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INTRODUCTION

Hexaploid triËicale became an official crop of eormnerce in Canada

wiËh the licensing of Ëhe variery Rosner in L969 (Larter et a1. LgTo).

Thís has stimulated many researchers and planÈ'breeders to work at this

crop more íntensívely. It is a species in r¿hích hybríd seed productíon . .,
could be exploited beneficially because its synthesis involves the com-

bínatíon of a naturally inbreedÍng species (wheat) wíth a¡r outcrossíng

one (rye). Although Ëhe inbreedíng habiË doninates ín this amphíploid, 
.

trítícale nevertheless tends to ouËcross and wíth the appropriate selec-

tion procedures, Ëhe development of a cross-pollinated sËraín ís feas- '

ible.

The procedure for commercíal hybrid wheat production for example,

is dependent upon the development of lines carrying eytoplasmic male

steri1eandferti1iËyresËoringfactors.Inwheat,cytop1asmícma1e

sterility was obtained by transferríng Ëhe r,rheat nucleus ínto cytoplasm

of either Aegílops caudata L. (Kihara, 1951, Lg67), Aegilops ovata L.

(Fukasawa, 1953) or Tritícum tímopheevi zhuk (wílson and Ross, Lg6z)

Similarly, the fertilíty resËoring mechanism eurrentl-y used was deríved 
,, r,:.,,.,

from the nucl-ear-cytoplasmíc interaction ínvolving Ëhe same tl¡ro species :'.¡::1 ::i

T. timopheevi and common wheat. lhe derivation of both of these mecha- : 
¡,.-,

nisu¡s - male sterility and f ertí]-íty - requíres fairry lengthy and para-

11e1- programs of alËernate baekcrossing and testing.

Tríticale, as indicated above, possesses certaín traits whích make :::::,:.:
,,. 

¡,. 
i,., ti

it appear suitable for developmenË as a hybrid seed cïop. Before under-

taking Ëhe devel-opmenË of Ëhe genetic mechanisms for hybrid seeó pro-

duction ín Ëhís species hornrever, fundamenËals regarding iËs potent.ial as

a pollen donor should first be ínvestígated. To assess thís probl-em,
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three main lÍnes of investígaËion were taken: (1) to compare the pollen

producËivity of triËicale relative to r¿heat (T. aestivr¡m L. em Thell.)

and rye (_Secale cereale L.), (2) to determíne the paËtern of triticale

pollen dísseminaËion Ëhrough Ëhe aír, and (3) Ëo determine Ëhe longevíËy

of triticale po1-len relatíve to that of wheat and rye pollen. Thís

Ëhesis is devoted to the reporËing of the results of these ÍnvestígaËÍons.
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REVIEI,ü OF LITERATURE

I. Factors affectíng pollen díssenination

(i) Environmental factors

Envíronment plays an Í.urportanË role in conËrolling pol1en

disseminaËion. Brook and Puri (1963) sËudíed aËmospheric con-

dítÍons as they Ínfluence pollen shedding of hops (ti"r"f*-

lupulus L.) and stated that ternperature appeared to be Ëhe most

imporËant factor controlling pollen dissern:Ínatíon. NeiËher time

of day nor relaËÍve humidity had a sËTong ínfluence on shedding

of pollen. Cloud cover during Ëhe mornÍng seemed to delay

pollen shedding while wínd velocítíes from 0 to 5 m.p.h. (0 to

8 km.p.h.) were not considered as ¿m importanË facËor. A sírní-

lar finding Ìrras recorded by Jones and Ner¿el-L (L946) working wíth

grasses.

(ii) Morphology of the planË

The morphology of the plant ítself also has an influence on

pollen producËíon and dissemination. Ol-son (L966) noËÍced that

wheaË varÍeties Ëhat were tall and which possessed lax, awnless

heads readily exËruded their anthers thereby releasing more

pollen into the air. Joppa eË al. (l-968) staËed that indepen-

dent varÍables such as percent anÈher extrusíon, nr:mber of pollen

grains per anther, and tillers per plot, accounted for approxí-

maÈe1y 937" of the varíaËion in pollen producËion in T. aestívum

and T. durum Desf.

(a) Pollen grain size -

Pederson et al. (1961 a) concluded Ëhat pollen graín

síze was not a facËor in ínfluencing dispersal, Ëhereby the

pollen load over a specific area. In his study, Ëhe rela-

::r:r.¿";::¡::.r:r:TÈr :ì
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tíonship of pollen disËribuËÍon to ferËi1-Íty as measuïed in

terms of seed-set ín rye \¡ras noË consístently posítíve. In

contrast, Bítzer and PaËterson (1967) exposed hand-emascu-

lated wheaË spíkes to wínd-borne pollen and obtaíned seed-

set under conditíons of both hígh and lirnited pollen dís-

persal. They concluded thaË seed-set hras dírect1_y related

to wind-borne poL1en load.

hTodehouse (1935) described the strucËure of wheat

pollen graíns as Írregular but tendíng to be ovoíd wíth

diameËers of 48 to 57 p. The sËructure of rye pollen

grains he descríbed as ellipsoídal wíth dimensions of

62 X 40 p. The sízes and shapes of grains are affecËed

by ínËernal environment of the anther a¡rd external climatic

condit,ions. These conclusíons agree with Ëhose of Rajki

and Rajki (L966) vrho descríbed fertíle pollen of wheat to

be somewhaË oval wiËh a díameter rangíng f.rom 42.6 to 61.0 ¡r.

Several workers íncluding Forlani (l-953), PeËrovskaja-

Baranova (1958), Cetl (1960) , Lziz (1960), Ukolov (L967),

Kozlenko (1968), Dfsouza (l-970) observed di"fferences in

grain síze among Triticum species. Forlaní, PeËrovskaja,

and CeËl also reported an íncrease in pollen size wíth an

increase in chromosome number. The average diameter of

pollen graíns wiËh different ploidy level as found by ForlanÍ

r,üere: diploid 45.83 rr, tetrapl-oid 50.44 p arrd hexaploid

specíes, 58.87 n. The ratio of volume of pollen graín to

ploidy level as reported by Petrovskaja-Baranova for

. monococcum L. (2n = l-4), T. tímopheeví (2n = 28), and

.. -:-"^'.t'..::
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T. aesËivum (2n = 42) was 1.00: I.82: 2.62 respectively.

The íncrease ín volume ùras not direcËly proporËional to

increased ploidy. Also Mameli Calvino (1956), afËer

investigaËing the diameter of pollen graÍns and chromosome

number of some Èhousand angíosperm specÍes, reported that

these two characterísÈics are posiÈívely correlated.

(b) Anther size -

Cahn (L925) reported significant differences in anther

length in wheat varíeties and concluded that the nurrber of

graíns per anther is directly reLated Ëo anther síze.

Kherde et al. (L967), based on data from 45 wheaË

sËraíns reporËed that anther length ranged frorn 3 .Lg to 4.4L

mm and from 0.59 to 0.96 irmr in wídth. However, he found no

correlatíon between percentage seed-seË on male steríle

wheats and anËher length of Èhe pollinators.

Athr,¡al and Kimber (1970) who studíed anther síze of

wheat-rye additíon línes and their parent,al specíes, reported

the mean lengËh of anthers ín wheat and rye to be 3.45 mm

and 8.25 rnm respectívely, whí1e those of six wheat-rye addi-

tion lÍnes ranged Írom 2.82 to 3.83 rnm. They concluded that

the smal1 size of T. aestívum anthers is epÍstatíc to the

longer anËher of S. cereale.

(c) Number of pollen graíns per anther -
Cahrr. (L925) reported a sígnificant dífference ín the

nr¡mber of grains per anther between varieËies of wheat. The

number of pollen grains per anther ranged from 856 to 1380

under field condítions and somewhat less in Ëhe greenhouse.

The lengËh of the anther seems to reflect its pollen holding



capacity.

Joppa et al. (1968) investigated el-even varieËíes of

hard red spring wheaË and three durum wheaË varíeties and

reported that Ëhey varíed ín the number of pollen grains per

anther, ranging from approxímaËely 3870 in the varieËy

Rescue to 2690 in Fortune.

Drsouza (1970) reported that in two varieties of

tritícale, he estimated a toüal- of approximately 6950 and

9270 po1-1"en grains per anther respecÈively as compared to

2L,400 for rye, and from 223O to 3020 for whear dependíng

upon genotype.

