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PREFACE

The study @fi aeed dordancy in rice on a |
 poientific basis has received attention only rscently.
Delayed germination of seeds might prove extremely
desirable in a Mﬁ harvest sewson ae any variﬂy- which
does not germinate, escapss considerable damage on the
fisld due to sprouting.  On the other hand, highly
dormant aurin cause inconvenience ag they fail to give
a good germination if they have to be sown immediately
after harvests - Also the high dormsncy is a hendicap |
% Geneticists und Flant brseders who are anxious to
raise a number of generations in @ short period.
Thus in rice certain am.ouizt of dormancy ise neoésaary
for economic cultivation and 1t is slso important that
the dormancy should mot resch beyond & level %o be a
nindrance in raising s quick succession of crops.

m;mm on seed deménéy in coremle ﬁnd other
crépa is ebundants From a practiosl breeding point of
view, investigations such as the tiosues concerned with
dormancy, stage of maturity in relation to dormancy,
variation in period of dorﬁasmy‘*and genetlios of dormancy
ars «imparhaﬁ’sa | Voyk done on these aapoata in coresls
and other crop plants with specisl reference to rice
have been reviewed and presanted in the first part,
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. Although & g&wa start haﬁ a&a:*m&y ’bem made 'kﬁ'
understemd the basic p«oblema of mosd dormeney in rice,
| }m&h remaine to be investigatieds Studies on the r0l®
of mm., the opused, nature and ga&wﬁmﬁ of dormancy in
aix ahart duration varieties of rm@ s;nﬁ th air--hyﬁx*i&as
nwm haen mﬁaﬁmm and pmmm%aﬁ ;m *i:he aacond Mg '
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PART., I

REVIEBW OF LIPERATURE



DEFINITION OF DORKANGCY,

In referring %o litersturs on dormancy, the differunt
terns used are often confueing, So a &ef’inﬁ.tim of the
~various temms in common use is attemptod. |

Usually these two temms are eonfused snd synonymously
useds A plant pm nay fall to germinmie either due to some
gonditions 'with.f..n ﬁﬁelf or due to unfavoursble environments
Curtis and Clark {(1950) reported that suthors working with
plant structures other then seeds have made a useful distince
tion betwsen rest and dormancy. %&ﬁé‘?&iﬂg to them failure
to germinate is a é&ﬁéﬁ%i@n of rest when it ts due to some
causes within '&iaef plant or iﬁs structures end a condition of
dormancy when it i due to mﬁgvaﬁmbis environment. Byp
those working with seede hav@ used the %wo terme SyROnymOSLys
Pailure of viable meeds to gemminate; when placed under condie
tions ideal for germination is due fo Geuscs within the sesd
i‘”‘éﬁﬂf » Such seads ars sald fo bé in @ resting condition pr
in a condition of dormanocy. The peried of dormancy is mfm*— E
red to as the peried @f seed reéet, perlod of delayed germines
ﬁmn aha the period of afer ripening by verious investigalors.

In rice the tem "Seed dormancy” -r@ara to the faillure
of graina to 'gemﬁn@‘&a' under proper conditions soon after '_

harvest (Butwany and %ngaahar'an, 1958), The ?eriod of dorw
mancy 48 that fron the time the grein ie harvested till euch
time when full g‘am;a.ﬁon. is obtained (Shanmugesundarem snd
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Venkatmmaﬂ.nga Hao, 1951),

The tern "primary ﬁomcy" refers to the initisl dorw
mancy of the embryos Under unfavourable conditions for gerw
éina'%ipn brought avout by enolosing structures such ae the
seed coat or by &é?imnmen‘& an sbyyo may dwelop dornancy
and this is the ":.%mlx;eed or secondary awmamy (Gmcker 196,
Davis, 1930), -

Pormaney may net be equally pronounced in 1l parts

of the embryo. I% may de cheracteristic of the hypocotyl..

¥hen naked embryos of this type are placed under germinabing
,- eonditions, the Izgpmm‘bﬂ falls 1::3 &1&&3&@'&; and no roois sre
produceds Bubt the gotyledons and plumule will continue %o
grow (Davis, 193¢)s By “conmplets double dormency” is mqaziﬁ
a combination of ot and epiqetyi dormancy (Crocker and
Barton, 1957),

In the work presented here the ‘t:em "oonmplete damanay‘*
refers to the paﬁoa between harvest &% normal maturity and
the time when the gmina give germination upto and including
5%, "Partial doxmency® refers to the period taken by grains
to increase thaise pamemage of gemination to 95,when part
or whole of this pericd falls beyond Yhe normal staze of
maturity. When grains of a variety give 95% or more gaymis
nation they no longar pessess w,.‘éomfmy@ A ponbination of
complete and partisl dormancies makes up the totsl period of
dormency suggested by Shanmugasundaxen snd Narasinga Reo (1951)s
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REVIEBW OF LITERATURE

" The different factors affecting sesd dormancy dindoussed
by Orocker mnd Barton (1957) and Namboodiri (1560) may be
snunarated,

s Hard £rait and seed comts,

2+ Hpisture content of fdhé. se6ds

3» Mgturity of the soed.

4, Oxygen and water aﬁanabi;iﬁ;r to ﬁie em‘aéym

9. Light in velation to ﬂamﬁn@%

6. Method of z;f%oraga of #nad in relstion to domam:?a-
T+ Duration of the orop and dormancy. |

(a) Hgohanical treatments.
1s. Scaritication or wounding,
2, Huliing or dshusking.

(b) Physiologloal ‘treatments,
1+ Prescaking. - o
2, Artificiel drying and heating.
3+ Moist low temperaturs ;pz*atmatﬁaﬁt.;

~{e) Chemical 'treatménti.

(414) Cq

Crocker {m%é) quoted by Thoxnton (%945) in an early
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review on the su:k_;&gg% listed the following poesible causes
for dormaney in seeds. | | | |
1« Prosence of rudimentary ﬁ’a@hﬁgéa %héx muaé matura
bafore gomination’ can begiﬂ
2., A atwba 8% dormanoy in '&he emhryo.
3s Impermesbility of seed coat to waber,
4+ Encasing structures interfering with oxygen absorp-
tien ang ea&honnﬂﬁ.aoxi&fs ‘ﬂiminatisn by enbrye;-
Kechanigal resistance to axigs_maidn' 6&“ enbryo by m~
© casing ebructures,

K 3

-5

6. Secondary dowmancy,
7

E 3

ﬁommnaﬁfm of two or more of these causes,

Gm:w and Ciaxic (1950} ‘nﬁde@ that %he prosence of gere
mination inhibitors glwo causes s aad, dormancys  Bubany and
Gangadheran (1958) in their work on x-i:se,quﬂea Eeysr and
Anderaon (1952) enumerating these possible causes of seed
ﬁoma.!id;sr; . | |

(iV) 41

The role of different tiames in rﬂaﬂen to seed Ao
“mancy may be sonsiderved under Htwo ngjoy hﬂadinga. )

| Ivanovakaje (1949) working on the drmancy perdod of
sgriculturel plante confirmed the thewis of Lysenko that the

anbryons of dormant mceds gamimtér rerdily and that the pericd

of doxmancy is determined by the properties of the outer combs
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In species of Gramineas the structures enclosing the embryo
or endosperm 4iffer from those in other plants. Sp the twe
groups of plents moy be coneidored separately in reviewing
the role of outer structurss. in dormancy. ”

18 belonging. 1 ' AG I:n eanaln t}m
stmcturaa emusinsf %he embryo aml mﬁaapaxm oan be dtﬂﬁcﬂ
into two distinctly different types - the hull and the sesd

conta,

3 ¥ 2 Hull consists of
the flowering @umea viz. lemma and pnlaa. They may inhibis
germination when they enclose the kernal tightly as in rice.

 Crocker and Barton (1957) suggest that the prasenca of
geed or frult cogts :gix' hulls of grasses sonetimes impose the
aeéeasity qf '3.1@&%- for germinations Smith (1948) found that
removel of hull from graina of wheat and barley resulbed in
' eonsiderable inoresse in the mrman%ga of germination,
Hulls were removod fyom ungerminated grains of wh‘eat and osts
after they had been in petridishes for 5 to 9 da;rm Moot of
theye grains then gamina;cea shawing that the embryo already
started germination but itw gmwth was atopped by the hull.
Harrington (1923) found thet hulling breaks dormaney and
gives satisfactory germination in osmts and barley. Atwood
(1914) showed that ;gamination of dormant graing of |
m fatua Iy ¢sn be brought about by vemoving the hull.
Bilack (1959) ales obiained similar vesulis from grains of
. certain atrains whereas v'aamn others weére so doxmuant that the . |
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treatuent proved ineffective. Where removel of the hull was
bena:‘icial the zagnitude of the afxaat ﬁa;penﬂsa on the degrse
of afterripening, ‘

| Smith (1948) observed that the presence of unshelled
grains of wheat and barley in the ssme petridish with shelled
 grains seemed to inhibit the germinabion of the latter and
also reduced ihe growth of mold on the shelled graind, Hpre
avar' gaminatioﬁ of hulled barley 'Wm wae found to be inhie
“bited by aqueous solution from chaff m‘.’ two varieties of

whesat thareby. indwaﬁing the preame af water soluble gere
minagtion inhibitors in the wheat nm. Elaek (1959) demonge
‘tmt ed the presonce af garmina’eian iahibi‘sara in the hull snd
the oaryopsis of oats in Spproximetely equsl auounts per wmit
weight of tissuss The hull pla.ya 8 Gual vole in dormsncy;
due to the presence @t inhibitcra m 1t and by preventmg .1%-
ching of inhibltors fyonm ‘bhe earyoxsam. Rezmoval of hull proe«
lvmes frea leach:mfg faoili‘&‘ias and ‘bhxw helpe in removing the
 inhibitor rrom the cmryopais. When seeds paes. over the gaﬁna
| " of sfter mpming; germinaﬁ;ion occurs not due ta the 1959 of

- the irhibitors buﬁ ney poesibly be due to the fomamon of &
specific gemineﬁ% pmmoi;er. Barimn and Solt (1948) dmezm*
trated the presence of inhi‘bitara o *I:he gmwt:h of whent root
tips in varicus dormant and nondormant seeds, DBut they could
not show any relation ﬁetwaen dormaney and the presence of |
inhibiting auba*&m&é&é;, EKoller and Feghi (4959) found a water
soluble germination inhibitor in thed sxtemeal layers of the
caryopsis of O ' g
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Ramiah (193‘?9 reported ﬁlmt hulled grein of rice has né
“defmita dorman‘b gax&od. P.wj,gg, a2t a2 (1949), Chalam (1954)
. and Chalem and Behera (1956) are of opinion that the ceuses of
| dormancy in rdce lie in the hull. “‘h.a:r tauna that hulling
pronmobes gamina,ﬂm and auggaat thia a8 an effective method
of bresking damaxwya Parije gt g {1940) found that even
very late varistiss could be gemminated immediately after here
vest. Nerayanan and Lakshmanan (1952) also noted that hulle
mé improves germination.  Sghadeven (1959) found that hulled
-grains gave mors than 80% gemimﬁam - Hg concluded that the
enbryo ie mctive and dormaney is & function of the hull,

Umpli et g1 (1960) peported that hulling successfully broks
dormancy. These a;‘zz'&ﬁors suggested tha*!z t&w riae hull may

serve ag a barrier fo gaminaﬁon oy 'ﬁmﬁ it ma.v contain inhis
: bitory uubstanaaag

~ On the other hand Butany and Gangafbaren (1958) found
that while hulling mnmveé germination considerably it does
not bresk damémy in @ll varieties, Even under hulled cone
ditions dormant vayieties requive a :mz*‘kain fp‘eméd ol reat
for noymal gemmination. These authovs found that thickness
of the hull 444 not influence dormancy as was observed by .
Chalam end Behera (1956), Thin hulled varieties cuch as
GEB,Z#; .412 and T.90 'bes‘bad by them were doxmante They
could not find any relationship baetwoen the amount of wé‘hé’r
absorbed by a variety and its germination percentage. These ,
authors concluded that the hull on account of ite hardness in
the region of the Ex;é‘ima. opposite the embryo zﬁrobably prevants
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germinmtion of the embryo and penetrabion of the radicles
Removal of the hull or softening of its tilsoues by treatment
with sulphﬁrie acid appeared to renova this barrier and the
radicle cen push out easily. | '

t The extamal OV XY
ing of the kernal known as the seed cont or the bran haa beon
Found to be responeible for seed ﬁommay in certain apeciet
of Graminemas. In cersals, ﬁhe naterbpl tissue covering the |
embryo and endosperm canaiuts»cf thres different layerss Thg
outer pericarp developing from the ovary wall, the true seed
coal developing fyrom or ab %hé place of the integuments fLorme
ing the middle layer and the inner Eériﬁfpam developing fyom
the unabsorbed part of the nucellus (Heotor, 1934), In &
maturs seed the distinetion between these three layers ia
generally lost and they arc together known as the seed ooats

Coukos (1944) studied seed dormamcy in five species of
grasses where sead cpagt is the cause 07 dormancys Thia soed

coat restriction waé not similar to dormency in hard seeds

.....

