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ro TNTRODUCTïON 
" 

"';""';'

!üild rice (Zîzanîa aquatica T¡. ) is the only native

cereal crop that grows wild in Canada. Until recently,

tittle work has been done by plant breed.ers to improve
_., t t,t'

::r .:t : :1. :: : :- .wild rice" At the present time plant breed'ers ín

Canad.a and in the United. States are working to improve

this cropo Selections are beíng made for êarlÍness t

Ron-shatterirrg habitu uniform rípenÍng and. d.isease ,,i',t,i,t,',',.t..,'"',',,','
,"',-,.'':.,::'::'

resistance, [hese Ì.mprovements should. heJ.p stabilize 
,.,,,i,,,,,:.,r,,,.

wild rice suppl¡r and priees so that wild rice wiJ-l be j':'r";':: 
:

used. more widelY in the future'

lhe broad. objeetives of this thesis were to study

various factors whieh will assist the establishment of

a breed.ing program Ín wild rice s to þrod'uce rice

eultivars for pad,dy production in Manitoba" The specific

objectives were¡ 1) to identify and. study the inheritance

. of anthocyanin pigurents in the J-eaf sheath and' mal-e

florets; this wourd. facilitate studies such-as 
,,,,,,i,_,,,,,,,,.

determining minumr.rn i,solation distances betr,veen varieties ',, 
'

and. Color traits Could alSo be USed. aS VAfietal markerS , 
""""" 

'

2) to study the irrheritance of seed. length and shattering

habit, 9) to investigate factors affecting the length

of d,onnancy in order to red,uce the time required for a :,i,,',,,,i

breeding progran, 4) to stud.y method.s of storing seed'

after harvest prior to seedirrg.
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II. REVIEI/ü OF T,ITERAÎURE

II.1 Plant and Habitat

ttlíld. rice (Zizanîa aquatiea l. ) is the only native

cereal erop that grows wild in Canada, with very little ,;,,,,,',,,,

modification by selection and cultivation in the past

(Dore , L969). l¡Iild rice is afr arglual found. growíng ín

ShaIIow lakeS and. along Shores of riVers and. Streams 
ì,.,,:,.,,

The plant is monoecious bearing pistillate florets on 
'' 

'

t 't.'"t"'stiff upper branches of the paníele and. sta¡rínate

florets on the lower and. more flexïble branches. fhe

internodes of the stem are hollow with thin parchment 
:

like partitions or diaptrragms enclosing air spaces,

makirrg the plant buoyanto Cross fertilization is ensured. 
:

since the pistillate florets bloom earlier than the :

sta¡nj.natef1orets"Thestaminatef1oretsare,5-1."Jcm'
!

long, variable in color (white or green to dark red)

and composed. of six stamens enclosed, in the lemma and.
,,.,..,

palea. Pistillate florets are ereet each having an awn ',' ;,
'''': .

at the tip" The'lemma and palea separate to allow the ,, 
':,","

stÍ-gmas to emerge. In natural stand.s florets shatter

easiJ.y, ülhen maturqr. seeds shatter and overwinter

submerged in cool- waters " Seed.s usually germinate well 
:,,,.,::

after overwintering in cool waters, however, it is known :

that seeds fully ripened, on stalks will not germinate

foratIeastthreemonths(Simpson,tg66)"Insome
:

cases germination can be delayed up to eighteen months
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(Steeves , L952).

According to Dore (,L969) the most common varíety of

wild rice in Canad.a is northern wild tLee !" palustris

varo palustris (2n=30) u or (2." ac¡patica vâ1' o aneustifolia

Hitehcock). ]t is one of the largest grain varíeties and' ,, ,'
,1t:_'tt. -:

is grown rnainly in the pre-caJtrbrian area of Eastern

Manitoba and, adjoinirrg ontario. other specíes and. varietíes
t,i 

r,', r',inclUde 
.. :.:,

a) Z " aquatiea Vãro aquatíca, 2w3O, growing in i, ' ,

southern ontario, Quebeeu southward to Florida ,,,.,,',

and Aouisiana,

b) L. aquatica vã.ro brevis (Fasett) , Zn=Jo,

gfowingontidalflatsoftheSt'Ï'awrence
river estuaryt l

c) Z" palustris vâ,ro interior r Zn=JOr growing in

Southern Manitoba and' adjoining Ontario3 i

ïnterior rice closely resembles vâ.ID . palustrís,

however, it has shorter more pJ.unp graÍ-nse

d) L. 39tsanao 2n=3o, pereïmial' growing in South ""'':, :...

:;:: :.

. Central'llexase and ;':r':
: ,.::.":.

e) z. latiforia, ?n=Jlr, perennialt growing in

Manchuriao Korea, Japan, Burma and. Northeastern

Ind.i-a. AIso New Zealand. where it is considered' 
,,,,,,,,,

an und.esirable weed.. """ '

The mai-n ta:conomic distinction between the tr¡vo Canadian

species, is based on the texture of the hull surrounding

the graln. !" aqualiea has a hulI that is thin' papery'
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dull arrd minutely roughened on the surface " L,- pälus-tris

has a hull- that is firm and leathery, shiny and smooth on

the surface but scabrous in the furrows.

vttild. rice has been used. in the past mainly as a food

by the Ind.ians of North America and as a food. for gatne

birds (steeves , L952). In recent years increased paddy

rice production'bhrough better management and plant

breeding, especially in the Uhited States, has increased

the supply and use of wild rice throughout North America.

Dore (Lg69) reported that in the period 1949-1968 the

variation in production of green rice in Manitoba was from
- . ^ /-

5,000 pounds in L959 to 5g3,OO0 pounds in 1967. As a food,

the nutritional value of wild- rice is comparable to -bhe

other cereal crops (Nelson and Palmer, L9+2). They

reported that wild rj-ee.has an equivalent thiamin content

with wheat, corn and rye, but is rj-cher in riboflavin than

wheat, corn, oats or rye. Capen (Lgl+B) reported- that wild

ri_ce }ike several other cereals, .contains protein of

rather low biological value, however, protein content was

higher than the average samples of wheat, barleyr fYê or

corn, Bondar (LgsB) reported. the grain contains L4%

protein and, l2/" carbohyd.rate. He also reported the use of

wild rice as a forage crop in Russia.

TI.z Plant Pigments, Identification and Inheritance

Flavonoids maY be described

compound.s (Rolrinson, L967) which

oxidation state of the C3 chain.

as a series of C 6- ca- C6

can be distinguished. bY the

The common flavonoid classes



found in nature a;re. 1) flavanones, 2) ffavanonols,

Ð flavones, 4) anthocyanid-ins, and 5) flavonols

(Harborne, Lg62). The flavonoi-ds include the most common

pigments and occur throughout the entire plant kingdom

from the fungi to the vegetative parts of the higher 
,

pl.ants, some of the possible functions or roles of

ftavonoids in higher plants j-nclude: 1) function as

flower pigments in attracting birds and. insects, 2)

-¡rvâ et al- 1,ç '']a*d seeds (Ful t6Z,growth inhibition of buds and seeds (Furuya et al-" 1,9

and Harborne , L972). Flavonoid.s can be used -in breed-ing 
'i.

programs aS markers in a screening program for haploids as

outlined by Chase (Lg52), and as varietal markers in

determinirrg isolation d.istances (Sfrafi and. Azl-z, L959).

of all the flavonoid.s the anthocyanins elre the most

important and widespread group of col-oring pigments in :

plants. They are the intensely colored pigments

responsible for nea::ly a}l the Pi*, red, mauve, violet

and- blue eolors in petals and leaves of higher pl.ants

(Harborne, Lg6?). Unl-ike other classes of fl-avonoids 
:,

anthocyanidins always occur as glycosides, anthocyanins, 
,

except for -braees of the aglycone (Harborne, tg62) . All

anthocyanins are based chemicalty on a sirrgle aroma-bic

structure, that of the 3, 5, ?, 3', +t pentahyd'roxyl

ftavy1iumcatj.on,cyanid.in'Thecolorofthissubstance
is altered to produce other agl-ycones by the addition or

removal of hyd.roxyl groups or meth¡rla-bion of rin€; B.

Atong with the aglycone variation there is the glycosid'ic
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i

variation, Sugars are always found in the 3 position

(Harborne, Lg6?). If a second position in the mol-ecule

is glycosylated it is usually the 5 ratlnet than the 7

position, The 5 and' f sugarr':is always glucose" Only a

limited number of sugars a;:r.e j-nvolved; fj-ve norrosaccharides ;

five disacclurid,es and three trisaccharides. All the di-

and. trisaccharid.es have at least one glucose unit and

the linftages are3 81 - 2, 81 6, or o( 1 6 (Harborne,

''.
tg67) "

Anthocyanins are soluble in methanol - HCl"

Anthocyanidins can be obtained by acid hydrol-ysis of the

naturally occuring colored glycosides. Harborne (L965)

used acid and enz¡rmatic hydrolysis to break the gl ycosidic

linkages. Chromatographic and spectral properties u.". ,r="d.

widely in characterization and identification of anthocyanins

(Çhandler and Harper 196L and L)62, Harborne and Sherrz.tt 1957,

Harborne Lg6l+ and 1967). For positive characterization of

a pigment it is necessary to hydrolyze the anthocyanin

and identify -bhe aglycone and sugars '
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Harborne (Lg58 and. Lg67) presented. useful stand,ardised

tables and techniques for pigment identifieation. lhese

inelude ¡ 1. ) color charrges upon illumination of

chromatographic spots under long wave ultra-violet light
and, fumirrg with ammonia o 2) atuminum chloride and its
effect on shifting the absorption ma:cimum to longer wave

lengthsr. and. 3) shift in absorption ma¡cimr¡n in ethanol

compared. to methanol - HCl,

Every plant so far stud.ied has a unique system for
controlling flavonoid strmthesis3 uníque in the sense that

the extent of gene interaetion present varies from one

plant to the next (Harborne, L967) " Geneti.c blockage of

anthocyanin synthesis is qui-te eommon but usual-ty leads

to an increase in flavonol s¡mthesis i-n the white mutant

(Harborne, L973 and. Harborne and. Sherratt o t96t). Nagai

et al, (L960) identified the anthoeyanins in several- wÍld.

speeies and varieties of the Genus Oryza as eyanidln 3-

glucoside (chrysanthemin), cyanidin 3-rha¡nnoglucosÍde

(keraeyanin), and cyanidin 3rS-dieLucosid.e (cyanin) 
"