(d) PercenË anËher exËrusíon -

Percent anËher extrusion, as relaÈed to the frequency

of open floret.s, ís an important factor for hybrid seed

production and has a direct effect on poJ-len load (Joppa

et al. 1968). A wide range in Ëhe frequency of open florets

has been found anong wheat varietíes (Turbin and Vo1-odín,

1956). SirniLarly, environmental condÍtions affect the

degree of fl-oreË opening, e.g. moísËure level (Rajki, l_960),

temperaËure (Malcsimov, L964), Ëhe influence of manuring

(Selepov, 1968), and morphology of the flower (01-son, Lg66).

The proporËion of open fLorets reached 100% on varíe-

tíes of Triticum studied by Rajkí (1960) who aLso observed

thaË wíthin specíes, inËervarÍeËal differences ín exËrusíon

frequency were smaller Ëhan those due to climat.íc changes.

ILe also demonstrated that the frequency of open flowers hras

highest in Ëhe earliesË developing florets of a spíke rnrhil-e

Ëhe late developing florets extribited a relaËívely low
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exËrusion frequency.

Varenica et al. (1968) from the examinatÍon oî. 26

wheat cultivars found that, nine had at leasÈ 907. open

floreÈs, eight had 80 to 89%, five had 70 Ëo 79% while Èhe

rernainder exhibited less Èhan 707. open flowers. The lowesÈ

frequency found hTas from 29 Eo 34%. Similarly Joppa et al.

(1968) investigating the pollen production of eleven hard

red spring and Ëhree durum wheaË varieties observed t,haË

anther exËrusion varied f.rom 72% ín Thatcher sprÍng wheaË

to 22% ín LakoËa durum wheaÈ. They also concluded Ëhat per-

cenË anther extrusÍon had a greaËer dírect effect on pollen

load than eíther number of graíns per anther or tíllers per

planË for a gÍven plot area.

DtSouza (1970) working on percent anther extrusion of a

number of varietÍes of wheaË, ryet Ëriticale, and Secalotricum

under field and growth chamber condítÍons found that inter-

varietal differences in wheaÈ exist in Ëhe field ranging from

less than 30% extrusion (cult. Lichti) to over 80% exËrusÍon

(cu1t. rtDiamanÈrf and rtFronÈana Thatchertt). TritÍca1e and

SecaloËricum varieties had a higher frequency of extrusion

Ëhan wheat,, ranging from 70% and 9O%. In comparÍson, rye üras

found Ëo have over 907" extrusion. From the results of field

trials they also observed that Èhe percentage of proËruding

anÈhers was influenced by weaËher and dependÍng upon varÍety,

environmental influence was variable. From growth chamber

results however, they concluded thaË the percent of exÈruded

anthers under sËandard conditÍons is consÈant and specífíc

for one variety.
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(iii) Pollen víability

rt is known that viability of pollen varies wíth species,

environmental condítions, and time of stoïage (Abramova, 1967).

rn general, pollen of the cereal and grass specíes is shorË-

lived whereas pollen from some of the leguminous species has a

long viability period. Hanson (1961) noted thaË the longevíty

of alfalfa pollen for example, Ís equal- to thel-ifespan of the

untripped blossom.

Anthony and Harlan (L920) in theír study on gerninatíon of

barley pollen stated Ëhat the period of viability of this specíes

Ís very short and when left exposed Ëo air for as lit,tle as tr,ro

m1'nut,es, severe shrinkage occurred. However, when al-lowed to

remain in a cool, dark room mainËained at hígh humidíty, barJ-ey

pollen remaíned viable for as long as 24 hours.

Kulbíl (1959) as reporred by Dfsouza (1970), found Ëhar

wheat pollen remained viable for 5 hours if kepË in a desicaËor

above calcíum chloríde at a 1or,r temperature. Rye pollen on the

other hand was viable up to 6 days if rnaintained aË 5oc over 25:Z

sulphuríc acid. Athwal- and Kimber (1970) índicared Ëhar rye

pollen was sËill viable afËer storage under greenhouse condít.ions

for 30 rnínuËes. Pollen of both wheat and wheat-rye derÍvatíves

honever, was invíable after only 5 minuËes.

Dtsouza (L970) stored pollen under varíous Ëemperatures and

humidÍtíes for dÍfferent períods of Ëime before pollinaËing

emasculated plants. Based on seed-set percentages, his data

índícated that l-ow temperature and hígh huinidíËy prolonged the
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viabÍlíty of rye po1len. Pollen

ar.d 95.% hunidíty still produced a

requiremenËs for wheat, tri-ticale

similar, a fínding in accord wiËh

stored for 120 hours at 5oC

seed-set oÍ. 3.8%. Optimum

and Secalotrícun pollen were

that recorded by Arp (L967)

as reported by Goss (1968).

Very recently, Khan et al. (197f) sÈudied the effecË of

relatíve humídity on viabíliËy and longevity of wheat pollen of

Ëhe variety ScouË. They reporËed that when pollen grains were

stored at 4oC, híghesË viabilíty at any parËícular time \,ras

obtained for those sarnples stored at hurnidity of 80%. In addí-

tion, Ëhey suggested ËhaË the benzidine-hydrogen peroxide

Ëechnique r,ras reliable for deËerminÍng polJ-en viabílity.

II. Measured range of poll-en dissemination

The dispersal of pollen ín relation to dístance from Èhe source

has been ínvestigated by a large number of workers using eÍËher pollen

density counËs or percent outcrossing as a method of assessment.

(i) Pollen density count neËhod

Pol-len traps consisting of greased microscope slj-des ocposed

to the air have been the mosË conÍtronly used method for evaluating

pollen load distribuËíon. Jensen and Bogh (1941), as reported

by Griffiths (1950) used this method and found that the quantíËy

of pollen from rye grass (L.li"* perenne L. ) , cocksf oot (O"S-!yfis.

glomerata L.), and tirnoËhy (Phl""* pratenpe L.) decreased most

rapidly over the first 400-500 meËers from the source. Símilar

findings r¡rere reported by BaËeman (L947) workíng on corn, Hodgson

(L949) on Pensacola Bahía grass, (Paspal-r:m notatum Fl,ugge) ,

Griffíths (1950) on perennial rye grass, Meínders and Jones (1950)
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on caster plant (ni"i""g communis L.), pederson

on rye, and Zeven (1968) wíth wheat.

10

aL. (1961 b)

Jones and Newell (1946) workíng with seven species of cross-

pollinating grasses and cereals found that Ëhe density of pollen

dropped from 1002 (as found aË p1oË cenËres) to approximately 30%

aË a dístance of L2.5 yards (11.4 m) froin Ëhe centre. At dís-

tances of. 82.5, 220, and 330 yards (75.4, 20L.2 and 301.8 m

respectíve1-y) pollen densiËies dropped to 10, 1.2 and 0.87"

respecÈívely. Similarly, Meínders and Jones (1950) using the

caster plant found Ëhat approximaËel-y 2L% of Ëhe pollerì. rlTas

caught 5 rods (25.L m) from the field ceritre, while only 1% was

trapped aË a distance of 60 rods (301. B m) .

(ii) OuËcrossíng method

tr'Iilson and Ross (L962) found Ëhat Ëhere \^7as no signíficanË

difference in seed-set on male steríle wheat planted aË dístances

up Ëo approxímately B fË. (2.4 n) from the pollinaror. Similar-

ly, Livers (1964) for¡nd lirtle or no differences ín 1evel of

effectíve pollination up to 22 f.t. (6.7 m), Rajki and Rajkí (1968)

up Ëo 6 m, and Zuzens et al. (L969) up to at least 2 m. Ã 56T.

seed-set üras recorded by Bitzer and Patterson (1965, L967) work-

íng wíth hand-emaseulated spikes of wheat with a pol-linaËor 25

feet (7.6 n) from the female line. üIil-son (1-968) noËed a reduc-

tíon in seed-seÈ from about 551l to LO% aË dístancês.of 5 m and

30 ur respectively, and sËated that seed-set depends on the size

of the area occupied by the pollen donor and on Ëhe degree of

synchronization of flowering of Ëhe parent,al lines. Sinrilar

resulËs were also reporËed by Holl_and (1_966).

et
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Long range po1J-en dissemínaËion was reported by Gorin (1968)

who recorded as much as 2.8% seed-seË ori emasculaËed wheaË plants

located 150 n distant from the pollen donor. More recenË work

\4ras reported by Dtsouza (1970) who concluded that ¡rrheaÈ pollen

can be carried Ëo a distance of about 50 m and reach a heíght of

0.9 u Í-n comparison to rye pollen which may travel for a distance

of 120 m and to a heíght of 1.3 m.



