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ÀBSTRACT

The causes f or poor seed,set, inviable seed ancl large

variations in success in crossinq particula_r r,/heat qeno-

types rvith rve were investigateol usinq 2 hexaploid and-

3 tetraploid wheats.

A crossd:i1ity barrier prior to egg ce11 fertilization

r.,ias indicated l:y poor kernel seL in the hexaploid Sonora

r1'heat X rve line. This was like]v due to one or more ?ir

genes in the ilomina-nt form. Chinese Spring ',,,'hich l:roduced

a high seedset has l:oth KL genes in the recessive form r,vhen

pollinated rvith rye "

Tetraploíd røheat, in contrast to hexaploid v.¡heat, rvhen

crossed v¡ith rJ-e expressed a l:arrier at the tir¡e of embrvo

and endosperm differentiation rathe:: than at the pre-fertil-

ization period. The barrier manifested itself in a lack of

embryo different-iation, aberrant end-osperm nuclei, endosperrn

failure and a cessation of enrbryo volu.me g'rovith. The tetra-

ploid vrhea.t-rye fertilized ovules generalJ-y appeared to

cease d.evel oping iry 10 da1zs, r,.rhereas, those of the hexaploid

iuheat-rye htzbrids were still slowly growing at 18 days.



INTRODUCTIOTd

One of the limit.ing factors in slznthesizinq nev,r

amphioloids of triticale (X Tr¡!¿ggqe_gglq Wittmack) is

the low survival rate of hybrid enrbryos. Moss (1970) and

Kaltsikes (1974) have both stated that higher seed

viability in vivo can be obtained from crosses involving

hexaploid v¡heat (Triticurn aestivum L. em Thell") and rye

(Seca1e cereale L") than from crosses involvinq tetraploid

wheat (Triti_cum turgidium L.) . In tetraploid r,'¡heat-rye

crosses the embryo freguently aborts at 12 to 15 days post-

fertilization unless it j-s cultured on artificial media, and

even then the percentage of normal seedlings produced is

freguently small (Ta.ira and Larter, 1977a; l-977b) " This

presents problems in introducing a v¡ide and diverse popula-

t.ion of tetraploid wheats into a triticale lcreeding program.

As ltrell, there is often d.ifficulty in obtaining sufficient

seedset in v¡heat-rye crossêsr particularly r¡/hen using

hexaploid bread wheat (I{roloiv t L970; Pienaar and, i'farais,

1976; Prabhahara Rao, l-968).

The crossal:ility of wheat and rye is controlled by tv¡o

genesj lKrl located on the lonq arm of chromosome SB,and Er2

probably situated on chromosome 5A (Rilel¡ and Chapman, 1967¡

Lanqe and Rile1r, 1973) " Lange and Wojciechor+ska (L976) found.



the crossabílitv i:arríer as controlled J:r¡ the Ilq gene

to retard and eventuall'¡ inhibit pollen tube qrowth in

stylar tissue of hexa-pIoid. r¿heat" t'íoss (l-970) sLatecl.

a different l:arrier exists in the tetraploid- wheat-rye

crosses .¿hich is expressed via endosperm f ai lu-re and a

of embrvo develoT:ment"

complex

the

that

lack

Although Bennett eL g] (L973, I-a75) , Kaltsil<es (1973)

and- ':dojciechor^¡ska and Lange (L977) have stud_ied earl1' enrbryo

deve'l-opment in wheat.n r}'e ancl wheat-rye hybrids, few r,vori<ers

have exarnined- embrvo develoËrrnent in these species past the

5 da.¡ post-fertilization oeriod,"

The present st.ud-:¿ was unclertaken to examine and. descrii¡e

the developrnent anrJ growth of hyÌ:rid embryos Cerived frpm

crosses bett'ss¡ rvheat and_ rye over an l8-day peri od " T\^ro

criteria were used in the com.parative studv: (1) embryos

from hexa-ploid wheat-rye crosses rdere cornpared to those

produced from tetraploid r¿heat-r}'e crosses to investigate

the reasons for highe:: embryo viabilit¡E in the former, and

(2) to locate the stage of development at v¡hich the cross-

ability barriers occur in these two types of crosses.