Keracyani.n and chrysanthemin were most widely di.strÍbuted.'

fhe most common pigments in grasses are cyanidín J-glucosÍ.d.e

and cyanidin 3-rhamnoglucosid.e (llarborne, L967). Usua].ly

the flavonol, quercetin (a yellow pigment) is present

with cyanidin l-glucoside. Shafi and. Aziz (Lgsg),

Ðhulappanavar (t9?3) and Setty and Misro (t973) reported

that purple color in the glume and, apiculus of wild. speeies

of white ri-ce (Oryza) is produced by the interaction of at
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least two complementary genes which segregate in EZ in the

ratio of 9 purple s / green. In corn the production of

anthocyanj.n pigment (cyanidin J-glucosid.e) in the aleurone

tissue is under the control of a large number of

complementary genesr their alleles and several mod.i.fiers"

The genes A1 , AZu C1, C2 and R must be present in d,oninant

condition at least in one d.ose for pÍgment synthesis. A

gene is also known which inhibits synthesis" Mod.ifier

genes like bzL, bzT, rh alter the intensity of the pígment

in aleurone tissue and, other plant parts (Rhoad.es, L95Zu

Kirby and Styles L970, and Vaidyanath and, Red.d.y, t97L) "

Reddy and, Coe (L962) used inter-tissue compleuentatÍon for
a direct analysis of gene aetion sequence J-ead.íng to

anthocyanin synthesis in corn aleurone. They suggested,

this techiique be extend.ed. to other systems if the

intermediates for anthoe¡ranin biosyrrthesis are di.ffi¡sible"

Peterson and Le].eji (L9?l}) reported. ttrree d.istinguishable

color-suppressing alleles at the 0 locus in corn" A mod.el

for the nature of dominant suppression of aleurone color

was proposed."

II"3 Seed Dormaney

Information on the germi.nation behavior of wild. rice
is limited.n Meunscher (L936) reported. that seeds must be

kept in cold water to retain viability. If seed.s were

stored in water for 6 months at 1-3oC they lost their
natural dormancy and. germinated at that temperature.
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Crocker (L938) reported. wild rice seed.s ].ose vitality íf

air dried" htrhen mature seed.s are stored near freezírrg

temperatures the seeds afterriPêfIr with high oxygen and'

temperature favouring degeneration" He suggested, that the

behaviour of Alisma plantagq (water plantain) fruits ís

similar to wild riceg they germinate at room temperature

if coats are broken because dormancy is d.etermined by the

intactness of the c.oats " Also Seed.S wilL break dormancy

at the aftemipening temperature and. percent germínation

increases with inereased. storage time" Data presented by

Barton (L939) and. Barton and Croeker (L958) suggested

percent germination was inereased. after prolonged after-

ripening" Si-mpson (Lg66) reported. a dormancy períod. of at'

least 96 days when the seed, was afterripened.. at L{oC with

most of the dormancy lost by 182 d.ays. Even after L82 days

afterripeningo tI+3 hours were required. to reacÏn 50y'o

germination" He found dormancy was lost fastest when

seed.s were afterripened. under low oxygen tensionsir also

pricking the water impermeable seed coat ne¿Lr the embryo

removed some d.ormancy. Air drying of seed's gO days

resulted. in complete loss of viability with a decrease

noticeable at 1ll days. Simpson (t966) found no effect of

gibberellic acid on germination. He concluded that d'ormancy

was d.ue in part to seed. coat Írnpermeability since pricking

the seed coat close to the embryo resulted, in d,ecreased

time to reaeh JOy'" germination. Halstead. and. Vicario (tg6g)

investigated method.s of breaking dormancy in wild rice.
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The most promising method was the use of ultrasonic '

vibrations. However, their material had first been

afterripened for 90 days. They suggested dormancy was

broken due to a cavitation proeess which íncreased seed

coat permeability. Vrloods ancL Gutek (L9?+) reported' a scraping 
.,,,

technique which resulted ín successful germination of mature ': r.'

seed.s during the corimencement of the dormancy period. Seeds

were germinated. by removing the ]emma and palea and Scrapin€ç

.the pericarp from above the embryo with a scalpel-. This .':':"' '
: I ,r'-:

technique is useful in hand.lirrg small popuJ-atj-onS for 
,,i,t,,ii

greenhouse studies. card.well et al. (L9?3) presented.

evidence that d-ormancy of freshl¡r harvested rice is im'posed

by a water soluble chemj-cal- inhibitor which is present in

the1emma,pa1eaand.periCâFp"Thisd.ormancycanbebroken

by removal of the pericarp over the embryo a:r.e¿-. Ashiamah
i

and cardwetl (L97Lt) used a stainirrg techni-que to shol¡f a

higher level of cellulose and lignin in embryos and d'orsal- :

S-t,rand of d.ormant Seed.S than in nond.ormant Seeds. The

embryo and dorsal strand of the nondormant seeds contained ::.::
.i-t,,¡,r.

heni-celluloses and other less complete polysaccharides. 1,.,,

Roberts (L962 anð,1964) and Amen (1968) reported that ""'

in rice (oryza), dormancy is due to the formation of

impermeable seed coats which impose anaerobj-c cond'itions 
:

on the seed which may i:esult in a build up of ,metabolic ':: 
::

.ì...::.:

intermeci.iates that act as growth retardants, Testas normally

impermeable to oxygen must be Scarified to overcome the

inhibitor block, Ballard. (Lg?3) suggests coats may act as
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light filters, barriers to water and oxygen uptake and'

mechanical restrictors of embryo expansion" Arry relief

of these restrictions could. account for increased.

germination following coat manipulati.on. He suggests

impermeability to water is i-mposed. by a suberized' region

of the palisade ceIls. Roberts (L961+) was not able to

d.emonstrate the presence of germirration irrhj-bitors in the

seeds or in covering structures" Roberts (tg6g) suggested'

that puncturing the testa leads to j.ncreased' pentose

phosphate metabolism" Aacroix and ,Jaswal (Lg6?'t noted

increased pentose phosphate activity during coLd storage'

of prunus geraÊ-l¿Ê_ (sour cherry) seed.s and suggested

germination j-s eorrelated. with an ínereased' abilíty of the

embryonic axis to operate the pentose phosphate pathway.

Ketring (Lg?Ð reported. plant growth including seed'

germination is controlled by the imbibition pressure which

breaks the seed. eoat" The i-mpermeability of the seed' coat

is a frequent eause of dormaoclo During afterripening a

change in the composition of the seed. storage materials

may alter the permeability of the seed. coats. In general,

soaking increases the permeability of the testa' Stokes

(Lg53) and. stanley and. Butler (t96L) suggested that

during afterripening an increase in the amount of water in

the seed, above I'O-t5/" strorrgly acti-vates the cell enzJrmes '
lhe breakd.own of protein in the endosperm and transfer of

soluble nitrogen and Sugars to the embryo is most efficient

at ZooC. In Orlrza sativa the cells of the embryo and'
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Seedtirig have a system of anaerobic enzymes and a special

kind of fermentation (Tayl-or , tg42) " Thus rice seecls can

remain viable and germinate uncLer water that contains too

little oxygen for the survival of most seeds. Simpson

(L966) reported wild. rice germinated well when stored ,,',,'. :.:1:

und.er low oxygen.

pottock and Toole (t96L) reported that inhibitors can

be isolated from most seeds and other plant parts, however, 
,,.,.

ì,,,,r,,a

they concluded that the isolaiion of a chemical does not :;

prove that it acts to prevent germination in the seed. ,,,',,

The best test for an ínhibitor is to inhibit germination

in afterripened. seeds of the sa;ne species as that from

which the in-kribitor was isol.ated.' Villiers (Lg65 an -L9?2)

reported that in Fralinu,,¿ excelsior (European ash)

germination and. growth promoting substances are produced ,

during the process of low tentperature after::ipening which

counterac-b the effect of endogenous inhibitors. It was

suggested.thattheeffectofsoaki-rrginwaterwasto
.:..:

increase the water content of the entbryo and d j-l-ute the 
',t'l'

ínhibitor concentration below a threshold value enablirg ,:t,,,,

germinatj-on to proceed. Optimum v¡ater was 4O% of original

fresh weight. Saunders (tgZt) suggested that if the embryo

is not dormant then dormancy is a property only of the 
,,,,,,

j-ntact seed. The inhibitory effect of the seed coat may '

be due to: 1) limitation of oxlrgerr uptake, and 2)

mechanical restriction to grovrth of the embryo (r¡lareir€,

Lg?L). T,oss of dormancy is likely due to the increased'
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ability of the embryo to penetrate the coat.

Nikolaeva (L969) assembled. literature to formulate a

working hy¡rothesis on the basie concepts of the nature of

deep d.ormancy of seeds and the essenee of stratification

ind.uced. changes leading to Í-ts breakage. Seeds which Ïrave

undergone stratification geminate withín a wide temperature

range ¡ also percent germinati-on and. gernínati.on rate are

increased. (Poptsov , Lg6O¡ Vegis , 1"964¡ Nikolaeva' L969) "

Taylor (Lg5,7) and Nikolaeva (Lg6O) d.efined physiological

nanism as the difficult and. abnormal growth of d'ormant

seed. embryos" Nanism is most intense ín embryos taken

from inmature seeds " They stated. that second,ary d'ormaney

occurs if the proeess of cold stratification j-s Í-nterrupted'

by the action of high temperatüfêr lhe breaking of

secondary d.ormancy requires a repeat stratification.

