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FOREt4rORD

This thesis is written in the paper style, specified in the 1976

Plant Science Thesis Preparation Guide. It contains Èwo manuscri-pts.

The first, entitled rf Effect of leruna colour on grain qualit.y in oats,

Avena sativa L.rfr+ill be submitted to the Canadian Journal of Plant

Science. The second, entitled t' The inheritance of lemma colour in oats,

Avena sativa L." will be submitted to Lhe Canadian Journal of Genetics

and Cytology as a note.



1V

TABLE OF CONTENTS

LIST OF TABLBS

ABSTRACT

INTRODUCTION

LITERATURE REVÏEW

The Lemma and Palea of the Oat Kernel -------
Inheritance of Lemma Col-our

Black
Grey
Red -------
Ye11ow ----
hrhite
Light-brown

AssociatÍon Between Lemma Colour and Other Characteristics -
Lemma Colour and Morphological Kernel Characters --------

Genetic Inlependence
Linkage Relationship

Basal articulation
Awns (inhibitor)
Pubescence

Genetic cornplexes
Lemma Colour and Disease Resistance (Rust and Smut)

Crown and Stem rust
Smut

Lemma Colour and Graín Quality Characterist.ics
Test lJeight ------
Peicent. Hul1
ProLein Percent
0i1 Percent
Kernel Weigh +.

PosL-harvest Dormancy
Associations Found in Other Species

EFFECT OF LEMMA COLOIIR ON GRAIN QUALITY IN OATS,
AVENA SATIVA L.

-eEffiotïntroduction -----
Materials and Methods

Effect of lemma colour, kernel type and

Page

vi

ix

1

4

4
6
7
I

12

T4
17
19
I9
19
19
2T
2L
27
2i
22

23
23
24
24
25
26
28
31
34
34
35

37
3B
39
47

environment on percent hull of oats 4I



v

Page

Effect of lemrna colour on grain quality in oats
Results

Effect. of lemma colour, kernel type and
environment on percenl hull of oats
Effect of lemrna colour on agronomic charactêrs
in oats (1984)
Effect of lemma colour on grain quality in oats

trr¡híte versus Red
Yellow versus Red
Yellow versus l{hite
Black versus Non-b1ack

Discussion
Effect of lemma colour, kernel type and
environnent on percent hull of oats
Effect of lernma colour on graÍn quality in oats

References

Abstract
Introduct,ion
Material and Methods
Results and Discussion
References

GENERAL DISCUSSION

LIST OF RBFERENCES

APPENDICBS

47
45

45

46

47
47
4B
49
50
50

50
51
62

THE INHBRITANCE OF LEMMA COLOUR IN OATS, AVENA SATIVA L.--_-__-- 63
64
64
65
66
72

73

81

B6



v1

LIST OF TABLES

Table

Literature Review

1. Segregation ratios for each colour combination invol-
ving black lemma colour

Segregation ratios obtaíned for each colour combina-
tion involving grey lemma colour

Segregation ratios for each colour conbination invol-
ving red lemma colour

Segregation ratios obtained for Lhe Lhree colour com-
bínaisons yellow X ye11ow, ye11ow X white and white X
white

5. Oat genes for lemma colour (Simons et a1 (1978)

6. ProximaLe fat content of cereal grains (dry matter basis)
afËer Kent (I975)----

5 Effect of near-ísogenic lines differing in lemma colour
on grain qual-ity characteristics of oats in 1983 and
L9B4

Page

9

2

3

4

13

15

18

20

32

2

Effect of Lemma Colour on Grain Quality
in 0aLs, Avena sativa L.

1. Parents used in the study of the effecL of lemma colour
on grain qualíty in oats 55

Mean hu11 percentage of primary, secondary and combined
data of four oat lines differing in hull colour and grown
at five locations in 1982 and 1983 56

Analyses of variance of hul1 percenLage of four oat
lines differÍng in hull colour and grown at five Lo-
cations in 1982 and 1983 57

Mean values of heading date, height and yield for the
four lemma colour comparison experiments gror{tn at Glen-
Lea, ManiLoba in 1984 58

59

3

4

6. Effect of white versus red lemma colour on percent hu11



Table

7

4

5

6

vt-r

Page

of prinary kernels of near-isogenic oat lines deri-
ved fron five different crosses in 1983 and 1984

Effect of white versus red lemrna colour on test
weight of near-j-sogenic oat lines derived from
five different crosses 6t

The Inheritance of Lemma Colour
in Oats, Avena satíva L.

Segregauion of F, plant populaLion from crosses beÈween
Avena sativa varÍeLies of different lemna colours 70

60

I

2 Segregation for lemma colour in the F
Fidler X Caravelle and OT 224 X Carav

families of
11e3

e 7I

1

Appendix

Mean values for Lhe agronomic and grain quality charac-
teríst,ics of the white versus red near-isogenic pairs
of lines gror{n at Glenlea, Manitoba in 1983 and 1984 --

2. Mean values for the agronomic and grain quality charac-
teristics of the yellow versus red near-isogenic pairs
of lines groh¡n at Glenlea, Manitoba in 1983 and 1984 --

3. Mean values for the agronomic and grain quality charac-
teristics of the ye11ow versus white near-isogeni.c
pairs of lines grown at Glenlea, Manitoba in 1983 and

86

90

o,and 1984

Mean values for the agronomic and grain quality charac-
t,eristics of the black versus non-black near-isogenic
pairs of lines grown at Glenlea, Manitoba in 1983
and 1984 93

Number of days to reach maximum germination, percent
germination and germination index of the white versus
red near-isogenic pairs of lines grohrn in greenhouse
in 1984 94

Number of days to reach maximum germination, percent
germination and germínaÈion index of the yellow ver-
sus red near-ísogenic pairs of l-ines grolrn in green-
house in 1984 95

Nurnber of days to reach naxinum germination, percent
germJ-nation and germination index of the yel1ow ver-
sus white near-isogenic pairs of lines grown in green-

7

house in 1984 96



vl-a1

Table

8. Number of days to reach maximum germination, percent
germination and germination index of the black ver-
sus non-black near-isogenic pairs of lines grown in
the greenhouse in 1984

9. Irrhole grain proLein percent and groat protein percent
of the whíte versus red near-isogenic pairs of lines
groh'n at Glenlea, Manítoba ín 1983

10. Whole graín protein percent and groat. protein percent
of the yellow versus red near-isogenic pairs of lÍnes
grown at Glenlea, Manitoba in 1983

11. l,lhole grain protein percent and groat protein percent
of the yel-low versus whíte near-isogenic pairs of l-ines
gror,ün at Glenlea, Manitoba in 1983

12. I{hole grain protein percent and groat protein percent
of the bl-ack versus non-bl-ack near-isogení-c pairs of
l-ines grown at GlenLea, Manitoba in 1983

13. Analyses of variance of percent huIl and percent oil of
Lhe near-ísogenic lines differing in lemma colour and
gro\{n at GlenLea, Manitoba in 1983

14. Analyses of variance of the agronomíc characters and
grain quality characLerisLics of the near-isogenic
Lines differing in lemma colour and grown at Glenlea,
Manitoba in 1984

Page

97

9B

99

100

101

ro2

103



Plourde, Ariane. M.Sc., The UniversÍty of Manitoba' Novenber,

sativa L.

1X

1984.

MajorEffect of lemna colour on grain quality in oats, Avena

Professor: Dr. R.I.H McKenzie.

The effect of lenna colour on grain qualíty in oats was studied

through the use of F3 derived near-isogenic FU lines of conlrasting lemma

colour. Of the 71 pairs selected, 36 were developed to compare white and

red-seeded oats, 15 to compare yellow and red, 10 to compare ye1-1-ow and

white and 10 to study black versus non-b1ack. The contrasting pairs v¡ere

studied for six grain quaLity characteristics, viz. percent hu11' percent

protein, percent oil, Èest weight, 1000 kernel weight and post-harvest

dormancy and the three agronomic characters heading date, height and

yield,

Red lenma colour was associated with a lower hul-l percent and a

lower t.est weight. in the white versus red and yeL1ow versus red lemma

colour comparisons. In 1984, the average difference of L.l7% hu11 between

the white and red near-isogenic l-ines represented 4.4% improvement over

the mean percent hul1 of the whiÈe-seeded lines. The red-seeded lines

were significantLy lower in percent hul-1 in 30 out of the 36 pairs. Gene-

tic possibilities Lo account for this result are discussed and include

pleiotropism or a close linkage beLween the gene for red colour and a

gene for 1ow percent hulL. A significant difference of 0.73 and O.7l+

kg/nt in test weight favouring the non-red-seeded lines was obtained in

the white versus red and ye1-1ow versus red experiments respectively. The
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resulLs suggest that the association of lemna colour and percent hull was

stronger than the assoclation of lemrna colour and Lest weight. It would

be easier to select red-seeded oaL lines with a low percent hu1l and high

test weight than white-seeded línes having a low perc.enÈ hull ana high

test weight. Red lemma colour could serve as an índex to select high qual-
ity oaÈs.

Although showing no dÍfferences in 1983, white oats were of higher

quality in 1984 with a significantly lower percent hul1 (-L.707. hull

difference) and a significantly hígher test weight (+2.29 ke/nt

difference) than Èhe ye1-1-ow-seeded lines. Black lemma colour seems Lo be

associated wiÈh lower overall qual-ity (2.L27" hu1l higher and 2.29 kg/nt

lower) in conparison to the other colour classes.

Red Lemna colour could serve as an index to select high quality

oaLs. No association were found between lemma colours and Lhe agronomic

characters studied so LhaL ít should be possible to select for yield,

short straw and maturity withÍn any hull colour c1ass.

The inheritance of leruna colour was studied in crosses involving

seven cultivars or l-ines of Avena sativa L.. Red lemma colour was con-

trolled by one dominanÈ gene in OT 224 and 0T 218. I,Jhite lemna col-our of

the cultivars Fidler and Rodney 0 lÍas found to be conditioned by a

dominant gene. Yellow lemma colour of the cultÍvars Lamar and 0g1e

appeared to be the expression of the honozygous recessive condition of

the genes at. the loci conÈrolling red and white lemma colours. The

black-seeded cultivar Caravelle was found Lo carry a dominant gene for

black episuatic to the other colour cLasses and a dominant gene for

white. The presence of a gene for grey lemma colour in the genotype of
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Caravelle was expressed in one environmenL but not aÈ all in a second.

The characLer lemma colour v¡as someLines influenced by envirónmental

conditions indicating that lenna colour which is conferred by sinply

inherited qual-itative genes might be harder to work wíth than expected.

Nevertheless gross differentiaLion between the five lemma colour classes

is possible so the breeder should be able to use lemma colour as an index

to select for good quality oats.
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INTRODUCTION

Oats occupy a significant place among the eight most importanÈ ce-

reals in the world. In 1982, in terns of total production, oats (pri-

marily Avena saÈiva L.) rank sixth among the cereals after wheat, corn,

rice, barley and sorghum. These statístícs ínclude the cultivat,ed species

Avena saLíva L., A.byzantina C.Koch, A.strigosa Schreb and A . abyssinica

Hochst. The najor oat producing countries are Russia, United States,

Canada, hlest Germany, Poland, Peoplefs Republic of China, France and

Sweden (F40,1983). In Canada, oats have a relatively greater importance

because no rice and only a restricted quantity of corn is grown. In 1983

this cereal- (A.sativa L.) was grown on 1.4 million hectares for a Èota1

production of approximately 2.7 nillion rnetric Lonnes (StatÍstics Ca-

nada, 1984) .

In an oaL breedíng progran the breederfs objective ís to select high

yielding lines with resistance to prevalent diseases and wit.h quality

characteristics meeting the market,rs requirement,s. Oat,s are used for two

purposes, animal feed and human food, the former being by far the main

use of the oaÈ grain. The breeding objectives vary slightly depending

upon Lhe final use but the primary desirable aLtrÍbuLes r'¡hich are yield

and disease resistance always remain imporÈant. However during the past

20 years percent protein and percent oil have become quality charac-

teristics of concern. Emphasis is now placed on the improvenent of oats

for these two characteristics in order to increase its value on Lhe
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market.

Selection for either protein content, oi1 conÈent or l-ower hu11

percentage is expensive and time consumÍng due to. the tteceséity of

obtaining deLerminations in the laboratory for each line in the program.

It would be useful if lines with the desirabl-e quality characteristics

could be selected by some easil-y identifiable character.

Lemma colour, an obvious character of the oat kernel, would be a

very convenient index for select.ion of other l-ess-visible characters.

Five lemna colour classes have been recognized in oat.s: black (including

dark brown), grey, red, yellow and white (SÈanton'1961). Lemma colour has

been studied exLensively genetically (Jensen,1961) but very little

information is available regarding the influence of lemma colour on grain

quality traits. There are some indications that associations exist

between the morphological characters lemma colour and shattering and two

kernel characteristics, percenL hu11 and percent protein in A.sativa X

A.sLerilis progeny populations (Canpbell and Frey,1972; LeRoy et al,L974;

Lyrene and Shands, 1975). Luby and Stuthnan(lg83) reported that dark

l-emna colour and shattering were associated with low hull percenËage, 1ow

groat protein percent and low groat oi1 percent in 3._sa!iYg X ¿.Éa!ge

progeny populations. However, no investigation on such relaËionship has

been done through the use of near-isogenic lines.

Close associations have been reporLed between seed colour and other

characteristics in other crop species. In wheat (ftiti* aestivum L.)

red seed colour is used as an index to select for post-harvesL dormancy

(Gordon,L979).Int'urniprape@campestrisL.)yeJ.1owseedco1our



3

is linked hrith high proLein and oil- content and low crude fibre in

rape neal (Jonsson,1977). In durum wheat (Tritícum tursidum

preliminary results suggest a sLrong association between whitg

colour, gliadin proteins and possíb1y gluten strength (Leisl-e g.t

1981). In f1ax, yellow-seeded lÍnes are higher in 1000 kernel weight

content, íodine number, and amount of damaged seed but lower in

weight and yield of seed than brown-seeded lines (Culbertson and

nedahl,1956) .

Ëhe

L.)

glume

a_1 ,

, oi1

test

Kom-

The present sLudy was undertaken to investigaÈe the effect of lemma

colour on grain qualíty characterisLics in oats through the use of

near-isogenic lines. The grain quality characteristícs studied were test

weight, 1000 kernel weight, percenL hull, percent protein, percent oil

and post-harvest dornancy. The influence of lemma colour on some

agronomic characters including yield and the inheritance of lemma colour

r+ere also investigated.
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LTTERATURE REVIEW

The Lemma and Palea of the Oat Kernel

Oat spikelets consist of two glumes on a rachilla which bears

several florets, generally two in cul-tivaLed oats. The floret consists

of two flowering glumes called the lenma and the palea, two lodicules,

three stanens and one pistil. At maturity, the oat caryopsis is tightly

enclosed in the lenma and palea. The fl-owering g1-umes, although not

fused to the kernel as in the case of barley, do nevertheless adhere Lo

it and do not normally come away duríng threshing (Kent,1975). The common

term used to designate the l-emma and palea is hull.

Hulless oats exist in whích the caryopsis is loose within the thin,

membranous enclosed lernna and palea therefore being sínilar Lo wheat and

naked barley. fn threshing Èhe kernel is freed from the hull. Hulless

oats usually have multiflorous spikelets.

Histologically the l-enma and palea are Èhe leaf-like parts of the

floret. Lemmas are conposed of rnechanical tissue. A thick layer of

sclerenchyna extends inward from the outer epidermis and constitutes

almost all of the tissue. Next to the inner epídermis is a narrow layer

of parenchyma containing chlorophyl-1 (Bonnett,1961). Pigments conferring

colour to this flower part are probably contained in this narrorìI Layer of

cells, replacing gradually Èhe chlorophyll as the latter disappears

during the ripening períod. The palea is shaped like the prophyll which'
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Ín monocotyledons, is Èhe first leaf at the base of the axillary shoot.

Thinner than the lemna, the palea has less chlorophyll contaÍned in the

cel-ls of the bands of parenchyma locaLed on either side of the two

vascular bundles. The rnajor function of these two flowering glumäs is to

protect the caryopsis.

Seed colour can be the effect of the superimposition of different

tissues containing simil-ar or different pÍgments. For instance, in

wheat, the grain colour is given by both the pigments present in the

pericarp (fruit coat) and those presenL in the testa (seed coat). The

parLicul-ar shade of colour (between white and red) exhibited by the grain

is dependent upon the anount of pignent in the testa, the thickness, tint

and transparency of the superímposed pericarp and the mealy and fl-inty

characLer of the endosperm (Percíval rL92l).

In barley, Lwo pigments are known to be responsibLe for seed colour,

an anthocyanin and a nelanin-l-ike pignent. These pigments may occur in

the hrrl I s - neri cârn - a'l erlrone laver and occasionallv deeoer in the, l-- ---- r , --- -¿ -

endosperm. Colour may devel-op independently in each of these parts of

the barley grain. The colour developed at maturity may be black, blue,

purple, red, yellow, grelr white or an inÈergrade of these. The

resulting colour depends upon the pigments present, their Location in the

differenL parts of the grain and the level of pigment deposi-ti.on. The

colour produced by the anthocyanins depends on the pH of the tÍssue where

the pigment is developed (Harlan,L9L4; MullÍck e! C-l.,1958).

Col-our in oats Ís confined to the le¡nna

having no influence on the finaL seed colour

and palea, the

(Hunter ,1924).

caryopsis

No report
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could be found in the literature concerning the chenical nature of the

pigments involved.

In oats, five distinct classes of colour have been recognized: black

(includíng dark brown), grey, red, yellow and white (Stanton, 1961).

These five basic lemma colours are fairly stable. However the expression

of uhis character ís greatly influenced, even sometimes, obscured by the

degree of maturity of the plants and by external conditions such as the

degree of weathering (Jensenr1961). In addition, genetic facLors and gene

interactions are responsible for the range of colour variation oc-

curring within each class, making clear-cut distÍnctions between classes

difficult to differentiate.

Inheritance of Lenma Colour

Leuna colour is one of the mosL obvious characters ín oats and it

has been exLensively sLudied geneÈical-ly. Jensen(1961) nade a review of

lít-eratr:re on the inheritance of this kernel character from Rimpau who

made the first report in 1891 to Coffnan who published Later in L964 Lhe

results of a sysÈematic study of lemna colour inheritance on 40 crosses

involving all the possible conbinations of the parenual lemma colours.