L2

MATERIAIS AND METHODS

Three genetícal1-y diverse strains of tritícale (Rosner, 6TA204,

and T202) and T. aestivum L. em Thell cultívar ManiËou were used through-

ouË thís study. In addition, 9. cereale L. cultÍvar Prolífíc and a line

of Ërítícale carrying a dorrinant marker gene Ìrere also employed for

specific phases of the invesËigaËion. The parentage of these línes are

shown in Table I.

I. Factors affecting pollen dissemination

(Í) Morphology of the planr

(a) Pollen graín size -
The diarneter of 80 grains üras measured ín each of the

three triticale lines and in Manítou. samples were obtained

from twenty broken anthers which were collected at random

frour different positíons on spikes from each variety.

(b) Anther size -

Anther size r¿as determined fron anthers randomly

collected from approxímaËely 30 heads of Ëhe primary tílIer
from plants of Èhe three Ërítícale lines as well as Manítou.

Samples were collected just prior to dehísence of pollen

from the primary and secondary florets of the central spíke-

let and hrere preserved ín Farmerrs solution (3 absoluÈe

alcohol : 1 glacial acetic acíd). The lengths and breadths

of 40 anthers from each variety $rere measured under a

binocular mÍcroscope fitted wÍth an ocul_ar micromeËer.

(c) Number of graíns per anther -

Just prior Ëo anËhesis, spikes were collecËed randomly

from each of the three tritícale lines and Manítou from which
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anthers \¡Íere extracted and preserved ín Farmerrs solution.

Twenty anthers of each variety were broken singly ínto a

small víal conËaining one ml of distilled water. A homo-

geneous solution was made by shaking Èhe vial, after which

a drop was pipetËed onto a haemocyËometer. A toÈal of

Ëwenty haemocytometer slídes were analysed from each indivi-

dual vial and five víals (each with twenËy anËhers) were

sampled from each of the four plant línes.

(d) PercenË anÈher extrusíon -
In addíËion Ëo the triticale and wheat varÍeties used

in studíes described abover ryê culËívar prolific was also

included in the analysis of anther exËrusíon. AbouË one

week. after anËhesis.. fí-,Í.Ëy spikes of each variety were

collect.ed and Ëhe number of anËhers remaÍning unextruded in

the prímary and secondary fl-orets of each spíkelet was noted.

In conducting this analysis, it, was assumed that Ëhe patt.ern

of flowering was símílar for al-l plant lines (i.e. the ratio

of anËhers extruded from the primary and secondary florets

to all other fertíle florets is Ëhe same for all Ëhe varietíes).

sínce the numerical value of data exceed tlne 60% level, arcsine

transformation was used before applying analysís to the means.

(e) Pollen load over unít area of crop -
!ÍÍthin a solid-seeded pLot of each of the varíeiËes used

in this study, sÍx 4r x 2? (1.2 m x 0.6 m) quadrants r,ìrere

marked out and all plants withín each quadrant r^rere pull_ed

and counted. In addition, the number of fertile til_lers/

plant, spikelets/spike, and floreËs/spikelet \^rere scored from
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a rePresentat.ive sample of planËs from each quadrant. Using

these data al-ong with ínformation derived previously per-

tainíng Èo number of pollen grains/anther and percent anther

extrusíon, the total nurnber of pollen grains released from

a unit area of crop (pollen load) was cal_cu1ated.

(ii) Pollen víabíliËy

Poll-en vÍabíJ-ity tesËswere conducted using pollen from the

three tritícal-e lines prevíousl-y described togeËher with Manítou

wheat and Prolific ryer. The cenËral- eight spíkelets (16 florets)

in each of five heads per varíety were hand emasculated before

anthesis. About Ë\,/o to three days later, emasculated spikes

wiËhin each straín or varieËy were pollinated wíËh pollen of that

sarne varieËy in such a way that. time intervals of 1 to 4; 4 to g;

8 to L2; and 26 to 30 minuËes had elapsed between Ëhe time polIen

I^7as extruded from the pollen planË and the tirne of applicatíon to

the stigna. Temperature and relaËive hunidity of the greenhouse

at the Ëíme of conductíng Ëhe experiments were approximatel-y

75or' (z+oc) and 40 to 6Oi( relarive humídiry.

II. Measured range of pollen dissemínation

(i) Pollen density count method

For studies on pollen dispersal patterns, Lhree trítícale

lines and the wheat cultivar Manitou lÍere so\^7n in individually

isolated plots,45t x 45' (L3.7 m x l-3.7 n). Five pollen traps

per plot l¡rere erected during anthesis, one located in Ëhe centre

of the plot and one at each corner at a disÈance 3 ft. (1 n) fron

each edge. Two vaseline-coated microscope slides rirere.placed in

each trap, otle positioned at crop level and the other about 1 fË.

(30 cm) above. Slides rirere set aË approximaËely 75o to the
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horizon and were mount.ed daiLy at approxíroately 8:45 A.M. and

retrieved at approximaËely 7:30 p.M. during the floweríng period.

Pollen counts were made r,iiËh a microscope fitËed with a

10x objective and a 10x ocular; the area scanned being a Ëotal of

10 microscope fields taken aË random along the length of each

slide. Total- count.s ürere converted into nr¡mber of grains per
t

10 rnrn- surface (approximaËely the surface area of a stígma,

PaËterson and Bit,zer, L966).

(ii) Outcrossing neËhod

In a study of distance over which tritical_e pollen was

disseminated, use was made of attï,raxlessttmutant in which the

waxless characËerisËíc was found by the author to be governed

by a single dominanË gene (Table x; Fíg. 3). AbouË 450 preger-

mínated waxless marker seedlíngs r,rere planted in a 15 I x 15r

(4.57 m x 4.57 rn) area and used as a pollen source. Rosner triti-
cale r¿hich was used as female parent, \^ras planted on all four

sÍdes of the pollen source at dísËances of 10, 15, 2Or 25, 30,

40, 60, 80 and 100 fr. (3.0, 4.6, 6.L, 7.6, g.L, LZ.g, 18.3,

24.4 and 30.5 rn; Fig. 2). Hand emascul-aËíon was conducted on

Rosner plants locaËed on the l-0, 40 and 100 ft. (3.0, L2.9 artd,

30.5 n) distances. sínce tíme and labour did not perrnít all
Rosner parental maËeríal to be emasculated in this way, scissor

emasculation was used on pl-ants located at Èhe remainíng speci-

fied distancesfrom Ëhe source. To prevenÈ undue pollen cont.amina-

tion, all unemasculated plants were destroyed príor Ëo flowering.

Seeds produced on emasculated Rosner parents were planËed in the

greenlrouse and Ëhe number of waxless (dominant) and waxy (nornal)

plants (i.e. true hybríd as opposed to non-hybríd seeds) was recorded.
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I.

RESULTS

(i) Morphology of the pl-ant

(a) Pollen grain size -
The analysis of variance on pollen graín díameËer in

Ëhe three triticale lines and ManiËou showed thaË there \^7ere

significant differences beÈween línes (p = 0.01, d.f = 3;

Appendix vr). Duncanrs urultiple range Ëest showed that there

\ras no significanË dífference beËween either Manitou and

6TA204 or beËween Rosner and T202, (p = 0.05; Table II).
However, a significant difference exisËed beËween these two

pairs of lines. Al_though Manitou had the shortesË anËher

length and ranked Ëhird ín anther diameter (tabl-es rrr & rv),
íË had the LargesË pollen grain díameter (5s.9 ¡r) followed

respecËively by 6TA204 (57.9 ¡), Rosner and T2o2 (borh 53.3 ¡r).

The raËío of pollen diameters of Manitou : 6TA204 : Rosner :

T2O2 ,,w,asì, respectively 1.00 : 0.98 : 0.91 : 0.90.