'Iakahashi (L960) and. Nikolaeva (L969) reported that intake

of water by d.ormant seed.s Ìs not eonfined' to the initi.al

period of swelfing but continues throughout the

stratification period., Usually in the warmth hydration of

seed.s proeeed.s sinilarly as in the cold. Usually two large

increases in water uptake occur: 1) initialr and' 2) durirrg

germination" Ihe stage inmediately preceding germination

is a consequenee of the period spent in the cold and

indicates that charrges eon¡rectqd, with the actual- breaking

of d.ormaney have taken plaee in the .seeds. A sufficient

water content is a prerequisite for removing d'ormancy by

chiL1ing. Nikolaeva ß969) summarizes the probable changes

i:i.:ì.1:t) l'1"
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which take place d.uring low temperature breakage of

d.ormancy as fo'Ilows s d.uring stratification seed, embryo

respiration is redueed. to a minimum, however, the

hydrolyzation processes proceed" Seed covers d.o not linít

oxygen uptake in the cold. thus ensuring a complete

aerobi-osis of respiration processes G Under these condj.tiorrs

a gradual accunulation of gernination factor stimulates

the embryos of deeply dormant seeds* If one interrupts

stratifícation by increasing temperature there j.s a sharp

rj.se i-n respiration then a decrease to that observed' in

primary dormancy" This inerease in respiratíon rate and'

respiratory quotient leads to a destruction of accumuLated'

substances responsible for germination thus secondary

d.ormancy occurs and repeat stratification is essential for

breaking this dormancYo

II"ll HeritabilitY

T,ush (19llo) ¿erined heritability as the fraction of

the observed varíance whieh was caused. by differences in ,',",",'r,"
]. 

-'':

heredity" The broad sense definition of heritability refers :,,,,:.', ,

to the functioning of the genot¡pe as a unit in relation

to the environment, Heritability in the narrow sense is

the ratio of the additive genetic varianee to actual :.::,;1:,,

observed. varianceo Hanson (tgøil expressed heritability 
:'::': :

in the narrow sense as the fraction of the phenot¡tic

d.ifferences between parents which one expects to recover

in the offspring. T,ush (19110) used regression and
¡1.:-:-' : : t;'

correlation coefficients between offspring and' parents f,or :"'t"""
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obtaining estimates of heritability in the narrow senses

For progerqr from open-pollinated plants heritability is

estimated by twice the regression coefficient of offspring

on parents (¡'rey and. Hornere t95? ¡ Har¡son, t963) . Falconer

(t96L) deseribed. narrow sense herítability estímate as the

regression coeffj"cient of open poJ-linated. progeny means on

nid-Barento



./l-o

III. I\TATERIAIS AND IV]ETHODS 
. ].. ]

III"l Plan-b Pigments

III" 1.1 Extraction

The red pigment was extracted. frorn the staminate

fl-orets by soakirrg in t% HCl-methanol for two hours. "t.'"''

leaf sheath material was cut into small pieces,

approximatèly lcm lorrg, before extraction' Extraction

of the staminate f,lorets was done with without ;,',...r,;,

anthers. After extraction the extracts were concentrated .::::
1- ; :::r.

by means of a Vacuum rotary evaporator for subsequent

þydrolysis and paper chrornatography.
:

Tl.-]t . !.2 Id.entification

Analysis by spectroscopJr was done on crude filtered.

extract (Wfratman #4 filter paper) as well as on pignnents

eluted after chromatography on Ïühatm2::n #3 paper. Absorption

spectra were determîned in ihe visible and u.v. range using
'*

a Cary spectrophotometer..' Shifts in absorption spectra

with ethanol and LOft alum-inum chlorid.e were also studied' : , ,;,':,

Descending paper chroma-bography (Vrlhatman #1 anð, #3) was :: 
tt-':i'

_r: : -l

used for anthocyanin, anthocyanid-in and sugar identification..'

Rf vatues for the red and. yellow pigrnents were determined in

the following solvent systems aS outl-ined by Harborne (t967) ¿ 
,,,,,,i.,j.,,,

BAVri: n-butanol--acetic acid-water (4:1:J top layer used ' ::':

?Ly hours after míxing) ,

*-"pu.th length was 1 cm. Solvent was L% HC1- in methanol.
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BuHCl¡ n-butanol-2N Hcl (1:f. top layer - paper ".''""''-ì'

equilÍ-brated fot ZLl hours in tar¡k containing

lower pÏrase) o

Lf" HCL: water-eonc " (g7r3), and

IfAc-HCl¡ aceti.c acid.. - cone, HCJ. - water (t5t3¿BZ) .,,; , ,

lhe middle of the spots were used, to determíne Rf values.

eolor of the ,,Ê'PotÊ, were observed. in visible and long: wave

uovo and change in color eaused by fumíng with ammonia was 
:,;,.,,,,,,,,,,.;,

also observed" After hydrolysis of the aglycone from the ''.:'::'::":;:'

sugar (2N HCl - I hour - IOOoC) the aglycone was identifíed .,.,..-",,,,''.,
.- .: .-

by paper chromatography in the following solvent systems as

outlined by Harborne (Lg6?) s

,'Forestalc acetic acid.-cone' HCl-water (30¡3e10) 
:

i

Formics formic acid-conc' HCl-water (5¿2a3) 
i
I

BAIi{c n-butanol-aeetic acid-water (I}¡1tJ upper layer)

Pignent extracts from cherries eontaining cyanidin

J-glucoside and. cyanidin J-rhamnoglucosid.e (Harborne, L967)

were used, as reference pigments. Arny1 alcohol was used to :,,,,,,,,,',,:,.,

eXtraet the aglycone frOm the aqueouS phaSe. Di-n-oCtyl- ',,,,;,,,,.,,

metïryJ-amine (tOV, in chloroform) was used for the removal ''"""" "''

of mineral aci-d, from the aqueous layer before chromatography

to identify sugarso The aqueous phase red.uced FetrJ-ings
'.r' 

,ì,t,ìrt.,t-,

SOlUtj-on Confirning the presenge Of feduCing SUgarS. ::.r:'::r:'::

sugars were identified by running stand.ard.s on paper

chromatograns in the foltowing solvent systems as outlined'

by Nagai et al. (1960)s
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n-butanol-acetic acid-water (l+:L:S) '' '\ t. L. Jl 
:

n-butanol-pyridine-water (3.2:!; J)

The colors were developed by spraying with anj-Iinhyd.rogen

phthalate and heating to 10OoC for J minutes (Partridge,

Lgl+g) " ',,',,'.,,
-:.::.:-

ITT.L.3 Quantitation

Estimates of the relative concentrati-ons of the red

pigments were obtained by spectroscopy after separation 
,::,,:,,,:

.' . .1

and elution of paper chroma'bograms and by densitometer
..,, l:.

read.ings (reflectance) using a Joyce loebl ChromoscâÍl.* jì''..:'''

estimates of anthocyanin in the staminate florets.

Pigment content was expressed as optical densíty per gram
I

d.ry weight. Pignent content was rela-bed to genotype in l

the col-or inheritance study. optical densi-by was determined 
i

l

uÊing a Bausch and lomb Spectronic 20 spectrophotorneter. ,

For details of the method see Appendix B.

ITI.1. þ Color Tnheritance ',,,, ,,,

Shatterirrg and- non-shattering lines havìng red or ,-,,,,
'.i'j.::

white s-baminate florets (Algot Johnson derived. lines) were

supplied by Dr" D,f,. Trloods. All the plants for the col-or

inheritance stud.y r¡rere grown in the greenhouse with 
,,... ,

fluorescent lights used to'maintain d.ay tength a-b 17 hours 
"'""''

The light source consisied of two B ft. BOhl cool white

*Slit 1005, mod.ified to å wid-bh, filter 465, cambir 5-o?6'E'
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fl-uorescent tubes Suspended B0 cm" above the surface of t:

t:ne LZo cilr wicle tanks. seedlings were planted in 3.þ

litre paper containers which were placed ín tanks and

fl-ooded vrith approximatety J cm. water above the soil

Surface. Ten lines with red staminate florets were grown '' .':: i...:. 
.:..- _._.:.j_

j-n a small pad-dy (L9?+) at Gtenlea, Manitoba which

provided seed.sr;for;::d-ormancy studies" For the color

inheri-tance stud.y, l-i¡es with red .or white stami.nateTuoy'allleswl.t,fl.L.eq'UI.wIIJ''UgÞl,.l.l'¡I-r.Iliá'tJg...
, :-. ..-

florets were selfed for one generation and crosses were :.::':

made using 51 lines, Fl and. F2 generations (derived from 
,;:,;.1,.,;,

sel-fed F1) were scored for floret color and shattering

ha'l¡it " FZ seedtings were scored for preSence or absence

of pigmentation. These results were compared with data

obtained on 
.male 

flore'b 9o1or or: mature plants. Shattering

was measured. by observing seed and male floret rretention

when the panicle was tapped. Quantitativ,-e estimates of '

pigmeni content were made aS outlined in section III.L.3;

Fl-oret color was scored as follows: líght red (O-Z OD/gn

dw) , nrediu.m red (2-I+ OD/gn dw) , and dark re¿ (4-6 OD/S6 d.w) . ,,,:,:,,

TTT.2 SEED I,ENGTH INI{ERITANCE

:]1-T.2.! Regression on Mid-Parent

BuIk open-poll-inated seed was taken from the greenhottse.

Seed length was measured for Lr5Bi seeds, The range -for
:

seed length was B-t6 mm. Twenty-five seeds from the B-9 ilÍ1r..

|I-LZ mm and L5-1"6 ntm classes were scraped to promote ger-

mination and grown in the greenhouse with open-poll-ination

a1lowed.withineachgroup"Theseed.fromeachgrouþ
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of twenty-five plants was bulked and distribution of seed

Iength was determined. A narrow-sense heritability

estimate was obtained by regression of open-pollination

progeny seecl length on mid-parent (Falconer, t96L),

1'ÍLz.2 Regression on Maternal Parent

Three seeds were taken from each class within the

range ó mm - 14 mm frorn the open-poll-ination progeny in

section III.2.7-. A narrow-Sense heritability esfimate

was obtained by regressïon of open-pollination progeny

. means on maternal seed length, (lush, t/+o; Frey an¿

Horner , I95?).
¿.a. 

- 
1'.t:IL = 2b

where H = heritahility expressed as a percentage

b = regression coefficient of open-pollination

progeny on maternal seed length.

IfI.3 DORMANCY

IIL3. 1 ScraPing Technique

Dormant seed. was induced to germiira-be by removing

the lemma and palea and scraping the peri-carp f¡om above

the ernbryo. Subsequent immersion for 10 minutes tn L'5%

sodium h¡¡pochlorite (Javex bleach 1 in J) was used- to

control mould growth (Wood.s ahd Gutek, Lg?l+). Seedlings

were usually ready for greenhouse plarrting in two weeks.