Very early in the investigalion of the geneËics of lemna colour, it

was observed that the cl-assifícation of segregating populations presenLs

many difficulties. As sLated by Robb(L932) accurate identificaËion of

all the possible genotype colour groups was impossible due to the

occurrence of a range of colours between two closely rel-ated shades of

colour such as yellow and white. Many invesLigators bypassed this
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difficuLty by grouping coLour classes.

Numerous investigations have provided genetic evidence for the

exist,ence of fact,ors controlling the expression of l-emma colour. A list

of 13 genes is presented in the catal-ogue of genes governing characters

in oats (Simons at Cl,1978). Inconplete epistasis or the existence of

modifying and inLensifyíng genes was suggested as being responsible for

the colour gradation observed between two colour classes.

No attempt will be made to dupLicate Jensenfs review of the

literature. However, a review of the genes governing lenma colour in

oats will be presented. All the differenL phenotypic raLios reported in

the l-iterature for each possible colour combination are summarízed in

Tables 1 to 4.

Black

Wilson(1904) report-ed data on a cross inl'olving a black-seeded oat.

He noLed that the colour of the black parent, Black Tartarian, Ìi'as

dominanL over lighter colours in a cross with a white oat. The Ft r{as

not as dark as Black Tartarían and the F, pro8enies were classifíed in

four colour groups, black, brown, ye1-low and white. He reported a ratio

of 3 black-brown:1 yellow-white suggesting that one compleLely dominant

gene for black lenma colour lras present in the genoLype of the black

parent.

As reported by Jensen(1961), Norton(1907) was able to distÍnguish

between black and the dark brown progenies and reported a ratio of 1

black:2 brown:l white. Therefore, the black gene involved seems Èo be
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Íncompl-et,ely doninant over rvhite. Black lenma coLour is conditioned by

the gene in its dorninant honozygous conditionrBB, brown is the expres-

síon of the gene in its heterozygous conditionrBbrand white is the result

of the recessive homozygosityrbb. This gene, reporLed by hlilsonr' Norton

and others, has been designated Lc-l (Simons eL aL'1978).

According to Jensen(1961), the existence of a second gene condi-

tíoning black lemna colour vras first reported by Nilsson-Ehle(1909).

From a black X white cross, he obtained a raLio of 15 black:l grey-white

but interpreted it as a trihybrid ratio(60:4). He concluded that Lhe

black parent carried th'o genes for blackrS, and S, and one gene for grey,

Gr. Robb(L932), Coffman(1964) and McKenzie and Fleischnann (1964) al-so

reported data supporting Nilsson-Ehlers discovery. This gene has been

assigned the symbol Lc-3 (Simons g.! al'1978).

Al-1 resul-ts obtained from crosses ínvo1-ving a black-seeded

indicate that black l-emna colour is epistatic over the other four

classes¡ grey, red, yellow and white(Table 1).

parent

colour

Jensen(1961) reported Meurmanrs suggesLion that the dark leruna

col-our(black) would be conditioned by a basic dark col-our factor grey(Gr)

whose effect is deepened by the action of the colour strengÈhening factor

designated Z. These two genes have been resymbolízed Lc-Z and Bn-Lc-2

respectively (Simons et aL,1978).

Grey

Nilsson-Ehle(1909rsee Jensenr1961) reported the exist,ence of a gene

condiLioning grey lenma colour. In the progenies of crosses involving
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TABLE 1. Segregation ratios for each colour conbination involving black
lemna colour

COLOIIR C0MBINATION F 's
COLOUR

F rs segrega-
gation ratio

REFERENCES

Black X Bl-ack

Black X Red

black

black

bl-ack

12 bl-ack:3 grey
1 red

L2 bLackz3 red:l
grey

9 black:6 red:
1 grey

48 black:15 grey:
1 red

Black X Grey bl-ack 3 black:l grey

12 black:3 grey:1
yel1ow

Black X Yellow tan 3 dark:l light
coloured

dark brown 3 black:l nonblack

3 black: 1 yel-low

12 black:3 yellow:
1 white

12 black:3 white:
1 yellow

1-ight-reddish 12 black:3 grey:
1 yellow

all bl-ack

72% colouredz2S%
uncoloured

3 black:l non-
black

3 black:l red

Coffnan( 7964)

Wakabayashi( 1921 )

Coffman( L964)

DeVillers( 1935)S
Tane(1938)S

Coffnan( L964)

Coffman( L964)

Coffman( 1964)

Coffnan( L964)

Coffman( L964)

Ma( 1933)S

Reed( 1931 )

Love and Craig
(1918a)

Ru( 1933)S

Nilsson-Ehle
(1eoe)s

Nilsson-EhLe
(1eoe)s

Surface( 1916)
Coffman( l96t+)
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Table 1(cont.)

COLOIIR COMBINATION F fs
COLOI'R

F fs segrega-
gation ratio

RBFERENCES

bl-ack 12 black:3 red
48 black:9 grey+yellow:

3 grey:3 yell-ow:1 white

MiddleLon( 1938)
Nilsson-EhLe

( leoe)s

48 black:12
bronze-red:1

brown 3 bl-ack:l white

brown 3 black-brown:1
yellow-white

brown 1 black:2 brown:
I white

12 black:3 grey:
1 white

60 black:3 grey:
1 white

60 black:4 grey-white

48 black:12 greyz
3 yellow:1 white

BCF familíes 2 black:l grey:
1 white

BCF fanilies 1 seg:1 nonseg

gre
ye1

Coffman( L964)

Nilsson-Ehle
(1eoe)s

I,ililson( 1904)

Norton( 1907)S

Nilsson-Ehle
( leoe)s

I,Jelsh( 1931)
Philp( 1933)

Robb( 1932)

Nilsson-Eh1e
(1eoe)s

Coffnan( L964)

Kiehn et al-
(te76)

hrong( 1981)

3
ovI

v
I

Black X l,lhite

cited by Jensen(1961)
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black and white oats, he obtained grey segregaÈes (ratio of 15 black:l

grey-white and 12 bl-ack:3 grey:l white). He concl-uded that the gene for

grey(Gr) present in the genotype of sone of his black parents r{as

expressed only in the absence of the genes I or Ð 
'(genes conditioning

black lenna col-our). Sinons et 4(1978) assigned the symbol Lc-2 to this

gene.

Two reports suggest. the existence of different types of grey.

Jensen(1961) cited Lhe work of Akerman and Bader who observed two Èypes

of grey in the þ and F3 populations. The two types were designated

GreyI(ft) and GreyII(G¡). They reported the gene for black colour epi-

static to C1 and G,, and G t epistatic Lo ft1 . The t.ripLe recessive was

white.

Later Coffman(I96t+) studÍed the combination grey X grey and obtaíned

two types of segregation ratio, 15 grey:l yellow and 63 grey:l yellow.

From these results, he concluded that the grey parents used were of t,hree

different types: (1) those with the factor GG as in the variety

Cornellían; (2) those with the factor GtGt as in the variety Garton Gray

and (3) those with two factors for grey(G^G^) as found ín Avena f¡rtua." '- 22'

The presence of an inhibitory gene for yellow in the genotype of

cerLain grey-seeded cultivars of oats was proposed by Coffman(1964). He

crossed Cornellían, a grey oat known to carry also a factor for grey(G)

and a factor yel1ow, and Garton Gray that, carries a dífferenÈ fact,or for

grey(Gr). A smaller number of yellow progenies than expected was found in

the F, population. He suggested that Garton Gray carries a factor

inhibiting yellow or no yellow factor.
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l,Jong(1981) found that grey lemma colour rr¡as controlled by two genes

in CAV 4656(1ight-nediun grey), an A.sterilis accession. The backcross

fanilies segregated with a ratio of 3:1. The dark grey colour of. CÃY 4248

was conLrolled by a single gene as demonstrated by Çhe 1:1 segiegation

rat,io obtained in the backcross F2 fanilies.

In general, grey is hyposLatic to bl-ack, epistatic over yellow and

white and eíther epistalic or hypostaLic over red. The ratio 48 black: 12

grey:3 yell-ow:1 white supporLs the first two statemenLs (Coffman, L964),

His ratios for black X red crosses (eg.12 black:3 grey:l red and L2

black:3 red:1 grey) indicaLed the possíble exisËence of different factors

for both grey and red and their interaction wÍth each other.

Table 2 presents a l-ist of the phenoÈypic ratios reported in the

literature for a1-1 possible colour conbinations involving grey-seeded oat

parents except the black X grey conbination.

Red

According Lo Jensen(1961), several- workers reported the existence of,

a gene conditioning red lernma colour. I{iggans(see Jensen'1961) studied

the progenies of the cross Red Texas(red) X Swedísh Select(whíte) and

observed that the F, had lemmas of a líghter red colour than the red

parent. Four colours vrere found in the F2 population: red, grey, yellow

and whíte. He grouped then into reds(68) and nonreds(23) which suggests

a 3:1 relationship.

Fraser(see Jensen 'L96I) crossed a dull yellowish

oat(Burt) with Sixty Day(yel-low) and obtained a phenotypic

red-seeded

ratio of 48
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TABLE 2. Segregatlon ratios obtained for each colour combination invol-
víng grey l-eruna colour

COLOIIR COMBINATION Ft'"
COLOUR

F2 rs segrega-
gation raÈio

REFERENCES

Grey X Bl-ack

Grey X Grey

Grey ï Red

Grey X Yellow

Grey X White

(see Table 1)

15 grey:l yellow

63 grey:l yellow

3 red:l grey

13 grey:l red

dihybrid

3 grey:l yellow

13 grey:1 yellow

3 grey:l white

72 grey:3 red:
I white

12 grey:3 yellow:
1 white

1 grey:l white

3 seg:l nonseg

1 seg:l nonseg

Coffnan( 1964)

Coffman(1964)

Florel1( 1931 )
Coffman( L964)

Coffnan(1964)

Nilsson-Eh1e
(1e0e) s

Cof frnan( L964)

Coffman(1964)

Nilsson-Ehle
( leoe) s

Coffman( L964)

Hennings( 1924) S

Coffman( L964)

Klehn et al
(1e76)

I'long( 1981)

hrong( 1981)

grey

BCF fanilies
2

BCF fanilies
2

$cited by Jensen(1961)



red:15 yellow:1 white. He suggested that a factor

factors for yel1-ow, Y and Yf were involved. Thís

colour was redesignated Lc-6 by Simons et al-(1978).

T4

for red(R) and Lwo

gene for red lernma

responsible

and white

Cotner(l929,see Jensen,Lg6L) and Coffnan(L964) found a second gene

for red lemna colour. Cotner crossed red {.sterilis var, Ruvia with

A.sativa var. Upright (white-seeded). The observed segregation ratio

fitted a 63 red+yellow:l white ratio. He concluded thaL the red parent

carries two facLors for red and I factor for yellow. Coffman reporLed a

ratÍo of 60 red:3 ye1-Low:1 white for a cross red X whíLe invol-ving

Fulghun fatuoid.

As nentioned previously, red is hypostatic Lo black and either

epistatic or hyposLatic to grey. In all cases where red, yellow andfor

white segregates are involved, the phenotypic ratios demonstrate that red

is epistatÍc over yeLlow and whíte.(Table 3)

Ye1low

Nilsson-Ehle(1909,see Jensenrl96l) discovered a factor

for yellow lemma col-our. He nade 10 crosses beLween ye1l-ow

parents and observed that the colour of the F, rs varied frorn yellowish

shades to white. FZ progenies were classified as yellow-yellowish or

whít.e. The overall total for the 24 fanilies examíned was I1279

ye1-1ow-ye11owÍsh:11368 r+hite. He studied the F, generation of two F2

farnilies. One of the families gave a segregation ratio of 41:84:35

suggestive of a Lt2zL relationship. From this, Nilsson-Ehle concluded
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TABLE 3. Segregation ratios for each colour combination invol--
ving red lemna colour

COLOUR COMBINATION Et's
COLOI'R

F,,
gati

s segrega-
on ratio

REFERENCES

Red X Black

Red X Grey

Red X Red

Red X Yellow

Red X lthite

(see Table 1)

(see Table 2)

all red Coffman( 7964)

12 red:3 reddish
grey:1 yeL1ow

Coffman( L964)

15 red:l yeL1ow Coffnan( L964)

light-red 68 red:23 nonred hliggans( 1918)S

light-red 63 colored:1 whiue Cotner(1929)S

t-o -- l-1ô --- --+o r eu a Lz gf-ey a

3 yellow:1 whíte
^ Êr /1^a, \uorrman\ LYa+ )

60 red:3 yellow:
1 white

Coffman( 1964)

S cited by Jensen(1961)
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that one pair of alleLes was involved, the heterozygote(Gg) being capable

of showÍng a continuous series of colour shades between yel-low and whÍte.

The synbol- Lc-4 has been assÍgned to this gene (Sinons et 9-1.,1978).

Surface(1916), Love and Craig(1918b), Torrie(1939), Coffman(1964) and

others also provided evidences of the existence of thís gene.

Fraser(I9L9rsee Jensenr196l), in a study involving a dull yellow-

ish-red oat(Burt) and the yelLow-seeded cultivar Sixty Day, díscovered a

second gene conditioníng ye1Low l-emna colour. The observed phenotypic

ratio gave a good fit to a 48 red:15 yellow:l white relaLionship. Fraser

assumed tr+o factors for yellowrY and Yf, and one facLor for red(R). R is

epistatic to both Y and Yr. This second gene q¡as later renamed Lc-5

(Simons .qË el" L978) .

Coffman(1964) al-so obtained evidence of the exisÈence of a

gene for ye1low Lemma colour. From the results of the cross

yel1ow)

second

and

second

Navar-

oLher

factor for

ro(ye1low) X Markton(yellow),(63 reddish-yel1ow:1

studies, Coffnan concluded that Markton must carry a

yellow differenL thaÈ the one in Navarro.

Two cornpl-ementary facÈors, designated Lc-10 and Lc-ll (Símons et

a1,1978) have been reported by Ko et a1(1946). They sLudied the inheri-

tance of lenrna colour in a cross between S.D.334, a yellowish-r+hite

A.sativa varíety and Bond,' a f-ight reddish-brown A.bvzantÍna variety.

ClassifÍcation of the F, lines gave a raÈio of 7 yellow to white:8

segregating:1 reddish-brohrn. The authors concluded that Ëwo

conplemenLary facbors conditíoning white to yellowish lemna colour \¡ere

carried in the dorninant homozygous condition in S.D.334 and in Lhe
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recessive condition ín Bond.

An unusual ratio of 63 reddish-yellor¡:l yellow was obtained by

Coffman( Lg64) fron a cross involving two yellow-seeded parents. 'Coffman

suggested that a modífying factor or facÈors were present in the genotype

of varieties Navarro and Markton in addit.ion to the factor conditioning

yellow lemma. These factors intensify the yellow colour and are res-

ponsibl-e for progenies thaL closeLy approach red in colour.

Yellow has been shown to be hypostatic to black, grey and red. Ït

ls eíther hypostatic or dominanL over white. In all cases where the

dominant genes for white lemma colour reported by Welsh(1931) were not

present in the genotype of the parenLs, yell-ow is doninant over

whÍte.(Table 4)

l{hite

Two dominant genes, Lc-8 and Lc-9(Simons ç!41'1978)' hlere found by

Welsh(1931). In one of the four yellow X whiLe crosses sLudied, he

obtained a ratio of 7 white:8 segregating:1 yell-ow in the F, generation'

The results indicated that two factors with white being dominant were

involved.

In relatíon to the other colour classes, white is always recessive'

except when the doninant gene conditioning white l-enna colour Ís present

in the genotype. In this case, ye1Low is hypostatic Lo white.

Coffnan( Lg64) studied the combination v¡hite X white and concluded

that the parents had a conmon genetíc constitution.(Table 4).
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TABLB 4. Segregation raLios obtained for the three colour combinaisons
ye1-low X yeL1-ow, yellow X white and white X white

COLOUR COMBINATION F'r ts
COLOUR

F2 rs segrega-
gation raLio

REFERENCES

Yellow X Yellow 63 reddish-yellow:
1 yellow

Yellow X l,lhite yellowish (E )1 ye11ow:2 ye]-
fow-white:1 white

I white:2 ye11ow-
white:1 yellow

to

3 yel-low:1 white

all white

Coffnan( L964)

Nilsson-Ehle
(1eoe)s

I,lelsh( 1931)

I{elsh( 1931)

Coffnan(1964)

Coffman(1964)

whire (f. ) Z whire:8 seg:" I yellow

I,lhire X Whire

$ cíted by Jensen(1961)
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Light-Brown

Nishíyama(lg34), as cited by simons er ar-(1978) reporred a gene(B1)

for light-brown lenna colour in the progeny of A.bar.bata x J.siriposa.
This gene appears to be epístatic over grey lemma colour of A.striqosa.

The gene was assigned the sLandardized synbol- of Lc-I2 (Simons st

al,1978) .

Table 5 presenLs a lisL of the genes conditioning lemma colours in
oats as reported by Simons qt 41(1978).

Associat.ion Between Lemma CoLour and Other

CharacteristÍcs

Inheritance studies often provide information on linkage relatíon-

ship i.e. the association in inheritance of certain genes loca¡ed on the

same chromosome (Rieger qL L1 rL976). Tests for genetic ]-inkage fre-
quenÈ1y provide evidence of gene indeDendence.

Lernna Colour and Moro oeical Kernel Characters

Genetic fndependence

Genetic independence has been reported between lemma colour and the

following kernel characteristícs: type of basal articulation, awns, basal

pubescence, dorsal pubescence, the naked character, and fatuoid type of

grain (Jensen,1961).

