vellayeni 1 as & common

pavent. The three hybrids fall under the following groups:

Cross No. Details of crosses madé Group
I Vellayanl 1 x Tainan 3 indica x japoniéa
I : Vellayauni 1 x Taichung 65 | indica x japonica
IIT Vellayani 1 x Taichung Nétive 1 indica x indica

B. Methods

1 Hybridization and study of plant chavacters

The four parental varieties were grown in pots in singles
during the season, August to November 1966 for effecting hybridization. The
wet cloth method,reported by Chaisang (1961)'§aslémployed for emasculation .
of spikelets for crossing.

The hybrids end their parental varieﬁiés wére\g:own in singles
- in pots, kept side by side in rows. vUniform condi%ionAwas given to all the

- potse
II Morphological descripbion
“Morphological description of the EH hybrids and parental

varieties was made following‘the schedule of Hutchinson, Ramiah and



Toble 1

Dotailed characteristics of veriecties

(90-100 days)

(120-125 days)

(120-125 days)

SL.No. Particularé | Vellayoni 1 ' Ta:{.chung Bative 1 Tainan 3 Taichung 65 '
1 Type . Indiea Taiwanese indica . japonica japonica
2 Origin Selection from a mutand Selection from a Selection from Selection from a
type developed by neutron cross between a cross between  cross between
irradiation in Ptb.90 - Deg~Geo=Woo gen.. Kwan Fu 401 x Kemeji and
(Evolved at Agricultural and Tsaivyuwane ¢j uwnk 38 shinpikl
College & Research chung. (Taiwan) (Taiwan) (Taiwan)
Institute, Vellayani.) .
3 Hebit of L L , .
plant ’l’all, Shozt : Iﬁeﬁium' $all Hedium tall_
4 Tillers Fow andspreading Meny and compact ¥eny and Many and compact
) compact :
5 Panicle ' :
exsertion Well exserbed Bxserted . Well exserted Well exserted
6 Panicle type Semi-compact parily Semi-compact Compact ' Compact
drooping drooping drocping 1oy Se
, = _ - - dreooping
T Lemve palea: . ) :
colour Green . G;eeen Green Green
8 Grain size Medium VMediuwm bold Bold Bold .
"9 Grain colour Straw Straw Straw Straw .
i0 Aming Avmless Awmless Avnless . _;ﬁwnléss
H Rice White White White White
12 Puration Short Medium Medium Medium

(120-125 days)
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others (,1938). Obgervations were mede from all the aveilable hybrid

plants a:;ﬂ ten plants in each of the parentel varieties, and recordeds

-1

III Phenol reaction tegt:

A few grains from hybrids of all eross combinations and
pavental varieties were soasked in 1.5% aqhedusphenol golution for six
hoursy drained and air dried. Hull colour was recorded as unstained

(Phenol negative ) and stained (phenol positive)e

IV Sterility studies:

a Pollen sterilitys

Pollen sterility was estimated for the parents and the
hybrids using fresh pollen coliected at the time of anthesig. The
poliens were stained with glycerine acetocarmine (1:1) and the slides

"kept for a few mimutes so as 1o allow the stain to act on the pollen
grains. The slides were examined under the microscope (1ow power)s well
gtained pollen grains were classed as fertile and others ag steriles
Countz were msde from 30 microscople fieclds selected at remdom for each
plent. The data were tabulated end the'vpercentage of sterility was

estinated.

Percentege of pollen sterility = No.of sterdle grains  y 100
Total number of grains

be Spikelet sterility:

Spikolet sterility was estimated after the carheads attained

. full maturity. Ten carheads were collected at random from cach of the
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plenis and the total number of well £illed grains and chaff was
-recorded separately. The data were tabulated and the percentage of

sterility was estimgted.

Spikelet sterility = Number of chaff X 100
Totalnumber of spikelets ,

¥V Quantitative characters:

Observatim; on irheritance of quantitative characters
was mede from all lthe avialbble hybrid plants as also the 10 plgzrl;s in
cach of the i‘our.pa:cental mietiés. Gha;ractem studied include plant
height, pmductivg tillers, ﬂéwering duration, exgertion of panicle,
length of penicle, number of._spikelets per panigle, grain yield per
plant, straw yield per plant, 1000lgrain weight, léng'bh, breadth and

thickness of grain and pollen size.

(1) Plant height:

Height was measured to the nearest c.m. from the base of the
. | .
plant to the tip of the main panicle after the, grain bhed ripened. Veans

helghts for each cross and their parents were workedbut. '

(2) Pillering:
The total number of eer-bearing tillers per plant was

counted at the time of harvest, the mean number of tillers per plant

in both hybrids and parents calculated.

(3) Flowering duration:
Bumber of days teken from the date of seeding to the

emergence of the tip of the first panicle was recorded as the flowering
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duratione.

(4) Exsertion of panicles

Panicle exsertion wasg recorded in c.m. from 10 panicles
selected at random in each plant. Length of the internode from the ¥ip
of the lest leaf-sheath tg the neéck of the panicle was measured end the

mean exsertion worked out.

(5) Length of pamiclet

Length of 10 pamicles selected at random from cach plant was

measured in cm. and the mean length per plant recorded.

(6) Mumber of spikelets per pamicle:

Totel mumber of. spikelets (fertile as well as sterile)
was counted from 10 panicles selecited at random in each plant and the mean

number per panicle was worked oute

(7) Grain end straw yields per plants

The plants were harvested and sceds collected sepazatelys
The yield of grain and straw was recorded in grammes afier proper drying

and the meen yileld per plant was worked outs

(8) 1000 grain weight:

Semples were teken at random from each of the plaents and
1000 grains counted and weight recorded in grammes. From this the mean

weight was worked out.
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(9) Length, breadth and thickness of grain:

30 grains from each plant were selected at random and
measured by means c.’f' a '"Wernier caliper!’ éraduateé in mm. a:ad th.e-mean
length, breadth and thickness of grain was recorded for each of the
E;ybrids and' ‘the parenfté. | |

| (10) Pollen siges

Fresh pollen grains were collected at the time of spikelet
opening and stained -vwith glycerine - acetocarmine (1:1)e The slides
were examined under the microscope (high power) and the polien diameter
measured using a stendardized ocular micrometer. Diaméﬁer of 100 |
pollen grains selected at random was lmeasured'and{ recorded. The datae were
tabulated into frequency tables and the mean diameter of the pollen giains

was calculated and recorded in microms. ( /)

Mean diameter = Yeen + Standard error.