TTI.3.2 Seed Trleighing lss¡nÍ-que

Afterripening conditions for the seeds used in aII

studies j-nvolved. seed storage in pe-br:i dishes which lvere

.i -..:
. Jl -.: ... ,:, . ..
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submerged in water at 1-3oC, in a dark room. In ord.er to' , l

stud.y changes ín seed weight during storage and germination

the water was drained from the petri dishes and the 100

seeds were spread uniformly on a paper towel-. . The paper

towel was folded and a glass plate 26 x 26 x 
" 5 cm. (459 

,,,,,,,.,' ': :..:.
grams) was placed over the towel for JO seconds to appfy '::'-

a uniform pressure. Then the seeds were wei-ghed and the

chaïlge in seed weight was recorded in rnilligrams. The

coefficient of variation for the technique was l-ess than ';,ì,".,',

' ':..
5%.

;,.,,,, r.,.,,

III.3.3 Preparation of Seed and Pericarp

Extracts

Seed. extracts were prepared by homogeni.zi-ng 20

dehulle¿ seeds in JO mls of water in a Virtis hornogenizer

for J minutes. Extracts were prepared using dormant and 
,

nondorma.nt Seeds. Pericarps were scraped from -bhe seeCs

and extracted by soaking in water for 24 hours. The

extracts were applied to dormant and nondormant seeds as

described in Table 10.' 
"'"''.'1"
:':::: - _ '
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TV" EXPERIMENTAT RESTßTS AND DISCUSSTON :J : ;

ïV,1 Pigment ïdentification

Two red pigments could. be separated. by paper chrom-

atography from extracts of wild rice sheaths and, lemmas .,'.,'.,,..

and. paleas ¡ a ye1low pigment was d.etected. onJ.y in the 
'l "

anthers 
"

lhe major red pigment was id.entified. as eyanidín
,,.,,1,',-,_" I,

J-gl-ucoside (I.igure 1) while the other was id,entified. as "'
'. "_ 1

cyanídin 3-rutinosid.e (Figure Z). lhe same pignents were i,,:,,,,: 
,

present in both the leaf sheath and. stalnínate florets'
ïdentifieation was based on chromatographic and spectro-

scopie agreement with published. information on these

pigments and eo-chromatography with the above mentioned,

pigments extracted from cherries, (Tables 2 ar¡d, t+). Further

evid.ence was obtained. by hyd.rolysís of the pigments and

identi,fication of the aglyeone (Tables t" and þ) by both

paper cÏ¡romatography and. spectroscopy' Identification of 
..:.

the SugarS from hydrolyzed red. pigments waS also conducted, ,","..''.1

by paper chromatography. In this case glucose was readily 
'.,' 

,ll'.. ..:. 
-.,' '.

d.etectable, but on1y a trace of rha¡nnose could be found,

probably due to low concentration or mod.i-fication duríng

. .: : - : .1.
hydrolysiso Observations on color changes of the 

:..:.. :

cÏ¡romatographic spots und.er visible and u.v. light with

and without ammonia (faUfe ll¡ supported the identity of

the wild rice pigrnents" Chromatographic and. spectroscopic

d.ata ind.icated that cyanidin J-glucosid.e constj.tutes ?5%
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1 " Cyanid.in 3-glucosid'e "

H

Hz--

v{ \o
H

Figure 2n Cyanidin 3-rutinosid.e (rhannoglucoside)'

H

H20H

H

Figure 3" Quercetin 3-glu"o*iu?T

H
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Tab1e L" Chromatographie charaeteristics of the aglycone
found. in wifA rice and' published standard Rf
values for cyanidin, Rf values x 100"

Sourc
Aglycone
from florets
cyanid.in

68

68

Lþ9

1+g

zt
22

Developing Solvent SYstems

[able 2. CTrromatographÍ.e eharaeteristics of
found ín wild ri,ee and of standard'
values x 100o

red pigutents
pi"gments ' Rf

Ðeveloping Solvent Systems

IfAc-HC
t+2

t+3

27

26

1þ

L9

6"1+

7

BAtlll

37

38

I
25.5

25

22,

25

1

light band

eyanidin 3:
rutinosid.e

dark band.

cyanidin 3-
glucoside

37

38.5

Table 3, Chromatographic characteristics of the yellow
pigm"nt Íouñ¿ in wild. rice anthers and published.
stãndard Rf values quercetin J-glucosíde. Rf
values x t00o

Developing Solvent SYstem

Source BAlrf Hro 1(r'TfAc Pheno1

anthers

quercetin 3-
glucoside

65

58

53

I

3À,

37 5Lþ
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al,d cyanidin J-rutinoside coÏr.stitutes 2J/" of total pigment

content.

The yellow pigment in the anthers v,/as tentatively

identified as quercetin J-glucosid'e (figure Ð by

chromatographic and spectroscopic techniques on the

isolated glycoside (tanles 2 and 4). Quercetin is the

most cofllmon flavonol found in conjunction with cyanid-in

(Harborne , tg6,7) suggesting tfrat these aglycones e;îe

derived from a simitar: pathway, perhaps competing for a

common precursor'

Amorgthemajoraglyconesfound.inanthocyanin

pigments pelargonid-in J:glycosid'es have f, max' . a"c JOJ nm'

al1 cyanidin and. peonidin J-glycosides at JTO-J26 rtm. In

this study Â. max,. was in the 520-526 nÍI range. Peonidln

and cyanidín glycosides can be distinguished since peorrid-in

d.oes not exhibit a bathochromic shift in the presence of

aluminum iOn, d.ue to the l-ack of free o:dihydroxylic

groups on the B ring. Fï,om Table 4, the wil-d rice pigments

showed a bathochromic shift of 20 nm, thus providing

additional eviclence for the presence of cyanidin glycosides.

other evidence (ta¡Ie þ) for the identity of wild riee

pigments is that the ratio of absorbance at ?t 440 to

absorbance at À max. expressed' as a percent is approximately

23/" for cyanidin and derivatj-ves white for pelargonidin

and. derivatj-ves it is 38% or greater and- delphinidir!"and

derivatives it is tg% oY less (Harborne, Ig5B),
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IY.Z Pignent Inheritance

Five red x white erosses were mad'e, the parental

selfs, F1 arrd, FZ generatior¡s¡ were scored. for floret eolor"

The results are in agreement with a single gene difference 
::.::. : ::,:

for pigment prod.uctioni red being; dourirrant .to white (Table ; i':::i::::r:

S, crosses t-5)" The parentage of the red. parents used.

in crosses L-3 i-s further inùicative of these being 
,,.,..,:..::.:;:;

homozygous for red since all the open-pollinati-on progeny 
,,,,',,,,it.,',',,;i,:

were red (tatle 6) " Howevero the occurrence of a white ,,,,,,,,.,..,,.,,,,,

plant, (Table 5, crgss 7, plant !ì186) whi.ch segregated. for

red. on selfing and whieh on crossing to a red' prod'uced all

red Fle s ind.icated that a semi-d.ominant gene for white is

avai1ab1e.ÏntheF2generationSegregationwasobServed'
:

for white (fOn¡6W) and. several Fle s bred. true for red'. It 
:

j-s proposed that the following genetic consttitution may ,

explain these results î a semi-dominant ir¡hibitor gene

may exist whose enzlrme competes with the enzyme required'

for anthocyanin production. These enz¡rlnes may compete for ,. ,, -,.,,,.,,
..,,,,-:':t', r..i,:.,,:

biosynthetj-e 'intermed.iates or the enzJmes nay inhibit 1,.,,,,,,,.,,,.,';

tranSeription Of gene(S) feSpOnSible fOr pignent prod'uCtiOn. "''""''"'"''""

It is proposed. that the genot¡pe of the white plant IlrIB6

is AiïI; where gene A is required. for pigment production

and gene I acts to regulate the activity of the anthocyanin .,,;,,,;,,r,;,.,,: .. 
.

prod'ucirrggene.Thusthepossib1ered'genot¡ryesareAAij-

Aaii, AAri, AaIi, AAII and. the possible white genot¡pes

areAaII,aaII,aaf.j.oand.aaii.Thusthegenot¡pesused'
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å$r&R-s"- 3LR¿ZZW 10R: 9!rI 28-1"(lll-s ) , 28-2 (lìf-NS )
2¿ÞS:34NS 12S s ?NS

fable 6. History of parents used in pigment and. shattering
inheritance crossesG

Parent 0P progerry @ progerqr P]ants used, in crosses
derived. from S progenY

:lF ,. - t- ---\ :R-NS" all R-NS all R-NS 3L-?(n-US), 3L-11,(R-NS), ,'

:r-¿l(n-t'ts )

nü-NS lþR ¡ lltll ?R: l+r¡I tl-? (rü:NS ) , t"t-Lg (R:NS ) , .-: - - -6s, 
¡ l.2Ns all NS tt-18-3(R-NS ) , L3-3(n-WS ) '

R-S a1r R-S all R-S R19&(R:S)

Id-NS 7R:3!tl tì¡86 (lrf-Ns )ooo
25 ¡ BNS

!{ 3R:1rnr L9R¿65W üI56f.(!ü), W562(W) , W5684(tü)

W 8R:21UI 3R;lVrf IrìfB63o(!ìI) 
;.

rrü 6Rg 1üÍ all W Wt276(W) , WLzt? (W) ,
wL27t¡-(w)

1¡l 5R ¡ 7!rI all tù 1310¿11(W)

It Red - nonshattering
*{s Red - shatterirrg
r$t*lf selected. from 0P progeny
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in the crosses in Table J were as follows ¿ 3t-2, 3L-1L

and 3L-t+ (AAií) , 28-L and 28-2 (aaii), 1L-18 (Aaii), tL-2

(aaii) n L3-t+ (Aaii) o LL-18-3 and 3L-2-2 (A-nii¡, R19ll (AAíi)

and ürtrB6 (AaTI), In the whitexwhite erosses (lab1e 5) since

alt the parents bred. true for white and. no red. Fl t s \i¡ere

observed. the genot¡pes of the remaining white parents (W56t,

w863o , wL2?6, WLz?tþ, W562, tåt}t|.L, WLzt? and !11568þ) must be

one of the following genot¡qpesr aaII c aa]1.j- or aaíí. No

complementary gene action was observed' for piguent

prod.ucti-on; complementary gene action occurs 5.n Oryza species

(Nagai et aI. 1-960). However, in wild riceo the followírrg

white x white crosses would. give rise to a 3!rI¡1R Fl ratio:

1) AaII x AaII' and 2) AaÏI.xaafi.