'bacauso here tho gead caats pamittea zzhaarption of water aven

An unscarified Bests, «Lha suthor sugsested that dormancy in
these grasces may be due to gas exchange rwtﬂakiens in the
seced coats Tople (1939) faund in poverty grass f:hat seod
coat was the inhibiting factor in delaying gemmination end
that the zeed coat inhiblition was due to restriction of ges
exchenge since restriction §f w&ter gbsorption was small.

In California oat grass Laude (1949) obsaerved that hulling
without seed coat injury was of 1little benefit in breaking
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doymaney. Sesd am% appesred to dslay germination thrwg‘a
mechanical raatmﬁnﬁ or restriction of gas exchange or boths
It did not prevent water absorptions Ivanovekaja {1949)
found thet under éw;‘tain é@nﬂiﬁiﬁhﬁ the seeds of vheat, bare
ley, buck wheat, wie, enter s period of sscondary dormancy
brought about by a shanged oonditvion of %eir seed coats.
Atwood (1914) suggested that seed coat rawtriction to oxygan
entry pmbably playel & role in &amﬁm . -

Gurbey and Quimnbcm i1923) obBurved that the germing-
'tion of freashly horvested mesds of m m Ly wam increm~
sad by bx-aaking ol the sead com. ' J’ﬁhnsa:z '( 1935=~a) obtained
¢vidaneea ﬁh:toh ntmﬁgly suggested ﬁmk #eed dormancy in ‘
Aveng fatus L, 1s deternmined by a gondition of the seed cont
which developed alber forﬁmmﬁom Doymancy was nors oF
- leBs (am;;axamly gvercome by breaking «ho ased comt over the
ezbryo oy hy Boaking seeds in ;patamim nitrate solution.
In wrkt, Wellingion (1956-b) found that embryos in white
grains germinaste lmmediately after mﬁaﬁ wherens those in
red groins showed dﬁwa@ germinations Ranoval of the coveis
ing layers of ‘the #eed eliminatod this differonce, The affect
of mvmﬂg layers 414 not appesr %o bs related %o theiy Pare
ﬁmbﬁiﬁy to waber or oxygen. Upodasdl (1957) presumed %ﬁ%
dormaney in Sorghus seeds was due %o e prasence of some
inhibitory mgents in the seed comts Bresking sesdcoat or
hot water Sreatment pemiﬁta& noxmal germination.

wgine to fapiliaes other than Gy na 3 In ithis
group of planta ‘ﬁfmﬁ distinction betwosn m types of covering
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structures such ga the hull and seed coatl,.i sbsents Sgea
coat here rsfers %o the condensed tispues of the ovule oub
side the embryosacs

Crocker (1‘9{@&3 reported that germinmtion could be indue
¢ed in dorment iris seeds by removing the cap of tissue Gover-
‘ing the radicle in the region of the hilum. simpson et &
(1940) showed that cotton seeds from which seed coats were
ramoved had no tendency for dormsncys Sggers (1942) found
that renovel of ssed coats from avocado Seeds tended to hasten
germination. | '

Crocker (1906) found that seed cont of cocklebur res
triot oxygen supply %o embryo below the minimun needed for
garminagtion, Ki.éifa: and Vast (1920) found in Brassios 2lby -
Bghanh, end Pisup Sakivum I, that removel of testa from
unripe seeds terminated their dorment condition, Dormanoy
in thess cases was largely attributed to limitation of
gaaéaua exchange by the living testas. Davie (1930) obser~
ved that in anbrosiy seeds ﬂae nucaellar tissue restricts
oxygsn supply and 'fzmm?m dormaucys

Cox at &l (1945) found in cabbage that fresh assed coate
inhibited germination by proenaaeé other Than reatricting ges
exchanges Extracts from seed coats of p;aﬂian;r dormant
sseds retarded gomination thus indicating the presence of
germinetion inhibitors, Ryndalph and Cox (1943) also obdaine
ed similar results, Walhood (1956) reported the presence of
germination inhibitors as the cause of dormency in hard seeds
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cmekex? (1916) suggested that Gome »saedé ere held in &

| dormant state becauss the force of the 'ax:pand}i.ng contents 18
not sufficient o mptuia the coate. Croecker and Dayip 6’.1914)
showed that the swalling ewbryoes of am&ﬁa o: water plentain
yreamﬂ against the coat with cgnaiﬁem?ﬁla foros which wag
atill ineufficient to bresk the coats Oyoker &t al (19463

| exyuriemeé that removal of a portion of the shell over the
ra.diele region allowed germination m walnuts which euggesteﬁ
.that the mwmzmm atrength of the ¢onts prevented gamizmisﬁ.an;

Stokes and Hull (1930) :i’ound that seed dormancy in xun- '
ner paanu‘t:e'is inhaz’exrh in the sesd and not in the seed coats
Davis (1930) observed that dormancy of Ambrosis irifids i i‘ﬂ
the enmbryo eventh@ugh the i'mit and seed coats enforced en :
the embryo a peariod of induced or secondary dormancy more Pro=
' nouizad than the yzﬁmary éomweya. Bowrthwick (1931) -aﬁgg@a%ea
" that dormancy in esrrot seed is caused by rudimentary embryoss
. Choate (1940) reported tha% in wild encunber dormency is due
to eoééitipna within the embryoe Porber (1949) found ﬁmﬁ
dormancy due to immature aébryaa can often be overcome by -
after ripening. Cprocker end Barten (1957) are of opinion
that in'ingst cases oI soeds wh;iéh reapond to moist low Gempe~
rature pretrestments, dormency is due to the mbryo though in
gertain cases :2.17 is due to a oombina%ian of @ hard coat and &
ﬁﬁame,n'h embryos In a atudy of the -dnter~varietal recipmml



hybrids of Eapaver yhoass Iy Harper and MoNaughton ( 1960)
 found that seed dormsney is determined by an interaction of
ambryonic snd extra~smbryonic factors.

ﬁmﬁamar (‘%%34} found low gmimﬁem of new seed of
wymenoides (Roem.and Scs!mliz} Ricken, to be dus to
. mechanicsl rmmm% by the seed coat ond to embryo dormendcys

Toole (1940) and Flummer and Frischknecht (1952) also obtained
results indicating the existance of both seed coat and embrye.
dormency in this gress. Daweon and Heinvichs (1952) 40
' iridule Triny found two kinds of dormency. Physiolo= |
gleal, which was largely wamama b;y prechilling poistencd
seed prior to germination and mechaniosly which required a
breaking down of the &wd coat hefore germinoition took pl&é%
Sprague (1936) on the basis of obeerv: tions made on maize |
kernels produced by hewma-fwtilimﬁm auggested ‘bhat the
mechaniom inhibiting
secds is ﬁneﬁ to the gmﬂyga of the ‘iaaﬁ*iz#ellﬁmq

mmal gamina%im of freshly harvested

Jomnson Hggfﬁ—-a) ‘made axtensive studies on the nature |
of dormency in ua%g Yhether the cauge of aaa.a;;ma gsmﬁ.ﬁaﬁﬁn.
was embryonic or noneubryonic was atimoked fyom thres angless

1) In orosses between Avena falug Iy and Avena gative Ty
using the former as female parent, the hybrid seeds germinated
much earlier than those on the parental stock of Avena fatus L

It was congluded thet germinability wue ‘brought about through
the infiuenge of dominant sabiwa genes in the hybrid ‘omb:s?yé;g;-'

2) Sagregation for germinebility was obs erved smong
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) Hulling grains of Avenn fatus Ly had no appreciable
effect on germinability. But breaking seed coat over the
embryo results in & marked stimula ti@a of germiﬁation‘ On
the basias of these svidences Johnson concluded that delayed
gernination was dus to a condition of the seed cost which |
develops sfter ferdiligation mﬂaﬁ the influence of the genpe
type of the embryos.

Butany (1958) cultured under arbificial conditions
oxeialea embryos of freshly harvested wged grains of 4 varie-
ties of rice giving only 1 to 2/ gemmination. These embryos
g«a‘mmﬁm& within 12 hours, thereby showing that dormency is
due to oauses residing in parts of grains other than the
embryo. Buteny and Gangadhavan (1958) found thet eventhough
hulling improved germination, 1t dogs not breek dormancy in
all varieties; thereby indicating that the embryo or seed
coat is at least partly responsible for do xﬁanoj, On the
other hand Namboodizri {1960) found that the hybrid graina
behaved like those of the dormant parent as to germinebility
:meedia‘cely after haweat and suggested that the cause ef
meed ﬂomancy 1ies in the enbwa. ' '

{V) Stnze

Arber (193&) reporteﬁ that gmi.ns of Vaxiaus eercals
pesaaaaad the power of germination long ‘bofore thelir maﬁarity.g
Walker (1933) and Culpepper and Moon (1941) obtained satice
factory germination for immature Baedav of sweot corn.
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Spregue (1936) found that field corn sesds harvested 10 days
after fertiliza‘h&m were capable of g%wnation. Bgrbq]_('ﬁgﬁ.‘ﬂ
recorded that seeéé of a fow wheat vavieties snd one barley
variety germinated satisfactorily when collected 16 days
after flowering. Harlen and Pope (1922) Harlan (1926) and
R Hutnan (1941) reporbed that immature grains of barley removsd
~ from plants as early as five days after fertilization germi-
. nated z-"eadily. Similar results were obtained in rye by
Gregory and Purvis (1938), Nutman (ggéﬁ gnd Hatcher and
Purvis (1945), These investigators fmzf‘;"i; interested only in
finding out the mﬂiaw Btagé of development of the ambryo
for germinagtion and so the extent e:ﬁ“&z:ﬁng after hervest ox
| A‘&_he time élapse between harvest and gﬁmimafbim teat, were
not taken into congideration.

Ponnaiya (1944) found that graing of Periemanjal -
Cholam hM&steﬁ during the early milk stage i.e. 12 to 16
days after flowering were capable of germinat ion. Garming-
tion was obtained when the gms wara dried and tested after
a resting period of 7 months but not fumedietely after harvests
I:t was concluded that a minimum development period m‘.-‘ 14 days
after flowering ie required by gmm to germinates

Titus (194{)) Ffound that seeds which normally requim
a low tempamtum ;@mtreamen‘ﬁ for ge%minmion or ycaaeeamg
impermesble aoats fz:ailed to exhibit any &ormancy when lmmse
ture i.e, just pa.sﬁ: the milk atages Xn swaeet clover,
Hel geson (1932) reported that ali,gh&;ly immature seeds have
permeable sesd coats and gave high percentage of gemina‘&iam 4
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But s & final step in maturity of seed, the seed coats became
impermeable thus reducing germination in mature seeds. Cones

- wersely in wheaty Vollington (1956-n) found that no grain
. gerninated g0 long as the layer in the pericarp containing
. ¢hloroplast remaimét in tact, Ggmﬁ,mmuwi was hmught
" about when this. layer disintegrated during z’iﬁenilnga,“ ‘

According to Tarson ot al (1936) the pericd of dormency
_xn’ wheat, oats and ﬁmﬂoy is partly 'ﬂ;ag@aant on the étwa of
ma’suﬁty of the seeds The pér@ﬂ of &ém&n@y wae found %o be |
mngest in immtm,ra seeds. Cutting plants when seeds are .