VI Heterosis:

Estimation of he‘heroai's for plaz_xt height,. productive
tillers, flowering - duration, panicle exsertion, length of pan:;cle,
number of spike_ale‘bs per panicle ‘gre;zin and straw yield per planty weight
of 1000 grains, léngth, brea.dfh. a;ld thickness of grain and pollen size
was made by comparﬁ.ng the E1 value with the higher parental or the mid~

pai*en‘bal Taluce.
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VII Statistical anslysist

The total number of plants in each efoss and +the parents
was teken as the number of replication and data anaj.ysed adopting the
completely randomised desigz_a; Data on ﬁlant hgight', mmber of productive
tilleré, flowering duratién, pa#icle exser'bion,. 1§ng1:h of panicleg
mmber of spikelets per‘p‘anicle, grain and straw-yiej_.a per planty 1000
grain weight, 1éngth, breadth and thickness of grain, pollen size,

'pollen gterility and spikelet sterility were smalysed by the a:nalyéis of

variance technique.

VIII Cytological studies:

Panicles bf tﬁe proper stage from a2ll the cross combinations
and parents were Pixed between 9.30 and 10 A.M. in Parmer's £luid
(1:3 acetic aloohol) to which a drop of ferric chloride was addedy and
the materials kept in tﬁe fixative over night, washed in rectified |
spirit and stored in 70% slcohol. With a view %o finding out the
ebnormalities, if amy, present in the chromosome behaviour during
meiosis resulting in the rartial sterility i.n F1s, attention was
concentrated on sitages of the- firet division such as diakinesis,
metaphase~I and anaphese-I. Temporary slides with 1% acetocarmine Were
prepared, gently warmed over falme, and the__eells flatitened, placing
the slides in folds of filter paper by applyi?:g modest pressure. The -
slides were exemined with the help of an Olympus microséope of 97 x 0il

immersion objective and 10 x and 15 x oculars.
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RESULTS.
Hybridizations
A total number of six’sytwo hybrid geeds were obteined in the
three cross-corbinations as detailed belows:

Indica x _japonice

I (a) Vellsyeni 1 x Tainan 3 11 21
(v) ao (reciprocal ) _ 10 '
1T (a) Vellayani 1 x Teichung 65 3
, v . 11
(v) do (reciprocsl) 8
Indica x indica
1II (a) Vellayani 1 x Taichung Hative 1 21 8
- P - . 30
(v) do ( reciprocal) 9 § :
Total 62

A.Quantitative characters:

Data on. quantitative phaiacte‘rs su_ch_ as plant‘height,
productive tillersy flowering giuration,panic}.e exsertion., _length,of panicle,
number.of spikglets per psnicle, grain yileld, straw yielé, 1000 grain
Weight, lepgth, brea@th_yana thiclmese pi’ g_rain and pollen size in respect
of the parents and hybrids ere presented in Tables II to XIV. Analysitla

of variance itables are givén in Appendix.
5
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(i) Plant heigg :

Of the three cross - combinations studied the hybrid was
on par with the superior parent Vellayani 1 in cross numbers I emd II
for plant height wheress in the other cross (Cross No. III) the hybrdd
wes intermediate bétween the pavents. Mean plant height for parents end

hybride are presented as Table II (Plates I to VI and Fig.2).

(i1) Productive tillers:

Significent incresse in tiller production ves recorded by the
hybrid in the cross between Vellayani 1 and Taichung 65 (Cross ¥o. II).
Eventhough Cross Noe. I and IIT recorded more number of tillers, they were
not statistically signifieant when compared with the high parental value_-
(Vide Table III and PFige3).

(111) Flowering duration

 The F1 plants were earlier in flowering than both the parenis

in 211 the three cross combinations (Vide Table IV snd Fig.1)

(iv) Panicle exgertions -

In cross Hos. I & II the hybrids showed well exseried panicles
like theiyr parents. In cross No.ITI, where only one of the pa:éents
(Vellayani 1) had well exserted panicle, the hybrid showed well exserted
nature with o meen exsertion of 1.28 em (Vide Table V & Fig.6)e

(v) Length of panicle:
Hybrids of Cross No. 1 produced longer panicles whereas in




Mean Height of Plant in cm

Crosses. S | IT 1It
Sl.  Paremt/ = Height  Pavemt/ = Hoight Towont/  Hetght
Loe.  hybrdd hybrid ' _ hybrid
1 Velleyamd § 931,00 Vellayemi 1 . 131,00 Vollegond 1 931,00
2 P, 13548 B 125,09 F, 1170
3  Toipen 113,30 Paickung 65  101.40 Tedebung 85450
- ‘ - Fative 1
CaDe (0405) _ Cels (805) . e o OeDe (405)
12 & 2y 3 = 403 1,282,353 2% g apz,3 =4
0:Ds (s05) = 4.66 CeDe (405) = T7413  CeDs (405) = 5e21
1,3 133 1,3 -
Yean mumber of produetive tillers
S1s  Parent/ fo.of Porcnt/ Yo« 0of  Pesendy/ Hoe of
Jotv I hybrid illere  hybrdd ) tillers hybrdd tillers
1 Vellgyami 1 41.20 Vollayani T  41.20  Vellopomd 1 41.20
2 8 55024 B, | 68.36 69490
3 Fainem 3 484,00 Tolchung 65  40.00  Talchung 61460
A : Hotdye 1
CuDs (s05) Cola (+05) | _' GoDo {05) _ ip un
Cala (405)  _ o0 (CeDo (0B)  _ oy nn  CeDe (405)
5 =129 13 = 2150 1,5 = 1875
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Table IV