Evidence for the above hy¡lothesis is also available

from pigment quantitation data. For exanPle' the progeny

from !1186 selfedu see cross 7, Table 5n were very light red'

(O-2 OÐ/Srû dw) " fhis was expected since the genoty¡les of

the red plants were all AAII" Also j-n crosses Ir 2 and. J

the parents were d'ark red' (Lþ-6 oD/en dw) with F13s med'ium

red. (2-L+ OD/Sg dw) " Thus the order of pigrrent intensity

in relation to genotype was as follows: AAii - dark red''

Aaii and AAIi - medium red., AaIi and AAII - light red.

However, it is important to emphasize that environmental

effects, light and temperature influence anthocyanin s¡mthesis.

Under greenhouse conditíons varying light conditions between

generations could. have influenced the pignent guantitation

data.
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ïn scoring the F2 generation's , 27O plants were scored. :

for presence or absence of color at the seedlíng stage with

results showing a perfect cbrrelation with floret color in
the mature pJ-ant, tltrhen using the seraping technique to

break dormancy, anthocyanin synthesis .occurs in the seedlirrg i.,,,i,,,

(coleoptile and crown node region) if the seeds are inmersed.

in ice water and exposed to adequate lighting. [hís

technique would be useful in a'breedÍ-ng Brogram since plants 
:,:,,,;,,,,,,,

with desired markers could be selected before plantíng. :'':':::.

The following F2 lines from the pigment íntreritance :,:1,;,,,,

stud.y are available for future work¿

1) true breeding red and. white lines from cross &,
.'having light and. d.ark pericarp seed.s,

2) true breeding red. and. white lines from cross J, ] '

having a rigid eoarse stem, and. 
,

Ð true breeding red (mii) and white (aaii) lines

which could. probably be incorporated as varietal
I

:markers through crossing and selectionn 
.:.:.:

including observations for lirrkage of floret ,.-,:,,:,

color genes to genes for seed. color. t'':,'t,
:.r':j:,t:

IV.3 Nonshattering Inheritance

Three nonshatterirrg x nonshattering and four shattering

x nonshatterirrg crosses were mad.e; the parental selfs, Fl

and F2 generati-onS were scored for shattering vs nonshati

tering habit. lhe history of the parents used. in the crosses

is outlined. j-n lable 6, lhe results are in agreement with
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a single gene difference for nonshat-berirrg; shattering being

dominant to nonshatteri4g (cross f, Table 7). In crosses

I-3, Table 7, all progeny from nonshattering x nonshattering

crosses were nonshattering. fn crosses 4.6 the shattering

parent was heterozygous for.the shattering gene because 
,,: ,:,:,,

Segregation was observed on selfing' Fron the above results

the followipg genotypes lyere assi-gned to the parents:

(S = d.ominant shattering, and. s = recessive nonshàttering) ..,.,:,,
'': ::1 :

j1,-t1,, 2B-2, 11,-2, !3-4, 3L-2, 3L-4, LL-+, 11-18, apd l/1186 '','.:,':'''.

were all ss , 2B-! (Ss), and R194(SS)' '"',::,:.'.
:.:_::.-,..,..

Theseresu]-tsonnonShatterirrginheritanceatein
general. agreement with the work of Dr" D' ]l. I¡loods and. Dr

A, Elliott i(personal communication) " several observations

Suggested. the presence oj mod-ifíer genes whi,ch caused a 
i

variati-on in the intensity of expreçsion of the sha'ttering

and. nonshattering habits, with possi-ble environmental

effects causing an error in sconing when adhering to a

rigid cl-assification of nonshattering vs shattering. These

reSuLtS do not agree with inveStigationS on Otyza Species. :',':,,:,
".:t ;;_:'

:.: ::...

Ratho et -4: ßg?O) reported that nonshattering was dominant 
..,:,-,,

over shattering and. was under monogenic controlr ' :

IV.þ Seed length fnheritance

IY.4,,! Regression on Mid-P.arent

Seed length is generally consíd,ered to be under

quantitative genetic control-. Heritability estimates woul-d'

be useful in selecting for short and f ong seed varj-e'bies.
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Table ?" Inheritance of the Nonshattering (NS) Habit.

Cross P1 P1 PZ PZ Fl FZ Expected. P value
@ @ S¿NS ratio

1 NS NS NS I\rS NS 0z96 a].l NS

3L-1,L àa-z :¡,,,,,,:1,,,'1,

2 i{S NS NS NS I{S O¿?O all NS
Lt-z ß-t+

-^3 NS NS NS NS I\tS O¿78 al]. I{S
3t-z 28*2

Lt NS NS S 15 s 1NS 15 r lNS t-t+42 56 FLS-3S : 1i{S .25-.50 l

3t-Lþ 28-1" O¿52 FlNS-all NS

5 S lS¡lNS NS NS lSrlNS 37r\o F1S-3S¡1NS "75-.90- 28-t Lt-Lþ 0:6 FlNS-all NS

6 NS Ns s l"s:11{s 1s:LNS t2¿6 F1s-3s:1Ns .25-.50
11-18 z3-t O¿LZ FlNS-al]. NS

? S S NS NS S t+SttZ 35 ¡ 1NS ,25- 
" 50. R19tl !ì18-6
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Narrow sense heritability estimate was calculated. by

regressing open-pollination progeny mean seed length on

mid-parent seed length; the estimate was 52% (Table 8).

As shown in Figure l+, selection for short seed was effective.
Selection for long seed. resulted. j-n a shift of the

population toward. shorter seed. with a mean slightly greater

than the mean of the population derived. fron the LL-LZ nm

delection" The observed decrease in mean seed length may

be due to:
1) greenhouse cond.itior¡s conducive to short seed size,

2) dominant genes for short seed., 3) Írrbreed.ing and

l+) genetic drift. Evidence for decrease in seed size due

to inbreedíng and. greenhouse conditions was obtained by

growing four 2Ål mm seeds in the greenhouse, lhese seeds

were selected from Harrop lake, Manitoba. The mean seed.

Iength of the open-pollination progeny was !4.J mnt.

lIV.4,2 Regression on Maternal Parent

Narrow sense heritability estimate was obtaíned by

regressing open-pollination progeny seed. length on maternal

seed length as shown in Iable 9. fhe heritability for
seed. length was 6Lþ%. An interestirrg result is the fairly
Ior¡g seed obtained from the 6 and B mm selections; perhaps

these plants were pollinated with poJ-J.en from plants

derived. from the tz-tl+ mm selections. Ihe results from

the heritability estimates suggest the presence of

sufficient additive genetic effects to allow for effective
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Table 8o Narrow sensre heritability for seed. length based
on regression of open:poIIÍnation (0"P.) progeny
on mid-parent"

Seed. Iength Mid-parent
of select value
population
(mm)

Mean of o,P" # (16'ì--b

Brogeny

Tab].e 9 " Narrow eìe'nse herita-oility for seed. rengtir baserd.
on regression of open pollination (0,p.) progeny
on maternal parent.

naterrral panent ïßean of û.Po
seed. length (mm) progeny seed. iength (mn)

# uÐ=zt 
,,

6

7
I
9

10

11

t2
t3
t4

8.3
"l "9

11.11

9.Ö
10. o

tt"7
Lt.6
10.8
11" 1

b = o3?tolL+ : :;:;::": :

# = 6rr/,
-,+t¡r



36

or¡g in a ¡

n= 1583

.i = 11.6

o.B

lì=

x=

521

7.9

progeny 8-gmm select¡on

U)
É,
t¡¡
o

=,f
z

o.p.

n=

x:
472

9.4

progeny 1l-12mm select¡on

o.p.

ft:

x:

483

9.7

progenY l5-16mm selection

0

Fi-gure 4.

10 11 12

SEE D LENGTH ( mm )

Selection for lorrg and short seed from an
open-pollínated. bulk popul-atj-on.

population
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selection for short and- perhaps long seed lines.

IV.5 Seed DormancY

This stud-y was done to obtain j-nformation on the

mechanism of d.ormancy in witd- rice. Investigations were ,,,,, ,:,, ,

conducted tot 1) detect inÌ-ribitors in dormant seeds,

2) d.ormanc¡r release during col-d storage vs release by

scraping technique, and Ð water uptake during dormancy :.., ,::. : : .. .-.:... -:..

..-.:'.,'i::

and germination with implications on permeability of the :' :' :::

',.:-;:..''.
pefiCafp and. d.eteCtiOn Of i¡hibitofS. ''"""'""-''

.'

IV.5.L Dornancy and Growth Inhibitors

This experiment was done to test for presence or

absence of inhibitors in dormant seeds. '

Seed.s used 40 days after harvest were considered to

-bed.ormant,n':\Ðofmant'i¿seed.Slwereafterripened.for
ì

approx-i-mat'eLy2|od.ays.Twenty-fiveseed.swereused-for'

each -breatment (T) repeated twice (mean /o germina.tion used.

in Tables 10 and. 11). Percent germination was scored after 
....t,.,,,,,,

? d.ays. Extracts were prepared as outl-ined. in materials :"',''',":

¡ .'.'.;.' 
' 
¡'l'",and. method.s,

Nondorman-b seeds used in this study had a high

germination percenta.ge (92-gB/"). The extracts from d.ormant

seeds d.id not d.ecrease germination^ except where the 
,.',,,,.,.,,,:,,,t

nondormant embryos v,¡ere exposed (t3, Table 10)' fn T9,

Tab1e.1O,thepericar,pSwereintact,andnodecrea''.ein
germination was observed. trf an inhibitor was present in

' dormant seeds both germination percentages wou1d. be ,'::,:,.:,,::,
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lable 10, Percent germÍ-nation with dormant and nond,oruant
seeds and eombinations of pericarpss

lreatment y'o Germination

t " Non dormant (ND) seed.s - conlrol gt+ aL

2 o ND hull intact +2Jmls extract dormant (D) seeds 9l+ a ,

3" ND ernbryo exposed +25m1s extract D seeds

4, ND seed.s scraped
5. ND no hulI and. perS-carp fnom D seeds
6. ND embryo exposed and. pericarp from D seeds

?, ND hull removed and. hulls from D seed.s

8u ND embryo exposed and hulls from Ð seed.s

9, ND hull removed and extract from D seed,s

tO" ND hull removed

62lo :

96 a ,,',',, ,':,:,',lrt.,

98a
98a
96a
92a
92a.
gza

lDorr".rrss Multiple Range Test (p..= .05)

,,r,4,,:,:,.,,,,

lable 1L, Effect of extracts from nond.ormant seed,s on '' '; ''
dorrnant sggdso '..r;:-:':::..:

lreatment /o Gemination

I
1o Ð seeds scraped 58 a-
2n D seed.s huIl removed and. extract from NÐ seeds O b ,,,,,,,,..,.,

3. D seeds embryo exposed. and extract from ND seed.s 26 c

lDrrrr""rr'rs Multiple Range lest (p = .05)
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In T3, the embryos grew well ini-bially then

seedlings gradually decayed due to mould. gror,vth' Tn TZ

and Tþ detesioration of seedl-ings was l-ess noticeable.