Kiehn eJ el(1976) found Lhat the awned characteristic was ÍnherÍted
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TABLE 5. OaL genes for l-eruna colour (Sinons q! a1,I978)

GENE SYMBOL DESCRIPTION AND MOST RECENT REFERENCE

Lc-1

Lc-2

En-Lc-2

Lc-3

Lc-4

Lc-5

Lc-6

Lc-7

Lc-8

Lc-9

Lc-10

Lc-l1

Lc-L2

Incomplet.ely dominant gene for black
or dark lemna colour. (CoffrnanrL964)

Gene for grey lemma colour expressed
only in the absence of black. Design-
aled frcrtr. (Coffnanr1964)

Gene that intensifies grey lemma co-
l-our in the presence of Lc-Z. Designated
ttztt . (Meurman, 1927)S

Second gene for black lemma colour.
DesignaLed 52. (Coffnan,L946)

Gene for ye1-low lemma colour.
Designated trctr. (Coffnan11946)

Second gene for yellow lemma colour.
DesÍgnated rrYrr. (Fraser,1919)S

Gene for red lem¡na colour. Designated
rrRtr. (Cof fnan, L946)

Second gene for red lemma colour.
(Coffnan, L946)

Dominant gene for white lemma colour.
(Welsh, 1931 )

Second dominanL gene for whíte lenma
colour. (hlelshr 1931)

Complenentary gene conditioning with
Lc-ll white to yellowish lemna colour.
(Ko e! aL,l946)

Conplementary gene conditioning with
Lc-10 white to ye11-owish lenma col-our.
(Ko e_t aL,L946)

Gene for lighu-brorvn lemma colour.
(Nishiyana, 1934 )g

$ cited by Simons et a1.(1978)
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independentLy fron bl-ack leruna colour in the cross Pendek (whíte) X CAV

4963 (black).

Linkage RelaÈionship

Basal articulation. trlilds (L9L7,see Jensen,1961) reported linkage between

lemna colour and basal articulation. He found a negatÍve correlaLion

between fatua type of articulation and yellow lenma colour. Ïn a cross

of A.sativa X A.sterilis MÍddleton(1938) concLuded thaL the sterilis
ttsuckertt base character is cLosely linked with red leruna colour.

Awns(inhibito¡r). Love and Fraser(1917), Love and Craíg(1929) and

according to Jensen(1961), other workers reported a relationship beLween

Lhe development of ye1low colour and the degree of awning. The factor

responsible for yel1ow l-emma colour seens to be closely linked with an

inhibitory factor that l-imits awn developnent. Smíth(L934, see

Jensenr1961) suggested that the awn complex of length, strengLh and

presence is associated wiLh genes for dark lemma colour. Kiehn et

aL(L976) had reported that the genes for grey len¡na colour and wild Lype

ahrns appeared Lo be linked in three A.sterilis accessions, CAV 4963, CAV

1358 and CAV 1376. trlong(1981) reported a similar assocíatíon between

strong awns and grey lemma colour in anoLher A.st.eril-is accession, CAV

4248.

Pubescence. Linkage beLween black lenma colour and dorsal l-emma

pubescence on the Lor+er grain has been reporLed in A.fatua by Sur-

face(1916) and Aanodt et al(1934) and in A"sterilis LudovicÍana by

Middleton(1938). In A.fatua, Love and Craig(1918a) found two factors for



pubescence, one linked with black col-our and

colour facLors. Philp(1933) also report,ed

condítioning black lemma colour(B) and one of

pubescence on the back of the l-ower grain(P).

22

the other independent of

1-inkage between the gene

the Lwo genes governing

Wilds(L9I7rsee Jensen,1961), Love and Craig(19i8a), Von Tschermak

(1929rsee Jensenr1961) and SnÍth(1934, see Jensen,1961) found partial or

complete linkage between yellow l-emma colour and glabrousness. The gene

for yellow factor has either an inhibitory effect on lemma pubescence or

is closely linked with an inhibit.ory factor.

Hairiness of the lemma and brown lemna colour were alnost cornpletel-y

linked in an A. f atua X A. sterilis cross (Florell , 1931 ) . ltlong ( 1981)

reported that the genes for dark brown lemma colour and l-enma pubescence

appeared to be either pleiotropic or c1ose1-y linked in the cross CAV 4904

X fsun lfl-z '. An associatÍon between grey lemna colour and lemrna

pubescence was reported in the cross CAV 4656 X tsun fÍ2'.

GeneLíc complexes

Genetic compl-exes involving gene(s) for Lemna colour have been

reported. According to Jensen(1961), Jones and Von Tschermak reported

complete or close coupLing between satíva kernel type and yellow colour

of the lemma. A l-inkage complex of genes controlling seven characters

was found by Torrie(1939) in a cross of lowa No.444 X Bond (4.b-fZg4-tng).

The characters línked were ye1Low lemma, basal articul-ation, hair number,

awning, rachilla attachment, red lemma and hair 1-ength. Ko 9! a1(1946)

studied seven kernel characters in crosses of Bond with two A.sativa
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parenLs and found that. the genes were all Located on the same chromosome.

They suggested that the order of genes was awning, twisted bl-ack base of

awn, basal- articulatíon, basal haÍr nunber, rachilla atLachment, basal

hair length and lemna colour.

Lemma Colour and Disease ResisLance (Rus t and Snut)

Crown and Sten rust

Forsberg and Nishiyana(1969) reported that genes conditioning black

lemna colour and resistance to Puccínia coronata f.sp avenae Eriks.(crown

rust) were linked in four tO lines derived from the oat cross

derÍved-tetraploid C.f.7232 X A.satÍva var.Clarion. A1l- resistant plants

had dark-coloured lemnas while susceptible pLants had light-coloured

lemmas.

McKenzie and FleÍschmann(1964) reported independence between genes

for black lemma colour and genes for seedling and adult crown rust

resistance in two IsraeLi collections of A.sterilis.

McKenzíe ç! a1(1968) reported índependence beLween genes for black

and white lenma colours and rust resistance in theír study of the

association of stem rust(!.graminis Pers.f .sp.flglee Eriks. and E.Henn.)

and crown rusL resistance in Jostrain, an A.saLiva variety.

Kiehn g! al(1976) investigated the association existing beLween

resistance to crovrn rusL and seed colour in four accessions of

A.sterilis, CAV 4963(bl-ack)' CAV 1358(grey), CAV 1376(grey) and CAV

1964(white). Resul-ts showed that the genes responsibl-e for lenma colour
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and those conferring crown rust resístance segregated independently.

Wong(1981) found no association between croh'n rusL resistance and grey

and dark brown lemma colours ín three dífferent A.sterilis accessions,

CAV 4248, CAV 4656 and CAV 4904.

Independence has been indicated between genes for lemrna colour and

reaction to certain sten rust races by Hayes et aL(1928), l{elsh(1931) and

Snith( L934,see Jensen, 1961 ) .

Smut

I^Iakabayashi( 1921) , in his study of the inheritance of smut

resisLance, stated:rr There rnay also be a correlation between smuL

susceptibility and white colour of the floral gl-umes.rt. Garber et

a1,(I929) reported an apparent linkage between a gene for black l-emma

colour and a modifying factor(or a group of factors) responsíble for smut

suscepLibí1ity.

Reed and Stanton(1925), Hayes et al(1928), Reed(1931), Coffnan eL

a]-(1931), Johnson(1933) and Patel(L94I,see Jensen, 1961) have reporLed

genetic independence beLween the genes for smut reaction and those for

lemma colour.

Lemna Colour and Grain Qualíty Characteristics

The relationshÍp between lemma colour and the grain quality

characters, test weight, hu11 percentage, protein and oil- Percent has

been less frequently studied than the associaLion with norphological-

kernel characters. However, since Murphyrs report(USDA'1967) on the
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protein content of several- A.sterilís selections, studies on the

associatÍons âmong traits in progenies fron A.saLiva X A.sterilis crosses

began to appear in the literature. The objective was then to determine

wheLher any easily cI-assifiable morphologicaL traít ,coul-d 
""ru" 

as an

Índex for selection of l-ines having a high protein percenL.

Foll-owíng is a revieh¡ on the six quality characteristics investiga-

ted in this study. Pertinent infornation concerning each character and a

review of literature on their relationship wÍth lemma colour is pre-

senLed.

Test l,leight

The character tesL weight estinates the weighL of a fixed vol-ume of

graín. It is a measure of packing density and consequenLly is of val-ue

in storage and transportatÍon. Oats exhÍbit the lowest. test weight (42

kg/hl-) ín comparison ro barley, wheat and corn (60 kg/nf, 75 kg/hl and 70

t.- lr.1 -^^^^^+;,'^1 -\ Thì - 1nr.r {-acl- ¡.rai c}rt rrql rra i c ¡lrro tô tha hrr'l l¿v
^Ë'l ¡lr t r çÞyççLLvçLJ ¿, . ¡¿¡!Þ ¿vw

hul-ls of the oaL grains.

A ¡nininum test weíght value has been determined for each grade

defined in the OfficiaL Grain Grading Guide (Canadian Grain Commíssion,

1984) for the grading of Canadian oats. The oats graded No.l Canada

l,lesLern must have a tesL weight equal- to or hígher than 52 t<g/frl to neet

the standard of quality determined for this grade. Any oat sample having

a l-ower test weight woul-d be cl-assified in a lower grade thus reducing

the economic value. The oat breeding program aims to íncrease the tesL

weight as nuch as possible while naintaining the level of the other
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desirabl-e characteristics. This quality characteristic is inheriËed

polygenically and high values of heritabil-ity (0.62-0.88) esLi-mated by

variance components have been reported by l,Iesenberg and Shands(1973).

No report could be found in the literaLure concerning the relation-

ship between lemma colour and test weighL.

Percent Hul-l-

Percent hul-l- is expressed as a percentage of the ratio of hull

weíght to toLaL seed weight. Because the nutritional value is found in

the oat groat, it is an important graÍn quality characteristic when

considering oats for eiLher feed or food purposes. In boLh cases, low

percent huLl is desirabLe.

Total energy conLenL is a najor facLor to consider Ín the choice of

grain for feed purposes. Due Lo their high fibre conLenL, hulls reduce

the total- energy contenL of the oat grain naking oaLs less advanLageous

conpared Lo oLher cereaL grains. The breeder can improve the total

energy conÈent of the oat kernel by either reducing the percent huLl or

increasing the oil contenL.

Hulls are of low nutritional value, tough and fibrous and quite

inedibl-e by hunans. Therefore for food purposes, Lhe hul-ls nusL be

removed during the nanufacture of edible products. The hull percentage,

Ínversely related to groat percenÈage, ís the nost influenLial factor

affecting milling efficiency. Hu1-l percenÈage therefore should be as low

as possibl-e. Hulless oats would be the best oat for ni1-ling purposes.

However, problems in storage of thís Lype of oats have noL favoured its
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practical utilization.

Berry(L920) sLudíed the associaLion between lemma colour and several

graín quality characteristics using 120 varÍeties of. oats. He grouped

the cultivars by colour of the grain (white, yel-low, black or grey

lemma), by thickness of the hul-l (thin, medium and thíck) and by kernel

size (small, mediun and large). He observed that the lowesÈ hull

percentage hras exhibited by the thin hull division of the bl-ack and grey

grains.

Lyrene and Shands(1975) studied t,he associations among traiËs inF,

and F^ progenies of six Aæliva X A.sterilis crosses in an att.enpt to
5

deternine whether desirable -ê.".!ilg traiLs can be maintained while

se1-ecting for hÍgh protein. The F2 and $ pl-ants were grouped according

to lemma colour (whiter BreJ/, light-brown and dark brown) and were

conpared for mean expression of six quanLiLatíve t,raits. The results

showed an association between white lemma colour and groat percentage

with the white-lernma pl-anÈs exhibiting a significantl-y hígher groat

percenLage (lower hu1-1- percentage) than the other col-our classes í.e.

greyr 1-ighu-brown and dark brown.

Luby and Stuthman(1983) studied associations anong agronomic, graÍn

quaLity and seed morphology characters in progenies of eight A.satj-va X

A.fatua crosses. They found that dark seed colour (grey, brown or red)

and shaLtering were associated with lower groat percentage (higher hull-

percenLage).

Inheritance of caryopsis and hul1 percenLage has received little

attention. Wesenberg and Shands (I97LrL973) studied segregating
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generations of seven oat crosses and suggested Èhat severaL genetíc

facÈors influence caryopsis percentage and that the effects are additíve.

Herítability estimates ranged from 0.82 to 0.95 by t,he variance component

nethod. Stuthnan and Granger (1983) observed apparent differences in

genetic systems. The resul-ts suggested part.ial dominance for high

caryopsis percentage in population I (mediun X high cross), parLial

doninance for l-ow caryosis percentage in population II (1ow X low cross)

and an additive rnechanism in popul-ation III (1or+ X mediun). They obtained

heritabil-ity vaLues of the same magnitude as those reported by previous

workers.

Proteín Percent

Frey(1977) reviewed the literature on proteín of oats and described

the three unique features of this qual-ity component of oaÈs. First, oats

is a very nut,ritious grain. ïLs biological- val-ue expressed in PBR

(proLein efficiency ratio) is higher than that of corn, sorghum or wheat.

Thís is due to the Low proportion of Lhe prolamin fract,ion (a1coho1-

soluble protein fraction) in the oat protein. The percentage of avenin

(oat prol-arnin) varíes from 12 to 20%. The oLher cereals (wheat, barLey

and corn) have from 30 to 60% prolamin Ín the total proLein fract,ion of

the grain. The prolamin is very poor in Lhe three essential amino acids,

l-ysine, threonine, meÈhionine and breeding efforts are concentrated on

reducing iLs proportion in the other cereal grain proteins.

The second feature of the oaL protein is that its biological val-ue

does not deteriorate as the protein conLent in the grain increases. As

reported by Pet.erson(L976) the anino acid balance of oaLs re¡nain rela-
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Lively stabl-e over a wide range of protein percentages. He showed that

this was because the globulin (salt soLubl-e protein) fract.ion, whose

amino acid composition Ís similar to that of the total protein, increases

more than the other fractions with increases in. total protêin. In

conLrast, in corn, barley or wheat, where the percentage of lysine and

other essential anino acids declines (as percenLage of total protein)

because the proportion of prolamine increases with an increase in proteín

percenÈage. Robbins et aI(197L) reported a Low correlation between

groaL-protein percentages and lysine percentages in the protein of oats.

Thirdly, Lhe protein content of oaL grain can be increased by

genetic means. Studies of Robbins et a1(1971), Frey(1973) and others

demonstrated that a wide range of protein content i-s present Ín A.satíva

species with a protein content as high as 2I.9%. A.steriLis species

represents a very useful source of genes for high protein content wÍth a

mean proteJ-n contenL of 25.97. having been reported by Briggle e!

aL(1975). The mean herít.ability for this character, overall studies, is

46%. Therefore, the variability and heritability of protein content

suggest that improvemenL shoul-d be successful through sel-ection.

Frey(1977) summarÍzed the information of the genetics of this oha-

racteristic in oaLs. He rnentioned that proteín percent seems to be

inherited polygenícally in crosses among straíns of cuLtivated oats with

partÍal doninance for low protein content in the F1 r buL largely addi-

tive gene acti-on Ln F, and l-ater generations,

A negative correlation found between protein percent, and grain yield
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nay sLov¡ down the progress in oat protein content inprovement. However,

Frey(1977) nenLioned that Èhe high protein-Lorr' yield relaÈionships in

oaËs are íncorrect since genes for high grain protein having no

detrinentaL effect on yield have been discovered. Genes for high yÍe1d

that have no effect on protein conËent have aLso been reported. The

breeding objective ís to increase the ÈoEal protein yield. Grain protein

percent seens to be lnherited polygenically in crosses among strains of

cultivated oats (Frey ,L977).

These three characteristics of the oat proteÍn give to this cereal

the potential to become one of our mosL valuable foods.

Associations of percent protein with l-emna colour have been reported

by several authors. Berry(L920), in hís study described previously,

observed that the protein percent of the yell-ow-grain varieties was

inferior to other colour cl-asses i.e. rvhite and black and grey. LeRoy et

aI(I974) used the F_, Beneration progenies of F4 p1-ants from crosses

between A.sterilis cultivar Maxima Perez Lara and 5 A.g¡j':¿a cultívars to

study Lhe relaLionshÍps among factors involved ín the improvemenL of oat

quality. The partíal regression coeffícients obtained indicated high

proteín percenL was significantLy related to dark coloured lemmas

(r=0.19). They suggested that this kernel characteristic could be

considered as a sinple means of selection for protein percent. Campbell

and Frey(1972) and Lyrene and Shands(1975) studied A.sativa X A.steri.lís

crosses and found high protein pefcenL was assocÍated with several

undesirable spikelet characteristics (a11 d.sterilis traits) Íncluding

shattering spikelets, awns and dark seed colours (brown and grey).

However Luby and Stuthnan(1983) reported that dark seed colour(grey,
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brown or red) and shattering were associated with lower groat prot,ein

percent in progeny of A.sativa X A.fatua crosses.

0í1 percent

Kent(L975) presented Èhe proxímate fat content of cereal grains on a

dry natter basis (Table 6). This shows thaL with the exception of sweet

corn, oats(whole or dehulled) and millet exhibit a relatively hígher oi1

content than the ot,her cereals. Furthermore, oats is unusual among

cereaLs because most of the oi1 is in the endosperm. This makes the oaL

flour particularly rich conpared to ot,her cereal flour (Key,1959).

The quantity and quality of oil have an effecL on the suitability of

oats for animal- feed or for human nutrition. For animal feed, an

increase in oil contenÈ would improve the caloric value of oats and thus

makes thÍs cereal more competitive as a componenL of feed formulas.

For hu¡nan nutrition, the fatty acids composition of oil is of príme

importance. I'lelch(I975) demonstrated the good quality of oat oil in a

study of the fatty acid composition of six genotypes of oat,s and two of

wheat and barley. He showed that the proportions of Lhe three fatLy

acids, oleic, l-inoLeic and lÍnolenic r+ere better in oaLs than ín wheat

and barl-ey because the oleic acid constitutes a higher porportion in the

oat oil. However, a najor.increase in oil content in the oat grain might

Ínpair its use for processing and its quality during storage because of

rancidity problens caused by high free fatty acid levels. For these rea-

sons, oats with less than 77" oi1 have been preferred by human-food

processors. Frey and Hanrnond (1975) suggested that Ít may be possible to
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TABLE 6. Proximate fat content of cereal grains
(dry matter basis) after Kent(I975)

CEREAL FAT PERCENTAGE

hlheat
Manitoba
English

Maize
flint
dent
sweet

2.9
2.6

Sorghum

Mil1et

Rye

Barley

Rice
paddy
brown
polish

0ats
whole grains
groats

3.6

5.4

r.4

1.8

4,9
4.6
9.L

2
2
0

5
7

2
7
5

2
0
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solve the rancidity problem by reducing the 1-ipase activíty either

through breeding or post-harvest processing.