LITERÄ.TURE REVfE!'/

"{he 
at - P*ze_!¡ o s s ab i 1 i ty-

The success of crossinq v¡heat lvith rye varies greatly

betv¡een qenera, species, subspecies and varieties.

Tetraploid lvheats were found to cross more readilv with
rye than were hexaploid r,r¡heats. Krorow (r970 ) obtained a

mean seedset of 13.36"< f.or tetraploid wheat-rye hybrids
compared to a mean seedset of 4.96? for hexaploid rvheat-rye

hybrids" Pienaar and l.{araís Qg76) reported a similar
trend rvith a mean seedset of 4s "3Be¿ for tetraploid r¡¡heat-

rye hybrids and 24.34e¿ for hexaploid ivheat-rye hlzbrids.

F.iley and Chapman (f967) stated that within the

hexaploid r^¡heats the central chinese varieties crossed

m.ore read-i1y r,vith rye than the European varieties " pienaar

(1973) found a mean seedset of 34"4% for 4 Tritlcutr aestivum

sphaerococcum varieties as compared to a mean seed-set of
3"9eó for 10 Triticum aestivum vulgrare varieties. The same

patte::n rn¡as observed by Pienaa-r and }./iarais (1976). pral¡hahara

Rao (1968) noted a qenerally 1ov,7 seedset for all of the bread

wheats of various oriqins tested except for chinese spring,

and possibly, two Tndian varieties"

The ability of tetraploid r^¡heats to eross with rye also



reflects differences bet'-..Jeen species, suJ¡species and,

varieties. Papers b.¡ Pienaa.r (1973), pienaar and itarais

tL976) , Itoss (L970 ) and a surTì.rnary !:12 l(altsikes (I974) show

d.íversity in mean seedset between subspecies" Krolor¡¡ (1970)

reports variat.ion l:etween varietíes within a sul:species.

The ability of wheat to cross l-¡ith rye d"epends on at

least two gienes desiqnated as I!r] and 4fZ. Chinese Spring,

a good. cornbiner v¡ith ry€, is believed to have Krl and Kr2 in

the recessive form r¡rhile ilope, a poor conrbiner, is thought

to have llrl and f_lr4 in the dominant form" Using Chinese

Spring - iìope substitution lines, Riley and Chapman (L967)

located Sr! on chromosome 5B and Kr? probably on chromosome

54.. Lange and Riley (1973) further established Krl to be on

the long arm of chromosome 5R. Of the tv.zo genes, Krl is the

more effective inhibitor"

i{ith the use of Chinese Spring/}{ope 58 substitution

lines, Lange and i"Iojciechorn¡ska (r976) discovered the Kr çtenes

crossability barrier in hexaploid r"¡heat to i¡e due to "retard-

ation and- eventualllz inhibition of ttre polIen tube grrowth at

the style base and in the transmitting tissue of the ovary

lvall " "

It is believed tha-t the Kr genes are more significant

in hexapl-oid wheat-rye hlzbriC-s than in tetraploid, wheat-rye

hyi:rid.s (},[oss, 1970; Riley and Chapman, L967]. According to

Krolow's (1970) cla-ssification the number of dominant K!

genes in a variet¡,2 is expressed as the percentage seed,set;

i"e., KrlKrlKr2Kr2, KrlKrlkr?kr?, krlkrlKr?TKr2 and krlkrlkr2l<r2



yield 0 to L}ea, 10 Lo 30eó, 30 to 503 anC 50? or g.reater

seedset respectively. Usinq that classification, i(altsik-es

(L97 4) in a sumrlary of the literature cliscovered. that more

than 752 of the hexaploid r,/heats reported lracl the

I(rIKrlKr2KrZ condit.ion as compared to 4LZ for the tetraploíd

v,Theats " Riley and- Chapman (L967 ) suggested that this gene

barrier may have developecl because it conferred aqricultural

and evolutionarr/ advantage to the hexaploid wheats by pre-

ventinE' the production of sterile rvheat-rye hybrids v¡hich

r,¡ould act as weeds r^¡ithin the crop.

Hexaploid, wheat-rye crosses produce viable seecls more

frequently than do tetraploid wheat-r:/e crosses. Krolorv

(1970) stated- that the mean qermination capacitlz of the

tetraploicl rvheat-rye hybrids i*as 1.16å and the niean germina-

tion capacít1z of hexaploicl rvheat-r1re hybricls r,vas 61.384"

l¡loss (1970) , Pienaar and. l.larais (I976) , Pienaar (I973) and

May (I977 ) found confirming trends.