TJ and, T6 shows no effect of the pericarps from dormant

seeds when applied over nondormant embryos" T7 and TB

show no d,ecrease in germination due to ihe presence of

hulls from clormant seeds. From Table LI, T1 showed a

falrly low gerrnination percent on Scrapirrg dormant seeds,

possibly because the seed.s were harvested early and the

embryos lacked. maturi-ty. In T2 there was no effec-b on

germination of dormant SeedS by extracts from nondormant

seeds, However, in TJ the embryos from dormant seeds

showed. significantly lower jermi-nation percentages when

an extract was applied. from nondormant seeds" Again as in

T3l ,Tabl_e 10, mould growth resulted i-n decay of seedlings

after initial growth'

F¡:om this study there was no evidence for grow-bh

"inhibitors in d.ormant seeds, also there was no evidence

for growth promoters j-n nondormant Seeds. TheSe results

do not agree with results reported. by Cardwell et F.l.

(Ig?3) 'who reported the presence. of a water soluble

germínation inhibitor in the lemma, palea and pericarp'

They do not report any effect of the water soluble germination

inhibitor on the germination of fulty aftei:ripened

(nond.ormant) seed.s. This was one of the main criteria
proposed by villiers (1965) for establishins the presence

of germination inhibitors in dormant seeds'
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TV.j"Z Germination and. Cold' Storage " ' '''

The object of this stud.y was to d.etermine germination

pereentage with increased afterripenirrg and. compare results

usirrg the scraping technique.

A bulk of 3, OOO open-pollinated seeds was taken from 
,:,,,.'.,,:.,

the greenhouse. Seed.s were d.ivided. into L5 (200) seed. lots. l

Each group of 200 seed.s was treated. as follows ¿ 50 seed.s

dehulled , 50 seed.s hull ü.ntaet; , 5Q seed,s fOr scraping with ,,,,1,,:,,,,

part of the hull intact , 50 seeds for scrapirrg with huLl ''"''" 
" "

-,. .;, - .:.

removed.. Each group of 50 seeds was placed. in petri dishes ,., , ': ,:

and. stored in water at L-3oQ " At biweekly intervals seed's

were removed and. germination pereentages reeor'd,ed after tv¡o 
i

weeks. After scorirrg the germinaterl. seeds were d.iscarded 
,

and. d.ormant seed.s were returned. to cold. storage . A'ftet 2J 
l

weeks these seed,s were removed. from cold. storage and. j :

t'
tested. for viability using the scraping technique" Íhe 

,

experimental design.was a rand.omized. complete block with 
,

four treatments and L3 bloeks (weeks) ' fhe results are
,::--: ' i.

shown i-n Figure 5 and .fable A-1 (Appendix A). ;.''",,",''1,',r

:: : :.,. ,.

The data shows that the scraping, technique was very ,1,,,:,.:,i'',:,

successful in breakirrg d.ormancy with germination usually

greater than 8Q16. From Figure 5, the initial afterriperling

of seeds (t-3 weeks) reSulted. in increased. success with the 
,.;,,,;.,..,,,,,,

seraping technique" This period may vary with ¡oaturity of j ":'-:"::

the seeds at harvest, also d.ifferences betr,veen lines may be

expected.. fn any case a dramatic increase (3o-50/r) in
germi-nation occured. durirrg the initial afterripening. This

, ,,,.. ,1. .,,,
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effeet was observed even in the absence of part of the hull.
ïn general, greater success with scraping was observed. ín

seeds that had a portion of the hull i-ntaet. Seeds that

were dehulled. prior to coJ.d. storage broke d.ormancy firstt
but at a low percentage (figure 5) " Normal hulled seeds

started. to break d.ormancy after g-LO weeks afterripeníng.

(Lg66)" After the first g.ho week period,, germS.nati"on

percentage j-ncreased rapidly with increased. afterripening"

fhis is evidence that chilling is essential for an increased,

germination rate, which is in agreement with results

presented by Si-rnpson (L966'), Note that the dehulled seeds

followed. the same pattern, however, there was a four week

delay before the same germination rate was reached.. One of

the possible reasons for this l+ week delay is that the hulJ.

could increase rate of water uptake by providing chemical

stimulus to increase pericarp permeabi-Iity" Seed.s that

were replaced j-n cold storage after the initial germination

test showed. little germination after increased. afterripening"

The scraping technique showed, that the seeds were víab1e.

Perhaps during the initial germination test the temperature

variation induced a secondary dormancy j-n these seed,s as

outlined by Nikolaeva U,969). Results from this study

show that an afterripening period of t6-L? weeks is required.

to obtain at least 50% gernirration in tr¡vo weeks after
removal from eold storage. Probably the best method to

save tíme, when handlirrg sniall populatiorÌsi ' is to let
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freshly harvested. seed.s afterripen for two weeks, then use

the scraping teehnique to remove d.ormancy'

TV.5"3 hlater Uptake DurÍ-rg Cold Storage

The object of this experiment was to study seed weight

change d.ue to water uptake during cold storage, Identical

stud.ies were d.one for seed.s with and without hulIs" Six

hundred seed.s were harvested. from the L9?4 padd.y and'

divid.ed into 6 (fOO) seed trots with initial seed" weights

record.ed, Seed,s were placed. in petri d.ishes and. submerged.

(1-3oC) in water" After 2 hours the seed.s were removed'

and. weighed using the weighing technique Aå.seribed. earlíer.

This weight was used. as a referenee weÍght for suceessive

weighirrgs to deternine eharrge in seed. weight due to water

uptake during storage" Seed.s were wei-ghed. at intervals

throughout the afterripening period as outli-ned. in Figure 6

and lable A-2 (Appendix A). lhe experimentaL design was a

rand.omized, complete bloek with tr¡vo treatrnents (1 nuff¡ and

20 intervals" ,

lhe data revealed a very rapid. water uptake d.uring the

first 20 days in cold. storage. lhe hulled sÞed,s showed. a

larger initial weight increase during the first 2 hours

when establishirrg the reference seed. weight. From 2O-11þO

d.ays there was a gpadual increase in seed. weight. It
appears that durirrg cold storage there is a grad.ual increase

j-n water uptake until a critical level is reached. During

this time metabolites are mobitized so that the embryo may
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break the pericarp prior to germinati-on as d.escri-bed by

Ni-kolaeva $969) o

IV"5"¿l hlater Uptake During Germination

In this stud.y J2o seeds (50 days in eo1d" storage) were

divided into B groups of ll0" hleight changes per seed were

measured after applying the following treatments:

[t - embryo exposed. eontacting moist filter paper

in petri dj-sh,

TZ embryos covered., entS.re end,osperm exposed.,

f3 embryos covered, part of endosperm exposed't

Tls - embryos exposed, part of end,osperm exposed.n and'

TS embryos exposed, not touching filter paper.

The experS-mental design was a rand.omized complete block

with 5 treatments and 11 intervals" fhe results are shown

in Figure 7 and fable A-3 (Appendix A)'

A second stud.y was d.one to compare thè amount of water

absorbed, during germi-nation of l+0 seed.s with increased,

afterrípenirrg time".

T6 embryos exposed. and, submerged., afterripened

2?O d.ays,

!? embryos exposed. and. submerged., afterripened

50 d.ays s and.

TB - embryos exposed. and. submerged, afterripened'

10 d.ays.

Seed.s used in each treatrnent were approximately the same

size (11 mm)" The experimental d.esi-gn was a rand.omized
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Figure 7. Change in seed weight during germination.
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complete block with 3 treatments and 11 times. The results

are shown in Figure B and Table A-3 (Appendix A).

Data presented in Figure 7 anö' lable A-3 (Appendix A)

indicates that there is an increase in seed weight prior to

and. during germination" In Figure I and Tabte A-4

(Appendix A) there is an indicatíon of a greater increase

in seed weight prior to germination of seeds at early stages

of afterripening" For example'seeds afterripened. far 2?A

d.ays showed. litt1e weight increase príor to germirrationt

compared to seed,s afterripened for onJ.y 10 days" From

Figure 7, TL,n when the embryo is exposed. to moist filter
paper the seed, weight does not inerease as rapidly as

observed in f?, Figure B (seed.s submerged) " These seed.s

were afterripened. for 50 d.a¡irs, however, there appears to be

a d.irect eorrelation with water uptake and. availability.
In Figure ?, 82, there was an increase in seed. weÍ-ght due

to water absorption by end.ospetrn. In T3 and T4 there was

no growth even when the embryo was exposeðl to air and the

end.osperm distal to the embryo was in contact with moíst

filter paper. The lack of growth was probably due to J.ack

of water requi,red by the embryo. hlater was not available

to the embryo from the end.ospetmr therefore, i;he embryo

must be in contact with free water in order to imbibe water

and germinate. In TJo seed. weight did. not lncrease because

the pericarp acteü as a barier to water uptake by the

embryo. .Ír:- T2, where part of the embryo was exposed. and

contactirrg moist'filter paperr some germir,ation did occur"'.
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This is evidence against a peri-carp germinatiol inhibitor
theory, (Cardwell- et aI" L973) " The above data suggest

that the pericarp limïts water uptake by the embryo and

endosperm. During afterripening there is a gradual I

increase in water content u¡ith reserves probably mobilized

during cotd storage. The combination of accumulated

Lcient water content combine tonutrient reserves and sufficient water content combin

break mechanical resistance of the pericarp to allorn¡

germination and seedling growth to proceed.