(b) Anther síze -

An analysÍs of variance of length and wídth of anthers of

the four triticale and wheat straíns revealed that híghly

signífícanË differences exísted between straíns for both

variables, (P = 0.01, d.f = 3; Appendix VII & WII). The

triticale strain 6TA204 produced the l_ongest anËher (7.1 mm),

wÍth Rosner, T202 and Manitou following ín the descending

order of. size and sígnífÍcantly dífferent from one another,

(P = 0.05, d.f . = 3; Table III). The ratio of J_engths of

6TA204: Rosner z T202: Manítou r.r^ras 1.86 : 1.59 z L.23:

1.00 respectively.
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TABLE I

PEDIGREE OF THE VARIETIES A}TD
STRAINS USED ]N THE STÛDY

Varíety Pedigree

Marker rrirícale Tcl.64205 Gririgr* persicqJn) -(tcL.6A67 (4x Triricrm
sp.) tc1.6effilì"r .B^g4 ir. """ti""*cv. Prel-ude) rJ.6@)J r"r.oarãft.
durum cv. Ghiza) Tcl .6A20 (!. 4urfim-cv. Carlton)

Rosner triticale Tc1.64189 (T. durum cv. Ghiza) Tc1.6A20 (T. durum cv.
carlron) /TcL.6^69 (T. persicun) TcL.6A67 q4x-iîilti.un
sp' )

6TA204 Ëríticale T. aestivuq (Nainari 60 dwarf) Tcl. Bulk (4x Triticum qãp.ffiazl+ (ra.Bx (r. persicum) rcl.oi tf.4.,-lì
I

T2O2 triticale Tcl-.64189 (T. durum cv. Giniza) tct.6L2O (T. durgm cv.
Carl-Èon) ltct.AÃ6frs. persicum) TcI. (f. g"rggf
Tcl. (T. dícoccoides) rcl. 6A69 (t. persiiümJ-

An outcross of thís hybríd Ëo Mexican wheat ís
suspected (Zillinsky, personal communíeation).

Manitou wheat ('tlnatct'te{x FronËana) (Th"t"h.t6 x Kenya Farmer) /
(Thatchef x P.I. L7O925)

Tcl. desígnaËes trítícale, followed by the Universíty
of Manitoba accessíon number, and species and cultívar
of TrÍticum ín brackets.
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In terms of breadth, anthers of the four varieËies could

be dívided into two disËincË groups; viz. Ëhose of 6TÃ2O4

and Rosner (918 and 903(p) respectívely) and those of Mani-tou

and T2O2 (798 and 789 At) respectively) . Differences beËween

the Ëwo groups were sígníficanË (P = 0.05; Table IV) and the

raËío:, of breadËhs of 6TA204 : Rosner : Manitou : 1202 ;was'

respectívely 1.15 : 1.13 : 1.00 : 0.99.

TABLE II

DT]NCAN'S TNST ON DIFFERENCES IN
POLLEN GRAIN DIAMETER (¡)

VarieËy Manitou 6TA,204 Rosner T2O2

Mean s8.91 t g.ro 57.88 J s.as 53.31 j g.gs 53.26 t a.¡r

RaËio of mean 1.00 0. 98 0. 91- 0. 90

(P = 0.05 )

The means underlined by the same line are not
sígníficantl-y dÍfferent,(Duncan, 1955).
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TABLE III

DUNCANIS TEST ON DIFFERENCES IN Æ{THER LENGTH (MM)

Varíety 6TA204 Rosner T2OZ Manítou

Mean t .n ! o.sz 6.12 ! 0.57 4.6s ! 0.45 3. s3 I 0.s0

Ratio of mean 1.86 1.59 L.Z3 1.00

(P = 0.05)

TABLE IV

DI]NCANIS TEST ON DIFFERENCES IN ANTHER DIAMETER (¡T)

Varíety

Mean

Ratio

6TL2O4 Rosner Manitou T2O2

sra t os gog t :g zsa t ss tag ! sø

1.15 1.13 1.00 0.99

(P = 0.05)

The means underlined by the same line are not
significanËly diff erent.
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(c) Nr:mber of pollen grains per anther -
There were signíficant differences in the number of

pollen graÍns per anther between triticale lines as well as

between wheaË and trítícale, (e = 0.01, d.f. = 3; Appendix

IX & X). Consideríng Ëhe four strains indivídually, they

fe1l ínto Ëhree groups, with each group differing signífi-

cantly from Ëhe other, viz. 6T/*204 and Rosner; Rosner and

T.202: and ManíËou. No signíficant difference ltras found

wiËhin groups, (P = 0.05; Tabl-e V). The estímated number of

pollen grains per anther wíËhin Ëhe Ëriticale straíns ranged

from approxímately 15 thousand for T202 to 21 thousand for

6T/^204. Rosner was found to be intermediate wíth an estÍ-

mated 17 thousand grains/anther whíl-e Manitou wheaË was

significantly below Ëhe three triticale lines with only B

thousand graLns/anËher. The ratio of number of pollen

grains per anËher of 6TA2O4 : Rosner z T202, and Manitou

$Ias 2.55 z 2.L6 : 1.81 : 1.00 respectively.

TABLE V

DIJNCANIS TEST ON DIFFERENCES IN NI]MBER OF POLLEN GRAINS
PER. AÌr{THER IN THREE. TRTTICALE 'LINES At{D MAI{ITOU I^IIIEA.T '(ë_1000)

VarieËy

Mean

RaËio of mean

6T.A204

20.6 ! s.s

Rosner

+
L7.4 : 6.1-

T202

u.ø ! +.0

Manitou
+8.r : 2.L

1.002.55 2.L6 1. 81

(P = 0.05)

The means underlined by the same line are not
significantly dÍff erent.
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(d) Percent anÈher extrusion -

There were significant differences beËween the lines

sËudied in Ëhe degree to which anËhers were exÈruded aË

floweríng ËÍme (P: 0.01, d.f. : 5; Appendix XI). Comparing

anther ext,rusÍon levels on a varietal basis (Table VI; Fig.

4, 5, 6, 7 & 8), it was found that síx strains used for this

phase of study fell into four groups, viz. Prolifíc rye and

Rosner constiËuting a group with the highest extrusíon level

(approxÍmately 897" for each) 3 6TA204 and T2O2 forming the

second highest exËrusion rat,e (76 and 74% respecÈively);

T2O2 and ManiËou Ëhe Ëhird hÍghest 1evel, while Manitou and

the frgenetic markerft triËicale were scored with the lowest

values (69 and 67% respecËÍvely). The ratio of percent

anËher extrusíon of Prolific rye : Rosner : 6TA204 z T202 :

ManiËou : ftgenetic markerrr Ëriticale was L.29 : L.28 : 1.10 :

1.07 : 1.00 z 0.97 respectively.

(e) Pollen load over unít area of crop -

The pollen load in the air over a unít area of crop ís

represented in theory by Èhe number of pollen grains available

for ouËcrossíng produced by the toËal population of plant,s

withín thaÈ area. The calculation is based on Ëhe knowledge

of various facËors, viz. number of planÈs/unít areai tÍllers/

plant; spikelets/ti11er; florets/spÍkelet; anÈhers /f.Ioret;

percent anther extrusÍon and number of pollen grains per anther

(table VII). A brÍef comnenË regardÍng each of these facËors

follows. The number of plants per square foot (0.09 *2¡ of 
"rop

T^ras more or less the same in the three triticale strains studied

rangÍng from a low of 13,4 ín 6TA204 to a high of 15.4 in rzo2.



Variety

Mean

RatÍo of mean

TABLE VI

DI]NCANIS TEST ON DIFFERENCES IN
IN FOUR TRITICALE LINES

Prolific

Bs.zz t g.ss

L.29

Rosner

s8.67 ! s.zt

PERCENT ANTT{ER EXTRUSION
AND MANITOU I^THEAT

I.28

(P = 0.05)

The means underlíned by the sane l_Íne are notsignÍfícantly diff erent.

6TA204

76.22 ! s.+s

1.10

T202

74.r4 t g.:o

L.07

Manítou Marker

69.45 ! s.tz 67 .07 1 n. +r

i:.

ii

i:,

,:.1

,:i

t$
t\)
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The number of tillers per plant was highest in ManiËou wheaË

vüiËh 4.0 tillers/plant. Thís was followed by Rosner wÍth an

average of 3.4 tillers, while T202 and 6TA204 produced an

average of 2.8 and 2.5 tíllers per plant respectively.

The number of spíkelets per tÍller fell inËo Ëhree

groups in the varíeËies studied. TritÍcale 6TA204 \riË.h 29.7

spíkeleÈs /tiller was signÍfÍcanËly hígher than the second

group, consíst,Íng of Rosner and T202 wÍÈh 20.5 and 19,8

spikelets/tiller respecÈívely. Manitou, whích produced 15.2

spikelets/ti11er was significantly below the average produced

by the triticales.

Rosner had the highest number of florets per spikelet

(4.4 f.Iorets/spikelet) compared wíËh the other varietÍes

whích Ëended to fall into one class wiËh 3.4r 3.5, and 3.7

florets per spikelet in the varieËies Manitou, T2O2 and

6TA204 respectively. Data pertaíníng to percenË anther ex-

trusion and number of pollen grains per anther r^7ere reported

prevÍously and appear on pages 22 and 20 of. thÍs thesis.