" ' unripe increased the dormancy periods MeAlister (1943)
‘shaweé in pae’ﬁum @;raaaea that both initial laval and dtam&

- %tien of d@mamy axo invmmaly related o degree of seed
maturity at harvaam Differences of a few days in harvest

date ean mwm rala%ﬁ.valy large. aifferw@@s in t:ha level of
ﬁomanay. : Sehaat {1960) suggested that in Ezﬁ.m mm

‘ fi'rixx, ﬁamamzy is mluenaea by the sbege ef maturi‘k;v of the
.seed gt hmeatg Schaaf and Epgla_r (1960) also obteined -

- sipilar rem&l‘km '\‘V%pa and me (1943) ahamf& mat‘vary’

‘ aamam“ varieties of barley can be made to geminat:a in the

head by placing miw&: ﬁ:w er paper on the embx'yo of the
mmature gx'&:tm

Crockes (1%@} repoﬂaa ‘tlm’b ﬁmm hastens af%r ripen- -

L ing of wrice gram& eauec%ﬂ &% the mm or yellew ripe Rbtage.

Grains harvested at the milk ripe stage gave satisfactory ger
miﬁaﬁ:ien’gnly when dried vfar* _'15 dayss . S4milar results were

obtained by Koshimizu (1936) who reported that & decrease of
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water content of unripe corn brought about germination.
However, in wheat ,Scholz (1933) found that after ripening is \

not associated with moisture content of the grain.

Arber (1934) suggested that in gresses there is noymally
& period of seed rest vefore germination. Crocker gnd
Barton (1957) are of opinion that affer ripening period varies
with the species; It is considerasd %o be longest in oats,
shorter in barley and wheat and shor¥est in rwye. Eavly ripene
ing varletien require s shorter pericd than late riyanmg ones,
Generally for éll varieties the period is shorter in dry than
in wet seasons, ‘

According to Larson ﬁ al (1936) the period of primsxy
aemanoy in wheaty oate and berley depends on the atage of
naturity of seed, tamperaturs of storage, winter or spring
-hebit of plants and the variety useds Severel workers,
quoted by Onristidis (1955), in their studies on dormaney 4n
cersals aise. came to the same conclusion: Coffman and
Stanton (4938) found that seeds of Avena aterilis Ty ‘and
Axena fatug Iy were slow in gamim‘ﬁim after hamraat.
Garber and Quiaan’bem (1923) found variation in degree of
dormancy smong different streins of Avens fatus Uy larsen
&% al (1936) sug'g;ax}%& that in Avens gali |
period of any conalderable length wae found only in late
varieties and that winter wheats.generslly had a shorter rea'fs
period than spring whests. But Scholsz (1933) could not £ind

I, dormaney
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any relation between the length of afterripening period and
spring or winter habit. Lgude (;1‘9@95'5} found that the inbene
aity of ﬁalayaﬁ. gemiination in the sesda of Cqlifornia out
grass varies from one seed crop to the next, Pogler (1860}
cbaerved that in Upyropsis hymimoi&és {Boem- and %hui‘&)ﬁi@&éz%}
germlnatlion of seeds of individual ylents within a geogrophie
gtrain showed wide variation.

¥

(Vi1) Senetios of doruaney.
Stockes and Byll (1930) observed that in groundnut,

dormancy of the rummer type is incompletoly dominant over

nondornanicy of the spanish type. ﬁ;& peviod of dommancy in
the hybrid 1s intermediate botwean thuse of the two parental
typess  John a% si (5%8) also sBuggested that dormancy of
spreading verieiles is incompletely dominent over nondorasucy
of bunch varieties end that the character is governed by wfl»»
tiple factors, In interspecific hybride of Papaver, Harper
and MoNgughton {1960) found that the hybrids lack dormancy ;
even whon both the ‘parenial spaci®k pousess a’amey and |
suggentad ﬁhaﬁ the @hyaiélcgie gind genetic mechaniome fop

determination of dormancy in the pavent specles are dif-

ferent and neithor complemsntery noer supplementery.

Crocker and Barton (1957) suggest that. dormancy in

- grains of cersals is ceused by genetie¢ faotors or by-tha.

environmental conditions at the time of growth and mebturgs
tion of the frxuit. Hiller (1938) found it reasonable %o
consider that dormancy is the result of a combination of both
hereditary and snvironmentsl factors, Schaaf (1960) observed
that dormancy in Stipg yviziduls Triny is heritable. ‘
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Dormaney in this grass was found to be influenced by the mvis
ronmkent and s1ls80 he the intamcﬁm'af ganotypo and enviyuse
ment.  Schusf and Pogler (1960) also ebbained similar resuliss
They found that interpretetion of segregation was Aifficult
due to the relatively large genotype anvironment intersotion
inveolved, |

Harrington snd Knowles (1939+'40u0) suggest that inherie
tance of sprouting resistance in ﬁhﬁ'ﬁ is governed by more
than one gene.  They recorded trsnsgressive segregation and
obtalned progenies morye rasistant to sprouting then the mamm
tant parent. CUrocker and Barton (1957) considersd that
naturing during weiny weather as the cwuse of dormancy in
barley. But Byown st sl (1948) demoustrated that barley
dormancy is a genetiv charactey when varieties from a world
collection shiowed the same relative dormancy when grown under
diffarent climstic conditions and in different years, In ®
genetic enalysis conducted by Freistedt (1935) on the Fp or
four crosses of spring barley, dormensy proved to be rwﬁasﬁvm
In one cross ona fagtor aaéﬁeﬂ %o be invelved snd in ths othey
éraaa‘_ two factory,

Sarber and Quisendberry (1923) found that in crosses
botween Avena mativs Iy, and Avena Zaiua ¥, dormgnoy of the
latter apecies behaved a8 an inherited rscessive. Johnson
(1935-b) found in '?ixi&*karspwifio erossss uf Avens that sll
the Fi sesds germinated three months gfter harvest when sesds
‘of Avann sative I, pavent gave praotically 100% germination
and seeds of Avena fatus I, parent failed to geminate,



t 198
These resul s a&g@aﬁsteﬁ thab aemzmy ﬁf Ayena Lalus 1y is
gami:many recsnpive %0 sermmmw.ﬁ? of Avena gative Ts
On the basie of fﬁm‘hw ptudies on the Fa :mﬁ §’3 anbyyo Henee

rations Johnson eame 40 the conclusion theb gorninability 18
inhari%é as a dom swant oharacler on tho basis of three

.faﬁmﬁrﬁ of aammﬁmmy agual wtenayu ¥ith the axcepiion
of the triple resanaive gll other genolypes ape pobentially
% nlleles (M& '
gative %yga; gerainate shortly aftely napvasts As time good

g&m&n’blqg Babeye® having six donios

on eabyyos with & gzmwsaivaly saaller nusber of dominent
gllgles become gorsinables Yf‘ﬁmlw Hhe %ripla rocehwive
(goanas)=fatus typs will gorminate. - There would be consle
. geyable overlapping of periods whan gervination oocurs in

" succeasive typeds  *he gerninative mﬁmﬁg&iﬁw of Aiffer=

ent ’gmaﬁ;vpm thus yary with time glapsing between hexvessing
and bestinge '

| Hangelodord {1026} ahawsﬁ that & pumber of genetic
factors are imm‘:maﬁ in the jpheritance of precature garnins-
. tioh in nelZes . ouane factors a:pamm aﬁs various stagesin the
davelopment of tue aeed and Alffer 4a some of thoir ef’ﬁwiﬁ%
411 are slike, nowevers in forcing the seed o gam’%a o
pefore awﬁamam has been emg&eﬁnﬁg : Eﬁmgsltsaaﬁ h%@}
found that in ell swv |

" the Fp sndospers gm&mﬁi&u He ﬁwgas%aﬂ thatk ais Lleast
1% airferent genetic Tackors and 9 distinot charachers are
involved in the 11
of the amm%ew are the renult of conplenentaxy fa@%wﬂ

aﬂtmaa of preasture gominatim« é%m A

inmlﬂzzg ‘Ywo OF *%%wu gﬁmm
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By plants wag ammﬁ and found that 10 out of 13 Pq groups
, 'gﬁwa & gemm%m of Lens %m 5 at Mz’?&a*ﬁ tina. %m‘%g
| involved in aifior
~ tance to a:gi«aaﬁmg& the lﬁ‘g and ?3 e;f different crowses alos
‘@iffersd in gamimbili‘kya Se 1% was concluded. that the
;inhaxmm% is not simple sud nmore the
modifiers are tnvolved. Namboodirl (1960) did extensive

~.graing for gomingh
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The venaining thras characters are g@vm&& by duplicate |
tﬁplimm and quadruplicate fné‘!mrﬁ* in %hﬂ Lirst case
aseds will gerninube promatursly whenever any ‘one of the

kings in ‘bkm lat‘mr ﬁgwa the;; will gem&mﬁa
m&y when n‘.!.l are lwkmgp o

In vice aﬁly lﬁ.ﬁma m mm pn the m@m&tm& of
sesd dormanoy. Simnmugesundaven (1953 concluded that dorw

ability of graine en

ik orosees Qiffered in the aagma of rebise

M one gene “and mﬁm

work on the gﬁﬂ&@&ﬁﬁ 6L seed aemumy in ﬂt&e. Ho found
that %he hybrid grains behavad Mim taose of tm dornent
parent with regard %o gaminnbniw ipnedintoly after haxvesl,

 indieatbing *z&a‘@ doymaney is inherited as o dominant charpabers

%w&wr, the posaibility of an mﬁmﬁmﬁa nature of the
1ity was suggesieda A study of the %

_ groins revenled significsnt differentes between individual

femilies in Sheir Gnitial sprouting veiuss., This aiffercnce
was atéributed to the action of & wmzm of modifiers.

A egleay ocud segregetion in%e 1:% clagsos wau not observed in
the Fg, 133 gamixsﬁ;mﬂy ghowed e&xxﬁi&ww variation and
no definite @mﬁiﬁiﬁgz of individusls m% distinet classes

 was possible.
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en the hwm a!’ “ﬁmaa evmmcas i% was conoluded that cm ‘

ney
48 controlled "uy either M‘kig&a geanen o b:y one or two major

- genes aund a few modifers,. %mggrgggigg pegragation was mlso '
indicateds ' , |

Most uﬁ‘ the short durstion vmweim of rice do not
mqusm a yermét of ﬁ@mmw as o ﬁwngﬁﬂ.ﬁwa for pmx;w |
gerninations Eﬁgmﬁs.ma Fao and shamg;aﬁaﬁéam. 1951),

. Bamigh (1%3’73 recorded with few excepbions that short dure
tion vwimiaa are gapable of gammﬁingg mmﬁﬁ.a@m aftor
harvest snd thet long durabtion varietles wequs.m a resting
periods Hudaliyer end Sundavare) v‘.ws@) also obtalned
similar resulbs, Tord and ?emm&a and Cnalan (1954) found
that the longer the éumﬁiw of & varis
period aﬁ dormancys %&c}z growing vm*ia*%iaa nay yequire no
roating period. é*?m;ia 3& al (1940} ‘stoted that winter

paddy do not geruinate immaﬁia’ﬂeiy aﬁf‘ﬁ@x hawas%. Dore U‘;%ii‘ﬁ@?
ewm not find any @ﬁw&mim bebtweon duration and aamamg?
in the 21 varietiss of M&ra tenteds Ageording to

vy the longer was 1is

~Sghadevan (1959) the mawﬁ.&ﬁm between dormancy ond durabion
is not universally btrue. An association was found Yo sone
extent in the case of cultiveted autumn rices but wes praciie |
cally avsent in the winlexr varistioes ond glao in wild rice »
Opyza epbive var. W. Ho wliso recognised variation in
dormancy period batween dorment varieties. Magtsuo (1057)
suggented that J s:gmica tgme sice seeds requive no anmm't;
;gwiuﬁ. _ ‘
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Haragings Fap and Shonmugasundmrsm (1051) tested
9 deparimental strains snd 140 typc.é of duration 80 to 120 ‘
days and found that only 22 out of 149 gave below 5% germinge
tion immediately after harvest. Thede ware considered as
dormant varietiss:  Subsequent tests gt periodic, intervals
revealed that among ¥hese dorment varieties themsclves,
there 18 variation for the pericd of dormmncy: Siuch variss
tionw between dormant varieties was also noted by

Ramboodirs (1960). |




PART. II,

ORIGINAL INVESTIGATION
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IN?RODUCTION

Induction of & ‘&m’ws period of &ﬁmﬁy into the
reputed short duration varisties of vice is & problem of
~ current interest o rics Lresderss An mﬁawﬁwdiﬁg of
the causes; naturs and genetics of dormency is an eassns
tial preraquislte Ffor an efficient bxaﬁﬁm prograumes
The present investigetion is dirested to understand these
basic aipww of the oharacter.