TV.5.5 Afterripening, Germination and Growth

Rates

This study was done to determine changes in growth

and germination with increased afterripening

Four hundred dehulled seeds were scored for percent

germination (t52, I?2, Zoo, and Z2O d.ays afteiripeníng) at
\

regul.ar intervals during a two week period' The study was

repeated with seeds having hulls intact. When ien seed,s

germinated, measurements of seedl-ing length vlere recorded

durirg the time period 1,42-240 hours after removal frorn

cotd storage. Regression coefficients were calculated

comparing see<ì.ling growth with increased afterripening

time. The results are shown in Figs. p and 1O and Table

A-5 (Appendix A) o

Data presented show increased germination with

increased afterripening. Seeds without hulls started'

germination earlier, therefore, the rrc[ va]-ue in the equati-on

y = mx * c varied, The final germination percentage is
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greatest with Seeds having hulls intact" Thjs was observed :::::'

earlier from d,al-a presented in Figure 5. A significan'b

difference in regressíon eoeffj-cients between seeds stored

t52 and 2oo days (r'igure 10 and. Table A-5, Appendix A)',

Suggests there is a significan-b irr.crease in seedl-ing growth . ,,',;,,',,..

rate with increased afterripeningr

TV.6 Seed Storage

This study was done to investigate two methods of

hand,ling seed in the dry state, after harvest" It would be

ad.vantageous to know how long freshly harvested seed. coul-d

be kept dry for the convenience of handl-ing and drilling.'
A bulk of 21500 open-pollinated seeds lvere taken from

the t9?4 paddy. The seed was divided into lots- of 100 seeds

and placed ín petri dishes, One lot was placed in water 2

hours after harvest, while the other 24 were stored as

fol-lowsr;:r LZ lots stored at ZO}C 37% rel-ative humidity, and

12 lots stored at l.oC 914% relative humidity' . At various

intervals seed lots Were removed t 10 seeds used forr dry

vreight determination and 90 seeds submerged for 180 days

before being tested for percent germj-na-bion, The.results

aLle shown in Figure 11, and. Table A-6 (Appendix A) "

Figure It shows the large drop in moisture content in

seeds Stored at room temperature and low humiclity, compared

to seeds stored at high humidity" Vühen seeds v¡ere stored at

room temperature after harvest, seed viability decreased

rapidly. In conclusion, if seeds are stored in the dry
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they should

54

harvestrng, to facil-itate handling and seedirrg,

be stor:ed. at l-ow temperatures and high humidity"

;i: :r?:Íì::'
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VO GENERA], DÏSCUSSION

Results from the stud.y of anthocyanin identifícation

and inheritanee are in general agreement with other

reports " The main aglycone found .in the Gramíneae ís

cyanidin with cyanidin J-glucoside the major pígment

(Harborne, Ig?3). fhis pigment is present Ín large amounts

in corn aleurone tissue and in the genus Oty.za (f¡agaÍ et a1"

i"g6} and. Rhoad.es, Lg52) " The other main pigrnent in Oryza

species is eyanidin 3-rutinosid.e which is also found in

wild ri-ce" [he anthocyanirrs found. in the leaf sheath of

wild rice were the same as those present in the staninate

floretso In red plants the pÌ-gment was always present in

both the sheath and. florets, never ind.epend.ent of each othero

In wild rice the evidence presented indicated that the yelIow

pignent (quereetin J-glucosid.e) was fôund. only in the anthers.

These results showed. a eomplete absence of pignent in the

white florets, lhe results- on the inheritance of anthocyaníns

ín wild rice agree with Harborne and Sherratt (t96t) and

Harborne (Lg7Ð, that genetic blockage of anthocyanin

synthesis is quite common. Ihe results from the inheritance

study suggested the presence of a domi-nant gene for pigment

prod.uction. The results from crpss ?, Iable 5, suggested

the presence of a semi-d,ominant inTribitor gene acting to

regulate the prod.uction or action of an enz¡lme required' for

anthocyani-n s¡mthesis. Other reports suggest the presence

of two genes controlling pigment production in a eomplementary
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fashj-on in Oryza species (Shafi and A.zLz, 1959), however, a

recent report on corn by Peterson and. LeJ-eji (tg?I+) suggests

the presence of dominant color suppressing alleles for the

. prod.uction of cyanidin J-glucosid,e in aleurone ti.ssue'

Results presented. on nonshatterirrg inheritance

indi-cated that shattering is d,ominant to nonshatterirrg and

and. is und.er monogenic control. Shis suggests that the

nonshatterirrg charaeter could þe ineorporated. into early

maturing lines. These results are in general agreement

with breed.ing prograrns of Dr. Do Io ltloods and. Dr".A, Elliott :,:

(Personnal conmunication)n As mentioned in section ÍV'3s'

some observations suggested. the presence of nodífier gênes

responsible for variation in the intensity of expressíon of

the nonshattering trait" [his should. be investigated' morê

thoroughly"

Selection for short seed. was effective as shown inl

FigUre'8, however, all the open-pollination progeny means¡

were low" Evid.ence was presented using !trarop Trake seed

stocks that environnental vari-ation (greenhouse growi¡rg

conditions) could result in a generation of short seeds"

The results from the heritability stud.ies suggested the

presence of sufficient additive genetic effects to allow

for effective selectj-on for short', and. perhaps .long .seed.

línes 
"

Results from the d.ormancy studies suggested that the

peri-carp lfunits the uptake of water and. mechanically

restricts growth of the embryo. Plobably during cold,
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storage metabolites are organized and. water is taken up to

a1low the embryo to rupture the pericarp and germir¡ate.

Cold treatment increased germination and. growth rate.:.

Ihese results are in agreement with results presented by

Vi1líers (Lg6Ð, Simpson (L966) and Nikolaeva (L969\.

SÍmpson (L966) reported that prieking the seed, coat did'

not entirely remove dormaney, and pricking was more effective

with increased aftemipening.' Probably inereased success

with the prickirrg technique with afterripening was due to

the greater water eontent of these seed.s with litt}e
increase in water required for germir¡ationo He also

reported that pricking redueed the time of germinatj.oni

again this can be explained. on the basis of increased. water

uptake" IIhe Éeraping teehnique (trlood.s and' Gutek, tg?Lþ)

remains a very valuable teehnique for hand.lirrg populations

for greenhouse studies and smalI breed.irrg progrâilIS o [here

was no evid.ence for a germination inhibitor in the hulL

and. perÍ-carp asr suggested by Cardwell et a].. (tg?3) " The

embryo must be in contact with free water and. contain

sufficient water before germination can occuro Perhaps

the embryo contains an inhibitor which is diluted d'uring

water uptake as reported. in Fra:cinus gxcelsior (European

ash) by Villiers (1965) " If an embryo inhibitor is Bresent'

the dilution effect must occur very rapidly to allow the

embryo to germinate almost immediately after scraping and

exposure to water.

1.:'.i ì.i¡:
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Seeds can be s-bored in the d.ry state, prior to seeding

at low temperatures (f-3oC) and high humidity (95%)' Fronr

Figure L!, the data showed very little 1oss in germination

in seeds containing 26/" moisture, aftet 12 days dry storage,

These results suggest that this technique would be useful

where seeds can be stored in the dry state until conditions

g;:r:e suitable for fall- seeding" Germination percentages in

the fall seeded paddy (tg'74) were high (Bo-85%) suggesting

that fall- seeding should be practiced in Manitoba" Plant

establishment in the fal-l paddy was. poor'.in regions of

dense weed growth (main-Ly water plantaín - Al-isna tfivi.a"]e).

Small areas were easily weeded by hand, howeYer, herloieide

treatment would. be essential for weed cqntrol in larger

paddies. Recent research indicates that herbicides like

2, 4, 5 - T and bifenox may be useful for broadleaf weed

control- with minumum injury to the wild rice plants (Oelke,

I9?4). 1/lr, Bob Peterson, manager of wil-d rice padci.ies at

Sprague, Manitoba follows a fall seeding prigram" He,

(personal communication), reported a high germination in

spri-ng even if seeds are not flooded immediately after

seedirg,

Various techniques have been tried to remove dormancy

by chemical treatment, for examPle, Si-mpson (1966) used

gibberellic acid, Card.well e! aI. (L973) used gibberellic

acid and kine-bin solution; also Bort ethanol" These

techniques have failed as techniques that would be useful

i-n large scale programs. Dur"ing prelimi-nary observations
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made by the author on wild rice dormancy, the injection

of water into dorntant seeds (near the ernbryo) resulted in
approximateLy 2)/" (tZ/l+t) germination. Again this is

probably not a good techni-que for large populations.

Probably the scraping technique should be used to save

time in greenhouse breeding programs and perhaps the

breeders and growers should take advantage of the seed

dorrnancy available in wild. ri'ce by using a fatl seeding

program.
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VI. SUIWìüARY ... .

L, Results from paper chromatography and spectroscopy

indicate that the anthocyanins in witd rice are

cyanidin-J-glucoside (? 5%) and cyanidin-3-rhamno-

glucoside (25%). '' 
"'"':'

2. Anthocyanin production in wild rice is controlled by

two genes " Gene rrArt is a d.ominant gene and. is

essential- for anthocyanin-prod-uction; Gene rrI, is ,:'..,1:, 
i

considered to be a semi-d.ominant inhibitor gene . 
.

3. Narrow-sense heritability estimates for seed length ''"''"'';

were 52% (mid-parent) and. 64% (ma-bernal parent).

Selectioil was effective for decrea.sing seed length"

Sel-ection for long seed resulted in a decrease in mean

seed lê-ngth of open--poIlínated progeny. This may be

due to: 1) environment, 2) inbreedi-ng, and 3)

domj-nant genes for short seed

l+, Results from th.e ínheritance of the shattering trait
suggest a tentative conclusion that shattering has a 

,;. ,.,,.,,

simple genetic control, likely one dominant gene for "''':
,::_,,.,.t.: ,.

' ,,. 
.