The number of pollen graÍns avaí1able for ouËcrossíng

per square fooË (0.09 *2) of plant, area rnTas significantly

different between varieties, rangíng from approximately

209 million in Rosner ÈriËicale to 61 mÍllion ín ManiËou

wheaË wíËh 6T4204 and T202 ínËermediaËe in nr¡nber (I72 and

99 million respecËively). The raËio of number of pollen

grains per I fr.2 (0.09 m2) of plant area of Rosner :

6TA204 : 1202 : Manitou r^7as respectively 3.42 z 2.82 :

I.62 : 1.0.
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[A3LE VII

FACTORS INFLUENC]NG POLLEN LOAD PRODUCED
BY TRITICALE AND I,{HEAT

Variety Rosner 6TL204 1202 Manitou

Plants/1 ft.zo

Til-1ers/p1ant

Spikelets /tii-Ler

FloreËs /spikelet

Anthers /floreË

Percent anËher extrusion

Grains/anther (x 1000)

Total graíns/1- f.t.2 of
plant area

Grains available /t tt.2
of plant area

Ratio of no. of sraíns
avaílable /t tl.2
of plant area

14 .53 13.40 15 .35 L7 .L3

3 .42 2.46 2 .7 8 4 .04

20 .54 29 .66 L9 .82 15. 18

4.42 3.74 3.s0 3.44

3.00 3.00 3.00 3.00

88.67 76.22 76.L4 69.45

L7.4 20.6 L4.6 8.1

...
235;5'miLL. 226.0 mill. L29.7nitt. 878.2 níll.

208.8 mill. L72.3 mill. 98.8 mill. 61.0 nill.

3.42 2 .82 L.62 1.00

(1 sq. fË. = 0.09 sq. m)
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(ii) Pollen viability

The results of pollen viabÍlity as tested by pollinating

hand-emasculated heads with pollen exposed to air for dífferent.

time inËervals showed that the period of longevity for rye pollen

was longer Ëhan for either trítícale or wheat (table vrrr).
viable pollen was sti1l found in rye ín a 26-30 minuËe exposure

period. In comparison, T2O2 and Rosner had the lowest viabilitv.
No viable pollen hras recoïded after 4 mínutes f.or T20z and g

minutes for Rosner. Manitou wheat pollen was slíghtly more

tolerant to the effects of exposure in that some pollen could

survive at least over a 12 minute exposure. i{ithin tritícale
sËraíns 6Tl-204 showed Ëhe highest longevíty ín that vÍabi1íty was

recorded in an exposure as much as 26-30 minutes.

TABLE VTII

PERCENT SEED-SET USING POLLEN E}GOSED TO AIR FOR
VARIOUS TIME INTERVALS BEFORE POLLINATION

Variety Time Ínterval (min.)

L-4 4-8 8-r2 26_30

Rosner L2.50 2.5 0 0

6TL204 L3.75 LL.25 6.25 s.00

1202 L3.75 0 o 0

Manítou 25.00 3.75 L.25 O

Prolífíc 33.75 32.50 23.75 ]-L.Z5
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Measured range of pollen dissemínatíon

(i) Pollen density count meËhod

comparing the average nunrber of pollen graíns collecÈed on
2a 10 rm- slÍde surface for each of the four varieties used ín thís

study, Rosner rated the híghest (Fíg. 1; Appendíx II, IIf, IV, &

V). On one day at the peak of anËhesis, over 120 grains per
)

10 nnn- surface were Ërapped from this variety. rts floweríng

period lasted about a week, a trend similar to thaË observed in

varíety 6TA204. The date and period of anthesis of 6TA204 coín-

cÍded perfectly wiËh Rosner, however, íts pollen l-oad was lorrer.

Botl: T2o2 and Manitou had a relatively lower pollen load than

either Rosner or 6TA204 and a shorter period of anthesis, lasting

only abouÈ five days. The observed fl-uctuations in pollen counts

were due to a sharp drop ín tempeïature on August 1 and 2 (Appendíx

I), however, in general, the day-Ëo-day varíability in pollen

disseminatíon among Ëhe four lines agreed very well-. rn comparíng

pollen Ërapped aË dífferent locations wíthín the same varíety,

híghest number of pollen graíns per 10 *r2 of slide surface was

recorded from traps locaËed in the centre of plots fo1_lowed by

Ëhose located in NE and SE corners (Table IX).

(ií) Outcrossíng method

The genetic marker used for this phase of study exhibits a

"r¿axlesst' characteristic shovm to be governed by a single d.ominant

gene (Table X). For estímaËing Ëhe distance of pollen díssemina-

tíon, a ploÈ of waxless marker 15t x 15' (4.6 x 4.6 m) in síze

provided a source of pollen for ernasculated Rosner planËs so\itn on

all four sj-des of the marker in rows at pre-deternined distances

from iËs edge (Fig. 2). The hÍghest percent outcrossing was
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Fig.Z Influence of direction ond distonce on percent outcrossing
between Rosner ond the woxless genetic morker used os
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obtained on the easÈ síde of the marker wiÈh as much as 86%

recorded 10 ft. (3.0 m) from Ëhe pollen source. This percent-

age reduced wiËh increasÍng distance wÍËh 517. recorded at 40 ft.
(L2.9 m) and O% aE a disËance of 60 ft. (18.3 m). Ourcrossing

on Ëhe norËh sÍde of the marker followed more or less the same

trend as ÈhaÈ on the east except that the overall percentage 
'nras

lower. The south side differed from the east, and north not only

in Ëhe lower amount of ouËcrossing, but also Ín the rapid decrease

in percenËage which occurred withín a short, disËance of 20 ft.
(6.1 m). AË thÍs distance only 15% outcrossíng was obtained,

followed by a steady declíne wíth the 07" point occurríng beËween

60 to 80 ft. (18.3 to 24.4n) from the source. Lowest percent

outcrossíng hTas recorded on t,he west, síde of the marker vrith less

than 107" at 10 ft. (3.0 rn) from the pollen source, and O% aL a

distance of only 30 fr. (q.1 rn).

TABLE TX

AVERAGE NIMBER OF POLLEN CNÁNS PER 10 **2 OT' SLIDE SIJRFACE ]N
DIFFERNT LOCATIONS I'IITH]N PLOIS DIIRING ANTHESIS

. : ìj '.'.:j: .1.' ":l .' -i ì l

Varíety Locat ion Average
ò11s![NI,[NE CenÈre

Rosner

6TA204

T202

Manit,ou

5t.72

35.05
23.30

17.40

42.9L

21.85
13.72

L7 .87

34.86

22.26
19.22

16.45

43.44

38.38

23.99

26.97

58 .55

37 .25

29.0L

28.42

46.30

30.96
2r.85

2r.42

CALCIJLATED X2
F PLANTS

2

TABLE X

FOR GOODNESS OF FIT T0 A 3:1 RATIO OF
FROM A CROSS IIhTA)(LESS'I X NORMAL

No. of
laËion

No. of
Waxless dominant normal RaËio

F2 s96 209 3:1 0.398
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Fig. 3 - Normal "rrax5r" tritÍcale
plant (cenËre) in compari-
son with genetic marker
ttrüaxlesstt
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Anther exËrusion of rye, Ëríticale and wheat 1Ínes used:

Fig. 4 - Rye cultivar Prolífic

Fig. 5 - Rosner tríticale

Fig. 6 - 6TA204 triricate

Fíg.7-T202 rriËícale

Fig. 8 - lüheat culËivar Manítou
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Fig. 4 - Rye cultivar Prolific
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Fig. 5 - Rosner Èritícale
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Fig. 6 - 6T/-204 tritícale
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Fig.7 -T202 triËicale



Fig. 8 - lÍheat cultivar Manítou
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DISCUSSION

Pollen load in the air at a gíven tíme is a function of the amounË

of polIen produced per anther, the percent of anther extrusion, the

nurnber of anthers per uniË area and the envíronnent.al condí.tions. TríËi-

cale lines, especially Rosner, produ.ced a hígher pollen load than wheat

(Fíg. 1). In addition to evaluatíng tríticales as to theír potentíal

pollen díssemínating properÈíes, the fol-lowing discussion will deal with

the r,ray ín which the various factors affect polIen production and Ëheír

order of Ímportance.

I. Influence of envíronment and tant on pollen producËíon

(i) Environment

trdeaËher condiËions play an important role in pollen díspersal.

Zenven (1968) reporËed seed-set on male steríle wheat Ëo be only

about L0% of. normal due to heavy raíns duríng the flowering period.