Improvement of the oil content by selecuion is possÍb1-e. Oats show

considerable genetic diversity affectíng oi1 coritent. Brown and

Craddock(I972) have examined over 4000 entries in the lrlorld Col-lecLion

and have found groat oil conÈenLs from 3.1 to IL.67. with over 907. of the

sanples having 5 to 9% oLL, Varíability has been found among wild oat

species as well- (Frey and Hammond rl9T5). Thís grain qual-ity charac-

teristíc is highly heritable as reporLed by Brown 9! a1(1970) who

estimated the herítability of oil contenL at 75-79%. Baker and McKen-

zie(1972) reported high heritability values(68 Eo 93%) in 13 crosses rnade

among high-, medium-, and low-oil cul-tivars. One cross beLween sister

culLivars gave a very low heritability value(182). 0i1 content is inhe-

rited polygenically (Frey and Hanmond,L975).

Nonsignificant negatíve correlation between protein percent, and oil

percent has been reported by Forsberg q_t aI(L971+) and others and no

significant undesirable correlations seem to exÍsL between oil percent

and oil qual-ity, groat yield and groat weíght. Baker and McKenzie(1972),

found that oil- conlent was not significantly correlated wiLh kernel

weíght, kernel density or hull percentage.

Breeding for oil percenL requires l-aboratory oil- percent determi-

nations which are expensive and time consuming. It would be useful Lo

have a highly-visible trait of neutral- or positive value associated with

high oil percent which could serve as an index for selection.

Berry(L92O), in his study previously described, reporLed that the highest
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percenÈ oiL was found Ín the thin hu1l divisÍon of the black and grey

cLass. Luby and Stuthnan(1983) reported an association between dark seed

colour, shaËtering spikeLets and Lower groat oi1 percent 1n A.sativa X

A.faÈua crosses. No further investigations on Ëhe association oi lemma

co1our and oil content have been reported.

Kernel weíght

The character kernel weight is a neasure of the weight of a given

number of kernels and gives a rough idea of the size of the seeds. It is

an import,ant component of yield. Sampson(1971) estimated the herÍt.abi-

1íty (narrow sense) of this quanLitaLive trait. at 747".

No report, could be found in the literature concerning the relation-

shíp between lernma colour and kernel weight.

Post-harvest dormancy

Yield losses can result from post-harvesL sprouLing of the grain in

the swathed oats when the condítions are favorable for germination. In

addítion to yieLd losses, the grain quaLity is affected. In these condí-

Èions' post-harvesL dormancy or deLayed germinat,ion would be very desira-

ble.

Dormancy couLd be defined as a block to germinaLion in a nornal,

mature grain placed in optimal germinative conditions (GordonrI979).

Thís is to dístinguish from absence of germinaLive responses at the time

of tesÈing due to imnaturity.
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Coffman and Frey(1961), in Èheir review of literature on dornancy in

oats, concl-uded that dormancy is a characler inherent in the species or

varieLy and does not appear Èo be associated with any morphologic

characÈers of the seed. However, Coffman and Stanton(1938) who tåsted 25

different oat varíeties representing síx specÍes, reporLed that Èhe

dark-coloured varÍeties appeared nore frequently to have delayed gerrni-

naLíon. 0n1y the bl-ack and red varieties in the cultÍvated oats \,rere

classifíed as having delayed germinatíon Í.e. they did not germinate

effectivel-y until abouL tr+o nonths after harvest.

Associatíons Found in Other Species

Associations beLween seed colour and grain qualÍty characterisLics

have been reported in oËher crop species. Four exampl-es wÍl1 be presen-

ted in Lhis seclion to show the practical use of such relation-

ships.

In wheat, a positive associaÈion has been f ound 'oeùween grain cc.riour

and resistance to post-harvest sprouting. McEwan(1975)' one of those who

sLudied this relationship, reporËed that Lhe red-grained group had higher

initial seed dornancy, a lower tendency for sprout damage, a greater

capacity to naintain test weight, 1-ess visible sprout damage to the grain

and higher seed viability under sprouting conditions Lhan do sinilar

varieties with whíte grain. These results support.ed the comrnonly used

practice of selecting for sprouting resistance amongst the red-grained

1ines.

Leisl-e et aL(1981) studied l-ines of durum wheat (Triticum tursidun
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L.) for white g1-une colour, gluLen strength and banding of glíadin

proteins. Their results showed a linkage of factors controlling g1-une

colour and gliadin proteins. Gluten strength appeared to be associated

with these two characteristics. They have stressed the importance of

this relationship in a planu breeding program ainíng to select cultivars

with strong gluten characteristics.

The Ëhird exanpl-e concerns the breeding of turnip rape Brassica

canpestris L.). Jonsson(1977) reported the association of seed colour

and quality of rape and suggested the use of ye1low seed colour Lo

directl-y sel-ect lines having high proLein and oi1 content and l-ower crude

fibre contenL in the rape neal. This is now a conmon practice.

Culbertson and Komnedahl(1956) studied Lhe effect of seed coat

colour on other characters in flax using Lhe Ísogenic line technique.

Theír results showed that there hras an association between yellow seed

colour and hÍgh oi1 content and high iodine number of t.he oil.

Yel1ow-seeded lines !/ere also hígher in 11000 kernel weight and anounÈ of

seed damage buË lower in test weÍght and seed yield than the brown-seeded

1ines.
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EFFECT OF LEMMA COLOIJR ON GRATN QUALITY

rN OATS,AVENA SATTVA L.

Abstract

The effect of oat lemma colour on grain quality was studied through

the use of Fg derived near-isogenic F6 Lines of contrasting lemma

colours. Red lemma colour was associaËed wiLh a lower hul1 percent and a

lower test hreight in conparisons with whiue or yellow lemmas. In 1984'

the average difference of L.172 hull between the white and red near-

isogenic lines represenLed 4.4% improvenent over the mean percent hull of

the white-seeded l-ines. The red-seeded lines were significantly lower in

percent hull ín 30 out of the 36 pairs. Genetic possibiliLies to account

for this resulL are discussed and include pleiotropism or a close 1-inkage

between the gene for red colour and a gene for 1ow percent hull. A si-

gnificant difference of 0.73 and O.74 kg/hl- in test weight r'/as obt,ained

in the white versus red and ye1-Low versus red comparisons respecLÍvely.

The association of lemna colour and pereent hu1l appeared Lo be sÈronger

than the association of 1em¡na colour and test weight suggesting that Ít

would be easier to selecE red-seeded oat lines with a low percent hu11

and high tesË weight than white-seeded Line having a low percent hul1 and

high test weight.

Although showing no differences in 1983, white oaLs were of higher

quaLity in 1984 with a signíficanuly lower percent hull (-1.70% huIL) and
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a significantly higher test. weight (+2.29 kg/hL) when compared with their

near-isogenic ye1-1-ow-seeded Lines. Black lenma col-our seens to be

associaLed with lower overall quality (2.L2i( hu11 higher and 2.29 ke/itf

lower in tesL weight) in comparison to the oÈher colour classes.

Red lemrna col-our could serve as an index Èo select high quality

oats. No associations were found between lemma colours and the agronomic

characLers studied so Lhat it should be possíble to select for yield,

short straw and maturity within any hull colour class.

fntroduction

Tn western Canada, oat varieties have white lemmas because of tradi-

tional preferences expressed by the growers and nillers for white oats.

However, it has been observed that red oats may be of higher quality than

white oats suggesting that there may be an association between lemma

colour and grain qual-ity characteristics. The existence of such an

association would have inportant irnpl-ications for selecf-i-on ef hiohcr

quality oats since an easily classifiable, visible trait could serve as

an index for selection of a less-visible characteristic for which ex-'

pensive and time consuming laboratory determinations are required. More-

over, Ít would revol-utionize oat production if, for example, dark lernma

colour was assocíated with a very desirabl-e characteristic.

Associations between lemma colour and some grain quality characte-

ristics have been reporLed ín the literature. In Avena sativa L. X 4.

sterilis L. progeny populations, Lyrene and Shands(1975) found associ.a-

tions between white lenma colour, 1ow percenÈ hul1 and low PercenL



40

protein in the groat. Associations between dark lemma colour (b1ack, dark

brown and grey) and high percent protein have also been reported in

A.sativa X A.sterilís progeny (Campbell and Frey,L972¡ LeRoy et aIrI9741'

Lyrene and Shands,1975). Luby and Stuthman(1983) reported that dark seed

colour (grey, brown or red) lras associated with lower groat percentage

(higher percent hu11), lower groat protein percent and lower groat oi1

percent in A.sativa X A.fatua L. progeny populations. No genetic

informat,ion regarding the influence lemma colour might exerL on other

quality traits such as test, weight, 1000 kernel weight or post-harvest

dormancy has been reporLed.

Associations of this type have been found in other crops. In bread

wheat, red kernel colour is currently used as an index for selecLion of

pre-harvest sprouting resistance (Gordon,L979). In durum wheat, prelimi-

nary resu1ts suggested the existence of a strong association between

white glume colour, gliadin proteins and possibly gluten sErength (Leisle

e! a1,1981). In turnip rape, yeliow seed coiour is useci to direct.ly

select lines having high protein and oil percentage in Èhe seed and 1ow

percent crude fiber in the meal (Jonsson,I977). In flax, there is an as-

sociation between yellow seed colour and high oil conLent, high iodine

number of the oil, hígh 1000 seed weighu, high amount of seed damage, low

Èest weight and low yield (Culbertson and Kommedahl'1956).

The present. study is the first attempt to study the effect of lemma

colour on grain qual-ity in the cultivated oat, A.sativa through the use

of near-isogenic lines. This paper reporLs the results obtained for the

grain qualíty characteristics, percent hull, percent, protein' percent

oil, LesL weight, 1000 kernel weight and post-harvest dormancy. The
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influence of lemma colour on the agrononic characters heading date, plant

height and yield was also investigated.

Materials and Methods

Effect of lemma colour. kernel tvoe and environmenL on Dercent hu1l of

oats

In an attenpt to obtain information on the effect of year and

location on percent hu1l, a study was conducted using seed samples of

four sÍsLer línes of A.sativa (i.e. derived from the same Fg plant) in

the FrO and F' generation grown in oat yield trials in L982 and 1983

respectively at Glenlea, Morden, Portage La Prairie and Brandon, Manitoba

and SaskaLoon, Saskatchewan. The lines, Dumont and 0T 233, have white

l-emmas and the lines, OT 224 and 0T 234, have red lemmas. PercenU hull

was determined on one-gran samples of both, primary and secondary

l¿orno]c Pornant hrr'll r¿as dctermined bv manrrallv dehul-lins the kernels

and was expressed as a percentage of the ratio of hull weíght to the

total seed weight. Data were conbined to provide information on percent

hul1 of a random sample of seeds assuming Èhat the proportion of prÍmary

and secondary kernels in such a sample would be 58:42 on a weight basis

(average value of four línes grown at three l-ocations in L982) or 1:1

numerically. A factorial analysis using locations as replication was used

to analyse the data.

EffecL of lemma colour on erai-n qual itv in oats

Oats are generally grouped ínto five distinct lemma colour classes

îblI Ui\$:',iliis¡ I \¿ | ;î f',41"\;'it ; .- i.]",'l Li r-l'iËri,"Ë[S
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which are black (including dark brown)¡ greY, red, yel-l-ow and white.

Pairs of F3 derived near-isogenic FU lines of conÈrasting lemma colour

i.e. white versus red, yellohr versus red, ye11-o!ù versus white and black

versus non-b1ack h¡ere selecLed from the segregating g"n".utìorr" of

crosses according Lo the procedure described by Atkins and Man-

gelsdorf(L942). The material- was visually cl-assified for lemma colour

using seeds of the parenLs (known colour) as a guide.

The selection began with the Fg generation grown

Manitoba in the sunmer of. L982. The soil type is Red River

For the white versus red study, selection ïras made among 56

ploLs of each of the following crosses:

CROSS

1 (Portmore X 0T 233) X OT 224

2 (Etive X 0T 233) X OT 224

3 (Levin X 0T 233) X' O"f 224

4 (Dula X 0T 233) X OT 224

5 (Calibre X 0T 233) X OT 224

at Glenlea,

heavy clay.

FZ progeny

The yel-low versus red and yellow versus white paírs of near-isogenic

lines were selected among the 2OA F2 progeny plots of one eross, vLz.

(Lanar X 0T 233) X OI 224. A descripÈion of the parenÈs is given in Table

1. The material- used ín the black versus non-bLack study Í¡as selected

fron the segregating generaLÍons of black-seeded panicles found in the F2

population of the three previously cited crosses involving the varieties

Portmore, Levin and Lamar and three other crosses, viz. (l,lesL X 0T 233) X

OT 224, its recíprocal- and (Moore X 0T233) X OT 224. Seleclion began with
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22 F" plots. These black-seeded panicles are believed to be the result ofJ'

outcrossing with BLack Golden and Nip, Lr{¡o black-seeded varieties used in

the border ploÈs.

Selection in the FO and F, Benerations rvas done ín greenhouses in

the fal1 of L982 and winter of 1983 respectively. The final selection of

lines homozygous for lemma colour was done on the F6 generaLion grown at

G1enlea, Manitoba in the summer of 1983. Plots consisted of single roh's,

1-m in length. The growing season was abnormally hot and dry in July and

August and the material- was also affecLed by stem rust (Puccinia graminis

Pers.f.sp.avenae Eriks.and E.Henn.), crown rust (!. coronaLa f.sp. avenae

Briks) and barley yellow dwarf virus(BYDV). The whole plot of each

sel-ected l-ine was hand-harvested and Lhreshed mechanical-ly. One panicle

was kept apart and seeds sown in New Zealand in t,he wint,er of 1984 for

seed increase purposes.One homozygous pair of near-isogenic FU lines per

F, farnily was randomly choosen with a selection pressure on disease

reaction so as to minimi ze differenees in grain qr-raliLy treLween Lhe l=ines

making up each pair. 0f the 71 pairs selected, 36 !üere developed to

conpare white and red-seeded oats, 15 to compare yellow and red, 10 to

conpare yellow and white and 10 to sLudy black versus non-black.

Data were recorded for percenL hull of the primary kernels (using

six 0.5 g subsamples). Percent hull was determined by nanually dehulling

the kernels and Ì{as expressed as a percentage of the ratio of hull weight

to the total seed weight. Percent oiL of whole grain sample (about 40 m1)

was determined by the nuclear magentic resonance(lWß) technique (Robert-

son and Morrisonr1980). Nitrogen analyses vrere performed by the Kjeldahl

method (AACC Method 46-12) using three 1-g subsampl-es of whole primary
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kernel-s of 22 and 11 pairs of the white versus red and yellow versus red

lemrna colour conparisons respecÈively. Due to short seed supply, nitrogen

deternination for Èhe yel1-ow versus white and black versus non-bl-ack

cornparisons was made on one 1-g sample of whol-e primary kernels. The

results rrere converLed to percent protein by uhe formula of nitrogen X

6.25. Groat protein percent rvas calculated by difference based on percent

hull and percent protein data assuming 07" protein ín the hull-. A

randomized compl-ete block analysis (mixed model wíth sampling) and a

paÍred L-test were used to analyse the data.

For the study on post-harvest dornancy, 10 seeds per line were sown

in greenhouses in the winter of 1984 and plants v¡ere grown to maturity.

PanicLes were collected, air-dried four days at room temperature and

stored at -15oC unÈil time to conduct germination tesLs. Ten pairs ín the

whÍte versus red and yellow versus red cornparisons and nine pairs in the

two other lemma col-our comparisons lrere randomly choosen. The panicles

were mechanically threshed and 2O seeds per Line (10 primary and 10

secondary kernels) were p1-aced in 9-cm peLri-dishes with Lwo discs of

filter paper (l,rlhatman no.3). Fíve ml of distilled water were added (Day

0) and the dishes $rere placed in a room aL constant temperature (+15" C).

0n days 3 through 7, the germinated seeds with radicles L-cm Long \¡¡ere

counted and discarded. GerminatÍon index (GI) and percenL germination

(PG) values were calculated as described by Hagemann and Ciha(1984).

Nunber of days to reach maximun germination (DMG) was also calculated. A

paired t-test was performed on these data.

A large-pLot trial was conducted at Glenlea, Manítoba in the summer

of 1984. The trial was gror{'n in 6-row plotsr 3.7 m long by 1.25 m wide.
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The number of pairs was 36, 15, 10 and 7 in the white versus red, yellow

versus red, yellov¡ versus white and black versus non-black lemma colour

comparísons respectively. The field design hras a randomized complete

block (pairs) using split plots for the paired near-ísogenic lines with

three replications except for the black versus non-black experinent which

was repl-icated twice.

Data were recorded for heading date (days), plant height (cm), yield

(kg/ha), percent hull of Lhe primary kernels (using 1-g sample), test

weight (ke/hf) and 1000 kernel weight (g). Data lrere analysed using a

paired t-test and analysÍs of variance. For all lemma colour comparisons

except black versus non-black, a completely randomi-zed nodel with split

ploÈ was used Èo perform the analyses of variance because the third

replicate of some of uhe paírs was míssing. Two lsd values, one for the

paÍrs with Lwo replicates and one for those wÍth three replicates, were

derived from the ANOVA to compare the means of the near-isogenic lines

wifhin cach nair-

Results

Effect of lemma colour, kernel type and environment on percenÈ hull Ín

oats

In Tabl-e 2, the mean percent hul1 of the primary kernels, secondary

kernels and of a weighed mixture of both kernel types (58:42) of four oat

lines grown at five sites in each two years are presented. Results

indicate significant differences between lines with a trend for Èhe

red-seeded l-ines to have a l-ower percent hull- than the white-seeded



lines. Primary and secondary kernel-s differed significantly

hull. In terms of differences between línes, similar

obtained by using prinary kernels or a weighed mj-xture of

types. .
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in percenL

results were

both kernel

Analyses of variance of percent hu1l (Table 3) indicate that

LocaLíon and lines r{¡ere sources of significant variation. MosL of the

variation among lines rr'as associated with the white versus red compa-

ri-son. Year had a significant effect on percent hull of the primary

kernels onLy. A nonsignificant interaction of year with line was obtained

in all- three analyses.