‘Rice grein 1s o fruit consisting of the hull and
seed coat of pursly uaterasl origin and mﬁrye and
endospern of biparental origin. ' In the selfed grain of
a purs var‘icﬁy all these tissues ars gmeﬁieany identie
eal. But in a grain of hybrid origln the hull and the
seedcoat are of the maternal genotypsy wheress the sabrys

and endosperm reprosent the Py gensrstion. This Qiffere
ence by one generstion will be repested in subsequent

| segregating generatlons. - The- tuﬁm actually mngmn#ibis -
for dormancy ie of paramount impwﬁmw in fixing up gma«
rations in & hﬁar&ﬁ&m‘&wn Programa .

Opindon differs an to which tiswsus in the rice grain
is reaponsible fﬁfé dormency. Nanbsodird Hg@o) guve &
reasonable suggestion that dormancy is due to cavess resie
dent in the wmbryes On the other hsnd Sehadeven (1959)
conpiders thet dorwancy is & function of the hull, Butany
and Gangadharan (@955\) alno éﬁggeﬂa& that tha osuse of
seed dormancy 1lies to & great extent in the Mill,




$ 24 ¢

Koreover, Butany (1958) found in esbrye cuiture studies
that mﬁrwu of four typen of rice are capable of germings
tion under srtificisl conditions, when thelr grains gave
only 1-2f germinations The causes of sead dormancy and
the *Bismié responsible for 1t ave %o be understood clearly.

The delaying effeot of mell on germinagtion has been
recorded by a nusber of inveatigatdra. (Parija st gl 1940,
Chalmm, 1954, Cuislem and Behera, 1956, Suhadevan, 1959),
But whether this effect is due %o the presencé of inhibie
tory subatances or purely mechaniosl, razains to be
understond,

Pravious investigators gensrslly agree that seed
dornancy in rice ia complex in inhsriisnce, Shenmuga-
sundarar (1953) snd Hambooddrd C??E@? sugzented the operss
tion of more than one gens mz’i’a set of modifiers, The |
latter author indicated the operation of multiple genss
85 an alternate possibility., The mode of inheritance and
the number and nature of genes invelved have to be estabe
liéhad on tha basis of detailed investigations.

Though the sugzestion that doxmansy Tollows & quentis
tative pattern in inheritence appsard reasonable, the ches
ractor is ncwﬂ,%ﬁ@ﬁ on a qualitative basis during investie
gations, The varieties and segregating mpula‘&iaﬁa have
bean classified into two gropus viz.;dormant and nondoxrmant
or into three groups by introducing an intermediate.
aumidormant olasw. This grouping into distinet eltemate
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classes is not in agreement with a quantitative 1dem.
Again the basis on which these classifications are made
amundaren (1953)

differs with investigators, Sngmmug
consideys varietiss that *éﬁnw less thsn 55 germingtion at
harvest time as doymant end .others at mondormant. Bubany
and Gangadhsran €§§§8) consider varietius that give upto
50%. gemimtim st harvest ae dormunt, those glving batw
waen 50 and 75% a5 semidorment and $hose giving more than
75% as nondoreants In all these égim& the psrcantage of
gexmination at the time of harvest forms the sriterion fox
elassifiontions A method for svaluntion of dormancy and
comparison of varieties in agreenent with quantitative
natures of the character is tv be formulated,

| In the pressnt investigation, & method which estimaten
seed dornancy in teswe of the number of daye from flowering
required for gemination, is aﬂoptiie‘;g‘ - ’%q;& a wethod will
provide data which could be subjected %o biometric ans;yﬁiﬂf;
The varietien, hybrids and segregating génamména ara

- svgluebed by this method, .
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MATEBRIAL AND HETHODS

Choige ¢ %&a imwi‘sig%im m emfimﬁ te the
ahort &uxmsima (30 %o 180 ﬁwa) xﬁiw wz‘imiea. - Shanmuga~
sunderan (1953} end Bamboodiri M‘ studied a numbey ¢

vwiaﬁiaa m@mﬁmg both ﬁntmﬁmaé% Synes snd loocsl strains

Un the basis of zsf*;;,:m*ka obtained by them, three dorment m&

3 nondoymant varisties waioh ahamﬁ Wi@m axweaszm o2

the amfsmm:ing m&m&tax’a ara ﬁ& ﬁ&m@ ﬁw pursone af %m
prosant im%@iga%i@m ; . - ,

%mm% Gypas - ‘55«5635 %‘i@ﬁéi %2"%@%

Fondormant a%xnim - %ﬂg Cose 13; Eﬁﬁ&, w.

The *ﬁﬁm% mﬁﬁamﬁ vm&aﬁim nelected are reputed

ghord anmmm wﬁmmg i‘i‘hay are m‘iw&aﬂ with the ¢gbject
of aiﬁing the bw&ﬁi&g zsmmma :{’w

m&mg a@r&my now

'unﬂaz* progress in the various mmﬁ&@m atations, Seud

im Station, %imba%x@
foxmed the aﬁa@@{sé - matorial. |

aepiction of varighl 3 %ﬁa salient featwm
of the varia%ma m‘:iwbéa m ﬂ%ﬁy sam -aa‘numzm and gwﬁm
as %bla 1.

aur&ng the: exrop @@mﬁ, %%bgr ?9% $ - ?abmw 1@69 o
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estinate the pbrieﬁ from the date of flowering rsquirad b‘y
each variety for gmrminations Seedlings were planted in
strips with sp;gizzs 1Y x 6", At flowering, a large number

of apikelets were nmrked for their flowering dates to get
sufficisant number of greins of the seue zﬁ:ag& of mm:i.%y
for the conduct of germination téa‘map it takes 7 to 8
days for all the spikelets in a panicle %o complete flowar-
ing., Whon gerzinption of grains has to be atudied at |
intervals of twe days this variation in meturity of the
spikelets within g panicle are likely to vioiste the _
resultss, To qvoid this possible error, individual spike-
lets were marked for their flowering dabes.

(1) Haxking soikelats 3 Panicles in which & few
apikelsts at. ths top bave flowered {(usually on the second
day of flowering ef the émicle because s large number of
apikelets open ¢n the third ﬂa&‘), were selscted in the
évanmg and all spikeleds already opened were out and row
moveds These panivles ware then mariked by blenk labels,
The next evening all spikelets that have not opened wers
removed from these panicless The opsned and unopened
»upikaieta could be easily distinguished by holding the
panicle szalnst amligm: and seeing whether the anthers
. are priaenﬁ in sidé the glumes or nots Thus only spllee
" lets apm'aﬁ' on 4 particular day were reimined on the panicle

and these gave graino of the same ataga of xa;turity.- Tne
blank labels ware thgn repleced by date labels., Avout 100
panicles in eafh variety were so 1&129}.13& to give sufficient
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greins for periodic testing.

(11) Sexmination tests s Germination teste commenosd
on the tenth day sfter flowering end continued at intervele
of two days. A minimum number of 50 grains wore tested
avery $ima. "E’mielés remaining on the élant at 30 days
maturity were harvested and stored for further tests, Gors
‘mination test in each variety was continued until 95% germie
nation was attained, By this procsdure, the period reguired
from ﬂowar&ng to atart germination and the ftotal perim
_raquimd to give complete germinatiocn wers obtained :tn
respoct of all the six varieties,

Germination tests were conductedl on moist blotting
papcz? kept in shallow zinc trays partislly filled with gand,
Grains wers spread on the blotting paper and germination
connts were taken dsily upto ten deyss. A grain was consie
dered %o have germinated when the payt of the lemma over
the embr;r;"iéﬁfitumé and the radicle energed out. A1 ths
grains that gomié:@fbaa upto the tenth dsy were taken to
~ caleulate the percentage of germination. A oxapls of
“ 100% germinable greins of PIB.10 was kept in the tray to 3
nake sure that {the conditions provided were favourable

for germination.

The experiment was repeated with all the 8ix varice
* ties during the orop season, June to Ogtoher 1960. Hars
germination was conduotad on wet filter paper in petri-

dishes. Germination counts were mafe only upto Bevendays
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because the previcus season's woxk indicated that there is
very little or no goermination beyond seven days. *

ware made between nondoymant and dormant varieties with the

obj ect of studying the inheritancé of sesd dormancy. In
both the sets of ¢rvcosses strain PIB.10 waa used a8 the mm»
" dormant parent. The two dormant parents ware T.1926 and
| T,2105. The following erossea wors tffected. |

Sross Ho. Q@ Zaxent. ¢ Zaxent.

I FIB.10 T.1926
IT T.1926 ¥1B,10
III  PTB.e0 T,2105
W 2,2105  PIB.10

(11) Techniqus of cvossi

3= The parental vaerieties
were planted in él»?;:amate rows 2 faet apart. In sach row
the seedlings wers g;Ianteﬂ in amgma ene foot apart. - The
vet cloth mathod ¢f emasculetion and hand pollination weye
adopted. A panicle which has started f{lowering the prae
“vious day wes selogted from the femple parent line end all
flowered spikelets were out and .rm_na%ﬁq ihe waf ¢loth
was then loosely wound round the panicle and hot air was
blown &mwrx through the top hole of %he cloth cylinder, 'Tus
- inerease in temperature end hﬁmid:!.ty in the cloth oimmbar
ereated a condition for the spikaiew 4o open before the
time of noymal snthesis. After about 5 to 10 minutes &
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large number of spikelets open and the cloth was then -
~removeds  The unburwt anthers dangling outside were cares
fully vemoved with g pair of pointed forcepss - Awput

20 to 25 enasculeted spikelets wers vetained on the panicle
and all the other spikelets ramoveds The panicle was |
coverad by a thin eloth bag supm‘wa& by bamboo stakes, o

Two or »‘&hx*&é panicles from the male line wore out and
removed into the wet clothe The apikelote were opened by
~ blowing. A few minutes after the panicles were taken out
- 0f the cloth the anthers started dﬁﬁiﬂ@ingg The dehisoed
anthers were then removed by the foroapk, dirsctly brought -
inside the glumes ¢f the emasoulatsd spikelets and brushed
over the atigna. The pollinated panicles were immediabely
bageed and lebelleds After 3 'ba‘l# days the oloth bug was
removed %o give normal conditions i’w heal thy dwalwmm
of ‘b}m grains,

ﬁmsu& 140 IV

wers made in %tabar 1969 o praauw hybirid sesda and to

Test their germination. The orossed grains were harvestad
at 30 days maturity and germination $zisls were conducted

8t intervals of 4 daym, on moist £il%er paper in pebridisnss.
Germination counts for the first two wesks wers t_akén ta\
calculate the peroenioge germination. |

(iv) Study of mrains ¢ nlanke ¢ Crosses I gng 11
were made during %he orop season July to Nyvember 1959 ifar

the study of Fp and Py generations. The crossed groins
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wara sown along with grains of the @W‘ﬁ varietien in

January 1960« The hybrid plants wore identified and V

maiv;ﬂm;ly Mm&fiﬂ A1l ymié:&a& were marked for flowers

ing dates. The date of flowering of a few penicles in the
parent varieties was aleo marked, ‘

Oposses 1% and IV were mede during the erop Season
October 1959 Yo, February 1960, Fahlcles on the Fy planta
and pamﬁal varieties were selfed and marked for Tlowering
dates. Panicles from sl hybride and peronts were harvested
from the 20th day onwards and germination tests conducted et
four days intervals Germinetion %ests were made on web
blotting paper in zine téwa as befors and deily counts nmads
upto seven days. Tests were continuved until all the hyuwids
and parents gam 955 germination.

familien in each f;f the cvosses 1 ma ﬁl{ were raised in

,_ atrign slong with the parental varietleas Within 2 atr&:@@
aingle anﬂlix:&% were planted with & awing of 1' x 6" .
When the plants have # established well, one family each
gimg the maximup population in either of the orosses was
selected, 30 plents were chosen fyem either of these |

© families at rendom end labelleds A1) panicles on these

60 plents were usried for dats of flovering. About 50 panis
cles each in the three pa#'m%.afl‘ varieties were also marked
simiiasrlys Fyom the 20th day onwards one earhead ’_awh- fyom
from the sixty Uy plants and the thres pavantal varieties
~wers collected ab ﬁ_marv#la of foupr ‘@ﬁ:é’fﬁ and their germmgﬁim
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teasteds No sarhesd was given more ’E!mn thirty days
maturity. Taesis were continued on each of the ¥s plants
and the parental varieties until 955 gormination was obtainsd,

An g general case whenevor seeds were kept Lor gernie
nation a sample of 100 germinable seeds of FIB,10 was kept
in the same tray o serve ac a control.