Mean flowerd b

sm0

sT. Favent/ Plowering  Parent/ Flowering Parent/ Flowering -
HOs hybrid duraticns ‘hybr:ia duration hybrid duration
A Vellayani 1.~ 79410 Velleyeni 1 79+90  Vellgyend 1 79610
2 By 134T Py 70.54 B, | 72653
'3 Taluam 3 90410 - Taichupg 65 - 85,70  Teichung
CoDe (05) 0iDs (05) @Dy (e05) ‘
1y 2 & 2,3 = 2% 192 & 29 3 300 g, 2223 ° 3433
D (?f% spu . CeDe (a?‘f% .07 0D (gf% = 408
Table V .
¥eon panicle exsertion in em
g1, Tercnt/ Pxsertion - Parent/ Exsertion Parenty Exeertion
No. hybrid . hybrid . hybrid
) vVellayani 1  4.56  Vellayanl 1 456  Vellayani |  4.56
2 Py 6.52 ?, , 6449 7, 1.28
3 Tainen 3 T+0% Teichung 65 859 . Taichung 0442
~ Bative 1
0:Ds (s05) _ é.n.(.os)A - " GaDo (+05) .
4.1,2&2,3“’:”“%- 1,2 & 2, 3 2f°°j 1,2’&2,'5"‘@"58
D CeDe (005) = quge CeDe (05) = 2,21 Gl («05) = 0.70
153 ‘ ¥ 193 : 153 ‘
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Cross Wos. 1I & III the panicle length was on par with that of the

superior parent (‘T:Lae Ta‘)le VI, Plates VII' %o I ond Figed)s

(vi) Bumber.of spikelets pexr: panicle.‘

In cross nu:mbe:: i the hybrid was on par with the mperior
perent (Vellaysni 1) whereas in the other two crosses the hybrids were

on a par ‘with the parents having lower values (Viae table VII & Figs 5)e

(vii)‘ Grain x_ie;mg_
A1l the three cross c;ﬁmﬁi@j&iona recqﬁe& & decrease in grein
yield per plaxﬁ; waich could be attributed to high spikelet sterility
(vide Table VIII & mg.s).

v (viii) Strew yields

Highly significant increase in straw yield was recorded by
hy‘brids in cross Eos. Ié& 111, The inerease in B‘bra.w yield in the hybrid

of oross No. II was not statistieally significan‘t. (Vide TableIX & Fig9)e

- (1x) W=

Significently higher increase for thousand grain weight of
hybrids over the parents wes recorded in all the three cross combinations

studied (Vide Table X & Fige 10)

(x) Ie Tength of greim:

There was marked a.ncrease 4n grain length in the hybri&s over
the parents in all the ‘bhree erogs-combinations. (Vide Table XI & Figel1)e

(:«:i) Breadth of g;x_*a:.n:

£11 the 3 hybride showed s’iggiﬁéantly nigher breadth of grain

over the parents. (Vide Table XII & Fig. 11).
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Table VI

© Hean length of panidlie in om

81 Darent/

. Lengih of  Pavent/

Pavent/

: Izngth of }i@‘r@%&a of
Hoe hybrid- pandicle - hybrdd panicis hybrid psmicle
1 Vollsyard § 2310 Velleyemi 1 25410 Volloyend 1 2510
% Teinan 3 22.94 Talchung 65  21.82 Taickung 20033
' -  Hetive 1
¢oDe (o05) CeDo{405) r CeDe {o05) -
%3&:2,3“12@ “2&2’3::?3{ %2&2’3m%£€$
CeDe {o05) Cele (:05) CeDs (405) ;
193 = 158 143 m 035 143 e 132
Zable VII
toon ousbor of spilelets foy papicle
. Ble Powent/ five of ’Earmtf ¥oeof }?arent/ ¥0. of
Noe hybrid spikclets  hybrid spilkelet hybrdd spikclote
1 Vellayand 1 176437 Velloyeni 1 17637 Vellayenl 1 17637
2 ?;3*1 183486 y 158650 \E‘,‘ 160650
3 fainen 3 145.76 Tedchung 65 | 153.76 Tajohung 145+54
Ea‘i%i% 1
Lo (905) . GoDe (1\95) ":::’ CaDe (165)
’3,2@:2,3”15’6@ 1’2&2,3-15;&3 192&2’35?$057
Gobe (403) 18.00 GaDe (o05) 4w 0 GoBs {05} _ §7060
10 3 13 193
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Toble VIIT

S Pareny/ _'.ez»aanf_  Parenty/  Orein  Pevent/  Grodn
Bos Iybwid Aymm hybrigd yma.a‘ Conybedd 0 yisie
i Vollogeni 1 €7+00 Velioyand 1 67,00  Vellcyaxd 1  67.00
2 6208 ¥, G2 By 74550

.3 BBW50 Podelmrig 68 7925 . . Taichung 8540

 Fedven 3
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Ve

Cale .,995) = 8594

192&- &g 3 'ﬁg? &2, 3 ", 29 iE,B
Sulta (q@w) = Gatl Telle <n§§} = 4450 %0 % (.9@5) =10+05
Te 1.3 93
Tuble IX
Btpaw jﬁ,@f}f’ in gronmes
51, Fawensy/  Straw Fareuty Shvaw Papenty Strew
Hos hybrid = yield hybrid yield bybrid yicid
1 Volleyoni 1 91,00 Vollayani 1 91.00 Volloyord 1 91400
2 A LB 7, 114400 ¥, 141400
5 Tedmem 3. 98440 Tmieeu.ig 65 TT.0B Tajehung G50
Lo Bative 1. :
Fob significimt
'.ﬂ-Dn(QQS) . 4,78 | c’n’ ('QEH 'i 043
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Poble X
Thousond graln woighd in gronses

H%e Fovent/ 3600 -  Parent/
Hoe hybrid grain . hybydd
i - welght

Pavent/ {000
hybrid grads
welahd

1 Vollayemi 7 1922 Vollayeni 1  9.22
3 Taimem 3 2176 Tedchung 65  21+40

- Teliayerd ¥ 19.22

E“.a 25:43
Tadchnng 2% 621

| Hative 1

thaczs 208 g oap, 3%
GaDe (o05) woupr - ©Ds (s05) & 0,76
T My =T N, T

Zable XX
Grain length in m

| ¢ ﬁij}ﬁ('gga . .