1- colour on onomíc char TS 1

Data recorded on the agronomic characters of the four colour

comparison experiments are summarized in Table 4. No significant

differences in heading date beLween lemma colours were found in the four

avnariñôñr.e T.amma nn1 nrrr hqrl ñô s'ionifiranl- cffecl- ôn nl ant hciqht-r ---- - -_- -o.._ -

except for the yellow versus whíue comparison. 0n an average, the

yellow-seeded lines hrere 1.59cm higher than the white-seeded lines but

differences were too small to be readily noticed in most cases. No

significant differences in yÍe1-d between lemna colours were obtained in

the four experiments.

Analysis of variance revealed significant differences in heading

date, plant heíght and yíeld between Ëhe near ísogenic pafrs in all colour

comparísons in 1984. There \ilas a significant pair X colour interactíon ín

the whíte vers.us red seeded comparison for all three agronornic characters
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and in the black versus non-black comparison for only headíng date. All

the other pair X colouï ínteract.íons \4lere not signíficantly dífferent for

the agronomic characters studied.

Effect of lemma colour on sra].n cualitv in oats

Data on the grain quality characLeristics for the four lemma colour

conparisons are presented in Table 5.

I,lhite versus Red

The 1983 data showed Lhat the white and red-seeded l-ines did not

differ, on an average, in percent protein of the whole grain or groat and

in percent oil of the whole kernel. However, Èhere was a significant

difference of 0.857" hu1l between the contrasting l-emma colours. A

significant difference of abouL the same magnitude (L.I7%) was obtained

in 1984. These overall significant differences represent 3.087' of the

ñôâñ ñôr^onr hrrl 1 nf tha whitc-spe¡lad f ines in 1983 and /+-47" in 1984- The¡ueu¡¡ t,e¿

red-seeded línes were significantly lower in percent hulL in 16 out of

the 36 pairs in 1983 and in 30 out of the 36 pairs in 1984. The lines of

eighu and one pairs showed the inverse significanÈ rel-ationship in 1983

and 1984 respectively.

A significanË difference of 0.73 kg/nt Ín test, weight hras obtained

on 1984 samples between the white and red-seeded lines, the latter

exhibiting a 1-ower Èest weight. Sixteen ouL of the 36 pairs showed that

the red-seeded lines hrere significantl-y l-ower than Lhe white-seeded

línes; three pairs showed a significant Ínverse relationship.
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No significant differences in 1000 kernel weight. and the Lhree

sprouting parameters used to evaluate post-harvest dormancy were found.

The near-isogenic white and red-seeded lines were derÍved frôm five

dífferent crosses. The paired t-tests on percent hull for individual

crosses indicate that in 1983, the difference of nean percent hull

beLween lemrna colours hras noL consístent from cross Lo cross. In L984,

however, all crosses but one, (Calibre X 0T 233) X OT 224 (cross no 5)'

showed a significant difference with the red-seeded having¡ ott an

average, a lower percent hul1 (Table 6). Although the number of pairs was

large enough to be able to statisLícally detect a difference of L.07,

hu1-1, a non-significant difference ü¡as obtaíned for the cross (Calibre X

01 220) X OT 224. One of the six pairs gave a negaLive difference (-L.54%

hu1-1- ) . When the data r¡Iere reanalyzed without this pair ' the mean

difference of 1.40% huIL was significant at I% level of probability.

The results of the paired t-Eests on Lest weight perforned by cross

indicate Èhat for 3 of the 5 crosses, white-seeded lines had a

significanLl-y higher test weight and Lhat in the other two crosses, the

differences, aLthough favouring the white-seeded lines, were not signi-

ficant (Table 6).

YeLLow versus Red

0n an average, the ye11-ow and red-seeded lines did noÈ significanLly

differ in percent protein, in percent oil and ín 1000 kernel weight

(Table 5). No significant. differences in percent hu11 were found in 1983

but in 1984, the red-seeded lines exhibited a significantl-y lower percent

hull. The reduction of L.LI% represents a 3.9% improvement over the
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yelLoh'-seeded lines. The red-seeded Lines showed a significantly lower

percenL hull than the yell-ow-seeded lines in 11 out of the 15 pairs.

The red-seeded línes had a significantly lower, test weight (0.74

kg/nt difference) compared to the yellow-seeded lines. Red-seeded lines

in six of the 15 pairs were significantl-y l-ower whereas in one case, the

red-seeded líne had a significantly hígher test weight.

A significant difference in germinaLion index was found between Lhe

ye1-low and red-seeded lines, the former having a higher germination index

but the difference v¡as too smal-l to represent a useful- difference in

resistance to pre-harvest sprout.i-ng.

Yellow versus l,lhite

No significant differences j-n percent hu1-1, percent protein and

percent oÍ1 were found between Lhe yellow and white-seeded lines ín 1983.

However, significant differences were obËained for the three characteris-

tics investigated Ín 1984. The whiLe-seeded l-ines Ï¡ere hÍgher ín test

weight, had smal-ler kernels as shown by a significantly lower 1000 kernel

weight and had a significantly l-ower percent huLl than the ye1low-seeded

lines. A reduction of L.707" hul1 of the white-seeded lines represents a

6.2% inprovement over the yellow-seeded lines. (Table 5)

The white-seeded lines had a significantly higher Lest weight in 5

out of Lhe 10 pairs; yellow was sígnificantly higher in one of the pairs.

The white l-emma 1ínes of nine pairs had a significantly lower percent

hu1l; the difference between the lines of the 10th pair h¡as non-

significanL.
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Bl-ack versus Non-bLack

The results obtained for the bLack versus non-black lemma colour

comparison indicate that the black-seeded línes had,. on an au"iagu, a

signífícant1-y l-ower test weíght than the non-black-seeded 1ines, the

difference being 2.29 kg/hl. In 1983, a significant difference of 2,L2i(

hul-l was found wiLh the bl-ack-seeded lines having a higher percenl hull.

The difference was not, significant in 1984. No sígnificanË differences in

percent proLeín were found in either the whole grain or the groat.

However, on an average, the black-seeded lines had a significantly higher

percent oil than the non-bl-ack-seeded línes. The lines did not differ in

eíther 1000 kernel weight or the three sprouting parameters used to

evaluate pre-harvest sprouLing resisLance. (Table 5)

Discussion

Rffccr_ of lemma colour= k-erne 1 tvoe and envi rônmênf ôn nêr.ênt hrl I i n

oats

Results of this study suggest the existence of a signifícantly lower

percent hull in red-seeded compared to white-seeded lines. In the

cultivar trial, percent hull varied from location Lo location but the

absence of a significant year X Line ínteraction suggest that the

difference between white and red would be consistent fron year to year.

Det,ernination of percenL hul-l using primary kernels provided t.he

sane resuLts as the combined data in terms of differences between lines.

However, it also gave informaLion on the effect of year on percenL hull.
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This woul-d ímp1-y that in a genetic study, primary kernels should be used

inst.ead of a random sample of prinary and secondary kernels in which Lhe

proportÍon of 1 prinary: 1 secondary kernel would not always be obtained.

Based on these results, samples of prímary kernels wére used to sLudy the

effect of lemma colour on Lhe grain quaLity characterÍsLics percent hull

and percent protein in oats.

Effect of lenma colour on qrain oualitv in oaLs

The agronomic data and observaLions

was little difference between the lines

pair. However differences among pairs Ín

and heading date were evident permitting

studied in different backgrounds.

in the field indicate that there

making up each near-isogenic

plant appearance, p1ant. height

the genes for lemma colour to be

The growing conditions differed in both years of the experiment.

Resul-ts for 1984 are considered more reliable because the conditions were

more favourable for a good expression of the genoLype than in 1983 where

the small plots were affecled nore by hot and dry growíng conditions and

a serious disease infection. The larger plots used in 1984 also provided

more uniform and representative sampl-es.

Low percent hul-l and high test weight have been cited frequently as

Ímportant criteria of graín quality in oats. A reduced huLl percent is

particularly inportant because oat hulls have virtually no nutritional

value for non-ruminanLs. They also reduce the energy contenL of the whole

oat kernel and, therefore, make oats less advantageous Lhan other grains



52

for feed purposes. For hunan food, hul-l-s nust be removed and percent hu1l

is considered the main factor that linit.s mi1-ling efficiency. A tnajor

breeding objecLive is to reduce Lhe proporÈion of hulls in the oat grain

wÍthout affecting negatively the other grain quality'characterÍsLics and

yield.

Red lemma colour was found to be associaLed with l-ow percenL hull

and low test weight in the white versus red and ye1-low versus red leruna

colour comparisons. In 1984, the reduction in percent hull represenÈed

4.4% of the nean percenL hu1l of the white-seeded lines and 3.97. of. that

of the yellow-seeded 1ínes and constiLuLe progress toward the breeding

objective of reducing the proportion of hul-ls in the oat grain.

Unf ortunal-y, red l-emma colour was al-so associated with a lower test

weight in both comparisons but the overall difference of 0.73 kg/h1 míght

be considered less important than the reduction in percent hu1l.

In comparison to yellow, white oats were of higher quality with a

significantly lower percent hul1 in 1984 and a significantl-y higher test

weight. However they had smaller kernels as índicated by a significantly

lower 1000 kernel- weíght.

ResuLts of the black versus non-bl-ack lemna colour comparison

suggest that the black l-emma colour was associated wíth a higher percent

oil. This couLd increase the energy contenL of the oat grain but the

difference of 0.31% is Loo smal-L to consider the black-seeded lines of

higher qualíty than the non-black-seeded lines; noreover the bl-ack-seeded

lines had a significantl-y l-ower test weight and a significant.ly higher

percent hu1l in 1983. The non-signifícance of the difference in percent
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hull in 1984 coul-d be due to the smaller number of pairs that r¡ere used

in that year.

The results of this st.udy differ somer¿hat from whaL was found in the

progenies of crosses between A.sativa and the species A.sterilis and

A,.fatua. In A.sterilis, dark lemma colours (black¡ Brey or brown) vlere

assocíated with a higher percent hull and a higher percent proteÍn

(Lyrene and Shandsr1975). In A.!g!gg, dark lemma colours (grey, dark

brown or red) were found to be associated wíth a higher percent hu11-, a

lower groat oil percentage and a lower groat protein percenLage (Luby and

Stuthnan,1983). The results of the presenL sLudy indicate that, in

A.sativa, red lenrna colour \¡ras associated wíth lower percent hul-1 and

black lemma colour was associated with both high percenÈ hull and high

percent oil. None of the lenma colours appeared to be associated with the

quaLity characteristic percent proLeín in 1983 where the environmental

conditions may have masked a genetic difference. Therefore, it seems thaÈ

dífferenÈ assocj-atíons exist Ín the three avenae. specíes.

Another poínt of concern ís the inheritance of the assocíations. The

two nosL likely hypotheses are f.inkage beLween genes responsible for the

characLers involved and pleiotropism i.e. the gene for lemma colour has a

direcL effecL on the other character. The presence of recombinanLs (i.e.

progeny showing the inverse relauionship) among the near-isogenic pairs

of lines wouLd support the hypoLhesis of f-inkage. As menÈioned in the

results, such pairs are present. However, these l-ines could be the result

of índependent segregation for other genes conditioning the grain qual-ity

characteristics (quanLitative traits). If this is the case, then

pleioLropism is a p1-ausible explanation. Lyrene and Shands(L975)
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suggested that the gene responsibl-e for shatt.ering, which appeared to be

closeLy linked with dark lemma colours in A.sLerilis' rnight have a

pleiotropic effect on Lhe characters associated with it. In the . present

study this situation coul-d have been clarified by carrying on the

sel-ecLÍon up t.o the FrO generation where the lines would have been more

nearly isogenic differing only for Lhe genes for Lemma colour and those

very closely associated with them.

In Èhe process of selecting good qual-ity oat lines' one would be a

step ahead by selecting anong red-seeded progenies in preference to other

colour classes or among whíte-seeded progenies in preference Lo yellow.

No associations were found between lemma colours and the agronomic

characters studied. Therefore, the breeder will have freedom to sel-ecL

for yield, short sÈraw and malurÍLy withín any hul1 colour class.
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TABLE 1. Parents used ín the study of the effect of lemma

colour on grain qualitY in oats

Parent 0rigin Lem¡na Col-our

Portmore

Etive

Levin

Dula

Calibre

Lamar

0T 233

oT 224

Scotland .l,Jhite

ilil

il

Holland

Saskatoon

Quebec

l,linnipeg

I^Iinnipeg

Yel1ow

White

Red

il
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TABLE 2. Mean hulL percentage of the primary kernels, secondary kernel-s
and uhe combined data of four oat l-ines differing in hulL colour and
grown at five locations in 1982 and 1983

KERNEL

Line Colour Primary Secondary Combined dat.a
(s8:42)(z)

DT]MONT

oT 233

oT 224

oT 234

White

I,rrhite

Red

Red

25.L2 a(t)

23.97 b

23.36 bc

22.89 c

L8.67 a

17.88 ab

17.74 b

17.31 b

22.4L a

2L.4L b

21.01 bc

20.55 c

MEAN

c.r.(.05)
23.84

23.43 - 24.24
17.gO

17.5r - 18.29
2L.34

20.97 - 2L.72

(1)data followed by the sane letter are not signifÍcantly different
using the lsd tesl.

(2)average proportion of primary and secondary kernels on a weight
basis on samples of equal number of both kernel types of the four
oat lines grown at three locaLions.
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TABLE 3. Analyses of variance of hull percenÈages of four oat lines
differing ín hull colour and grown at five locations in 1982 and

1983

Source of
variation

KERNEL

Primary Secondary Combined Data
( 58 : 42 )(2)

df Mean Square Mean Square Mean Square

Block(location) 4

Year 1

Line 3

white X red 1

r+hite X white I

red X red 1

Year X Line 3

Error 28

,.51xx( 1 )

4.17x

9.31**'

20. 16*'rl

6.61*'x'

1.lns

O.24ns

o.7L

6.53x'x'

O.24ns

3.2LlÊ

5.63*

3. 12ns

0.92ns

0.35ns

0.90

4.48xt"

0.96ns

6.32xx

L2.92xx

7.32x

1 .49ns

0.20ns

0.69

(1)ns,x,** nonsignificant, significant aL 0.05 and 0.01 leve1 of
probability resPecÈive1Y.

(2)ãverage proportion of primary and secondary kernels on a weight
basis baÀed on samples of equal- number of boLh kernel types of
the four oaL lines grown at Ëhree locations.
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TABLE 4. Mean val-ues of heading date, height and yieLd for the four
lemma colour comparison experiments grown at G1en1ea, ManiÈoba in
r984

AGRONOMIC CHARACTERS

Lemma colour Heading date
(days)

Height
( cto)

Yield
(keltra)

White

Red

Difference

1sd

Ye1low

Red

Difference

1sd

YeLlor.¡

l^lhite

Difference

lsd

Black

Non-bl-ack

Difference

1sd

64.49s

64.496

0.009r.07(i)

ns (2)

66.2L

66.52

-0.3lt.16

ns

67.10

66.73

0.37!.L7

NS

59.7r

59.29

0.42!.28

NS

111.40

111 .83

-0.43 1.38

NS

1 10.90

1 10. 14

o.76!.63

NS

1i8.76

TT7.I7

I .59 1.63

1 .30x'

r23.79

L26.L4

-2.3vr.76

NS

49r2

4938

-2æ 42

ns

5r74

5090

84r 63

NS

4943

4993

-5È74

NS

4614

4398

2Tæ95

NS

(1)mean difference and standard error of mean
(2)ns,* nonsignificant, significant at 0.05 leve1 of probabilíty



TABLE 5. Effect of near-isogenic lines differing in lemma colour on grain quality characteristics of oats in 1983 and 1984

GRAIN CHARACTER

r6 YðJ uata,
Í Hul1 Í Protein Z Protein z Oij.

(grain) (8roat) (grairr)

r" Seneratlon
ÓerminaL ionffi

ro I
Test w

eneraEton \ r
t 1000 kernel

(kglhL) weight(g)

yö4 DA
o7

La)
Hu1 I

Whi te
Red

Di f ference

lsd

Tellov
Red

Dif ference

1sd

Ye11ow

Whíte
Di f ference

lsd

Black
Non-black
Di f ference

lsd

27 .60
26.75
0.85r
0 .39
0.79*

29.O3

27.56
l,t 7t
1.12
ns

27 .LII
n< aa

2,12t
O.trb

0 .88**

14.08
ltl .24

-0. l6t
0.20

NS

14.18
13.96
o,22t
0.31
ns

r3.53
t3.52
0.01t
0.19
ns

15. s6

15.¿8
0.081
0.31

NS

19.ó6
19.44
0.02r
0.30
ns

20. 18

19 .63
0. 55t
0.54
ns

19.06
18.69
0.37r
0.55
ns

21.37
20.66
0.71r
0.51

NS

5.01

5.03
-0.oilt
0.06

5.55
5.95

-0.40t
0.19

5.75
6. r5

-0.40t
0. 28

ns

5.35
5.00
0.35t
0. 19

ns

5.50
5.50
0t

0. 19

ns

63.55
6t.02
2.53i
2.30

ns

61 .35
55.88
5.47t
2.20
5.01*

58.32
60. 11

-7.79t
1.30
ns

45.67
44.93
0. 73r
0.16

o.42**

L4 .71
43.97
o.7 4r
o,26
0.56*

30 .9ô
3t,22
-0.28r
o,27
ns

29.85
30.21

-0.361
o "25

n9

30.97
29.62
I .35t
0.48
l.0B*

31.96
33.03

-1.071
o.7 4

ns

26.66
25.49
l. l7r
0.11

0.3 l+*

28.29
27,18
1.111
0.21

0.6 3 +*

27.L4
25 7tr

1 .70t
0.18

0 .60 **

27.81
26.68
1.131
0.50
ns

99.75
98.75
I.00r
1.00

NS ns ns

29.stt
29,27
0.27r
0. 78

5.09
5.1:t

-0.o(it
0.0 7

NS

5.54
5.68

-0.141
0.17
ns

5.73
5.t¿z

0.31t
0.Cr9

o.2:i**

100

99

1.001
1.00
ns

100

99.72
0.28r
0.28

ns

ns

6r,69
63.00
-1.311
0.72

43.01
tt3.55

-0.54r
o.23
0.52*

h4.82
47 .lI
-7 1Q+

o.47
l. 76**

NS

99.70
99.70

0t
0. l7

ns

5 number of days to rea ðh maximum germination ( ); percent germination (

rìs , *r +* nonsigni ficant, significant at 0.05 and 0. 0l level of probability resPectivelY
); germination lndex (ur,,

(.rl
\o
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TABLE 6. Effect of whíte versus red lemma colour on percent hull of
primary kernels of near-isogenic oat lines derived from five dif-
ferent crosses in 1983 and 1984

PERCENT HULL - 1983

CROSS

Progeny
No of pairs

1 2 5J 4

I 9 7 6 6

I¡lhite
Red

Difference
1sd

1'7 o'-)
Ll . JL

25.90
2.O2!.74 S

I .7 5x'

29.O2

28.00
r.ozx.67

NS

27.38
28.22

-0.8411.11
NS

26.75
26.40

0.351. 84

NS

26.r5
24.66

1 .49r.58
r.4yt

PERCENT HULL - 1984

CROSS

Progeny
No of palrs

5

6

4

6

2

9

1

B

3

7

White
Red

Di fference
lsd

26.70
25.30

I.40!.22
0 .77 n"-x'

27.38
26.24

I.74x.20
Q. [/zrrr

26.26
25.37

0.95r. 16

0. 5 9lr+f

27 .23
25 .85

1.38r.13
tJ. Jr'.