 C, Study of the xole of hull : '

(1) Effegt of hulling ¢ Hulled graine of all the six
varieties were studied to understand the effeoct of hulling
on germinations Spikelots were marited for flowering dates
as done previously and germination. tests started on the -
aixth day afber flowering, AT this stage of maturity the
‘endospern was in the milky stages Hemovel of glumes without
“in;jury to the kemal was difficult Lefore six days of maturidy
and 80 tests could be done only f;ram the sixth day onwards,
Subsequent temts ware conduofed at tws days interval until
95% gemmination was reached in smch variety. BHylling was
done with nmils without injury to the embryo or the bren,
Germination tests ware conducted by placing hulled grains
on wet fil%er paper in covered petridishes, A sgal was |
considered germinated when thoe embryo showed visible exprase
aions of expansion and emergance of radiole. Hare glno the
 experiment gave information on the period required from
flowering to start germination, and the period rsquired g
give éoinplete germination,

(11) Mo

11 ¢ 'M'Gampariﬁan of.
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‘the germination of normal (unhulled) end hulled grains gives

an ides of the role of mil in delsyed germination. Tne

following two experiments wers conducted to understend the
nature of inhibition by the hull.

- (a) Grains werc eelected at a stage of maturity when
hulled kernals gave good germingtion but grains with hull
g&?a only pacs:é or no germination. A small portion of the

lenma just above mfs region of the m%yo was cut and removeds
.' Gemimtian puwm age of such treated grains was comparsd :

with that of normsl and hulled graing to know the effect of
:g:niﬂ srnwmenﬁ ft'mgminw&ibm All the 3 nondoyment and
the 3 dormant varieties 'were mabata%‘saé to this test.

(b) Hulls wre colleated zmm grains of tiw extrene
dormant types, %, 1926 and .‘,ams, Hulis of each Sype were

" mixed with hulled grains of Co.10, Cos13 and PZB.10 whioch

were capeble of good germination.  CGeyminabion peroemntuge

of such kernsgls m éatmﬁaé and ecompared with that of 4'

hulled grains of these varieﬁea Kept éeparately¢

A combined ‘s"%udy ef the ras‘ul'&ﬁ of these two axperi-
ments would give ﬁﬁa&r indications as to the specific mﬁum .

of the Tl in éﬁlﬁying gornination,

Do Apalysin. . |
The dota collected on germination of the pure breeding
varieties and segregating populations were subjectsd to statice’

»-'ﬁwal; analysie using the method of analysia of variance,
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EXPERIMENTAL RBRESULTS

- Results of work done %o un&érﬂf!amﬁ the nsture, causes
and mode of inheritance of sesd dormancy in @ix varietien of
short duration wice and their hybrids sve presented here.
Eysluation of the character is based on the percentage of
_ germination eatineted at éeﬁaam intervale Lrom the dabs
of flowering, l' Gorminability ie a oliavacter of the sabrys
and delayed germination mey be due to ceuses resident within
ai gutside i%s Ay guoch 1t neads to specify cnz'rmtly the
generation of the smbryo &aateﬁ, to assess the charecter,
Tnis is mors importsnt in handling mégregating generations,

A pl#ﬁt' generstion is commonly considered to consiis -
tute ‘thp differant stagen fronm 'ﬁ@ﬁi to .’ﬂwﬂ. Byt speating
strictly in Yems of a sporophytic generation it is a matéer
of no aentmvé%? 4hat o generabion ﬁm:s Zrom the ﬁyg@ta
and extends upto the formation of the mpores through inter-
mediate stages such as ombryo, the vegetative phase and the
ﬁowmg ghmé@ Gg the embryo lodgad in a seed does not
belong to the sane éﬁomphytm generation as that of the
plant bearing it but belongs to the next generation. Thus
& soed is not bhound to express a chavacter similar to that
of the sporophybs bearing 1%, when the ahammesr is dnpmw
dant on the genotype of the mbxwﬁ.

The importence of fixing ganerations while studying
ased dormanoy has besn falt by pravious workers suoh ae
Jonnson (1935,b) in oats and Namboodird (1960) in rice,
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" In the present work, ‘reference to generations is nade on
the basis of the ssbryo generation. A saed and the plent
it gives rise to,belong to the same genoration in view of
the fact that 'ﬁhé.gc"eivvn tissues of both share a common
genotype ii%hauﬁ the intexvention of s ,mataphytie ganarags
tions Thus & gesd obtained by erossing baioﬁg_ to the ?1 |
‘genémﬁi@m ‘_Qa‘azﬁs borne on the ¥y plants ‘mpreamﬁ the ¥p
generationg ﬂseé&ﬁ on ¥z plants r&g@rﬁ;’a;@ the 33 generation

aﬁﬁ 850 On.

Results of oxperiments condugted on germingbility of
graing of the six Wria%iea undey study in both the sessons
are tébul’a‘bad and given in table II, Any germination upto
‘and including 5% is considered to be due to the operation
'éi' nengenetic fagtors and as a‘uéh are taken as equivelant to
1o germination. Fop the same xamson germination above %ﬁ :
ia taken to mesn 100% germination, Thus in the table il
se;mimﬁgnn fron 5 “to 95F are recorded againet the number
of days sfter flowerings The sbarting point of germination
in the ‘%a‘éli givaﬂ 8 &ixeﬂ information on the period of |
complete dormancy in respect of esch variety. This poviod

of conplete dormency 18 the period mguima o start germd
"t;ien over and above the noruel maturily period of 30 dnyss:
Thim it can be seen Yhat the three strains Co,10, Uo.13 und
ETB,10 do not poesess any dormency. (Flate I). Besides |
- thimss; the type T,568 previcusly included in the dormsnt
group doss not show dormancy, eventhough it takes a
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comparatively longer time to germingte than the 3 strains,
in both the sessonss The remaining two types T,1926 and
T.2105 are dormant in both the measons, eventhough there i
& seasonel varistion for the period of dormancy.

Once germination is B‘&aﬂaﬁ‘l all the var_‘iétim
warams their percentage of gamimﬁm in 'wexy successive
tent and sooner or later atiain mmz%i&ﬁa germination,  This
behaviour of slow but steady inorsase in germination perw
gentage is characteristic of all the six varieties studied,
" irrespective of their being dorment or nondormant. Thia
period, when falls outside the maturity level of 30 days;
is referred to as the pericd of partial dormancy. It ie
inﬁeﬁa‘%_ing ¥0 note that this yeﬁéﬁ of partias) dormancy
i® comparatively longer in the dummﬁt types 7,1926 and
T,2105 %han in the nondormant Gnﬁﬂiﬁ@ﬁ both the sensons. o

The stage of complete gemmﬂién 1ies outside the
30 days period of ?%s;mriﬁy for sll the varieties in both
the seasons. This aaﬁmﬁ be talw;ﬁ &8 a eriterton for
 classification or a#alua%iox; a8 1% i3 of no practical
aignificance. |

In striking a, comparison betwsen the performance of
the varieties in the tvo seasons, three features érré apparent.
| ' (4) The perdod from flowering to germinetion is nOLe
in the second season for the 3 types T.568, T.1926 and T.2105
whereas this period remains more ¢r lsos the same in stresins
Co.10, Co413 and ¥TB,10 in both the Scavons.
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(11) The period to increase gemination from 5 %o
95‘)*‘ is alightly pm‘lengeﬂ in the second season in all the
varieties and "'aha prolongation is morye apparent in the case
of PIB.10, ,1926 and 742105

(111) As » group the 3 strains ea,ao, Co.13 and PPE,10
vary little between themselves in both the measons, Ag
régar‘iia the a‘é‘kw 3 types, they differ mmong themselves
within and betwasn scapons in both complete and partisl

dormancy periodss | |

The germination date in both the seasons ave subjected |
to @ oombined analyeis adopting the anelyeis of variancs
method. Comparisons of varietal memns are nade within a
Beason and hatéwm sensons, Thea inﬁ@z;a@tion of varietien
and meswons is wlsc estimsted. The varietal mesn in this
case denotes the é:‘;eraga number of duys from flowering
reguirsd by one gyein in s varioﬁy ts germinate, The
anelysis of variance table ia pre&@ﬁaﬁ below i

Vardetios 5 mzas,an | weasz.av 477,54
Seagons 1 85210.45 8521045  1188.5%
Interaction 5§  67103.76 13420,75  187.0%*
Breor. 1188 8s5274.60 T8

Totals | 1199 767855,68
POR—

*% Sdgnificant at 1% Level of probability.
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The varietal, sossongl and inmrwtﬁmi effeots are highnly
Blgnificant,.

o Bean %mf%wfmm S, 5, ‘rimn
Varieties, nwaring for ones of the differance
. grain %o germinate,  Mean, (Pa 0,05)

T, 2108 | T17.383
T, 1926 . 67.583
T, 368 . 3ATB 0,581 1,661
G@o 13 : 2§§829
%; 10 X 26»23?
PIB, 10 25,860

2.2105  T.1926 . 7,56¢ % icp
742908, ,1925 and T.568 diﬂar betwaen themselves snd fyop
the other 3 otraina, Co,13, Gwﬂé end FIB,10 do not show
significant diffevence in gominstion. Gommwﬁmg the
fivet 30 days fronm ﬁwmﬁng as the ygmwa raquired foy
normal maturity, the fivat 3 'kyxma are dormant and the othey
3 a‘braims are mnd&mmﬁ. Avong the 3 dorymant types the
period of dammay varies, B '

i1) CSom pRpLson m L]
- ﬁem l‘\'o £ days fmm . o Gr:.t:!.oa&
Season, MWerigg df"gm one 3.5, of differance;
m&n t0 germinate. the ﬁiun. (P- 0.@5)
Season II 1,987 f _ v
. * . 5 9,,“ ﬂﬁ?aﬁﬂ 0,959
Season 1 | 35.133

Lonaglusion.! In the ascond sssgon the period for
germination is gmluﬂge&. - Environment infiuences the
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period of dorxmaneys

Hean number of duys from flowering for one grain to germinate,

2105 1926 W%B BIB,0 Go,13  Cost0

Vﬁﬁ.ﬂi@ﬂﬂ
Seanons.

1 604594 47.143 mm asﬂ.sss amaa 23300
I - 94,472 88,018 43*336 aa.»sm 30,356 29,154

Oriticel differsnce (Pm ME) - 2,348,

(0 N

Segsons, . JVarieties. |
I T,2105 T.1926 7,568 FIET0 Uo.13 00,10
I 27,2905 T,1926 2,568 T.13  Us,10 PFIB40

In the fﬁ.w@ a\ama the difference in germination
between %m thrae nondorment atraing PIB.10, Co.13 and Uo,10
is not aignifiocant, whereas ﬁ;xe.' three doyment types differ
ai@iﬁemﬂy «'i::@'t:wem themeolves and v'ﬁ‘mm the mndomam
' ge in the
groups viz., nondorment and dorments Bu {Ehe .gequence of
the three nondorment strains is differents - Co.13 and Coei0
do not differ aaigmﬁeanﬁlg and meiniain the ﬁax;w mlu?wa _
aﬁ&“&ﬁﬂ a8 in tho firet semson. But PIB,10 giffers aignifie-

strains. In the second seasen there is no chan

a’a‘nﬁiy Prom boih gma. is eavly in @mmtian; " The relative
positions of the three dormant varieties remain the same in
both the seasons: (Figure. I), |
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(n)

Germination 45 delayed in the Second sesson for all
the #ix varieties but the difference is no% significant in
the case of PIB,10, '

Thie part of the study serves & dual purfoss. It
g‘:g.v.eé 11n£amatwﬁ on ’s.. - - | _ |
' ‘(a) the tissue raspens:lbm for dormency, snd

(b) the inheritence of doymanoy .

i) E‘l gensrabion '3 Dataila t)"ﬁf hybrid grains ﬂb’ﬁaiﬁﬁﬁi

Cross Bo. Q Pavent, O Egrent.