5. Resul-ts from the dormancy studies suggest that dormancy

in well rípened seeds is due to lack of water and

mechanical resistance to growth by the pericarp! :,.,',.,:,,,:,

fncreased afterripening resul-bed in increased

':germination and growth rates

6. Seed.s can be stored dry fon 6o to 70 days at loC 94/"

relati.ve humidity, to facilitate handling and drilfing .::,:r,:
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the seed. after harvest" Storage at high temperature

and low moi.sture resulted in rapid deterioration of

seed. quality,

?. lhe followirrg F2 lines are available fron the

anthocyanin inheritance stud.yr

1.) true breeding red and. white Iínes having

dark and light seed colorn

2') true breeding red. and, whÍte lines Traving

a rigide coarse stem, and

3) true breeding doninant red, (4"[íi) and,

whíte (aaii) lj.nes for varietal markers

and. isolation distances stud,íes.

la ,at.:.ii..i:.
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Table A-1" Percent Germj.r¡ation During eold Storage.

y'o GerminatÍon F vaLue

lreatments
1" Scraping
2n Scraping
3; Storage
l+u Storage

Blocks (weeks)

1.
3

5

7

9

LL

1"3

L5

L7

L9

2L

23
25

of hull intaet 87.2
removed BZ "8
intact 35"5
removed 2O"5

La
d.

b
b

- part
- hull
- hull
- huII

lf{+
35.53

{.t&
3"9520"5 aL

I+or5 aa

43.O at,c

38"0 bcd.
Lþ5" 5 de
l+Z "a def
55.O ef
st.o ef
59.5 ef
?1-.8 ef
8L.3 f
89;3 f
92.o I

lDtrrr""rr?s Multiple Range [est
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Table A-2, Change in seed weight during cold storage"

Change in weight F value
per seed (mS) -

Treatment
to HuIl intact 1"98 75.35*o
2. HulI removed 2"3t

Days

L

2

3

5

7

t2
t-7

?7

33
4t+

58

73
80

10þ
LL9
t33
140

tt+7

L53
L79

4

^26 a*

"72 b

1. 11" c

L.27 c

L"66 d
L.92 d.e

z.LL+ ef
2.21þ efg
z.Lg efg
2 "2O fg
2.3L fg
z.trg gh
2"63 hi
2.86 hi
2 "86 hi
2.75 i
2.73 i
2.85 i
2"85 i
2.92 i

go. oooo

lDorr""rrrs Multiple Range Test
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Table AoJo Change in seed. weight (ng) during germírration.

Ohange in F value .:.

seed weight (mS) ,,,.,

lreatme.nts
11

12

T3

T¿E

.,r5

limes (hours)
2

lþ

I
L6

20
2L+

"32L+Lþ

56
68

8o

2'L7 srL

I^72 a
L.Og b

"90 b

"11 c

,4g aL

"66 ab

"87 bc
f. 

" 
f.0 bcd

L"L3 cd
L,t? cd
t"27 d.e

L,39 def
t.53 def
L"69 ef
1.88 f

. {t{Ê
30.0Il

. tÉ+É

3.811'

lD,rrr."rres Multiple Range Test
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Table A-¿å" Change in seed
in relation to

Change in seed
weieht (ms)

F value

freatmeÊts .

T6

17

IB

lIime (trours )

2, 5A

2"80 '

2;38 '

"' 
' ltt t'

"60 at

"80 ab
.:._

1,"87 ab

I.32 ñ
1"&3 ab

L,68 abe
2,27 bc

'

3.OO cd
I+.LZ de

Silo ef
6"53 f

"88 N"S"

2

l¡.
t,B

L6

2A

,:-2tþ

32
l+lt,

56
68

80

t"Duncants Multíple Range Eest
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Da}rs afterripening
Hours L52 2ao

+ HuII - Hull + HuIl - HuIl + HuI]" - IIulL
--_..-.._--.Lt+Z 6,0 Zg,tt 29" 5 4g"g t+3"L st+.a 5"ggoo

L66 T"o 3i. o 35"6 Sg.a SI+"0 6? "L190 Lz"B 33;g I+? "7 70 "L 65"6 80.9
àLt+ LT.t+ 38.tþ 5? " 5 ?? "6 ?t+.8 }tþ"g
2l+O 22"9 t+t+.s 62J+ gI+"3 7g"Z gO.7

X L3"2 35.t+t+ 46.5 68"2 63"3 '75"5
Regressíon 

" 
18 "L6 ð6 " 

j6 . jB . j7
Coefficientsblbaaaa
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fable A-6" Percent water and pereent genninatÍon.

Ðays prior- [empr Á Initial wt Firnl wt y'" frto submerging Storage "C 10 seeds g after moisture þerrnination .: . :

ffiäå%on f"i-;"180 
:::':'

20 "358 
, .255 2g "7 ge

1 I ,35O- .255 27"O 97 ,,:
2t .3t+O .268 21".2, 89 ", 

,',',','

t : ;373 .27t+ 26,5 79 , ,, :

20 .28,O .Zt+e 1"!-"l+ ZA t,r.,,..,r. .'

1 "385 "ZBI+ 26"2 88

20 ,326 .zg| 10"8 5tþt "3gL "zBLþ 27 "+ 83

20 ðLþ2 "3LO g.t+ 22 :

1 
" 318 .Z3B 25.2 g4

20 .323 .2g3 g "3 20t" .380 .278 26"9 gg

22 20 "3o9. ,28o g,l+ g
L

zo .2)t6 .296 g.!. 
: 

I -.;:::'i";.';'

1 "33Q "21+7 25.2

20 .3O3 .255 L5.g 10 ':: :

1 .t+Oz ôOL+ 24.3 ?g

zo .28o- .258 ? .5 61 "356 "27o 4lþ.L 80

20 "3L8 .2go 8.8 5 ,:,,,: :-,

1 "325 .25O 23.L 79 :

20 .295 ,266 6.? t+

1 .382 .3O5 1"9.6 7 :

28

36

2

6

I

L2

L6 zo ,293 "259 LL.6 221 "324 .zt+O 26.8 gtr

I+2

56

7a
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.i.,
Assay for anthocyanin content in wild rice florets

1o Remove anthers from florets
2. ütreigh 0.1 gn sampJ-e of florets.

3. Extract pignent Ln Llt H0l-methanol (t5 nts) for 16 :,, :

:.::t::.:

hours at 1oC, in d.ark co1d. roorrr¡

L+" After 16 hours remove extracts by pourirrg; centrifuge

extracts at setting, 6 (table centrifuge) for 5 ,,,,.,

minuteso Save florets for dry weight d.eterminatior¡s .i"':'j

,. (90.- 10ooc , L6 hours). ,,,:,,',,;,,,

::.-...:'

5" After 5 mir¡¡tesu remove extraets from centrifuge

tube and, record. OD reading as foLlowst

a) take L ml aliquot from extract and. place

in cuvette,

b) dilute f times with Ly'" UCi--llrethanol,
lc) mix by inversionn
l

d) read. optical density at Â = 525 with l

, Spectronic 20 (Bausch and. Lomb),

e) record. dry weight, and. 
;,,;,,,,,,i :' ','

f) .,êxprêss pignent content in tersrs of OD/gm dw. 
-,,'.1.

l.:: l.:

NOIE - d.uring first extraction al.l of the pígnent was not 
,,,..,..1

removed.; results from a second. extraction ','',"':

correlated, we].]. (.98) with the original extraction.
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NOTES

GERMINATING WILD RICE

Plant breeding programs are currently under-
way with the objectives of producing wild
rice (Zizania aquatica L.) cultivars especially
adapted to paddy cultivation. A major ob-
stacle to rapid breeding progress with this
crop is the long dormancy period which is
normally required before the seed will ger-
minate.

Simpson (1966) reported a dormancy peri-
od of at least 96 days when the seed was
after-ripened at 1-3 C, with dormancy being
essentially lost by 182 days. Even after 182
days after-ripening, germinating seed at20 C
took 143 h to ¡each 5OVo germination. The
suggestion that dormancy was, in part at
least, due to seed coat impermeability was
supportecl by a decrease in the time to reach
50Vo germination when seeds were pricked
with a needle close to the embryo.

Halstead and Vicario (1969) investigated
means of breaking dormancy on wild rice,
the most promising of which was ,the'use of
ultrasonic vibration. FIowever, their material
had first been after-ripened for 90 days.

LaRue and Avery (1938), in a study of
embryo development, grew embryos to seed-
ling stage on agar culture, starting embryos
being from 0.4 to 10 mm long. They stated
that mature but "unripe" seeds would germi-
nate immediately, but once "ripened" the
seeds would not germinate even il the peri-
carps yùere caf, although isolated embryos
grew satisfactorily. Unfortunately, details of
what constituted "ripening" were not pub-
Iished.

We report here successful germination of
mature seeds during the commencement of
the dormancy period.

Seed was harvested from greenhouse-
grown wild rice, when the grain had dark-
ened in color indicating maturity. Seeds were
germinated by removing lemma and palea,
and scraping the pericarp from above the
embryo with a scalpel. The location of the
embryo within the caryopsis may be easily
determined, as the embryo-bearing side of
the caryopsis extends somewhat beyond the
Câtr. J. Plant Sci. 542 423424 (Apn.1974,

basal scar. The seeds with exposed embryos
were placed in Petri dishes of water in the
laboratory, and germinated rapidly. By 2 wk
the seedlings were ready to transplant,into
the greenhouse, Some problems arose due
to mould growth on the exposed embryos,
but this was largely overcomé by immersing
the seeds with the embryo exposed in L.OSVo
sodium hypochlorite solution (Javex bleach
diluted 1 in 5) for 10 min, rinsing the seeds
once and then setting them to germinate in
sterilized water.

The mate¡ial being used was the cultivar
'Algot Johnson,' which complies with the de-
scription of lnterior Wild Rice (Dore 1969),
Z. aquatica var. interior (Fassett 7924), but
the method worked equally well when tried
with freshly harvested material of the North-
ern type (Dore), Z. aquatica var. angustílolia
(Fassett), the F, between Northern and In-
terior types, and the subsequent F,.

The method was used at all stages from
freshly harvested to 63 days after-ripening
(storage at 2 C submerged, in the dark). Per-
centage germination varied, but was usually
high, 85Vo or more being quite common.
This value was reached very rapidly, within
60 h at 20-25 C. We considered that low
percentage .germination was caused mostly
by the presence of immature grain.

Our results contradict the statement of
LaRue and Avery (1938) in that we obtained
successful germination even after a 63-day
after-ripening period.

This method of germinating seeds is some-
'what time-consuming. Nevertheless, it is
suited for producing the relatively low num-
bers of plants needed for a greenhouse plant
breeding program. By these means, three to
three and a half generations of wild rice may
be grown within 1 y¡ and crosses may be
made between difierent generations, a pro-
cess we have found difficult previously due
to loss of viability of the seed on prolonged
storage.

DORE, W. G. 1969. Wild-rice. Canada Depart-
ment of Agriculture Publication No. 1393. 84
pp.
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