Cole {05} o 0,2
‘KB 3

S Pavat/  Cpeln  Pavest/  Greln
Soe lybyid Aeag nybrid length

‘Popent/ . Crodm
nybrd length
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7, Ted7 B, 7460
Pedpom 3 6041 Todchung 65 6468 -

uopy e §

VYollaoyamd 1 7«20
E‘i Tobd

 Tadobung To28
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Gobe (s05)
L’-agﬁ'& 20 3 ﬁ
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T 3

CaDe (o05)
39282 3
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B_re‘aﬁ%h of grain in mo

&0

Parent/ Crain

e -

Orain Parent/ _
Fos hybedd _ breadth hybrid breadth hybrids breadth
1  Vellgyani 1 P63 Yellayand 1 2+63 Vollsysnd 1 2.63
g 7 5404 Py 3.0 B 2489
3 Tainan 3 5400 Tolctumg 65 2,03 Taichung 2481
Botive 1

CoDe (405) ‘ CeDe (005) A GoDe (409) ,

4y 262,353 =0 192 &2y 3 =08 4 2a2, 3 %

Ce Do (;f’}; : u'.@ls‘i Gelh ('G } e 2054 0+Ds (;(::;; = 05

Pable XIIX
Thicknose a:‘: arain
Sle  Pavcnt Micknoss  Taren Thickness Tovent/ . Thickness
gc: ‘E&ybm/ ybrigj bybrdd
1  Velisysni 1 1.87 Vellaoyani 9 187 Vellayand 1 187
2 ?1 ’ 3&04 F.l 2.8 _ F‘i 200
3 Tadmmmn 3 2,03 Paichung 65 2.02 Taichung 1.9%
: T%auive 1
Colle (005) 65T FaDe (»05) ) Go Do (005) o
nwoaa, s = 0B 1y 2 & 24 3 = «023 1,2&.&,5“"%
CoDa (;9_;% = 029 o Do (;esl = o024 C» Do (;0'5% = +032
? . p y :
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- (xdi) Thickness of grain:

A significent increase in the thickness of grain in the
hybrid was rééorﬁed in cross Nos. II & IiI over the nigher parentel
values. FEventhough a slight incrcase was recorded in Grqss‘ﬁbrl'iﬁ‘did
not show statistical significance. (Vide Table XIII, Figs 11)e
I(ziii)Aquieh sige? |
Pblien grain of the hybiids were smaller in size‘in ell the
three ross cﬁmbinationé studied (Vide Pable XIV). Pertile pollen grains
in the hybrids showed considerable veriation in size. The renge OF
variabllity for mean ?oliénvdiamsterVWas 36.14 to 44.00 migroné for Cross
No. I, 35.77 0 43.91”mic.:>ron' for Cross No. II and 37.20 to 43.20 microns
for Cross No. III. In the p&;éntélk#arietigs the pollen dismeter ranged
£rom 40496 t0 43,56 microns Zor Vellayani 1y 40.52 %o 43.01 microns for
Tainan 3, 40.52 40 43.43‘mic;0né for Taichung 65, end 39.14 to 41.65
nicrons for faighungrnaﬁive 1fuv_.”;’
B. ggalitaﬁive ¢hgracters:
A comperative study of qualitative characters in the parental
varieties and their hybrids is presented as Table “XVILe |
(i) Rigmentation: .
| In gfoés‘mb. I;i bpth the parents were @evoid of pigmentation
in the ;eafshégtg;, v;hergaé in the hyb;-ia the leaf sheath was 1ight

purple pigmentied.



. Table XIV.

62

19 3

Meen diemster of pollen grain in microne
S1. 'Parent/. Mean Parent/ Mean Parént/ Meen
Hos hybrid . diameter  hybrid giiameter hybrid dlameter
Vellgyend 1 42,96 Vellayani 1 42.96 Vellayani 1 42.96
2 B 39.16 B, 40011 B, 38,79
3  Taoinan 3 41,13  Teichung 65 41.80 Taichung 40.78
CDe (205) 0:D. (:05) _ C.Ds (.05) B
1,2 &2, 3 = 1.22 1??&2,3 = 1.68 1’2&2’3 = 1448
C.De (405) GsDe (.05) , “GaDe (405)
1,3 1.42 1,5 = 1.74 1,3 -173
. Table XV
Pollen sterility percentage |
Sl. Parent/ Pollen  Parent/ Pollen Parent/ Pollen |
Koo hybrid sterility hybrid sterility hybrld sterility
- Vellayani 1 11.93 Vellayani 1 11.93 Vellayani 1 11.93
2 B a 6027 B, - 66421 P, . 55.75
3  Tainen 3 1345 Taichung 65 12.54  Taichung 15,50
,,,,, tive 1 L
¢.D. (.05) cipe (405)  _,. C. Do (405) _ 4
1,282, 3 =% 1, 282,35 =403 1,282 3-°°%
€.De («05) . _ .46 CeDe (s05)  _ 445 ¢.D. (.05) _ 6.83
1, 3 , 1,37
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' ,;??;‘; e A 3
VELL ..
N \___—-/‘ - \~ ¥ ,)
AT
SABLE XYL
Spikelot ctorility percentage
Sle Formt/ tpibelet  Pavent/ Spikelet  DPaxent/  Gpikelot
Hos hybxdd pterility hybrid steriiity bybrdd storility
% Velloyani 1 16,44  Vollayond 1 1644  Vellayanil 1 1544
2 P, 7173 7, 79420 By 63456
3 Fainsn 3 5,60  Zaichung 65 8,50  Talchung 9407
- . ’ Fative 1
ﬁo'ﬁt(cgﬁ) . 5.4 - Cebe (-er} A' , ' ¥ 1% (o@ﬁ) -,-“-
1y 2823 =04 2823 = % 12823 " 362
Coe {405) u 3,75 eeDs (s05) = 5,32 Ce Do (:05) = .42

14 5
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In Cross No.II the hybrid had light purple apiculus though

only one of the parents (Taichung 65) possessed this trait.
(ii) Leaf hairiness:

In Crosses I & II where the pa;oents differed in this characiter

the hybrids showed hairiness on the leavess
(i41) mille habits

Compact tillering habit was found to be dominemt over spreading

in 211 the three crosses studied.

!

(iv) Bature of panicie:
Senﬁ.—compa,et nature of panicle é:as found to be dominant over -

eompact neture in Cross Nos. I & II.

(v) Svikelet hairiness:

‘Spikelet bairiness was found to be dominant over non=heiry as

seen in Cross Nos. I & I

(vi) Grain shape:
Grains were found to be medium bold in hybrids of cross Nose

I & II whereas the jé,goniea parents had obovate grains suggesting that the

medium bold condition is dominent over obovate nature.