I T, 0 7,1926
I T, 1926 PIB, 10 .12
11z PIBy 10 T,2105 116 82
v, - %, 295 . PIB,10- - 169 131

The percentage gormination of croseed grains in these Lour
erogses and that of the parents are presented in Tables ITL.A
and III-B, In gl11 the four crosses it ¢an be seen that the |
periods reguired for germination by the crosned grains lis
betwaan the corresponding 'poriqéa for the parenial varieties,
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Ewinﬁimi of germinebility in these orossed grains from .
| *:ha aelfed ones on the purmtal varieties is a direct evi-
fmwe for the faot that germinability of rdce grains i@
gnvemﬁ& by the genetype of the embyyo. Again the crosmed
grains are intermegdiate to the parental ones in germinsbi~
1ity which mmé that there is no dominent recessive relake
ionship between the centma‘!ﬁiﬁg charsctors. (Figura. m:;,.,
1t su,ggea-bé: eﬁ:}#w :mconipleta dominaince or the quantitative
hature of inhwi@éme. An analysis of the Py data is not
e.ttemptea becausg ﬁame of the emﬁmﬁ grains test’ad nay
not he hy‘bridao

' Boneratior Grains on each ¥y plant are
tea-taea for gemﬁ.mtion. Here the ponicles instead of the
apﬁkal a‘Ba are mad for ﬂawermg dates and garmina‘kim
tents conduoted a:& intervals of 4 daywe. These two changes

from the former procedurs are mede in view of the limi'&ﬁsﬁﬁ " |
quentity of grains aveilable when each plant is to be baken
separately to &%@mma the period of dormency. The
parental varietiss are also evaluated on -similgr lines.

x I _and . i The cross vak
suecmsm only with ?'L‘B. 10 a8 the. femple paz'am:. Elaven
grains were obtgined, The hybriaa were raised glong with
the parental variaties in Janua.w 1956‘ Nine out of the
eleven plants were identified to be hybrids. By the end

of the ssason %hﬁre‘ wag scarcity of water in the field and
' 80 graine did not set properly.  Gemminatlon of grains on
these plants could not therefore be estimated.




10 x 4,210 iginyoeal ¢ Hine crossed
grains obiainad wers raised together with the parental

variaties in Jyiy -1960,. Seven oub of the 89 plante proved
£o be hybrids, | '

FIB, 10 = &21&5 see 2 (Cross No,IID)

Kmaf pilanta atudied . g
i2195 x ma‘@ sen B (ﬂmﬂa Na; zv)

Gaminsﬁwn aa‘i;a s}btamaﬁ for thesa Fa :!.ims and the paprsental
varieties are taﬁ&a‘baﬁ and givm as table IV, The dats
can he :lntarp%taﬁ on the roncwing iines,

?griaﬁ for parents.

§’MB,1¢5 sis 20 days.
, 82,2105 wes T2 days.
M1d4 parantal value. .os axd 45 dayse

. ' § Gmaa Hmiixm 33 WQQ
Hean of ¥y periods. g _ -
Croms Fo. IV,, 37.6 "

| T.2105  aes 120 daym.
Kid perental values sus ses 80 days,
| Oross No,Iil,. 88 days.
Crosa No. IV,, 87.2 "

lean of ¥» periods.

The mean value of ¥y lines is lower in the first vomparigon
and highax? in the $scond comparison than the corresponding
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mid parental veluss: These compariconsa, therefore,
indicate that the grains on individusl ¥y plants, reprosen-
ting the F2 generation for germinsbility, show a greater
variation than the mid parental 1@%& - In all the lines
the vaziation is wore then that found in either of the
parenial varia%ﬁ;@aa

!& commriam of the mesn of Fg lines to the genersl
mﬁan of the pa.m%a iu al®o ma&a uﬁag%ing the anelysis of
Varianca mtheda Harc the aom»wmm is between the mean
purxcd mguimﬁ By one gra.in in the 12‘2 lines gnd in the
g:arenta ior gamimﬂﬁn.

Sourog. D 88y K8, Fs

1, Parents vs Fa lines 1 452,43 452,13 3.49
2+ Batween parents, 1 2‘4@@% 2420‘9.99 1%6&3&**
3« Between reciprocel . 1 © . 250,08 250.08 1.93

: .Fg iines, T _ .

4« Within *bhe reciproe
‘ oal ¥ 2 1ines,

1) Croms No,IIT, 1 264,50 264,50 2,04
i1) Cyoms Noy IV, 4 1020, 26 255406 197 .

5 Within groups .= 891 11554988 129.69

Totel. 899 359577.84

#% Gignificant at 1% level of probability.

Sonclusion t- |
1) The generel meen of the 7 Py lines is the same
a8 t@hé genersl mean of the parents,
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2) Tne 4wo parentsl means mrs different,

3) General wmesn of the Pg liznes in receiprocal
oros2ed ore the .gémﬁ. .

4) Keans of the Fy lines within emch of the reoiprocal
grosses ars the Same, '
Thus the analysis of the F, data brings out two
featursa. (Figurs,III), ‘ |

1) Fp mesn is the seme as the general mean of
the parents.

2) Variation in Fp is more thup that found in either
© of the parentsy | '

134) Ey gancration _%mihisﬁm percentage of grains
on randomly selooted 1?2 pmm' in one femily each of the
crosses I gna 131 aye tahula%e& slong with the respective
parental veluas and precented as tables V<A m& V.B, It ecan
“be seen that all the 30 planbe in either of the orosses lio
:(n_ between the yespective par@fal matiga for germinabi~
1itye The Py lines ehow variation batwean themeelves in
the nunber of days required to stert germination and also
in the period reguired for ocomplete gemim%ién—. They show
a continuous gradebion 'magmg the gap batwnm' the yax'mtﬁl
varisties on either aiauc(l’lmeﬂ’ XZ&Z, III and IV). There
is striking varistlion between these plants in their perdod
of partiél aomne;é. In this sample of 30 73 lines each
from either of the maséa, no single plant transgressed
the mrental limits for germinabilily.
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¢ Cerminstion percentages of
graina of all *ﬁh@ wix varieties with and without hull are
tabuleted and presented as Table Vi, .The followihg infop-
mations are .dim&‘*%ly obtained from the table.

(a) Hy11e4 1gmina gerninate sarlier than normal
(unhulied) graing in all the six varistiss irrespective o7
~ tha variety being dormant or nondormant, (Plates V gnd VI),
| The earliiness is a:,:a’parént both for starting and complating
germination, The starting point of germinstion in respect
c;if‘ afmim Co,10 and Co.13 could not be traced because of
the difficulty in removing the hulls, without injury to
the kernal, prior to the six day period oi' zﬁaturityw

‘ (b) There 15 not much difference between the six
varietles in the period raqﬁﬁma b;f_ their hullsd Zrains to
start germination. - The range of variation is 6 to 14 days,
the extrems dormant ype T.2105 requiring ths meximum |
perdod, ’i‘he amell diff’ermm batwoen varieties in thia
ragardg theugh no® apparent,; is to incremse the psriod in
the osme aﬁmaﬁi@z& a8 the inereaau in aamamy perlod.

;-,.-"(fa) The period between atarting snd completing
gemi:{gﬁan of hulled grains is different in the six varie~
;ﬁli‘i;.  This period increnses stendily fmxﬁ the nondormant
/ to the dormant verieties. Even anong dormant varieties
tm periaa is comparatively more in the eoxtreme dormant

onas,

\
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(a) A comparison can be nade between germinability _é'f_ 4
graing with and wi‘%hauﬁ hull in one gnd the same variety.
(Figure,I1). - The period between atarting and completing
germingtion in the hulled grains is not in agraement with
that in normal {‘x_.-mhnlied} ‘graina, In ©0i.10, Co.13 and
FIB, in the period required by hulled grains is less, in
T,568 1t 1s almost equal o, and in 7,1926 and 7,2105 it is
‘ gmaﬁer than {the csrraspon&ing pavieﬁ required by normal
ar aina |

(e} In a1l varieties timre im 1i%tle or no Aiffer-
ence in the time when the hulled grains e:we ::omplete BB
:minatien and mm& @rains atm gm:}.nammq '

The aata ars. analyﬁud by adﬂzfﬁm,g the anglysis of
varience method for comparison of vayietal maeans.

Soures, . D, 8,8, K8, B,

Varieties. 610704.35 . 122140.87  803,3%*

- Hu)l effect, - 249846,80 249846,80 1643,8%*
- Interaotion, 49823"3 B , 9964,62 65 5

® v - W

Brror. 118 180637.72 o 152,05

Té‘baig '%-?99 1991@12..@6

mmmm

*# ag_mfwm at 17 level of ymhabﬂ.lﬂya

- Supmary of resulis.
1) The varietal means ars significently differvent.
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2) ¥ean No,of days from S,E, erieél |

" Ireatment Liowering for one -  of the differents
, grain to germinate. mean, (Pm 0.05).
¥4th mull, © 51.987 | 0,503 | 395
Without hull. 23,128 RO
‘ Gone;gaicn ﬁ

Hulled gmim gaminate much earlier thm
‘normal (unhwlled) grains,.

3) Somparigon. ¢ , ol £ g0
Hean number of &aya from ﬂowering f@r one grain %o gaminaw,_

Varieties, | ————— -
; - Ra2105 11926 ?@563 PIB.10 Cout3 Co4 10

Without hull. 55.398 35.192 17.1462,- 12,962 B8.694 8,060

., Oriticel aﬂafii'er,ence (B 0,05) = 3.418.
N (a) : Yarieties.
With hull, T,2105 7.1926 ?.568 Co.13 T5.i0
Without hull,  T.2105 m.wze mes P13, 10

Hylled graine of Co.13 mﬁvﬁfﬁaw do not show signifie
cant ﬁiffemxica in the period rag,uiﬁeﬂ for gemination 7
whereas the othsr four varicties are ﬁighificantly different
between themseives end £ from these twa atrains, The 3 dop-
ma‘ét types have the Bona x;elaﬁiya maﬂ.ﬂoﬁs whether the
grains greiss ave hulled or not. Hulled grains of PTB,10
'chenges ite relative position in the asérieaj whereas Co.13
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and Co.10 remain unchanged, This meens that hulled grains
of PTB,10 réquim a longer pariod for germination than those
of Co,13 and Co,10 when normal graing of the seme strain
require only a shorter periocd than the other two.

(b) In sl the six varieties, hullﬁ&, graing require
a significently shorter period for germination then normel
(unhulled) grainm,

i1) Bature of inhidbition by the hu ¥ Germination
date obteined from twe experiments émg in this connection
are tabulated and presented as %ﬁlg VIi, The p@men‘i’:aga
- germination of hulled grains and graina with glume out over
- the embryo are practicelly the same in all the six varie-
tiess (Prate VII). The sumall reduction in the latter case
- ae comi:area. to the former may be dus to injury to the ambryo
during outting of the glume. The percentege geminatien
. of hulled grains of the 3 nondormant straine remains prace
. tically the same Whether mixed with hulls of dorment types
such as 7.2105 and T.1926.oy nobs
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DISCUSBION

 Results obbeined in the present investigabion on the
'ow.eas, nature and genetics of seed dormancy in six short
duration Varieties of rice and their hybrids mey now be
discussed. - |

¢ Dormsncy dependa 1argel:r on

the per&sd hetwaan ﬂawaxing and germination of grains and
the diffgrmﬁ varieties show varigtion for this period.
Grouping varieties :'%.nto two Aistinet alternative clesses
auchk as aammt and mndarman‘& elmmaﬁaa the pemibia .
variatian within the groups The period reqnimd for gw- '
mirze.‘tian of a "mg-ie%y is m’bj got o variation by mvimna |
mental conditions, As such any grouping is only arhitmxw' _
and wlll not mﬂiea‘be the tme, relative msitiam; of ths
varieties. Thersfors, for p&fpamﬂ of Tgstim.ticn. of

- dormancy and comparison f of varieties 'ﬁm period reqnim&
by meh variaty for geminatim fmm m“ring may uwa |
a8 o useful eriterion, A ‘comparison - of the aix varietiw
| taken up for the present invaatigm:im discloses the Aife:
‘fiaulty of gmuzrmg varieties into al%mate claases for
purposes of estimation of doxmarwy;-

?m a practicel breeding point of view :H; is impore
tant to clamesify varieties as dorment or nondormant. This
is usually done on ﬁh& b&aiu of the :pamenﬁage of germina~
ticn at the time of moturitys But this method of
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estimation of the tharacter will no% provide information
 required for usderstanding tho causcs, nature and genetics
- of dovmancy. g the gariéﬂ' required for geviminwmn fron
' the date of flowsring 1s estimateds The data is::‘ collactied
will furnish irformation as to —mafﬁkﬁr the variety is
doxmant or note K11 varioties with the estimated peried
for germination lese than the noymal maturity period will
be nondormants Phowe which require s 'Mnger period for
,gexmmtim then the mtux‘iﬁ;«r period wAll no% give any gerw
 mination g% harvest tiwme and tmnammﬂy will be dormante ':