I¡Iinds also have a pronounced effect on pollínatíon habíts. For

example in the present study, pollen dispersal dístance as measured

by outcrossed seed-set on emasculated plants was higher on the

easË and norËh side of the pollen source due to the prevaíling

south-westerly winds in Manitoba. However, temperature is per-

haps an equally imporËanË factor controll-íng pollen d.isseminaËÍon

(Jones and NewelL, L946; Brook and puri, 1963). An outstanding

exarnple üras experienced ín the present study on August 2 (Fíg. 1;

Appendix r), when Èhere qras a drop in temperaËure of about 10oF

(5.6oC) and Ëhe four varieties which were at Ëheir peak of

anthesis at this time unden¡rent a sharp drop Ín pollen dissemina-

tíon. rn Rosner for example, Ëhere was a reduetíon from approxí-

mately 100 graint/Lo 
^-2 slíde surface/day to only about 20

tgrains/lO rmr- s1íde surface/day for the cooler period. trrlhen Ëhe

. ::i,:!:;;.;:,:..)
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temperaËure returned to normal- ín the days following, pollen

counts increased. The same paËtern of day-to-day flucËuatíon Ín

pollen counts w'Íthin the four varieties, reflects the ínfluence

of daily fluctuation in Ëenperature (Fie. 1).

(ii) Morphology of plant

Irlhether or not Ëhe sízes of pollen graín and anther affect

pollen load is still debatable. Hodgson (1949) and Pederson

et al. (1961) reported that a difference in sÍze of pollen is

not a facÉor in deterrníning pollen dispersal. Consídering the

facË that the naËural mode of dissemination of pollen from the

grasses and cereals ís by wínd, slighË varietal differences ín

size (and possíbly density) of polIen probably would noË be a

factor in deterniníng rel-aËive distances of dispersal.

Cahn (L925) reporËed anËher l-ength bears close relationship

to pollen bearing capacíty, a conclusíon supported by the results

of the present study (Tables III and V). On the oËher hand,

Kherde et al. (L967) reporËed no correlatíon between seed-set on

mal-e sterile wheat and anthet size of the pollínaËors. I¡Ihether

one needs Ëo breed for large anther síze is therefore quesËíonable

and the decisj.on would depend t.o a large extent on the amount of

efforË one would have Ëo expend on the developmenÉ of this charac-

ter in rel-aËion to other agronomíc characËeristics pertaining to

hybrid seed producËíon. It should be borne in mínd that 'rpollen

productívíty" ís a compl-ex characteristic of which anther size ís

only one componerit. It does not necessarily follow that the

development of varíeties with large anthers, thus increased number

of pollen graíns, results ín an overall ímproved level of
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pollen producËivity. variety 6TÃ204 of the present study, for
example, \¡ras found to have Ëhe híghest, number of pollen grains per

anther (Table v), yet the amount of pollen trapped and the actual

anount avaílable per unit area of crop indicaËed thaË ít ï¡ras riot

necessarily the best pollen disseminaËor. This was due Ëo the facË

thaË its percent anËher extrusíon was relatively low coupared with

that of Rosner even though the totar- number of porlen grains/L ft.2
of the crop ürere very close to each other for Ëhese two varieÈies

(table vrr). The ímportance of the degree of anther extrusion

exhÍbíted by a particular strain and íts pollen dessiminaËíng

properites is further exemplífied by the variety Rosner. Although

Rosner did not rank highest in a number of the components contri-
buting to overall pollen producËívity (pollen grains fantl'er,
anther size, Ëillers/unit area of crop, spíkelets/tiller), it
exhibited a leve1 of anther exËrusion second only to rye. rË ís

speculaËed that most probably because of this single factor alone,

Rosner ranked highest of Ëhe triËicales in terms of actual number

of grains per unit area of the crop available for outcrossing,

and in pol1-en disseminatíon as measured by pollen trapping. rn

comparing Table vrr and Fig. 1, there is a good relationship

beËween theoretical pollen load and pollen counts.

Besides percenË anther exÈrusion as just ment.ioned above,

the nunber of florets per unit area of the crop (a funcËion of

p1-ants/unít area, tillers /plant, spikelets/tiller, fl-orets/

spikelet) would also have a pronounced effect on overall pollen

load since it wÍll give the actual number of anËhers for po11en

production.
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rn addÍtíon to the acËual disËance Ëhat pollen is carried,

pollen graín longevity is also involved. rn general, cereal crops

with the except.íon of rye, exhibit a very shorË pollen longewíËy

period. As reported by DtSouze (1970), Roemer (Lg3Z) found rye

pollen to be sËill viable after Ëravelling a distance of 600 m.

The resulËs of the present study, al-ong with Ëhose of Athwal and

Kimber (1970) support the fact Ëhat rye pollen has a relatively

long viability períod.

Triticale as a pollen donor

TriËicales Ín general, produce a relaËively larger number of

pollen grains per plant and also exhibít a high frequency of anther

extrusion' both facËors being essenËíal for maxímum pollen productíon

and dispersal. Drsouze (1970) reported that the number of pollen

grains per anËher in rye and Ëriticale was respectively seven and

three tímes as great as in wheat. fn Ëhe presenË study, results indi-

cated that Ëhis íncrease was slíghtly greater than Ëwo-ford. Although

tríticale is an inbreeding species, basically it has the Ëv,ro repïo-

ductive characterisËics that are present in the rye païent which ís

a sËrong outbreeder. For purposes of serving as a poJ-l-en donor for

hybrid seed producËíon, iË is possíble that with linited selection

pressure a ËrÍtícale strain exhibíËing predominantly outcrossíng

habits could be derived.

In addition to the aforementioned characterístícs favoríng seed

producËíon, the ËrítÍcale strains Rosner and 6T/.204 have a period of

anthesis considerably longer Ëhan that of common,wheaË (Fig. 1). This,

together wiËh the fact Ëhat outcrossing occurs over a relatívely long

distance (50% outcross ax 40 f.t. (L2.9 m) from Ëhe pollen source),

further supporËs the supposition that triËÍcale is a satisfacËory
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pollen donor.

Not all characËeristics, however, favor outcrossing ín ËriËicale.

The low longevity períod of tritícale pollen grains relative to that

of rye for example, would favor inbreedíng. Factors responsible for

thís low leve1 of viability are worËhy of invesËigation and Ëhe possi-

bility of selecËion of straíns wiÉh prolonged pollen longevíty could

prove profitable.

III. Heterosis in hvbríd trítÍcale

In addition to reproducËÍve behavior as ít pertains to hybrid

seed producËion Ëhe l-evel of heterosis generated from a particular

cross combination is extremely ímportant from the practíca1 aspect.

Among the small-grained self-pollinated crops, wheat has been studíed

extensively in regard to the potenËíal yield increase expected from

hybrids, however, results are extremel-y variable depending upon

ínterplanË spacíng, locaËion effect, etc. (Briggle, L963). Rodriguez

et a1. (L967), nevertheless are convínced thaË the magnitude of

heterosis encountered in wheat ís suffícient to make the productíon

of hybríds feasible. Both Bríggle (1963) and Rodriguez er al. (L967)

reported yields of hybrids varying around the mean yield of the

hígher yÍelding parent or in absolute Ëerms, as high as L46% of this

parent. Trítícale which has an alien genome (rye) added Ëo wheaL,

may be consídered Ëo have a more diverse gene pool which could resulË

ín an íncreased heterotic effect and consequently a greater yíeld

potential. In addítion, rye has naturally a lneterozygous (outcrossing)

genetic sysËem, a condition which would be re-established in the F,

hybríd produced from a cross between inbred triticale strains. This

magniËude of expression of heterosis in F.' tritícale hybríds is a
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phase of sËudy still to be done. At this point in time in the trití-

cale breeding program however, completely sËable lines have sËill to

be produced. Although very signÍficant progïess has been made in
this area, it is necessary Ëo ensure Ëhat the línes enteríng such an

evaluation are cytologícally stable, specífícally in Ëhe F, hybríd

state. It has been the characteristic of trj-ticale lines produced to

date to exhibit some meiotic abnormality, partícular1y in the F,

hybrid. It is hoped that sËudíes already unde:r^ray wíl1 Ísolate those

línes thaË are stable both in the parental state as r¡ell- as ín Ëhe

progeny. Such línes r¿ould be the logical materÍal for future use ín

Èhe evaluatíon of heterosis in Ëriticale.
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SI]MMARY

E>cperiments were run in Sr¡nmer L97O to ínvestigate pollen productíon

and longevity of three ËriËicale lines (Rosner, 6TÃ204 and. T202) ín

comparison with wheaË cultívar Manitou and rye cultivar prolífic.