(vii) Phenol reaction:

Of the four perents and three hybrids tested, the two japonica

parents ulone were found to be phenol negative (unstained). All the three



éh Doble XYIT

Qualitative characters - Paremts ond hybrids

Cross  Poront/

Pigmentation Leaf Tillering Nature of  Spitclet  Grain  Phenol
Bo.  hybzid Lo Apiculus  bairiness hebit panicle heiriness  ouapo/ reaction
‘ gheath o : ‘ gize
I @) Vellmyani 1 Green . Green Hedzy Spreading Semd . Tonehalzy  liodiwm Changes to
I . : conpact ' : black (Thenol
, . o ~ positive)
b) 7, sy . do Compaet - do Hedyy licdium  do
c) Tainan 3 . 5, »s. Smooth Compact Compact do Obevate No change
. ‘- (Fhenol nogative)
T ) Velioyani 1  Green Grecn Hedxy Spreading Somd . Fon tedivm Phenol positive
conmpact “hairy e R
b) ¥ | 9 Purple do Compact do Hairy Fedium do
‘ : o boid
c) Taichmg 65 45 do Smooth do Cozpact do Obovate Thenol negative
III a) Vellayani 1 Greem  Groen Hairy Spreafing Semd tion Heditm  Thonol posdtive
compact heiyy '
b) 7, Light ’s do Compact’  do " do Yadium do
purple ‘ : ' bold - o
¢) Toichung Groen ss do Compact do . do fegdum . de,
Botive 1 ‘ bodd




nybride were phenol positive (steined black) 1like ‘their indica parents
(vide Plates X to XII) |
¢+ Heterosis:

The degree of positive and negative heterbéis for &ifferén‘t
characters was calculated by taking the higher and lower parental values
respectively as the basis. The values are tebulated and presented in ‘

Table XVIIT.

(1) Produchive tillers:

Marked heterosis wes recorded in Cross No. II for the number
of productive tillers whereas in the other two crosses the hybrids did

not differ from the better parent, statistically.
(11) Iength of panicles

Hybrids in Cross No. I recorded positive heterosis whereas

in Cross Nos. II & IIT the hybrids werec on par with the better parente.

(111) Number of spikelets per panicle: \
‘ Q:m‘s‘s No. I showed ppsii;ive hgterpsig'wherea’s in Cross Fos. II
& III the hybrids did not differ from tﬁe' perents for the nuﬁiber of
spikelets per panicle. ‘ | |
(iv) Straw yield:
' Mavked positive hgeterggis was regord.gd for straw yield in

cross Nos. I & III whereas in cross No. II heterosis was not significant.
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Zgble XVIIT -
Deszee of hotoronis for éﬁf‘"@mﬁ; chayacters

. <l gncvenge

Pemm tupe inervese Svor &mgﬁm‘ ygﬁ‘f"‘ﬁﬂi“i ' ‘fm:ma ' over lower
LT - — — o s parentel
Croas Cross 0 Eroductive &fmg‘ih Toe 0f  Gtraw m@a a " walue
Hoe tillers of  epileles yiold  grain o sim
panicle g;g;ﬁ e wedght ” &wg%h Breedth  Chlche Plower- Dollen
noen ing pize
' duration
1 Vellsyani ¥z =~ % 15.42 + 4e34 > 88,67 + 15.56 4247  #1e33 oTet? =503
Tainen 3 y | . | o o
iz VYolleyord 1 x 46835 - - - + 1585 94425 91,898 4207 =10.82 «4.04
?a:!_@&mﬁg 63 ' . '
11 mzsl 1z = - o #4170 % 10.47 43,43 | 4258 42.51 = 8,092 =488
iimive ‘&

.#\ .
- p
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(v) 1000 zrein weicht:

Positive heterosis was recorded in the hybrids of all the

three eross combinations studied for thousand egrain weighbs

(vi) Iength of gra____ins

Yarked positive heterosis for léngth of gra.in was recorded
in the hybrids of all the ‘chree crosses studied.

(vii) Preadth of grain: ‘
The h;ybrids of @1l the three cross combinations showed positive

heterosis for the bresdth of grain

(viii) Th:lclmess of grain:

Hybride of cross Nos. II & III recorded marked heterosis for
the thickness of grain whereas in the hybridiof Crose No. I heterosis was
not significant.

(ix) Flowering duration:

Hybrids in all the three cross combinations were ecarlier than
“thezearly parcnt and showed negetive heferosis for flowering duration.

(x) Polien size:

Negative heterosis was recorded in the hybrids of all the three

cross combinations for pollen sizee.

D. (1) Eybrid sterility:

Data on pallen and spikelet sterility are tabulated and



presented as Tables XV and XVI respectively (Fige7).

ae Pollen sterility: B

The range of pollen steﬂlity observe& in the hybrids of the
three cmgs ‘combinations was from 55.75 to 66.21 per cent.vlvhereas. in the
parentel varieties the range was as low es 11.93 to 15.50 per cent: No
‘reciprocal difPerence inl_pollen. sterility was observed in eny of the

crosses studisd.

(i) Indica x ;]agom.caz

-

The two hybrids Vella;yani 1 Tainan 3 and Vellayani i1x
Taichung 65 recovdea 60@27 end 66.21 per cent pollen sterz.lity respectively.
The sterility percentage in the parental vaxiet:xgs Vellayand 1, Tainan 3

and Taichung 65, were 11.93, 13.45 and 12.54 respectively.

(31) Indico x indicé.z

The only hybrid (Vellayeni 1 x Taichung Fative 1) studied under
this group showed 55.75 per cent sterility, whereas their parents recorded

;

11.93 2nd 15.50 per cent sterility respectively.

Pollen sterllity was comparatively more ia the two indica =

japonica hybrids than in the indica x indicg hybrid.

b Spikelet sterili
Spike:_i.e't sterility in the hybrids of the three crosses ranged
Prom 63.56 o T9.20 per é‘en-bi vi’aer_eas the range in parenigl varicties was .

5.60 t0 16.44 per cenb. No reciprocal difference was observed in suy
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"of the crosses (Plates XII§to XV).

(1) Indicé x japonicas

The two crossés Velleyani 1 x Taine eh 3 end Vellayerd 1 %

Taichung 65 show‘ﬂ 75.93 anﬂ 79.20 pér‘ cent si::li:elet sterility

: respectively as against 5.69, 8.50 and 16 44 reeorded by the paren“bs

Tainan 3, Taicxmng 65 and Vellayani 1 respectively.

(ii) Indica x indlca.

*I'he crosses be'imeen Vellayani 1 and Taichong Native 1 reeorded
63.56 per. cent spikelet sterility as compared to 16.44 and 9.07 per cent

respectwely sht)m by their pa:cm‘t:s- .