Apm fsmm the im:ewarietﬁl ﬁiﬁamms with regard
%o dnitisl gammtmm the variaticn in gemﬁn&bnuy Bate
ween grains of the same variety should slso be baken imto
eamiﬁamﬁim_far ﬁémxsaﬁﬂqﬁ of varietics. Géfminaﬁian
 dmta in Table I mﬁam that the intravarietal variation
is not wifam m the ﬁif‘fermﬁ Wi&s‘&iﬁa’ studded. - S0 the
" varietal mean which 'f:akea inta m@mm the inter and mmw
‘mriwal mrm%mw will ba a ralﬂ.am@ ostimate for compn-
rison of varia"siﬁa. ‘_

" A aom;amsssm of ‘kiw mma, ayoy %Zm two seasone, of
the six varieties revosls that the ﬁiﬂ‘fﬁramaa bétwean the
three nondormant Verieties are not significant wheress the |
three ﬁaxmfz varleties &ﬁz‘é’ar amwg %maalva& and fmm |
the nondormant ones. Bug in the sedond aeaaen the nondormant
strain PIB.40 shows a signiﬁamt éw:.atian :fmm the othar
tvio atrains of the same group. = These maulta suggest that
if a large numbey of iva;zria‘siéa are avaluated on similar
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lines there 1o the likelihood that the mean pericd for gere
mingtion of those varieties show a conGinuous variation.
For comparison of means, the :m“&er and intravarietal varise
tion in gem_inaﬁiimy have %o be estimated and thie points
%o the nemssi'by of 'evalzm%ing the character by tests at
succsssive j.m;amale from tlcwering, ak aﬂoy%ad in the
present investigation. |

1flugnce of anvij on _do It has been
- found that gsmmaﬁon of all variemeﬁ except PTB,10 is
~influenced by sSeasonsl conditions, In the mecond sanson,

which is wet in comparison to the first dry season, all
. varietlien Qxeepi; PIB.10 require a longer mean period foy
geminatian. The intravarietal vardation is also more in
the second ag&ﬂm for all the varieties, This obmervation |
18 in favour of the view expresaed by Crocker and Barton
(1957) that the period of dormency is shorter in dry than
in the wat seasons. Larson et al (1936) also recorded that
when graing of cereals wre storsd under gonditions of low ,_
| temperature, the perdod 9£ dorpansy increased, Bm;, in the
present study it hes been found that the period in tha wey
season 18 moye imﬁmctiva of the v.’eaz‘iaty being dormant oy
nonéamami aventhough Yhe pxﬁlczzg&tiﬁm did 'no'e allow the
nondormant varietiss to get included into the dorment groups
| However, the am&énal mﬂuanée dos8 not eppear to be unle
forn in all the varieties. The tabla for varietsl means.
(pagé N0,39) indicates that the Alffercnces observed in the
| perieds réqu,iz*ﬁé, for gomination in the dry and the web
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geasgone 1 more in the three dormant varieties than in the

~ %wo mondorment oness Tyus is appesr® that the. dorment

varisties show s differential response to Beasonal variaticus,

11i) Bpje n ¢ A peference to table VI
reveals that in al:i, the varietiss studiedy; hulled greins
germinate earligx* than the normal groins; thereby indigabe
ing that the hull by its presencs imposes a deleying effect
on gemination, This delaying sffect is present irrespes

ctive of' the variety being dormsnt or nondormant. A gome
parison of *t‘;hel mean pericds required by hulled and normal
grains for germination also showe that hulling hastens gope
pingtion in ’33.1 the varieties, '

ﬁhun it may ”ﬁe naneluéaa that “t:ha yrmmoe of hull im
gmins dala,ya gaminaﬁen‘ This vesult ia campambla o
those obteined by provious workers much as Pa,xﬁ,jg &t 81 {1040)

Chalan (19543, ﬂ‘haﬁlam and Benera (19563, Narayanan and

;I:ak':nhmanan (1952) gnd Sehadevan (1950). But the present

iizvastigatiam show that the delaying effect of hall on g&w

 mination is no% amma to dormant ?wia#ias’bw; ie present

in all verieties irreapective of their being dormant or

nondormant

The nature of inhibitory action of the hull mey now be
discussed. Spith (1948) in wheat end Black (1959) in oste
obtained evidence for the presence of germination inhibitors

in the hull. In the premmi: ntuazf i% 1@ seen that grains

fmm which s emall @nﬂiun 9! the hall over 'bha smbyyo &8
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is removed give as geod germination # the hulled grains,
This iaf:'tma' in the case of all the varieties tested. The
treatment effecltively vremoves any mechanical resistancs
offered by the hyll for the | expansion of the exbryo during
germination. Byt the action of the hull through germinetion
inhibitors, if any,; will in no way be affected. ¥oreovor,
“the presence of hull of the two dormant varieties did not
influence the germination of hulled greins of the thres
nondormant varietiess These evidendes suggest that the
hulls of rice do not possaess any waber ‘mlﬁble gexmination
inhibitora. s "

Butany and Ggngadnaran (1958) found that thickness of
the hull 444 not influence dormaney. In rice the enbryo
has tc prems on the hull in the pmmsé of germination nd
actually the radicle finde its way out by piersing the hwlls
Germination of normal graing can btaka place only when the
force exerted by the expanding embryo exceeds the breaking
atr@gﬁh of the bulls The embrye, even when it is capable
of geminats‘.ng, By %eke some time to atdain sufficient
strength to rupture the hull in the normsl process of germi-
nation. Removal of @ small part of the hull over the embryo
gives the sane fect as removal &f %he whole hull fyom the
point of view of this mechanical resistance. Thus it &PDERTE
that the hull inhibits germination thvough mechanical resis-
tance to expanslon snd growth of the exbryo and this effect
is present not only in the grains of dorment varieties but
also in those of nondormant ones, -
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iv) Bole nf pxbrvo Ag Antervarietal conparison of
the mean periods raquired by hulled graine to germinats shows
. that ell varieties except Co.13 and Co.10 are significantly
different. Therefore, the ’embr;srw of different varieties
requirs dif:ﬁ’er&n‘ts yeriods for geminstion thoreby m&icaﬁng
that they a.m mainly responsible for dormanoy. This :!.9
contradictory to the views held by Ramigh (1937) and o‘sﬁa,&?
sarly investigators who suggested thmt inilied grains have
no &amanoy, |

The diffexrance in periods reguired by hulled grains
‘of dormant and nondormant varietiss to start gemmination,
is not epparent.  But the poriod required by these variedies
%o give complete gaxmination vairias considersbly, Hulled
grainn of dommﬁavurietieé, .1935 azxci T.2105 mquirﬁ & @6&»
paratively grestey period from shart 'lm nomylota geminaﬁim
than the corresponding perdods in nondedo rmant fvaz-iet:taa,,
This mewns that the intravarietel varistion in’germinability
of graina is not uniform in the demant and n&nﬁemm’c Ve rio-
ties, Therefore, the differsnce in mesh perisd required by
 thess varieties for geminaﬁidn_ is not due to a diframrme_ in
initiel germinability but 45 aue fo conditions brought about
subsequently. As such the delayed germination of these
doxmant embx;voﬂ is not due 'ko thelir possessing any initial
or primary dormancy but due to the glow progress in the _
ehexxgas to undergo before full gamination ia gohieved. Thinm
may be comparable to the phenomenon of induced or secondary
dommcy reported in o'me;' crop plents,
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The role of embryo in dormancy can be further confirmed
by the study of the behaviour of graina in the hybrid end in
the #egragating generations. V.‘B;}‘ﬁ;m ITi.A and III.B ghow
that gmiuaﬁiméy of hybrid graine obiained by croseing
formant and nondomant varieties 6&:&?6@ from that of eelfed
graing on the female parental variety. Grgins obtaeined in
crosses wsing the dormsnt varieties 7,1926 and T.2105 as
femnle parents gave égmpﬁ.éﬁe gemaination much eariier than
‘the Belfed grains on these parentsl varieties. Also grains
. o‘wam«ad from oxosses using the nondowmant verdety PTB, 10 ne
the fmal;‘,mmﬁﬁf gave little or no gemination vhen selfad
grains of this variety gave complste gemmination. Thess
-o;viaenaes streangthen the suggestion now offered that gemi~
nabllity of a grain is determined by the genotype of the
-embryos Horsover grains on individusl Py plants showed
the characterictics of an Fs population and those on aéieﬁh}&
Py plants behaved like Fy lines for g@zﬁimabiﬁlﬂy' Thus
pooling the informatlons obtained frem the pure breeding
- varieties; the .hybriéa and segregating gemfmtioné it s
sugganted that the embryos of grains are 'pmmarily TRENON
sible for germination and consequently dormency. Tnis find-
ing is in agreement with Yhe view of Namboodiri (196@) ﬁhgt
the causes a:{’ dormency are tracesbls to *fz‘he‘ enbryo.

In hulied gz'aina the beed coats remain in tact and
there;’ém_ the performance of the varisties doss not elimis
nate the posmibm,*ﬁy of a probgble sesd coat influence on
ﬂﬁmﬁy- ‘ Eewwm, the information gbtained from studies




on the hybrid and sspregaiing generstions clearly indicatss
'tsl‘.iﬁ .role of the embryo in datammiiig dormancy. In the
hybrid grein, ishé enbryo represants the Fy generation but the
seed coat is maternal. Thesa graine show germination che-
rac*keriatiéa different from that of the selfed graine on

13}16 fenale parente. In the Fp and 53 generations :alaa garmie
nabillty af.‘ &rging 'behavaa in -méaxﬁmaa with the ambryo
generation, These evidences suggest that dormancy ie detet
nined by the smbyye vathey than by the seed cost,

I5 ham been concluded that the differential beheviour
of varieties as Yo germinability is controlled by the embiyo.
The cguse of seed dormancy, therefore; lies primarily in the
enbryo and for Wsw of the study of causes and inheri-
tance of dormancy the embryo dessrves greatar attentions
But 1%t has also been pointed out that the hull by ite mecha-
nical obstruction imposes a delaying effect on germination
in all varistiess The effectn of the embryo and the hull
work in an additive mannar'ana the totel effect thus #r@&waﬂ
decidea whether the variety is daﬁmmﬁ or nondormants In
a practical bresding programme, germination tests are made
in grains with hull in tact and as such the delaying effect
of hull mey alsc be taken into consideration in éﬁch an
investigatioh. |

v) Gepetics of dormanov ¢ The dormant varieties taken
up for the presant work meinteined the same relative status
in both the seazons tried, thersby showing a genstic control -
over dormancy, Studies on hybrids snd segregating popul&*
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~tions show that dermancy is heritable. But the perisd nr:f
cld:‘pmaney varied between seasons mggmﬂng the influence of
environment over the character. Iy ney be stated that
dormancy in these short dumtian rige Variet’iea is perhap&
aon k:rol:%.ea by the genotype, mvimnmem m& gmbal’y alaa

by tha interaction of genolype and environment, fﬂhm view
nay be 11kenaa %o that expressed by Schass (1960) and

Schasf and Rogler (135@) on the basis of ‘their studies on
dormency in grasges,

(a) In + The em’awa lmmg primarily res-
ponaible for 'I;ha éitfarmtia:i bahav&mm of varieties with

- regard to gamims'i:ion, ‘the sagreguting genemi:iona Loxr

gcmmahili%y may be ﬁxa& mn the ‘baiim of am‘brya genera-
tions. Thus the hybrid grains represent the Py generation;
grains on ¥y plante represent the Py genemtion, gmina on

¥y plants represent the F3 gemmtim ancl 80 on. ’

otuaiaa on the hybriﬂ grains in two aata of reeipmtzﬂ
'emuua between doymant and nondorment Wriaties reveal  that
the hybrid ie :mtamediatee to the psrents wi’th regara to
germinability. Vmaﬁm in germinability among hybrid
graing of the mame oross is not move than that found in
selfad graing of the parental varieties. Hybrid gra&m ]
in all crosses behaved uniformly with regard %o their inter-
ma&zaté nature and restricted veariagbhility in germinetion.
There is no approciable difrference in gamlabili%y betwean
‘g:mina eb*taimﬁ m reciprocal crosges,
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- Grains representing the Pp eubryo ganeration of
reciprocal orosses III and IV Batify the requiremenis of
P2 populations in quentitative inhevitsnce. - The general
mean of these Pp familiss is the same 88 the general mean
¢f the parvents. General aé.aha of retiprocal Fy families
are the same and %he means of individusl Fp femilies within -
a €1088 are alsoe ﬁza Sana. Yma‘hilﬁ;y in the Aifferent
Fp families ie glmost thes same but always more than that
found in the payentel verieties as well as in the Fq.