The following findings ürere recorded:

(1) Using vaseline-coated microscope slídes as pollen traps, Rosner

was found. to have Ëhe highesL pollen load of any of Ëhe varieties

or sËrains tested. over 120 grains per 10 ,*2 or. slide surface

r¡las recorded in a lO-hour period. The duratíon of anËhesis was

longer in Rosner and 6T4204 t]nan ít was in eÍther T2O2 or ManiËou

wheat. Temperature I'.ras the maín factor affectÍng pollen load.

(2) Differences in anther diameter between 6TA204 and Rosner and

between T202 and Manitou were insígnificant. However, differen-

ces between the tlrto groups \¡rere signíficanÉ. A range in anËher

diameter fron 789 ¡ Ëo 918 ¡1 r^ras found to exísË beÉween Ëriti-
cale lines. VaríeËÍes also díffered sígnifÍcantly ín length of

anther- Anthers of variety 6TÃ204, wÍËh a lengËh of. 7.13 rnm,

were almost twice as long as those of Manitou wheaË.

(3) There were significant dÍfferences in pollen graín síze ranging

fron 53 u in T202 Ëritical-e to 59 ¡r ín ManíËou wheat.

(4) Using a rnodified methodology, an estímate of the number of pollen

grains per anther in each of Ëhe tritical-e strains were 21 thou-

sand for 6TL204;17 thousand for Rosner; and 15 thousand for

T2O2. Manítou wheat was estimated to produce B Ëhousand graíns

per anther.

(5) A,..l"ilgh,of 89"'2:Á 'anther'ext?usíon Ì^ras.recorded for Pîo1ífic rye,
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whíle Manítou \Àrheat. r',ras lo\¡resË wiËh 69.5% extïusÍon. Triticales

ranged from 74.L"Á for T2O2 to 88.72 for Rosner.

(6) The raËio of pollen load estimated for a uniË area of crop of

Rosner z 6TA204 z T202: Manitou T¡ras respectivelv 3.42 : 2.g2:

I.62 : 1:00.

(7) over 507. outcrossing in triticale was recorded on emasculated

plants up to a distance of 40 ft. (L2.9 n) from the pollen source,

however, pollen of triticale was trapped aË a distance of 100 ft.
(30.5 m). The use of a genetic marker stock (r¡axless) in triti-
cale proved a very effecËive method in evaluating po1-l-en dísper-

sal disËance ín Ëhís species.

(8) The longeviÈy of rye cultívar prol-ific pollen was hígher than

that of both the triÈicale lines (Rosner, 6TLzo4 and T202) and

wheat cultívar Manitou. After a 26-30 minuÈe exposure to atmos-

pheric condítions, rye pollen hras stil-l functional. Triticale
pollen viabÍliËy was vÍrËuaLLy zexo after only 4 minutes of

exposure for T2o2 and I minutes for Rosner. Tritícale 6TMo4

pollen was comparaËívely more viabl-e Ëhan T202 and, Rosner.

44
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APPENDIX I

TEMPERATURE AT{D I^IIND VELOCITY DI]RING PERIOD OF ANTHESIS*

Date Temperature (oF.)
: r Mean from

I4aximum Minimum Max. and MÍn.

Degree days Ave. wind
below 65oi. velocity

(m.p.h. )

JuLy 24

25

26

27

28

29

30

31

Aug. 1

2

3

4

5

6

7

B

9

10

11

L2

74

85

81

79

B7

85

85

73

B6

67

72

81

86

90

90

B8

82

86

92

92

62

56

62

56

60

69

64

57

55

49

4B

s4

56

60

6B

66

55

4B

6t
5B

7

5

68

7L

72

6B

74

77

75

65

7L

5B

60

68

7L

75

79

77

69

67

77

75

L7 .0

11.3

10.1

7.2

8.2

4.9

7.8

t2.5
13.0

L4.L

5.2

7.7

5.7

5.1
8.8

11.9

10. I
5.4

LL.4

8.s

Courtesy of MeËeorological Branch,
SËation located about B miles west

TransporÈ, Canada.
of ManÍtoba campus.

DeparËrrent of
of UnÍversity
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APPENDIX II

AVERAGE NIIMBER OF POLLEN GRAINS pER t0 nm
OF SLIDE SURFACE FOR ROSNER

Date Location Average
NE st[NI,{ SE CenÈre

July

Aug.