25.40
24.49

0.91r.51
NS

¡s, i$, z-ru'r ¡e¡lsignifícant, significant at 0.05 and 0.01 leve1 of pro-
bability resPectivelY

$ mean difference and standard error of mean
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TABLE 7. Effect of white versus red lemma colour on test weight of
near-isogenic oat lines derived from five different crosses

TEST WEIGHT (kelhl) - 1984

CROSS

5J21 4Progeny
No of pairs 69B 7 6

I,{hite
Red

Difference
1sd

44.42
43.64

0.78t.28
0.66;É

45.87
4s.74

0. 73r. 1 I
0.25'Y"

45.99
44.76

r.23!.42
1.03ll

45.77
4s.33

0.38r.60
NS

46.64
46.18

0.46t.4r
NS

DS, )t nonsignificant, significant at 0.05 1eve1 of probability res-
pectivelY
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ON THE INHERITANCE OF LEMMA COLOUR IN OATS,

AVENA SATIVA L.

Abstract

The inheritance of lemna colour was studied in crosses Ínvolving

seven cultivars or lines of Avena sativa L.. Red lemma colour vras con-

trol-Led by one dominanÈ gene in OT 224 and 0T 218. l.lhite l-emma colour of

the cultivars Fidler and Rodney 0 h'as found to be conditioned by a

dominant gene. Yellow 1eruna colour of the cultivars Lamar and 0g1e

appeared to be the expression of the honozygous recessive condition of

the genes aL the loci controlling red and white lemma colours. The

black-seeded cultivar Caravelle was found Lo carry a doninant gene for

black episLat.ic to the other colour classes and a dominant gene for

white. The presence of a gene for grey lemrna colour in the genotype of

Caravelle was expressed in one environment but not in a second and

therefore could not be stated with certainty. Problems in classifying

lemna colour and needs for uníform conditions to study the inheritance of

lenma colour are discussed in this paper.

Introduction

Five lemna colour classes have been recognízed in oats: black

(íncluding dark brown)r grey, red, ye1-Low and white (Stanton, 1961).

Numerous investigations have provided genetÍc evidence for the existence
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of factors controlling the expression of lenna colour (Jensen, 1961). In

spite of these extensive studies on the inheritance of this character,

its genetÍcs is stil-l not conpletely understood. A toÈal of fourteen

genes influencing lemna colour has been report.ed in the literature

(Simons qt eJ,1978; Wong,1981). The existence of modifying and Ínten-

sifying fact,ors was also reported (Jensenr1961).

The present study was undertaken to obtain informatÍon on the

genetic constitution of some oat cultivars and lines and Èhe inherÍtance

of lemma colour in oats.

MaLerial and Methods

Six crosses were made in growth cabinets in the fall of L982 and

winter of 1983. Fidl-er, a white-seeded varÍety, and OT 224, a red-seeded

oat line developed at l,linnipeg, were used as the fenale parents in

crosses with Caravelle (black), 0T 218 (dark red) and Larnar (yellow). All

the F, plants and portions of the F, populations of these crosses r{¡ere

grown Í-n growth cabinets. The remaining Frrs were grown in greenhouses.

F, seeds of the crosses Fidler X, OT 224, Rodney 0 (white) X 0T 224 and

0g1e (ye1-1ow) X OT 224 were made available by Dr. R.I.H. McKenzie and

incl-uded in this study. The F1 plants h'ere grown in growÈh cabinets and

the Frts grown in the field at Glenlea, Manitoba in the summer of 1983.

Since the Lemma is derived from maLernal Lissue, classification of

the segregates was nade on seeds of the F, plants. Data of the dífferent

fanilies of each cross were pooled when a test of homogeneity showed no

differences beLween the fanil-ies.

d
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The F, generation of the crosses involving the black-seeded variety

Caravelle was grovrn in the field at Glenlea, Manitoba in the sunmer of

1984 to verify the results obtained in the F, generatíon.

The Chi-square goodness of fit method Ì¡as used to obtain Lhe

probability value to test the validíty of the ratios obtained.

Seeds of the FZ progenies of crosses invol-ving a yellor+-seeded

variet.y were studied under ultra-violet (U.V) light to identÍfy Èhe

yellow-seeded progenies. hlest(1953) reported LhaL seeds with yel1ow

l-emmas showed no luminescence i.e. they appeared dark under U.V. lighr

whereas seeds with white, pink or ivory and grey lemmas fluoresced a pale

blue colour. However, this reactÍon does not seem Lo be due Lo a specific

property of the pigment(s) responsible for the ye1-low l-emma colour since,

ín the present study, fluorescenL yellow seeds were found in the progeny

popul-ations. Therefore, the use of U.V. light nay be useful in classi-

fying for lenma col-our but one should noL rely entireLy on it.

Results and Discussion

Results of the lemma col-our classificatíon of the F, populations of

the crosses are presenLed in Table 1. In aLl of the crosses involving

white-seeded and red-seeded oat varieties, the segregation of Ëhe FZ

population gave a good fit to a 3:1 raLio showing that the parents

differed by one gene for l-enma colour. The red 1en¡na colour of 0T 224 and

0T 218 appeared to be controlled by a single dominant gene.

The observed segregaLion ratio obtained for the cross Fidler X Lanar

fitt.ed a 3 white:1 yellow ratio. Thís suggests that the white-seeded
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parent carried a dominant gene for whiLe. YeLlow lemrna colour appeared Èo

be condÍtioned by the homozygous recessive condition of Lhe gene

responsible for whíte. The existence of dominant genes for white lemma

colour has been firsu suggested by tlelsh(1931) who 'crossed yellow and

whíte oaL varieties and obtained, for one of the crosses, a phenotypic

raÈio suggesling that two doninant genes for white were involved.

The results of the red X ye1-1ow crosses OT 224 X Lanar and OT 224 X

0g1-e, confirm the presence of a doninant gene for white in the genotype

of the red parent in addiLÍon Lo the dominant gene for red since Lhe daLa

fitted a dihybrid ratio of L2 red:3 white:l ye11-ow. The yellow 1emma

colour of Lamar and 0g1e woul-d be conditioned by the genes for red and

white in Èheir homozygous recessive condition.

Proposed genotypes of the parents of these seven crosses could be

listed as follows:

Fídler and Rodney 0.........rr1,11r1

OT 224 and 0T 2L8...........RRülhl

Lamar and 0g1e..o...........ffww

where R and W represent two independent dominant genes determining red

and white lemma colour respectively with R epistatic over I{.

The resul-ts for the white X bl-ack cross suggest that Lhe varieties

Fidler and Caravelle díffered for one gene on1-y as shown by the good fit

to a 3 bLack:l white ratio. The black parent would carry a dominanÈ gene

for black(B) epistatic over the dominant gene for whÍte known to be

present in the genotype of Fidler. The results obtained for the F¡
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generation of this cross support. the the hypothesis of one gene

difference (Table 2).

The F, data of the red X black cross fitted a dihybrid ratio. of Lz

black:3 grey:l red except the famÍly 129-1. The r""uít" indicate that the

black parent would carry, in addition to the doninant gene for black(B),

a dominant gene for grey epistat.ic to the gene for red present in OT 224.

However, no grey segregates rdere present in the FZ populaLÍon of the

cross Fidl-er X Caravelle. The Fg generaLion of the cross 0T 224 X

Caravell-e was grown in the fiel-d to confirm Lhe presence of thÍs gene but

no grey segregates were found. The data obtained for the four fanÍlies

are sun¡'narized in Table 2. The fanilies coul-d be cl-assified into seven

subclasses Í.e. homozygous black, homozygous red, homozygous white and

four classes represenËing the four possible type of colour segregation.

Families I29-L and L29-2 gave a reasonable fit to the proposed

segregation ratio assuming a two gene difference. The other two families

gave a good fit when subclasses were grouped together. The number of

plants per F, progeny h'as Loo smal-1 to insure a good chance to have

segregates of each colour. Difficulties in distinguishing red and white

lenna colour also contrÍbuted to the poor fit to the ratios. Robb(L932)

comment,ed on the difficulties of making accurate identification of al-1

the possible colour groups because of the occurrence of a range of colour

variation. He gave tv¡o reasons to explain the colour gradation. First,

environmental conditions which result in weaLheríng influence and

sometímes even obscure the expression of lemma colour. Secondly,

incomplete epistasis or the existence of modifying and intensifying genes

may also contribute Lo the colour variation. From the results obtained,

the presence of a gene for grey lemma coLour in the genoLype of Caravelle
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cannot be stated wÍth certainty. The proposed genotype would be rrhIWBB

where B is a dominant gene for black Lemrna colour epistat.ic to ll and R.

The results of this study brings out once again the common

difficulties encounted by the investígators of the inheritance of lemma

col-our. Lemma colour is obviously very much affecLed by environmental

condítions. The importance of conducLing an inheritance study of Lhis

character under the most stable environmentaL conditions that we can get

nust be stressed. Carrying out such invesLigation under field condition

most often l-eads to problerns in identifying each colour class. Part of

the maLerial- of this study was grordn in growth cabinets and greenhouses,

both envirorunents that could provide stabl-e conditÍons of Lenperature and

moisture. A study to deternine the specific conditions required for the

full expression of each lemma colour would help in learning nore about

the inheritance of this character. The F2 and subsequent generations

could, therefore, be grown under similar conditions and thus provide more

-*^^-i ^^ 
.i 
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TABLE 1. Segregation of F. plant population from crosses between Avena
sativa varieties of di-ffärent lemma colours

No of plants
by lemma colour classes

Theoretical
ratio

P

Cross

h/hite X Red

Fidter X OT 224

RodneyOXOT224
Fidler X 0T 218

Red X Red

or 224 X 0T 218

idhite X Yellow
Fidler X Lamar

Red X Yellow
OT 224 X Lamar

OT 224 X 0g1e

I,Jhite X Black
Fidler X Caravelle

Red X Black
OT 224 X Caravelle
Farnily 729-I

,, !29-2
,, 729-3
,, 129.4

Red

99

254

274

I,rlhite

hlhite Yellow
94

Ye11ow

0.7s-0 .90
0.2s-0.50
0.50-0.75

3:1 0.75-0.90275

Red ldhite
235 65

297 69

3:1
3:1
3:1

31

92

9B

Red

500

Black White

0.50-0.75
0.75-0.90

3:1 0.10-0.25

23 10.4.1

72:3:I25

323

Black

r27

Grev Red

8B

8-q

92

B9

B

2I
20

I7

24 128:3G: 1R

l.28:3G: l-R

128: 3G: 1R

128:3G: 1R

P<.001
0.90-0.95
0. 75-0 .90
0.50-0.75

8

7

7



TABLE 2. Segregation for lemma colour in the F, families of Fidler X Caravelle and OT 224 X Caravelle

No of fami 1i es

NSS

Blti

30

51

47

SEG
Bl+R

SEG
B1+l¡lh

SEG

R+1,{h

22

79

13

-)

SEG

B1+R+Wh
NS

Wh

NS

R

30

45

4s

2

3

1

Theoretical
ratio

IL.?.). L.2.
L.).2.L.).
4:2z2z4z2z

11 .1 ..)LL.L.L

4z2z2z4z2z7zI
12z4

P

0.25-0.50
0.02s-0.05
0.05-0 . 10

0.0s-0 . 10

0. i0-0.25
P<.001
P>0.95
P<.001

0.75-0.90

Cross

Fidler X Caravelle
family 129-2,' r2g-3

,, 129-4

OT 224 X Caravelle
family 129-I,, r2g-2

,t I2g_3

76

L2

L9

23

23

I4

46

6s

65

It2:I
Iz2:7
Iz2zI

31

34

44

6

4

11

22

13B

B

11

6

1:1
l:l
1:1

B3
il r29 4 28 4

7L

S NS, SEG nonsegregating and segregating for lemma colour
tl black (81); red (R); white (1,/h) oar lemm¿r colours

I2
1B 1

\t
ts
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GENERAL DISCUSSTON

The existence of associations beLween an easily ídentifiable

character and a less-visibl-e, desirable trait has significant inpli-

cations in a breeding progran. It would al-l-ow the breeder Èo select nore

easily the desírable genotypes by provÍding a means for preliminary

screening of the progeny populations. The assocÍations must be strong

i.e. due to a very cl-ose f-inkage or to pleiotropism so that the breeder

can proceed with considerable assurance.

Associations between lem¡na colour and grain qualÍty characLerisLics

were found in the present study. The resuLts indicated that red-seeded

lines were of bet.Ler quality Èhan the r¡hite and yelLow-seeded lines, that

whiue lenna colour should be prefered t,o yellow lemma colour and that

black Lemma colour seens t,o be associ-ated '*'i-t-h an o','eral-L lor.¡er grai-n

quality in comparison to other leruna colour classes.

The resulÈs differ somewhaL with what was found in the progenies of

crosses between A.sativa and the species A.sLerilis and A.fatua. fn

A.satíva X A.sterilis progeny, numerous reporLs have indicated that dark

seed colours (black, Breyr dark brown or red) were associat.ed wíth the

undesirable spikelet characters (aL1 4. sterilis traits) spikelet arLi-

cul-ation (Middl-etonr1938; Lyrene and ShandsrL9T5), presence of awns

(Smith, see Jensen,1961; Kíehn g! al,L976; lJongr1981) and lemma pubescen-

ce (Mid¿tetonr1938; l,longr1981). Associat,ions beLween dark Lenna colours

(black, Breyr dark brown) and high percent huLl and hígh percent protein
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h¡ere also reported in A. sativa X A. st.erilis progeny populations (Lyrene

and Shands, 1975). In these progenies, whÍte-seeded lines tended to be

low in percent hull and low in protein. LeRoy et aL(L974) studied the

rel-atÍonships anong factors involved in the ímprovenent of oat quality

using A. steril-is and suggested that dark l-emna colour would possibly be

the only visible trait sufficienLly closely assocíated hrith high percenÈ

protein to offer a simple ¡ueans of selection for this quality charac-

teristics arnorig the progeny of A. sativa X A. st.erilis crosses.

Associations of seed colour and disarticul-aLion with grain quality

charact,erístics were also found in A. sat,Íva X 4. tglgg progeny. Progeny

lines with dark seed colour (blackr grel, brown or red) were higher in

percenÈ hull, lower in groat, protein percentage and lower in groat oil

percentage (Luby and Stut,hman, 1983).

In the presenL study, resul-ts indicated that in A.sativa, Low

percent hul1 was associated with red lemma colour in the white versus red

and yellow versus red comparisons. White lemma colour hras associated wíth

l-ower percenL hull in conparison to yellow. Bl-ack lemna colour was also

associated with hÍgher percenÈ hull in A.saÈivq. No associations were

found between lemrna colour and the grain quality characteristic percent,

protein. This differs wÍth what was found in A.sterilis and A. fatua.

However, the effecl of lemma colour on percent proÈein was investigated

in grain grov/n in 1983 where Lhe envirorurent condiLions may have masked a

genetic difference.

No trace of dormancy was found in the material of the four lemma

colour conparison experiments. A significant difference in germination



75

index was found between Èhe ye1-low and red-seeded l-ines buu the

difference was too small to represent a useful difference in resÍstance

to pre-harvest sprouting. All the lines reached maximum germinatíon (mean

values approaching 100%) within seven days. The slight difference in

germination index indicates that the yellow-seeded lines germinated at a

slightly faster rate than the red-seeded lines.

The nature of the associations found in this study is not clear. The

two most likely hypotheses are linkage beLween the genes responsÍble for

the characters involved and p1-eiotropism i.e. the gene for leruna colour

has a dÍrect effect on the other character. The presence of pairs showing

the inverse relatíonship among the near-isogenic pairs of lines would

support the hypoÈhesis of linkage.

For the grain quality characteristic percent hu1l, one paír ouL of

the 36 paÍrs of white versus red oats Eested in 1984 gave a significant

negauive difference (-1.547, h:ui-I) i.e. the red-seeded line had a signi-

ficant higher percent hull. Several hypoLheses could be proposed to

explain the presence of this aberrant pair. A linkage between Lhe genes

for red lemna colour and the gene(s) for low percent hull- associaÈed with

it would produce four types of progenies. The parenLal types i.e.

red-seeded Lines with l-ow percenÈ huLl and white-seeded lines with a high

percent hu1l would occur in a high frequency in the progeny population.

The recombinants i.e, red-seeded l-ines with a high percenL hull- and

white-seeded Lines with a l-ow percent hu1l would occur in a lower

frequency. The rnagnitude of the frequencies depends upon the 1-inkage

intensity. In any of the near-isogenic pairs, Èhe odds of picking up any

conbination of two types anong the progeny are a funcÈion of their rela-
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tive proporLion in the population. The probabilitÍes of getting a pair

conposed of the tlro parental types are higher than the probabilÍtÍes of

getting a paÍr h'ith one parenLal type and one recombínant i.e. gh" two

possÍble pairs, red-seeded low percent hull with white-seeded 1ow percent

hull and red-seeded hÍgh percent hull with white-seeded high percent

hu1l. Such pairs would give a non-significanL difference in percent hu1l.