The periods required for germination by grains represente
ing the Fy genara%m_ahéw continuous variation and cannotl
be grouped into distinet alternate élaasea-' - The Fp varip=
tion overlaps with the parenial values and achtually ft;riag;&a
the gap between ithe two parental 1imits. Thue the Py wnd
Fp studies satinfy the criteria lmﬂ for quantitative |
factors and therefore dovmancy in these varieticf can be
sald to follow g gugnt_iﬁa‘kive pattern in inheritance.

The study of 3@3‘3}‘1&‘.&@9 each in émaéw I gnd 1IX
 further confirme Yhe gia:mtative neture of the charscber.
The P3 lines chosen é.‘t» random, brié&e the gap between the
parenial varietise and show M aoma; sort of a continuous
varifn.‘tiam‘ The difference in initial germinability and
verignee in these Fj3 lines aaj foum‘i in tables Voi gnd V.B
further strengthens the evidence pregsented for the inheri-
tance of dormancy as a quantative character. ‘
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This finding that aarmam& in theses short duration
rice varieties follows a quantitabive pattern in inherd-
tance is well in mgreement with similar findings in oats
by Johnson (193"5«-?}}—.

Nemboodiri (1960) nhsewaﬁ that some of the Py lines .
gave a higher percentage of germination than the nandwmt
parent at the time of havest, On the basis of this finde
ing he suggested transgresaive segregation. ' In the present
investligation the gowmination p‘ammtage of graina of 7 3‘2 |
famﬁ.ius in ;m&igameal erosges III gna IV have been estimated
fron start to gomplete germination a‘%},periaﬂié intervals,
The ¥y variation in all femilles g¥¥erlapped with the parens
tal varia%ign' bug z‘swer_exnee&:ea the paventel limite to glve
evidence for Sransgressive segregation. %rmver, germing
tion of grains on 30 Eéplan‘ba raepresenting F3 lines in each
of orosses I and IIl is alsc estimapbted. The F3 variability ,
also extends well into the parental values but did not
transgross the limits. ‘The ehames of expression of transgs
gz‘aseive varigtlon being much more in the ¥y than in the 33
the evidence in the presant ntu&y auggeata that fshere is no
tranasgressive segregation.

v) Salowiating 3 bar 0f genes in_dormenc
The number of gene differences betwesn two strains differing
in a quentitative trait can be estimeted by meking assumptﬁ.ax;a
that the multipls factors governing the character ars indepsne
dant in aeéregm'&ieﬁ, they show no dominsnce or epistatic
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relations and have equal edditive effwcte. The greatex

range of varighility in the Fp over that in the Py is taken
&8 & measure in the estimation of the number of gene Aif-

‘ferences betwesn the two parents, Howsver, the assumptions
such as equal additive effecis of nonlinked genes, and their

independence in sotion are not liksly to be justified in
actual cases, lHoreover, homozygozity of all genes in one
parental varioly and of alleles of theswe in the other ney

: not be valid in all cases. Therefove even the best oglous
~ lations will give only a minimum estimate of the nunber of

genes, An ma:mcz nethed of calouletion of the numbsy of
indapendently sezvogating factors through the estimation of
heritebility is alwo adopbed in certain casem. A complex

" quantitative character may be governsd in meny cases by one
- or a few najor genes whose gotion is medified by a set of

modifying factors moting in a quantitative fashion. In

‘gny ease the actual number of genes involved is difficult

%o caleoulate because of the complexity and interactions
involveds --<ooin | )

In‘ the ¢cese of dormancy in ﬁh&ﬁi duration rice varie-
ties, Yhpnmugasundaran (1953) suggested that the oharaster
is governed by moze then one gens and poseibly also by a #et

i

of modifiecrs, Hewboodiri (196(}) indicated that dormancy may
) |

'be controlled by either multiple ganes or by one or two mﬁaawf
 genew snd a fow modifiors. Evidence obtained in the presant |

investigation suggest that the character is polygenic and its

analysis is made diffioult by the complex genotypic environe

t
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-mental interaations involved, The large seasonal variation
for the pexiod of dommancy is an indioation of such intere

actions. However the Fq and Py of the crosa T,2105 x PIB,10
and their parenta being evaluated under the sgme set of envie -
ronmentgl conditdons, these data have been utilized for mrri- .

ving at a mininun estimete for the number of gene differances
betwesn the twe varieties, Tpilowing the method of ealé%'
lation suggested by ﬁinnott, Dunn and ¥ Dpbzhaneky (1950)

- 4t has been faumi that a minimum xzmmr oi‘ three pairs of

' genas govern the inheriﬁapm o2 “this characters

Tha chanwa of recovery of’ the parental forms in the
Fp population und F3 lines can sleo be teken as an indice=
tion of the number of genes involved in a quantitative ohe
racters Even in the 30 F, 1ines m eoch of the crosses L
and III, no parental forme are recovereds So it appesrs
that atleast threo pairs of genes are involved i'.n both the

dormant varieties.

| Slimuéasanaam (1953) found variation in the degrae
of dormancy in the different varieties tested, Based on
this evidence it was suggested that more than qne' gene and
possibly slso certain modifiers ars involved in governing
the oharacter. Namboodiri (1960) elso came to a similar
conclusion oxi the basis of the varisbility observed in 4he
differendt varieties and alse the gbherrant aegfe’ga‘tibn
observed in the FPp families, The differences between ¥y
. Pomilies in initial sprouting values have been atiributed to
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the action of a syatem of modifers. But in the present
study tharé is m@~ﬁignifican§ differaonce in mean and varipe
bility between Iy families of reciprocal crosses involving
FIB.10 snd T.2105 and alao between Ffamilies in the same
crosa, All thé ¥ families more or ia@é satisfy the
requirements for the assunption of normality in distribution,
characteristic of qgantitativa inheritences The departure
from normel distribution is not apparent in these Fp
fomiliea tb Buggent the oparatidnﬂqf‘av£QW'm33az'genaa

and a set of modifiars,
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BUNMARY

Work done in cereals and other crop plants on
%he factors related to seed dormanoy {causes, tissues
involved, stage '93?‘ maturity at harvest; wvaristion in
period and genetics), which mre important from g practi-
cal breeding point of view, hae been critiaa‘!.ly reviewad
with special reference to rice,

Studies were underteken on six short duration
varieties of riee and their hybrids to estimate the
period of dormenoy; %o understand the relative roles of
the hull and the embryo and slso %o undfleratend the mode
- of inheritance of the charmcter, A new method wan -
adopted in the .aa?:imaﬁm; of dormancy. The pericd
required for gam&natién from 'ﬂowarﬁiﬂg; daternined by
germina%ign testa gt zwribdio intervals, rendered a
relianble estimate of inter and intravarietal variability
for germination and formed the eritsrion for comparison
of varieties ghd hybrids.

The important results of the present investigation
are summerised below $ |

‘1) Germingbility of varieties of rice is subject
%o variation under the Anfluence of seasonal conditions
irraépee‘#ive of the variety Baiug do‘mﬁnfk or nondormant.
The peried required for germination and Qeneeguantly the
period of dormsncy is more in a wet harvest senaon than
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in a"ﬁry sepgons  The dormant varieties show s differen=

tigl responsa to .seaeanal'vari‘atiam.

ii) Haling :eeduceé the period yegquired for germi-
nation in graing of all varieties whether dormant or nons
dormant, = So, the hull by ite pﬁaama imposes a delaying
effect on germination. Iinliiug doan m@ break dormancy
always. The magnitude of the offect depends on the stage
of afterripening of the grain.

ii1) Hulls of the aix varieties studied, do not
contain any water soluble germination inhibitora. ~ The
delaying' effect of hull on germination appears %o be
‘mechanical. %halii&bryaa require g certain pericd, probme
bly to pick ﬁp' tau;%?%ieienﬁ aﬁ*mgﬁh %0 rupburs the hull
in the normal process of germination,

iv) Varieties differ in the mean paﬁeas regquired
by their hulled grains for geminaticn, thereby indicating
%hat the embrye is primerily responsible for dormancy,
But this differential behaviour of thy embryos may probably
be induced or saaénﬁary;. . The direct embryonic céntrol
over dormancy is gonfirmed by obssrvationa on the grains
repraémting the 33 snd Fa enbryo ge;wraﬂans.

v) Dvidence from the ®» and ¥3 distributions
does not suggest the possibility of trenagressive
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aegregation, Reither thers is a#y iﬁéiaaxian for the
operation of a w@ of modifiers. .

i) %uétia&; on’ tha Fyq ?'2 and F3 embryo generg~ N
tions reveal “E:hm ‘dormancy 18 mlygmm in inharmancm |
The F'g and Fa @istributions mggeaﬁ such en assunption,
& minim number of 3 zﬁaim of gaﬂﬁ& ie estimated to be
involved in the cross h&ﬁw&@n 2,2105 and zw.w. Theae

‘ ganas way pawi%&ls* have aqua?«. Bﬁ&i%i‘?‘ﬁ effaets.

vu) The coude af seed dormansy in rice osn be
said to reside both in ‘%h@ ‘embryo snd the mu. The
differentlal germinability of variotice is primarily deteor-
minsd by the embryes But the effects of the embryo end

. the hull set additively to determine whether the variety

i8 dormant oy nondormant.
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PL AR B L.

%:aparimm of germminabllity of the #8iz varioties.
{Gormination tested 30 days after flowering).
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PLATE. I,



23 ARN XX,
Comparison of geminability of earheads on parents,
¥ 1 and ’z S

Cross fewe PTB.10 x T,1926.

(Period from flowering to testing ... 40 days)
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PLATE. IV,
Variation in germinability and colour of grains
from Fp plants.

Cross feew= FTB.10 x 1.2105.

(Period from flowering to testing ... 60 days)
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PLATE.V,

Comparison of gemminability of hulled and normal (unhulled)
grains of the six varieties.
(Delaying effect of hull on germination)

(Period from flowering $o testing ...
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¢ -
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F e
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-
I

PTB, 10,
C0,10.
C0.13.
PTB,10.
CG.10

0,13

?, 568
7.1926
7.2105
J- T, 568
K- 7, 1926
L-7, 2105

Hulled.
Huliled.
Bulled.
Unhull ed.
Unhull ed.
Unlmll ed.
Halled,
Hulled,.
Hulled.
Unhmlled.
Unhulled.
Unhulled.
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Good germination.
Good germination.
Good germination.
No germinstion.

No germination.

No germination.
Little germination.
Little germination,
Little germination.
o germination.

No germination.

No germination.
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PLATE, VI,

Comparison of germination of hulled and normal (unhulled)
grains of six varieties.

(Difference in period required by varieties for germination).

A~ ml '0. W“t

BeCo, 10 Unhulled,
C - Co, 13 Unhulled.
D-T, 568 Unhulled,
B~ T,1926 Unhulled.
FoT,2105 Unhulled.
G- T, 568 Hulled,
Ha T,1926 Hulled,
I.7T,2105 Hulled.

Complete gemmine®ion.
complete germination.
Complete germination.
No germination.
Ko germination,
No germination.
Complete germination.
Compete gemination.
Complete geraination.

Period fyom
ey -
40 days,
40 days.
40 dayo.
30 days.
70 days.
70 days.
30 days.
70 days.
70 days.
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Nature of the delaying effect of hull on germination,
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Hulled grain.,

B e A+ hull of T, 1926,
C = A + hull of T.2105,
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E - T7,1926
F - T7,1926
G - 7,2105

H - T,2105
I. 17,2105

Glume over
enbrye cut.

Unhulled grain.
Hulled MQ

Glume over
embryc cut

Unhulled graih.
Hylled grain,

FUll germination.
Full germination,
Fall germination.
Bull germination,

Ko germination.
Full gernination,
Full germination.

No germination,
Full gemmination,

Co.10 of sane
maturity.

Same uturity.

Same maturity.
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Influence of seasonal variations
on gemination,
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FIGURE. I.
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Effect of mxm on germination,
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FIGURE. II.



FIGUREBE, III,

Inheritance of seed dormenecy.
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