Sp:.kelet ster:.lity \r‘as compara'blvoly more in ‘che two indiea X

#

;j ca hg,rbrids than in the indica x :md:.ca hybrid.» It was also founa

that the hybz-idfs of &1l the tkmee cross combine.tj._opg stuﬂied, recorded

greater percentage ¢f spikelet sterility then pollem sterilitye

o 'Dc:llen mother cclls of e h;ybmds of all the three cross
combinations wero shudied to detect nelotlo sbomalitles.  Attention wes
ma.z.nl;sf gangen‘srated on stages such as diskinesls,. metaphase I and

amphaée I.
Twolve bivalentscould be clearly traced in metaphase I in

21l the hybrids and parentel verieties. Separation of Chromosomes in

anaphaéé T was also normsl. There was no evidehce to sxxggeet meiotie
gbnormality in these hybrids.
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DISCUSSION

The present study was made using four rice varie*tiés of
which two belong %o the japonica race (Tainan 3 and Taichung 65) end
the other two are indica types (Taichung Native 1 'a.n,d Vellayani 1)s
Gms‘sés were mede using Vellayani 1 as the common parent and the three
hybrid combinations were studied aléng with the four parentel varieties.

The resulté obtained are interpreted and presented bélow.

A. Quantitative characters:

(i) Plent height:

In eross Nos. I and II the tell plant habit of Vellayani 1
. ‘ :

was found %0 be dominent over the modium tall habit of Tainom 3 and

' Taiéhung 65. This observation of thé dominance of tallness is supported
by similer reports by Ramigh (1933 b) and Nendi and Ganguli (1941).
However, in the cross with Taichung ivat:.ve 1 the $all stature of

Vellayani 1 showed only incowplete domin:ance as reporied by Jennings (1966).

(i1) Productive tillers:

In 211 the three crosseslstudied the ﬁean puther of
productive -fl:illers per plant in the hybrid was either the same es or
more then the high #iliering parent. This epparently suggests that the
high tillering capacity is‘ inherited es a dominant cheracter. Higher
prédue“'bive tillers in the P, hybrids was reported by Ramish (1953 ),

Partheserathy (1960), Misro & Shastry (1962) and Jemnings (1966)s



(ii:l) Flowering durations:

Wj.th _resbeet to duration cxpressed in terms of mumber
of days %o floweriﬁg the hybrids in sll the three crosses were found
%0 be earlier them the re spectivc pevental ifaxietiés. The early
flower:a.ng habit of mter-varietal hy'bmds in rice wes previously repor‘bed

by Ramieh (1933 a) and Jenmngs (1966)

(iv) Pamicle exsertion:

- The well exsertea natuz-e af n‘aniele was found t0 be

incompletely dominent over exserted nature as seen in Cross Fos III»

(v) & __%gjsh of panicle. )

In all ‘she thr:.e crosses the hy‘brids pmdueeu penigles ag
lcmg &5 or longer 'ishan ‘the ‘be"s ber p_a.renﬁ, t&;ereby sugges*b;:ﬂg that the
long pa;ziele_ecﬁdifcion is a aominanﬁ aniaracter.» -’fhis observation is
comparable to the report mede by Mohemmed emd Henne ’(19.6‘5) that

longer length of panicle shows periial dominance over shorber cuee

(vi) Number . of spikele‘as per gaﬁiclez

In eross No. I the hybmd was on par with the supexrior
parent (Vellayani ‘l) for t’rze mumber of spikeléts per panicle. In
Crosses 11 & III also the nean values of the hybr:s.ds were h:x.gher than
the lower pa‘rental vglues, j;hough the increase was not sta‘tas‘hmcal@;f
significant: Increase in nﬁmber of spike;g};s in rice bybrids was

reported by Rao (1965) and Harahari & Pawar (1965)



(vi:l) Grain and siraw gield“

In mter—vametal hybr.z.d..». of rice where there is marlaecl
spikele‘h s’t‘:erih*y, a redue'tﬁ on ;m;grain ;yicla :’Ls normally »xpec“becls
The inferior grazn yield of riee hjbm.ds was :x:v_ported by
Parthasarathy (1960')0 On ‘the other hand, Jernings (1906) reported that
normally fe%r’sile hybrids showed higher grain yicld. The decrease in
grain yield péf planﬁ recorded ﬁy the hybrids of gll the three cvosses
studied could alsc be atiributed o high epikelet sterility. Howevew,
't degree of decrease was 'nois prapgr'kipnal to the extént of spikelet
sterilitys the reduetignﬂ_ig_mbe;p of gz-a:ms being to soms extent

compensated by the increese in graln size.

In two out of three crosses (Ciosses I end IIT) the hybrids
gave Significantiy higher strew yields than the botter ‘pavont whereas
in 'Cz*ésé Ho.IT the inereased s@r&wiyiem of thé hybrid was not.
statisticelly significant. The higher straw yicld could be sonsidered
tc be due e grea‘cev vigour uz plent growih and high tiller .m& copecity
in the hybridss Joseph (1962}, Karunakeran ("3964) and Bac {1965)

vecorded incressed strew yield in rice hybrids.

(viii) Grein sige and 1000 erein welght:

Grain size in the hybrid was fpunﬁv to be slgnificently
“larger in all the three crosses. This increase in the grain size was
throveh an increase in grain measurements in sll the three dimensions

(Zongth, bresdth and thickness)s Thie observation is not in egreencnt




with the reports of Nagal (1959) that the mean size of kermels in
the f1 is 1nterﬁediate between the paremts. Jennings (1966)

reported that the length of F1 grain was intemediate between the
parental mean. It is quite reasonable to assume that the reduction
in the number of fertile grains in the panicle might have lead %o the
development of bigger grains. The hybrids were also found to be
superior with respect to 1000 grain weighte This inerease in grain

welght is most probably due to the increase in grain size.

(ix) Pollen size:

Pollen size was repi-esen‘bed ag the mean dismeber of a
pollen grain. The hybrids of’ 2ll the three ¢rossce produced smaller
sized fertile pollen. In ell the hybrids fertile pollen grains were
found t0 show considgzrable variatipn in sizees The range of variability
for mean pollen dismeter was much more in. the hybrids then that in the
respective parental varieties. This observation is in confirmity with
the report of Sampath (1964) that the pollen from japomica x indica
hybrids varied in size. It was also observed that variability in the
two japonice x indica hybrids (Crosses I & II) was more then in the

indica x indica hybrids (Cross No.III). Such variebility in size

of pollen grains in the inter-varietal rice hybrids was recoxded by

Rao (1964 ).
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B. Inheritsnce of qualitetive characterss

(1) ?__igmen*ta’diom

- The dominant nature of anthocyam,n pigmenta.tion of plant
parts is indlcated in the cross between Vellayani 1 and Ta:.chung 65
(Cross No.II) vhercin the hybrid and one of the parents (Taichung 65)
are pigmented in the apiculus. Apiculus pigmentation was thus fmmd
to be completely dominant over the non-pigmented condit:.on. This 16 in

ccnfirmi‘ty with the :E’indings of M:i.sro & Sampa:bh (1964) end Jennings (1966)

Tn the hybrid of cross between Vellayani 1 and Talchuog
Native 1 an'tho'cyanin pigmentation was found in the leaf sheath whereas
both the parents did not show any sign of pigmentation. The development
of pigumentation in the hybrid csn be the result of comp;l.emen"ce;:y
interaction bétween genes in the two parents. This obeservation is in
agreement with other reports on the existence of gomplementax\y genes .
governing anthocyanin pigmentation in leaf sheath, auricle and other

plant parts (Anon.1953).