The odds are even less of picking up the two recombinant t.ypes i.e.
red-seeded hígh percent hull oat line with a white-seeded 1ow percent

hul1 oat line. The occurrence of on1-y one pair showing a significant

inverse relationship i.e. Lhe two recombinant types, among uhe 36 pairs,

suggesLs that Lhe 1-ínkage is quite sÈrong. None of Lhe pairs in the

yellow versus red and ye11ow versus white experÍnents showed the inverse

significant relationship although pairs exhíbiting a non-significant

difference h¡ere present.

However, the possibility exists Lhat the aberrant pair for percent

huLl found in the whiLe versris red experiment might be Lhe result of

independent segregation for the other genes condítioning 1ow percent hu11

because they are noÈ true isogenic lines. Percent hu1l is probably

polygenically inherited. I,/esenberg and Shands(1973) suggested that

several genetíc factors influence caryopsis percentage (hull percentage

is ínversely rel-ated to caryopsis percentage) and that the effects are

additive. The magnitude of the overall significanÈ differences in percent

hu1l obtained in the present study suggesÈs that the genes for l_emma

colour are probably 1-inked wíth one gene controllÍng low percent hull. It
is possible LhaL the near-isogenic l-ínes differed for nore than one gene

and that Èhe aberrant pairs resulted from independenÈ segregation of
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these genes. The number of genes involved depends upon the leve1 of

near-isogeny reached Ín devel-oping the lines up to the FU generation. By

carrying on the sel-ection of the near-isogenÍc lines up to the .[O or

further generations so as the l-ines would have been nore nearly isogenic

differing on1-y for the genes for lemrna colour and those very closely

linked with them, one would have minimized Lhe chances of independent

segregation of genes. Under such conditions, the hypothesis of pleio-

tropism would be plausÍb1e in the absence of crossovers. Lyrene and

Shands(L975) suggested Lhat the gene responsible for shattering, which

appeared Lo be closeLy linked with dark lemma colours in A.ster.ilis,

míght have a pleÍotropic effect on the characters associaLed with it.

Thirdly, Lhe aberranu pair for percent hu1l found in Lhe white

versus red experimenL cou1d also be Èhe resuLt of differences in

environmentaL effect. AlLhough the lines of each pair were selected so as

they have Lhe same disease reacLion, it ís possÍbLe that this pair vlas

--À J--^--i^ î-- lli- -L^- 
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susceptible to disease whereas the white-seeded line was resistant. The

resulLs would be that the red-seeded LÍne ïras more affected by the

environment resulting in an apparent difference in percent hull favouring

the white-seeded line.

The last hypothesis is thaÈ an unfortunate admixture occurred

sometíne during the process of selecting Èhe nearisogenÍc lines possibly

when the FU generation was grown. Seeds of this plant were used for

increase purposes and sown i-n New Zealand. If an admixture occurred, the

lines would not be near-isogeni-c and wouLd give a random response

depending on the genotypes of the two l-ines composing the non isogenic
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pair.

For the grain quality characterlstic Èest weight,, a larger number of

pairs showing the significant ínverse re1-ationship ,rcere found 'in the

white versus red ( 3 pairs), yeLlow versus red ( 1 pairs) and ye1-1ow versus

white (1 pair) experiments. This nay suggest thaL the gene for lemma

colour and the gene(s) for test weight are more 1-oosely linked. It would,

therefore, be easier to break the association red lenma colour-low test

weight than the associ-ation white lenma colour-high percent hull found in

the white versus red experiment.

That the assocíaLions are due to close linkage or p1-eiotropism is

noL importanL in itself. I,lhat ís of inÈerest is that red l-emma oats have

a sl-ight advantage over the other colour classes in terms of percent hull

and the association seems to be quite strong. To get red oats with the

l-owest percent hu1-1 possible, we would have to find the red oaL lines

having the best combinaLion of genes for l-ow percent hu1l. The linkage

between the red lenma colour gene and low test weight appeared to be nore

loose. This gives the breeder the possibility of se1-ecting red-seeded

lines with a low percent hull and a high tesL weight.

The useful-ness of Lhese associations depends also on how easy Ít

would be to work wíth the seed character lernma colour. Lenna colour is a

qualitatÍve traÍË although i.ts genetics is fairl-y complex and not com-

pLetely understood yeÈ. This character appears to be conditioned by a

nultipl-e seríes of colour genes (Jensenr1961). This series proceeds fron

black through brown, red, grelr ye1-low and whit,e. Fourteen genes

influencing lernma colour have been reported in the literature (Simons et
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there could be nany nore. The presence of

factors brÍngs further complications in Ëhe

However, as shown by the results of the presenÈ study on the

inheriLance of lenma coLour in oats, this character is sometimes

influenced by environmental- conditions (grey Ís probably the most

sensitive) which nay obscure or alter the expression of a gene so that

the colour does not develop properly. This makes accurat,e identification

of colour classes diffÍcult to do and therefore hÍnders the efforts Lo

study the inheritance of this character. This also makes this character

harder to work wíth than míght be expected with single qualitative genes.

Neverthel-ess gross dífferentíation beLween the five lemma coLour classes

is possible so the breeder should be able to use lenna colour as an index

to select for good quality oats.

Two genes for each of the red, yell-ow and white lemma colours have

been report.ed. Which of these genes were involved in the present study ís

a question Lo which no answer is avail-able. In Lhis study r{¡e probably

have only one gene for red (fron 0T 224), one gene for yellow (from

tamar) and maybe one doninant gene for vshite (from the r¿hite-seeded

parenLs). If this is the case, the question arises wheLher the other

genes for lenma colour would al-so be associated with grain quality

characteristics. 0n1y a l-ot nore work could answer this question.

No technícaL heLp or tool is avaiLable to assist t,he ínvestigat.or in

his colour cl-assificaÈion but Lhe use of U.V. light. However, as a side

part of this study (unpublished data), a biochemical- analys is of the pig-
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nenLs !¡as undertaken to characterize the colour classes and possibly

identÍfy the pigments ínvolved. The ultinate goal would be to develop a

quick chemical assay for colour classificatíon purposes. Such techniques

could al-so be useful in a st.udy of the effect of environmental conditions

on pígmenÈ synthesis and colour development in Èhe lemma. The work was

embryonic but the resul-ts suggested differences between colours and

opened a promisíng area of sLudy.
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APPE.,\ÐIX 1. l,lean values f or the agronomic and grain qualíty characteristics of the white versus red
near-isogeníc pairs of lines grohrn at Glenlea, Manitoba in 1983 and 1984

Aeronomic Characters Crai.n Oualitv Characteristics
r')31 1984 1983

Pair Leüuna
Colour

11

I2

fleight
(cm)

108 .50
1 10 .00

r09.67
111 .00

108.33
1 10. 33

105 .00
104.00

1 10 .00
Lr3.67

1 14.00
rr9.67
Lr2.33
113.00

113.00
1 13.33

I 16 .00
113 .50

1i7.50
117 . 50

Heading
t{ate

( days )

66.00
65.50

67.67
67 .67

67 .67
67 .67

65.67
65.67

64.67
65.00

66.67
66.00

66.00
66.00

Yierlcl
(kgl'ha)

42t\0
5135

47:\3
47trO

45-'77

43:t3

Test wt
(kglh1 )

43.50
42.50

44.33
43.67

44.83
44.33

46.50
45. 83

44.33
41 .83

4
4

10L10 kernel
wt (g)

32.90
34.10

27.57
26.20

26.67
25.77

30.37
32.97

30.90
32.53

32.33
32.90

30.33
30. 83

31.60
33. 13

34.95
36.0s

46-,70

4590

46'.lO
45'17

5013
s036

57-,77

4967

48B5
47t)5

46'70
51 ls

43.r7
43 .33

Hu11
/o

27.94
25.54

26.30
25.r7

26.59
25.37

24.37
23.73

25.28
24.L5

26.89
24.68

27.7I
26.90

28.46
26.77

27.22
25.78

28.22
27.27

27.48
26.86

30.54
24.20

26.73
26.70

24.85
24.95

26.75
25.20

29.8O
27.24

29.r4
26.70

28.03
25.9r

28.73
30.04

29.71, ^

3i .65

5.28
5.31

4.79
5.35

5.r7
5.01

5.73
s.62

5.29
5.54

5.6i
5.48

5.81
5.65

4.O9
4.00

4.29
3.87

Hu11 0i1
ol

/o

2 I4rtl

R

hr

R

l4l

R

hr

R

I'l
R

I4I

R

W

R

I{
R

I4I

R

W

R

3

4

6

7

B

9

4397
451t7

5
5

79
B3

B3
00

66.33
66.33

5
5

44
43

10

00
33

6B
6B

00
00

42.83
42.66

47 .25
46.50

65
6s

7
7

5
5

2
2

35
35

5
5

æ
o\



APPENDIX 1 (cont.)

Pair Lemma
Colour

Asronomic Characters
L9B4

Heading
date

(days)

Grain Quality Characteristics
T9B4

1000 kernel
wt (e)

1983

Height
(cr)

L09.67
112.00

113.00
LLz.33

108.00
109.00

1 14 .50
113.00

108.67
109 .33

TTL.67
1 10.33

rr7 .67
rL5.67

117.00
1 19.33

113.
114.

115 .
113 .

61.33
61.33

6r.67
61 .33

65.67
6s.67

63.33
62.66

63.33
63.33

67.33
67.33

67.00
67 .67

66.00
67.OO

66.33
66.33

Yield
(kelha)

4990
5023

4807
49s7

49r3
4836

4s93
4653

5070
s035

5367
4990

s003
50'06

4623
48,43

4580
46'r3

49'L6
5CrB3

48i97
48i77

Test wË
(kelhL)

47 .50
47 .I7
47.0O
46.r7

43.33
43.L7

45.t7
44.I7

45.00
44.r7

30.00
29.L0

29.LO
28.70

28.53
27 .73

34.r3
35.30

33.10
30.95

30. s0
28.40

29.60
28.20

30.70
31 .13

28.83
28.O7

29.47
29.47

Hu11

27.90
26.67

28.L2
26.60

26.9r
25.22

27 .47
26.58

27 .59
27.24

26.56
24.57

26.42
26.2r

26.2r
24.84

26.O5
25.54

26.33
25.LO

2s.48
24.58

Hu11
ø
/o

27.52
26.64

28.46
26.68

29.r2
25.67

3r.76
27 .76

30.84
30.07

28.7L
27.8L

26.96
2s.68

24.82
28.81

26.39
27.85

26.6t
27 .74

32.25
29.68

0i1
/o

s.35
5.08

4.59
4.6r
4.5L
4.89

4.03
4.26

4.43
5.13

5.00
5.t2
5.31
5.32

5.07
5.09

5.30
s.22

5.2L
s .36

E

13

14

15

16

L7

1B

19

20

2I

22

23

00
00

00
33

33
00

113.
TI2.

I^f

R

I^I

R

I4I

R

l'I
R

I^I

R

I^I

R

tÍ
R

Ìl
R

hl

R

}I
R

i^l

R

48
47

33
83

62
62

33
33

45.00
44.OO

45.00
44.OO

63. s0
63.s0

73
10

29.
30.

33
00

83
50

B3

46
45

44
44

48
00\t47.r7



APPENDIX 1 (cont.)

Pair Lemma
Colour

Agronomic Characters
19Bt+

Grain Quality Characteristics
1984 1983

Hull 0i1Height
(cm)

120.00
12r.67

115.50
1 15. 50

107 .33
104.33

I 13 .00
109.00

107.00
106.67

111 .00
1 15 .00

107.00
107.50

1 10.33
109.00

Heading
date

(days)

66.67
66.00

63.00
62.50

66.67
66.00

62.67
63.67

64.00
64.00

67.67
6L.67

Yield
(kelha)

5453
5450

52r0
5230

5155
5365

42I3
4666

4773 ,

4803

4933
4846

5483
55s6

t+777

4797

5500
4830

4880
4810

Test wt
(kelhl)

46.r7
45.50

46.00
45,75

44.75
4I.25

4s.67
46.83

47.r7
45.r7

43.t7
43.67

I+6.5O
47.33

1000 kernel
wt (e)

30.67
31 .30

29.40
29.90

29.L5
30. 10

37.33
32.83

33.53
34.23

24.70
26.tO

32.97
38.10

30.60
30.25

31.83
32.70

Hu11
v

25.97
25.50

26.33
24.8I

27.53
26.8O

27.34
25.67

26.86
26.O4

27.22
25.75

28.4L
26.76

26.58
25.L4

26.95
25.73

25.67
24.64

29.26
26.06

26.48
27.O3

26.38
24.06

23.57
25.22

28.72
25.37

26.44
26.73

28.3I
28.32

27.I0
28.7r

24.2I
24.tr

5.25
4.80

4.74
5.28

5.01
4.97

4.L6
4.07

5.59
4.00

3.99
4.24

4.67
4.50

3.90
4.r3
4.84
5.01

s.6s
s.66

/.
q
/o

24

25

26

27

28

29

30

32

33

34

I1I

R

I4I

R

hr

R

I4l

R

I,J

R

I4r

R

I^I

R

l.1r

R

hr

R

I^f

R

25.
30.

85
39

63.50
64.0O

108.00
109.50

65.00
64.00

70
40

35.
37.

45.00
44.50

66.00
66.00

6s.33
65.33

108.00
108.00

46.75
44.50

45.83
45.33

@
æ



APPENDIX 1 (cont.)

Pair Lemma
Colour

Agronomic Characters
1984

Grain Quality Characteristics
L984 1983

Hu11 Hul1 0i1
7r/o/.

I^I

R

lr
R

l4I

R

Vrr

R

It
R

35

36

38

39

40

105. s0
111.00

1 14 .50
1 13 .50

107 .33
Iro.67
r1z.67
ro9.67

107.50
108.50

lJwhtte (hr) and red (R)

HeiBht
(cm)

Heading
date

(days)

61.50
62.OO

Yield
(kelha)

5375
5530

5175
5245

5500
5357

5297
4997

4335
4630

Test wt
(kglt¡,)

44.50
45.50

45.75
45.25

47.33
45.50

48.r7
47.0O

1000 kernel
wt (e)

28.30
29.63

28.97
29.r7

28.9s
31.10

6T
61

6I
6T

6T
61

61.
61.

30.9s
30.25

33.6s
34.20

00
00

00
00

00
33

33
33

23.29
24.82

25.40
24.27

26.48
24.34

26.O2
24.60

25.52
24.26

25.O1.
24.34

27.2I
26.47

25.43
24.28

27.53
23.58

27.52
25.2r

5.45
5. s8

5.31
5.37

s.49
s.40

s.35
5.52

5.36
5.7I

t+8.25
48.50

00\o



APPENDÏX 2. Mean values for the agronomi.c and grain quality characteristics of the yellowversus red
near-isogenic pairs of lines grohrn aL Glenlea, Manitoba in 1983 and 1984

Agronomic Charactersi Grain Quality Characteristics
L9B4 T9B4 1983

Pair Leruna
Colour

T4

15

T6

T7

1B

19

Height
(cm)

LtL.67
110.00

107 .50
107 .50

117.00
115.50

112.00
LIz.33

LIz.33
rr3.67

108.33
106.33

LO7 .67
104.00

1 14.33
109.67

112.00
1 13 .00

Heading
date

(days)

6s.33
66.33

65.33
65.33

67.33
67.33

67.67
67.67

67.33
67.67

Yi.eld
(kerlh")

52!"53

47',63

52t"43

5:i20

5:r15
51 10

52\90
slt25

s146
5003

51 83
5:t26

5:r35
47',65

49t53
5010

4€t90
sI96

5Ct20
51 13

51 53
5C)00

Test wt
(kglhl,)

42.67
4I.67

44.17
44.33

45.I7
43.67

45.67
44.67

45.83
44.67

44.67
43.I7

1000 kernel
wt (g)

28.73
28.93

28.73
29.73

31.05
32.LO

29.90
28.40

29.26
31.63

30.13
30.06

29.60
30. 15

31.00
30. 13

28.90
29.70

3L.46
31 .56

30.93
3r.26

Hull 0i1

27.I8
34.42

Hu11
/o

28.01
27.r9

28.75
26.69

29.52
27.23

28.82
27.35

27.48
26.54

27.34
26.2r

27.36
26.62

27.92
26.70

28.46
28.T4

27.88
27.74

27.L8
34.42

32.03
28.46

30. 11
29.s9

28.72
32.I5

30.10
26.60

29.t5
27.O8

29.29
27.88

30.38.
28.LT

30.57
26.29

s.24
4.70

5. 15
5.46

5. s3
5.37

5.09
4.73

4.93
s.19

4.63
4.74

5.29
s.42

5.20
5.14

4.89
5.27

4.73
5.20

%
o7

YII
R

Y
R

Y
R

Y
R

Y
R

Y
R

Y
R

Y
R

Y
R

Y
R

Y
R

1 66.00
68.00

3

5

9

43.00
44.25

44.2s
43.00

65.00
64.67

65.50
65.50

69.00
69.00

108.00
108.00

11

45.50
44.83

45.00
45.00

66. s0
66. s0

109.00
108.00

46.50
44.33

66.33
66.33

\oo
27.85
26.86



APPENDIX 2.(cont.)

Pair Lemna
Colour

2T

22

Agronomic CharacLers
1984

Heading
date

(days)

Grain Quality Charact.eristics
L9B4 1983

20

Height
(cn)

109.67
rr2.33
1 14.33
115.00

L09.67
rLz.33

1 10.00
104.50

t[ yellow (Y) and red (R)

Y
R

Y
R

Y
R

Y
R

67.67
67.67

63.33
63.33

65.33

Yierld
(kelha)

49:tO
5090

541i.6

5503

52:t0
5r)-o

52:t5
50r15

Test wt
(kelhl,)

45.00
43.67

t+4.67
46.00

44.83
43.83

43.75
43.00

1000 kernel
wt (e)

29.80
28.77

31.70
32.46

Hul1
7"

29.44
27.33

29.28
28.02

28.25
27.27

29.54
27 .77

Hu11
/.

30.43
32.OI

29.r5
28.24

29.94
28.92

29.LT
29.94

0i1
7"

4.65
4.70

4.96
5.15

5.