4.87

20.46

s. 84

2.92

26.62

88.31

11. 36

30. 20

150. 65

7L.75

81.17

83.77

L28.57

s2.60

63.96

23.70

32.47

2.60

7 .79

4.55

9 .42

L2.34

3.37

4.22

8.L2

7 .47

6.r7

15.91

52.27

L47.08

28.90

33.L2

98 .05

39. 61

47 .40

29.22

59.42

35.39

86. 51

18. 83

25.00

9.09

5.20

4.07

37 .34

59. 09

L65.9L

25.00

65. s8

L83.44

56.L7

7L.43

83.44

Lr6.56

22.08

51.95

12.99

25.97

3.7 4

11.56

5.29

s. 36

22.99

42.2r
104.09

20.I3

47 .2L

L25.97

s5.99

69.87

64.68

92.92

37 .34

59.37

1.5.72

23.3I

25

26

27

28

29

30

31

1

2

3

4

5

6

7

I
9

10

11

L2

13

Rained

16. 88 t_8. 18

L5.26

29 .22 89.94
-8.44 26.9s

60.39 46.7s

L33.L2 64.6L

7L.43 40.99

94.48 54 .87

89.29 37.66

L08.77 51.30

Rained

50.97 25.65

46.70 47.73

L2.99 10.07

10.07 23.0s
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APPENDIX III

AVERAGE NIIMBER OF POLLEN GRAINS PER l-0 r¡m2
OF SLIDE SURFACE FOR 6TA204

51

Date Location Average

SE CenËresWNWNE

July 2B

29

30

31

Aug. 1

2

3

4

5

6'
7

B

9

10

11

L2

13

5.20

38.64

L7 .53

67 .53

25.97

11.04

66.88

29.s5

78.90

36.36

90.91

10.71

27 .92

4.87

L3.64

4.22

28.90

L4.29

L7.86

10.07

L4.6L

32.47

22.08

37 .0L

27.60

7L.43

7 .L4

8.44

9.74

9.42

Raíned

75.00

L4.29

L2.34

L4.94

42.s3

30. 84

43.51

ls .91

25.65

5.84

64.6L

138.31

2s.65

18 .83

70.78

36.36

64.6L

35. 39

45.4s

11. 04

9.74

6.49

4.22

4.22

34.74

60.07

100.00

13 .31

IO.7L

67.53

L7 .53

53.57

63.64

75.65

L4.29

27.92

9.74

5.82

5.78

48.38

30.6 3

67 .60

L7 .47

14.03

s6.04

27 .27

55.52

35 .78

61.81

10. 19

L6.23

7 .40

7 .46

Rained

7 .79

7 .L4

6.L7

6.L7
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APPENDIX IV

AVERAGE NIIMBER OF POLLEN GRAINS PER 10 mr2
OF SLIDE SURFACE FOR T2O2

DaËe LocaÈion Average

NE NI,ü SES}T Centre

July 25

26

27

2B

29

30

31

Aug. 1

2

3

4

5

6

7

I
9

10

13.31

8.L2

28.57

13.31

53.25

44.48

86.04

7 .L4

L7.53

27.60

L2.66

L6.07

9.O9

6.82

5.52

15.58

25.97

34.09

9.09

16.18

L9.L6

9.42

5.s2

10.71

L5.26

28.25

52.92

6L.04

]-9.48

19. 81

17.86

10.39

5 .40

L0.7t
7 .79

9.42

20.45

8.77

31.82

65 .58

98.75

25.00

2L.LO

20.46

6.49

7.t4
8.44

4.87

7 .47

L4.g4

52.27

].'2.99

43.18

76.62

L}L.62

24.68

22.08

23.35

8.44

10. 39

5.20

7.L4

3.2s

7 .43

LL.28

33.22

11.59

34.42

53.L2

76.3L

17.08

L9.34

2L.69

9.48

I .90

8.83

8.38

5 .33

3.25 3 .90

L.62

18.83

15 .91 7 .L4

Rained

Rained

5.20 s.20
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APPENDIX V

AVERAGE NIII,IBER OF POLLEN GRAINS pER 10 mm
OF SLIDE SURFACE FOR MANITOU

Date LocaÊion Average

SE CentreS}.INI/,INE

JuLy 25

26

27

28

29

30

31

Aug. 1

2

3

4

5

6

7

B

26.62

10.07

24.3s

L7.86

38.31

28.25

24.35

10.39

11.04

24.03

8.r2
5.20

5.52

9 .42

10.39

24.35

30.64

38.96

27 .92

3L.82

9.42

8.44

25.33

8.77

7.L5

3.25

5 .84

11.04

43.5L

L2.OL

Rained

23.0s

44.L6

L4.29

L2.OL

6.82

5.20

s.84

4.5s

L4.94

L6.23

44.81-

T9.L6

25.33

75.33

72.08

36.04

L4.67

L2.66

2.60

4.22

7 .79

19.81

2L.LO

42.86

25.97

38.64

6L.04

76.62

28.90

L3.96

23.05

6.49

11.04

8.77

11.04

18.83

].6.95

3s .98

2L.L3

32.86

49. L4

5L.22

19. 81

L2.OL

18.38

6.24

6.69

5 .98

L2.2L
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APPENDIX VI

ANAIYSIS OF VARIANCE ON POLLEN GRAIN DIAMETER
IN TI1REE TRIT]CALE LTNES AND }Í.A}IITOU TüHEAT

Source of Degrees of Sums of Mean
variat,ion Freedom squares square F

Varietíes 3 2OO7 670 15

Error 3L6 L3944 44

ToËal 319 L5952

**
(P = 0.01)
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APPENDIX VII

ANALYSIS OF VARIANCE ON ANTHER LENGTIT
OF VARIETIES STUDIED

Source of Degrees of Sums of Mean
variation freedom squares square F

Varietíes

Error

Total

3

L56

159

257 .67 85.89 345.78

38.76 0.25

296.44

(P = 0.01)

APPENDIX VIII

ANALYSIS OF VARIANCE ON ANTHER DIAMETER
OF VARIETIES STTIDIED

Source of Degrees of Sums of Mean
v¿riation freedom squares square F

Varieties

Error

Total

3

156

159

544L47 181382 5600

500283 3228

1004430

(P = 0.01)
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APPENDIX IX

ANAIYSIS OF VARIANCE ON THE NIN,IBER OF POLLEN
GRAINS PER ANTHER IN THREE TRITICAIE LINES

Source of Degrees of Stms of Mean
variation freedom square square F

Between varíeËÍes 2 L768882176.000 gg44410g8.0000 g.3906**

Between vials L2 L264gL0336.000 105409184.0000 3.gg44*x

vüithín vial 285 752096996.00o 26389392.0000

(P = 0.01)

APPENDIX X

ANALYSIS OF VARIANCE ON THE NI]MBER OF POLLEN GRAINS
PER ANTHER IN TI{REE TRITICALE LINES Æ{D MANITOU I^THEAT

Source of Degrees of Sr:ms of Mean
variatíon freedom sguare square F

BeËween varieËies 3 8478064640.000 2826o2L376.0000 33.51g6**

Between vials L6 L348gg3o24.oo0 84312064.0000 3.9868** 
.,,..,n.':::::

!üíthin víal 380 8036220929.000 2IL47936.0000

(P = 0.01)
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APPENDIX XI

ANALYSIS OF VARIÆICE ON PERCENT ANTHER EXTRUSION IN
FOUR TRITICALE LINES AND MANITOU T'IIIEAT

Source of Degrees of Sums of Mearr
variation freedom square square F

Varieties 5 1258L.44 Z5L6,2g 47.04x*

Error 294 L5674.52 53.50

Total 299 28255.96

** (P = 0.01)
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APPENDIX XIT

SEED.SET PER H]TAD AND GERMINATION OF KERNELS
PRODUCED ON SCISSOR-EMASCILATED PLANTS

l.: :.:.:.... . :.:.. ..,:..,..: 1,.r, .r...:. .....: i.:.:.
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Location

No. of heads No. of
emasculaËed seeds
by scissors produced

No. of
seeds %

gernínated germinatíon

No. of
seeds
per head

East fr.

Iües Ë

North

15 fË.
20

25

30

60

80

15 fr.
20

25

30

60

80

44

118

68

56

L25

225

65

59

92

L73

60

50

L34

92

65

B5

68

55

753

745

384

336

93

7L

202

267

56

7L

193

806

313

2L7

256

423

198

221

650

245

L69

77

118

L66

9 .1-8

8.47

4.57

4.L5

2.82

0.97

4.59

2.26

0.82

L.27

1 .54

3.54

4.82

3.68

3.87

2.45

3.30

4.42

4.85

2.66

2.60

0.91

L.74

3.02

302

375

L62

L47

4L

31

73

L24

40

47

86

402

258

t75

275

3L2

L43

165

484

L73

]-20

44

76

L07

40 .11

50,34

42.L9

43.75

44.09

43.66

36.L4

46.44

7L.43

66.20

44.56

49. 88

82.43

80.65

77 .25

73.76

72.22

7 4.66

74.46

70.6L

71.01

57.L4

64.4L

64.46

15

20

25

30

60

80

82

88

B4

81

33

73

South fr.15

20

25

30

60

80
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SEED-SET ?ER HEAD

PRODUCED ON

APPENDIX XIII

AND GERMINATION OF KERNELS
HAND-EMAS CI]LATED PLANT S

No. of heads
emasculaËed

Location by hand

No. of
seeds
produced

No. of
seeds
per head

No. of
seeds %

germínaËed germínaËion

East 10

40

100

I,üest 10

40

100

North 10

40

100

SouËh 10

40

100

fr.

fr.

fË.

fË.

96

L26

37

83

34

4

49

63

44

57

46

22

793

153

31

77

L7

5

L22

110

153

240

75

47

8.26

L.2L

0. 84

0. 93

0. s0

L.25

2.49

L.7 5

3.48

4.2L

1.63

2.t4

34L

60

L4

33

9

3

B4

62

L07

LB2

52

37

43.00

39.22

45.L6

42.86

52.94

60. 00

68.85

56.36

69.93

75 .83

69.33

75.5L
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APPENDIX XIV

PERCENT OUTCROSSING ON SCISSOR-EMASCI]LATED PLANTS
AND PROPORTION OF PROGENY REACHTNG MATIIRITY

No. of No. of
seeds waxless

Location germinated dominant

No. of Tot,al no. of
I47aXy planËs grot¡rn "/"

normal to maturíËy maturity
o/

ouËcross

East 15 ft.
20

25

30

60

80

trrÏest 15 ft.
20

25

30

60

80

North 15 ft.
20

25

30

60

BO

South 15 fË.
20

25

30

60

80

302

375

l.62

L47

4L

31

73

L24

40

47

86

402

258

L75

275

312

L43

L65

484

L73

L20

44

76

L07

L59

2L3

92

7L

0

0

2

1

1

0

0

0

28

I
L4

5

3

0

L84

23

15

3

1

0

94

t2L

59

55

22

26

57

118

38

40

68

390

22L

L44

228

253

L20

153

273

L26

ro2

33

62

101

253

334

151

L26

22

26

59

LLg

39

40

68

390

249

L52

242

258

L23

153

457

L49

LL7

36

63

101

83.77

89.07

93.2L

85.7t

85. 66

83.87

80. B2

95.97

97 .50

85. 11

79.07

97 .0L

96.5L

86. 86

88.00

82.69

86. 01

92.73

94.42

86.13

97 .50

81.82

82.89

94.39

62.85

63.77

60.93

56.35

0

0

3.39

0. 84

2.63

0

0

0

TL.23

5.26

s.79

L.94

2.44

0

40.26

L5.44

L2.82

8.33

L.59

0
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APPENDIX XV

PERCENT OUTCROSSING ON HAND-EMASCIILATED PLANTS
AND PROPORTION OF PROGENY REACHING MATIIRITY

Locat,ion

No. of No. of
seeds waxless
germinaËed domfnant

No. of ToÉal no. of
nrÐ(y planËs grorÀrn Z "Á

normal Ëo maËuríty maturiËy ouËcross

East 10 ft.
40

100

I¡üest 10 ft.
40

100

NorËh 10 ft.
40

100

South 10 ft.
40

100

34L

60

L4

33

9

3

84

62

L07

L82

52

37

280

20

0

2

0

0

42

26

I

BO

4

0

45

26

0

25

7

3

40

35

87

77

45

36

325

s4

10

25

7

3

82

6L

BB

L57

49

36

95 .31

90 .00

7L.43

75.76

77 .78

100. 00

97 .62

98.39

82.24

86.26

94.23

97 .30

86. 15

51. 85

0

8.00

0

0

5L.22

42.62

L.L4

50.96

8.16

0