(11) Beirinees of leaf ond :

Heiriness of leaves in Vellayand 1 was found to be dominant
over the smooth nature o two crosses studied. Dominance of hairiness
over glabrousness was reported by Jennings (1966 ). Hairiness of

grains of the jeponica voarieties (Ta:man % and Taichung 65) wag fourd
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%o be dominant over the non~hairy condition of Vellsyeni 1. This
iz comparable o the repcras mede by Hageo gt gl 21.(1960), ¥sro &
Sampﬂth (1964) end- Jennings (1966) that hairiness in glzmes is

@.Omindﬁt over glabmusneseo

(iii) Phenol reachion:

Awong the parental varieties the ;]ago ca 'bypes (Ta:mam 3
and Teichunz 65) were- phenol neo‘ative whercas the indica. types .
: (Vellayani 1 cnd @a:.ehung Native i) were phenol pos:.tive. This favours
the view of “iOka (19‘53) that the 'Continentel' forms (indica types) are
phenol positive and the 'insular' forms (japomica types) ere phenol
negative. It was :Eéund that in crosses between phenol posiiive and
.phenol negatl ve 'hy;oeu (Crasses I & II) the hybnds were phenol pos;t:.ve
thereby suggeating thajb jt;%;e pheno;l.' pqsitiye ;reactiqn of M
Vfarigtjgs.ié dominent over Ph?“él negative resction of the joponice
verietios. This observation s in confiymity with the report of.
Jennings (1966) that phenol staining is a simply inherited dominenmt

to nonstaining.

Q.

, c. Heterosiss ' o ) ‘ )

o In all 'bhe eros es i:hm hybrids shcwed positxve heterosm
for characters such as 1000 grain weight and length and breafi"ﬁh of
graims. Heterosis for charaqtez-s soch ag zmmber of productive %illers,
lengih 03’.’ panicle, ﬁiml;ér of' spikelets per panicle, grain thickacss and

straw yleld was shown by sowe of the crosses. With respeet to strow




yield the hetei'ofsic e‘flfect wes marked :m ’shg hybr:i.ds qf Cross I end

IIT giving 4-4.'67 aild'41 ;70 ‘Iper' éent iﬁcrease respectively over' “the
betier pavents. Heterosis :é‘c;r_ different plant characters was reported
by several workers on rice - Remieh (1935, 53), Namboodiri (1963) and
Jennings (1966) foz_'—t:i.ller ﬁmductiqn, Capinpin & Punjasing}; (1938)
for pemicle ieriéth, éiapinpiﬁ end Amsba (1949) for grain length, |
Parthasarathy (1960) and Misro & Shastry (1962) for mumber of car heads
per plent and Nemboodiri (1963) for length of penicle and breadinh and
thickness of grain. Karunskaven (1964) recorded heterosis in
intervarietal hyﬁrids_df rice for several cheracters such as strew
yield, penicle ieng;th,A 1()00‘ grain weight, breadth of grain, 'i:?z\iclmes_gsv
of grain and rumbsy of tillers pe;:é plents Rao (1965) recorded.
heterosis for productive tillers, number of graine per panicle and
stvaw yield. On the conbravy Capinpin & Funyesingh (1938) aid nok
£ind ﬁe“aerosis for grain characters such as length, breadth and

vhilckness.

"Hybrids in all the three crosses were carlier in flowering
then the early parén"t and produced polien greins of smaller size than
both fthe parvenls, 'hhere'by lsug_gesting negative heterosis for flowering
duration and pollén size. The earlier flowering habit of the hybrids
of the inter-vaerietal crosses in rice was rcported by several workers

1ike Bamiah (1935, 53) and Jemmings (1966 ).



»De Bterility:

A1l the three hybrids were found t6 bé pariially sterile
‘and percentage of spikelet étéiﬁility was alwéye wore than the percentage
of pollen sterility. This is in agreemert with the report of
Kamnakaran (1964.)' that spikelet sterility was more than pollien
steriiia} in jeponice x indice bybrids, but does not egree with that
ofﬁenn:!zxgs (1966) who did not observe larze differences in. policn and
spikelet fertility. The higher spikeletd sterili‘i;y‘ ¢z be possibly dus

to degeneration of zygotes in asddition to ovule sterilitye

The degvee of pollen and sp..kelbt sterili'ty varied slightly
in the hybride of 'the three erosses. Sueh variations in hybrid
sterzl:.tv were reeorded by sewe'r*al workers like R:.chharia et al. (1962)
and Sempath (1955). It was also found that the degree of bothk pollen

and spikelet sterility was more in the two ;]agomca X ind:.ca hybrids

(Crosses I & II) than in the indlce x indica hybrid (Cross III).

No reciprocal difference was observed in either pollen
or spikelet sterility in amy of the crosses studied which is in
confirmity with the findinge of Jennings (1966) that there is no large
reciprocal. differences for elther pollen or spikelet fertilliy.

The inter-varieital hybrids studied did not projide any

indication for cytologieal abnormelities during melosis. lNetephase I

was normal with 12 bivelents and anaphase I seperation also was
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epparently normsl. These observations are in agreemént with the
findings of Terao & Mimshiva (1939), Jones & Tomgly (1941),
Kueng (1951), Sampath & Mohenty (19,54)-‘311& Kihara {1966)e

' ‘Tre absénce of medotic sbnormslitles in steges laber
than dickinesis éiﬁ.mtes 'hhé possibility of larg;e‘ c?maabseﬁé L
abnormelitics o be 'cha cavse oF pertial s*éerilitir in "mége' in%'o:a»» :
varietel hybrids. It eppeers reasonsble to suggesti that paz‘ﬁial'
sterility might be ‘either due to geni?: causes or due %0 erypiic
structural 'hy“nridiﬁn The passibi:ii_?y of g?@jégtdplasme factors
contributing to sterility is elimtezg due to the lack of reciproeal -

differences in the degree of sbterility.