28.03
28.63

00
24

06
95

5
5

4.
28.4s
29.60

66.00

65.s0
66.50

23

\o



APPENDIX 3. Mean values for the agronomic and grain quality characteristics of the ye11ow versus white
near-isogenic pairs of lines gro!/n at G1en1ea, Manitoba in 1983 and 1984

Aqronomíc Characters Graín Quality Characteristics
19B4 T9B4 1983

Pa_ir Lemma

Colour

10

Height
(cm)

Heading
date

(days)

69 .33
69 .33

69.67
69.00

67.OO
67.OO

66 .33
66.00

66.33
66.00

64.33
64.33

64.33
62.67

68.67
68.00

Yield
(kelha)

4953
5143

5187
5140

4830
462s

4850
4960

4917
5023

4580
5100

5180
4953

4917
5187

501 7
4917

5003
48BO

Test wt
(kelhl-)

38.17
37 .00

36 .83
37.77

37.25
38.00

46.50
47 .77

46.00
46.17

46.L7
47 .67

46.sO
47.50

45.50
46.67

40. 83
4r.33

1000 kernel
wt (g)

29.76
27.86

27.46
25.73

3i .63
29.43

30.97
29.43

31 .60
30.47

32.87
30.57

31 .70
34.46

31.s6
29.46

Hu11
q

29.3r
26.93

28. BB

27.62

28.52
26.48

27.7I
25.97

26.29
24.73

26.43
26.rO

Hu11

29.59
34.01

29.26
29.0r

28.68
26.28

27.O3
27 .10

28.64
25.46

28.6L
23.98

27.47
23.36

27.50
29.42

29.O9
32.Or

0i1
v

5.64
6.r4
s .68
5.53

s.48
5.62

5.73
5.74

5.43
5.97

5.34
5.61

5.44
5. 10

/o

Y.lT

I4i

Y

I^/

Y
t{

Y

I4i

Y

l4I

Y
W

Y
I{

Y

I^/

Y
W

Y
I,\I

116 .3
175.7

5
4

7I
B9

2

3

120.3
119 .3

r14
108

r77 .7
174.7

r20.3
r27.7

TI7.O
1r4.7

32
29

69.00
69.00

.0

.0

.0

.0
120
118

26.72
24.96

26.r4
24.49

46.33
46.83

30
34

29
30

29.85
28 .85

30
97

4

5

6

7

I

66.00
66.00

123.6
122.3

26.35
24.O8

9

99
00

27

118. 7
119 .0

7L9.7
118 .3 26

\o
NJfl yellow (Y) and white (ld) lemma colour



APPENDIX 4. Mean values for the agronomi.c and grain quality characteristics of the black versus non-black
near-isogenic pairs of lines grovrn at Glenlea, Manitoba in 1983 and 1984

Agronomic Characters Graín Quality Characteristícs
19B4 T9B4 1983

Pair Lemma
Colour

LBlÏ
B1

LB
B1

R
B1

R

B1

LB
B1

hr

B1

Y
B1

LB

B1

l^l

B1

10

Height
(crn)

r29.50
125.00

117.50
I2r.50

123.00
1 18.50

Heading
daLe

(days)

58.50
58.50

59

Yi.eld
(kel/tra)

Test wt
(kgltr,)

47.OO
44.7s

46.2s
46.25

t+8.25
45.75

50.50
46.2s

1000 kernel
wt (e)

29.35
27.45

34. B0
34.70

34.65
3r.25

30.20
30.05

Hul1 0i1

58.50
59.00

1

125.00
125.00

Hu11
ol

28.32
27 .97

26.23
27.O8

25.67
29.L6

26.07

27.54
27.30

26.24
28.28

27.87
28.77

25.O9
29.27

2t+.46
28.00

23.99
26.r4

26.r2
25.57

26.67
28.26

26.O3
29.32

24.58.
25.2r

5.85
5.76

s.43
s.49

5.22
5.42

5.38
6.18

5.43
5.91

5.35
5.87

5.37
5.82

5.29
5.52

s.49
5.63

o1o1
lo

352

3

4

5

6

7

I

59

4(¡LO
47',75

42t60
4075

4¿¡6O

41.05

4ttgj
469s

.81
25
26

26 46
3129

00
00

59.50
59.50

00
00

61
63

58.50
59.00

46.00
44.OO

60.00
60.00

50
00

126.
L29.

9

24 BB

126.O0
121.00

135.50
126.50

4¿+55

4l:50

4805
41tro

4tL5
41175

44.75
42.00

47.OO

44.75

32.45
33.50

31 .50
32.30

38.25
34.50

LB
B1

\o(,'lf light-brown (LB), black (81), red (It), yellow (Y) and white (hl) lemma colour
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APPENDIX 5. Number of days to reach maximum germination, percent germi-
nation and germination index of the white versus red near-isogenic
paírs of lines grohrn in greenhouse in 1984

Pair Lemma
Colour

No of days
nax. germination

Percent
gernination

Germination
index

00
00

00
50

63
s4

72.
66

00
00

00
50

00
00

00
00

00
50

00
00

00
00

50
00

97 .50
87 .50

100.00
100 .00

100.00
100.00

100.00
100.00

100.00
100.00

100 .00
100.00

100.00
100.00

100.00
100.00

100.00
100.00

100.00
100 .00

6
7

5
5

6
6

5
6

5
5

5
5

6
7

5
6

hrfi

R

tll
R

I,\I

R

l^J

R

hr

R

l^/

R

I4l

R

Lrl

R

I4I

R

I

T2

13

17

20

66. s0
62.50

64.OO
67 ,00

67 .00
63.50

64.s0
63.00

65. s0
5L.25

60. s0
63.00

s

22

24

34

Li 50
50

00
00

61.
56

51
63

50
50

5. s0
6.00

ne 288
293

6
5

477 W

4BI R

ti white (W) and red (R)lemma colour
$ pairs of lines excluded from the 1984 trial because of short seed

supply
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APPENDIX6. Number of days to reach maximum germinaLion, percent germi-
naLion and germinaLion index of the yel1ow versus red near-isogenic
pairs of lines gror.rn in greenhouse in 1984

Pair Lemna
Colour

No of days
max. germination

Percent
germination

Germination
index

60.00
55.00

63.00
58.50

5055
62

62.50
<Á cn

64.50
56. s0

100.00
100.00

100.00
100.00

100.00
100.00

100.00
100.00

100.00
90.00

100

100.00
100.00

100.00
lnn nn

100.00
100.00

100.00
100.00

56.00
57 .75

62.OO
60.00

00
50

50
00

00
50

00
00

50
00

00
00

1

4

5

6
6

5
6

6
6

6
6

5
7

5
6

YlI
R

Y
R

Y
R

Y
R

Y
R

Y
R

Y
R

Y
p

Y

R

Y
R

62.s0
56.50

64.50
46.00

63.00
50.00

00
00

00I

10

11

L2

13

I7

1B

79

00
7.00
5.50

00
nn

50
50

00
50

6
6

5
5

5
6

'lf yellow (Y) and red (R) lemma colour
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APPENDIX 7, Number of days to reach maximum germination, percent germi-
nation and gernination índex of the yellow versus white near-isoge-
nic pairs of lines grown in greenhouse in 1984

Pair Lemma
Colour

No of days
max. germination

Percent
germination

Germination
index

100.00
100.00

100.00
100.00

100.00
100.00

100.00
100.00

100.00
97 .50

100.00
100.00

100.00
100.00

100.00
f ut/ . ut/

100.00
100.00

58.s0
61.00

59.50
s9. s0

61.00
60.00

62.50
65. s0

63.00
61 .50

63.50
O/.UU

6s. s0
64.50

6s.s0
68.00

56.20
60.00

00
50

00
00

50
50

50
00

50
50

50
50

00
50

50
50

00
00

6
5

6
6

5
5

6
5

5
5

6
5

6
5

5
5

6
6

YfJ

l^I

Y
I^l

Y
I^l

Y
hr

Y
l4I

Y
l^/

Y

trl

Y
!'i

Y
I\ï

1

2

3

4

5

6

7

B

10

!f Yellow (Y) and white (I{) lemma colour
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APPENDIX 8. Nunber of days Lo reach maximum germination, percenÈ germi-
nation and germinaLion index of the black versus non-black near-
isogenic pairs of lines grown in greenhouse in 1984

Pair Lemma
Colour

No of days
max. germination

Percent
germination

Germination
index

100.00
100.00

100.00
100.00

97 .50
100.00

100.00
100.00

100.00
97.50

100.00
100.00

100.00
100.00

100.00
I V\,' . \,,\J

100.00
100.00

62.50
56.00

58.50
s6,40

s4.00
47.00

56. s0
62.00

65.00
61 .50

60.00
Ol..UU

63.50
61.00

00
00

50
00

50
00

00
00

50
00

50
00

50
00

50
tr^

00
50

6.
7.

6.
6.

6.
6.

6.
6.

6.
7.

6.
5.

5.
6.

6.
A

6.
5.

LBl
B1

LB
B1

R

B1

R

B1

1

55.00
s6.00

66.00
64.00

2

3

4

5

7

I

Y
B1

LB
B1

l,tl
Et1

9

10

LB
B1

LB
B1

fl light-brown (LB), black (81), red (R), yel1-ow (Y) and whire(Ll)
lemma colour
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APPENDIX 9. Whole grain protein percenL and groat protein percent of the
white versus red near-isogenic pairs of l-ines grokrn at Glenlea, Mani-
Ëoba in 1983

Pair PercenÈ protein tf
( grain )

Percent protein
(sroat

hlhite Red hthite Red
)

2

5

7

8

9

10

11

72

13

T4

18

19

2L

23

27

29

32

35

3B

39

Line 2885

L2.79
14.43
14. 10

14.7I
rs.26
13 .07
L3.42
13.52
13 .48
14 .33
14.67
13 .50
L4.06

15. 10

16.76
13.57 line 293

12.99
13.29
15.42
13.34
13.35
14.49

34

14.07
15 .30
15.08
L4.63
13 .56
13 .80
12.62
14.35
13.37
14 .51
13.92
13 .95
t4.23
13 .37
73.77
14.6s
14.64
13.43
16.64
15 .00
15.12
13 .36

18.62
19.06
L7 .73
19.34
18 .05
78.47
27.45
18 .98
79.99
20. 1B

19.77
20.L3
20.s2
24.75
17 .75
18.83
18 .85
17 .62
17 .79
19.22
20.25
20.80

19.08
19.27
17 .88
18 .37
19.05
18.59
20.94
27.4r
22.67
20.87
20. 88

19 .68
20.79
2I.51
18.17
16,91
20.02
17.70
17 .62
19.16
I8.22
18 .83

tf Nitrogen X 6.25
S paír of lines excluded from the 1984 trial because of short seed

supply
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APPBNDIX 10. hlhole grain protein percent and groat protein percent of
the ye1-low versus red near-isogenic pairs of lines gronn at G1en1ea,
Manitoba in 1983

Pair Lemma
Colour

Percent proteinlf
(grain)

Percent protein
( groat )

7

9

YS
R

Y
R

Y
R

Y

R

Y
R

Y

R

Y
R

Y
R

Y
R

11.80
L2.93
14.06
13.30
15.33
T2.8L

L4.04
14.87
15.26
L4.57
15.25
14.36
L3.67
13 .89
14.69
14.61
14.92
T4.82

12.48
13.38
14.46
14.00

16.55
18.44
20.13
18 .89
22.O0
17.93
L9.70
2L.92
2I.43
20.46
2L.82
19.56
19 .36
19.26
2L.20
20.32
2r.49
20.IL

17.89
18.59
20.47
20.4r

10

11

12

I4

17

18

19

Line # |

809
811

967
971

Y

R

Y
R

!f Nitrogen X 6.25
$ yellow (Y) and red (R) lernma colour
t pairs of lines excluded from the 1984 trial because of short seed

supply
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APPENDIX 11. hlhole grain protein percent and groat protein percenL of
the yellow versus r+hire near-isogenic pairs of lines grown at Glenlea
Manitoba in 1983

Pair Lenma
Colour

Percent proteinï
(grain)

Pe¡cent proÈeiñ
(groat)

I

2

3

4

5

6

7

8

9

Ys
I^¡

Y
lrl

Y
I4I

Y
I1l

Y
hr

Y
hl

Y
l1I

Y
hr

Y
I'J

Y
l1I

L2.27 17.34
20.20
18. 12
17 .38
L7 .75
r8.92
19.07
17.55
18.99
19.s6
L9.2L
18.30
19.74
18 .02
20.32
19.o2
20.23
2T.37
L9.77
16.68

i3.60
12.94
i3.86
J.4.26

13.33
12.82
12.34
12.55
13. 18

L3.7I
L3.64
14.o9
73.70
14.7 4
14.58
L4.67
15 .04
13.01
12.24

10

ll Nitrogen x 6.25
$ ye11ow (Y) and white (l^l) lemma colour
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APPENDIX 12. Whole grain protein percent and groat protein percenL of
the bLack versus non-b1ack near-isogenic paírs of lines gror^rn at
GlenJ-ea, Manitoba in 1983

Pair Lemma
Colour

PercenL protein.ll
(grain)

Percent protein
(groat)

1

2

3

4

5

6

7

I

9

10

LBS
B1

LB
B1

R

B1

R

B1

LB
B1

I{l

B1

Y
B1

LB
B1

I4r

B1

LB
B1

15.50
15.43
L4.26
ls.40
15.70
16.6s
14.84
13.49
14.92
16.45
16.09
16.28
17.74
16.84
75.67
14.50
15.00
rs.44
1s .03
15. i5

20.70
2r.82
19.11
2r.04
2L.35
23.55
19.64
18.74
19 .63
22.27

23.98
22.63
2L.35
20.2L
20.28
2r.84
19.93
20.26

fl Nitrogen X 6.25
$ lLght-brown (LB), black (81), red (R), ye11ow (Y) and h¡hite (hI)
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APPTNDIX 13. Analyses of variance of percent huìì and percent oil of
the near-isogenic lines differing in lemma colour and grown at
Gl enl ea , J'lani toba i n 1983

% Hu11 % 9il
Source of variation d.f Ms d.f Ms

White versus Red

Pai r
Col our

Pai r X Colour

Error

Yellow versus Red

Pai r
Col our

Pair X Colour

trror

Yellow versus l^lhite

Pai r
Colour

Pair X Colour

Erro r

Black versus Non-black

Pai r
Col our

Pair X Colour

Error

35

1

35

360

13

1

i3
140

33.6405*

77 .597t*
15 .6060**

0 .9823

11.8042ns

4 .9303ns

28. 9 380**

i.1873

47 .8265ns

64.76BZns

38. 1336**

0.9930

14 .3852ns

134.09 10**

5.8899**

0.9231

1 .6870**

0.0131ns

0.2133**

0.0025

0.2988ns

0.0899ns

0. 1235**

0 .0016

0.1849ns

0.2360ns

0 .3340**

0.0028

0. 15Blns

1.3142**

0.1126**

0.0039

34

1

34

140

13

1

i3
56

1

7

32

9

1

I

7

100

9

1

9

100

I
1

ôo

36

f,sr *, ** nonsígnífícant, signÍficant at 0.05 and 0.01 1eve1 of
probability respectively



APPENDIX 14. Analyses of varíance of the agronomic characters and grain quality characterístícs ofthe near-isogenic lines differing irr lemma colour and grornm at Glenlea, Manitoba in l9B4

Agronornic Characters Graín Qualíty Characteristics
Hei¡¡ht

d f Mf;

75.it595x
44.0833**

8. ii765ns
7 .2tgg3*'
3 . €i038

46.6,954*
19 .2:"7 56*x
8.2.439ns
8.185Ons
3.9t295

56 .57 60*
17.4gtzxx
30. 4138:t
4.8429ns
4 . L579

Heading
date

MS

27 .6759**
1. 9838**
0.005 lns
0.27I3*x
0.1290

10.5435,k*
1.9615**
2.061Ons
0. 5 3 14ns
0. 3846

24 .567 0,t*
1.1579**
2.0862ns
0.4163ns
0.2456

Yíe1d

48. 7038*
28. 3495*r.

1.3390ns
7.4402**
3.0120

9. 7890ns
14.1133*
7.62L9ns
7 .9226ns
5.s120

B.01B5ns
9.5101*
4.9243ns
7 .9472ns
4 .3287

13. 3786**
3.3710**

25.0000**
r.1452x*
0.2325

5.1312ns
3.2284*,\

12.8811**
1.3611**
0.4s91

r09.3267**
2.9366xx
4.L422*
0.7782x*
0. 1173

43.4570*'*
3.9815**
3.8865ns
3. 7863**
1 .8386

7 .23OBr<{r
2.2284*x
2. 7806ns
1.2469ns
0.6684

18. 3867**
4.6060t

26.7648*
3.4520ns
2.0167

Percent
Hu11

MS

5. 1339**
0.4456*

68. 9018**
0.5723x,'
0.1690

.5022*',\

.7059x

.1 36 1**

.7939**

.2820

7.4875**
0. lB44ns

47.3628**
0.5073ns
0.2144

MS

Test weight 1000 kernel
r,¡eíSht

MSMSSource of variation

hlhite versus Red

Pair
Rep(Paír) (error a)
Colour
Pair X Colour
Error (b)

Yel1ow versus Red

Pair
Rep ('Pair) (error a)
Colour
Paír X Colour
Error (b)

Yellow versus Lrlhite

Pair
Rep(Paír) (error a)
Colour
Pair X Colour
Error (b)

35
62
I

35
62

L4
26
I

L4
26

2
0

25
0
0

9

I9
I
9

19

Fo(,



APPENDIX 14 (cont.)

Source of variation

Black versus Non-black

Replícation
Pair
Rep X Pair (error a)
Colour
Pair X Colour
Error (b)

Heig;ht

MS MS

0.1428ns
66 . 1667x
9.9762ns

36.5714ns
22.O7 l4ns
16.00Cr0

11.5714**
5. 9 167**
0.4881*
1.2857ns
0.5357**
o.07 t4

Yield

MS

65.4228x*
24.5223,\
4.0637ns

32.57 28ns
6.3737ns
4.0536

1.2857ns
9 .7 440*x
0. 6 I 90ns

36.57líxx
1.5714ns
L.t428

6.7032**
28.8778*

5 .457 0*
7.9289ns
3. 8464ns
1.4068

Percent
hul1

O,2l26ns
3.6660**
0.3452ns
8.8706ns
1. 7688*
0. 3695

Agronomic Characters
Heading
date

Grain Quality Characterístics
Test weíght 1000 kernel

weisht
MSd.f MSMS

I
6

6
I
6
7

DSr*,** nonsigníficant and significan.t at 0.05 and 0.01 level of probabilíty respectively

F
Os'