J



SUMMARY



SUMMARY AND CONCLUSION

The present study involves the inter-varietsl ﬁybridization
between o indica (Vellayani 1 and Taichung Fative 1) end two japonica
(Teinan 3 and Taichung 65) varieties of rice using Velleyami 1 as the -
common perent and investigations of quentitative and qualitative
characters, hybrid sterility and heterosis of the F1 generation in the

three cross combinations,

1. Among the quentitative characters studied, plant height,
high tillering hebit, earliness in flowering, pamicle exsertion end long
" penicle nature were found $0 be dominant in the hybrids. .

2. The nature of anthocyanin pigmentation in the apiculus

was found o be dominante

- - In one of the three crosses the pogsible inﬁefactim :
of complementary genes governing pignentation in the leaf sheath was
indicated, | |

4‘ Heiriness of leaves as well as grains was found to be
dominent in the hybrids. |
The "E’ienol_ pcsijhive" resction p:" the ,i_r_;g?.qi_,gg varicties was

found to be dominant over "phenol negative" reaction of the japonmicas.

3. The hybrids showed decrease in grain yield and incresse
in straw yield. The decrease in grain yield was due to the high

spikelet sterility. .IHowevery the degrée of decrease in grajin yield was

not proportional to +the ex%ent of spikelet sterility, the reduction in
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mnber of grains being to some extent compensated by the incyease in

grain size and welghte

4, Uniform positive beterosis in all the three Croesce

studied was obtained Tor 1000 grain weight and length and breedth of

v’

grainos ALl the three crosses showed negative heterosis Loy flovering

duration and pollen size. Hetexosin Tor other charecters guch ag nuvber

of productive 'i;illers, iength of panicle
panicle, grain thickness and straw yleld

Crooeds

s nurber of spikelcw per

vae shown only by some eif the

Among the three crose-combinations studied \T@nayasﬂ. {1 x

fainan 3 oxhibited positive heterosis for most of the importent yield

stiribubtes vize, panicle length, number
vield, 1000 grain weight and length and

rariked carliness for floweringe Though

of spikclets per penicles straw
broadth of grains, combined with

this hybrid did nob show an

- -
increasm}ﬁrield duc o high percentage of gpikelet sterdlity bigh

yielding foptile segregents from this cross in later gencrations could

ve expoctods

Se .A,ll ‘hhe thme eroases exinibited pc);llen end spi!&eiet -

cterility to a marked ex’ocnt, spikele‘t; aterility always boing more than

' pollen s‘seril‘lty. The inﬁica. x joponice crosoes invariably recardoa

h:.gher percentage of pollcn and . spikelet starili’q;

The ster:,lity in the inter-varietal pybrias in ihe present

gtudy could not bo a‘atributea to any mjor cymlogicai abmmal* tioss




Hencey it appears reasonable to suggest that pé.rtial sterility

may be either due to genic causes or due to cryptic structural
bybpidity. The possibility of cytoplasmic factors contribuiing to
Sterility 1s eliminated que to the lack of veciprocal differcnces in
the degree of sterility,
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. PIATE I .

Photograph of hybrid Velleyani 1 x Tainen 3 with parents

( Cross Wo. 1)

PLATE II

Photograph of hybiid Taiten 3 x Vellayani 1 with parents
( Receprocal cross )
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PLATE IIIX
Photograph of hybrid Vellayeni 1 x Taichung 65 with parents ¥
( Cross Wo. II )
PLATE IV .
Photograph of hybrid Taichung 65 x Vellayani 1 with parents
( Reeiprocal Cross )
P
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PLAYE V
Photographi'of hybrid Vellayani 1 X Taichung Native 1 with parents

( cross No. III )

PLATE VI
Photograph of hwbﬁd Paichung Fative 1 x Vellayeni 1 with parents

( Reeiprocal cross )
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VII

PLATE



PLATE VIII

Photograph showing length of panicles in parents and hybrid®
in eross between Taichung 65 x Vellayani 1 (Cross No.II)
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Phenol reaction of the different parents and hybrids studied.
Note the positive reaction (Colour chenge ) in indica varieties

end the hybrids end the negative reaction ( no ecolour chenge )
in japonica varietiess

PIATE X

Vellayani 1 x Teinan 3
( Cross No. 1)

PLATE XI
Vellayeni 1 x Taichung 65

(cross Wo.II)

PLATE XII

Vellayani 1 x Taichung Native 1
( Cross No. III)

1« Direct cross
2. Reeiprocal eroes
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Colour photograph of panicles of ﬁn@t- and
hybrids showing the range of spikelet sterility.

PLATE XIII

Vellayani 1 x Tainem 3
(cross ¥o. I)

PIATE XIV

Vellayani 1 x Taichung 65
( cross No. II )

PLATE XV
Vellayani 1 x Taichung Native 1
( Cross No. III )



XIII

PLATE

Xiv




	image34728
	image34729
	image34730
	image34731
	image34732
	image34733
	image34734
	image34735
	image34736
	image34737
	image34738
	image34739
	image34740
	image34741
	image34742
	image34743
	image34744
	image34745
	image34746
	image34747
	image34748
	image34749
	image34750
	image34751
	image34752
	image34753
	image34754
	image34755
	image34756
	image34757
	image34758
	image34759
	image34760
	image34761
	image34762
	image34763
	image34764
	image34765
	image34766
	image34767
	image34768
	image34769
	image34770
	image34771
	image34772
	image34773
	image34774
	image34775
	image34776
	image34777
	image34778
	image34779
	image34780
	image34781
	image34782
	image34783
	image34784
	image34785
	image34786
	image34787
	image34788
	image34789
	image34790
	image34791
	image34792
	image34793
	image34794
	image34795
	image34796
	image34797
	image34798
	image34799
	image34800
	image34801
	image34802
	image34803
	image34804
	image34805
	image34806
	image34807
	image34808
	image34809
	image34810
	image34811
	image34812
	image34813
	image34814
	image34815
	image34816
	image34817
	image34818
	image34819
	image34820
	image34821
	image34822
	image34823
	image34824
	image34825
	image34826
	image34827
	image34828
	image34829
	image34830
	image34831
	image34832
	image34833
	image34834