It{oss (I970) d-escribed- a crossability barrier which

rnanifests itself particularly in tetraploid rvheat-rye hybrids 
"

It is expressed- in al:errant endosperm nuclei, endosperm

failure a-nd consequent inviable seed" The cause of this

barrier is not known. Lanqe and riojciechor.rsJ<a (L976)

suqgest that it may be a-n expression of the Kr_ genes at

another site. Experiments bv Krolow (1970 , L973) and

Pienaar and l-{arais (L976) shor,secl that v¡hen tetraploid v¡heat

r¡ith an ad-ded A or Ð genom-e is crossed r,¡ith tyê, vialcility



and germination of the seed was raiserf to a lever comparable

to tha-t of a hexaploid v¡heat-rve hybrid " IIsa¡n and Larter
(I974) found the incorporat.ion of hexaploíd cytoplasm into

tetraploid wheat v¡hich was later crossecl with rye, resulted

in erebrl'6 development ancl hvl:rid plant viqor similar to the

hexaploiC v¡heat-rye hybrid- "

The Enrbryoéæ_L!¡_ot qo_ IgË!|lj zation

The embryo sac prior to fertilization has been described

for r,vhea\ ,yu and triticale (Bennett g! al, 1973 , I97S;

Bennett, 1973; Ka.ltsilies, L973; h7ojciechowsk-a and Lange,

I977; Bhatnagiar and, Chandra, L971 ; lr.lorrison, 1955.- and.

i{akansson, 19 46) .

i3efore fertiliza-tion the enbrlro sac consists of an egg

apparatus in the micropylar end, a central cell in the upper

middle section and a varying number of antipodal cells in the

chalazal end" The eggi apparatus is comprised of three

plzriform cell-s, the larger egg ceII f lanked by tv¡o smaller

synergid celIs" The eentral celI is larqer than the egg cell.

It contains tv¡o l¡ilaterally symetrical polar nuclei and a

band of cvtoplasm stretching from the egg ceIl to the nearest

antipoclal cell" The antipodal cells take up more than 502

of Lhe ernbrlro sac volume and their numl:ers are genotlzpically

determined"



Fert-i 1 i zati on and I'irs t t4itos i-s

Fertilization of the egg cell has been studied- ín
rr¡hea,t bv ilennett gg gl (l-973) , .r.,Ia_l<ak_ur,¡a (1934) , Batyqina

tr974), i{orrison (l-955) , I¡,Ìojciecho'øsl<a and r-ange (rg77)

and lloshil<ar¿a (1959) ; in rl/e by l,ia,r..ansson and Ellerstrom
(1950); and in r,,'heat-rye hybrids iry ',Jojciechowska and Lange

(19771 . Ãfter the tr¡¿o sperm nuclei entere<-r- the ernbryo sac,
one miclrated to the eçrg celr, penetrated the egg cell
mernbrane and. moved" through the c.¡toplasm to the egg nuc'leus.

After the sperm nucleus entered- the egg nuclear meml:rane

it enlarged and" became d.iffuse (Bennett q! al L973;

!?ojciechowska and Langre Ig77; Batlzgina Lg74) " There v¡as

then a restinq stage preeeil,inq mitosis. i{orrison (1955) and

Hakansson and Ellerstrom (1950) noted that at prophase the
chromosomes of the sÞerm and egg r"¡ere indistinguishal:le.

Bennett gt al. (1973) reported the sperm nucleus to l:e diffuse
but stirl- discernible from the eqg celI at 11 hours after
pollination" At metaphase all the chromosomes oriented them-

selves on one spindle and division proceeded_ normaIly. The

times recorded for fertilization and first mitosis varied
r^¡ith the temperature and genotype. Tal¡le I sumr,arizes the
data available.

Bennett =l al (1973) founcl- that the time required for

the pollen tube of wheat to enter the embryo sac and for

first mitosis to be completed i.¡as temÌ:erature dependent"

In plants c¡rown at lsocr pollen tul:e gror'¡th and first'mitosis



TÀBLE 1. Events of fertilÍzati.on and first
triticale, the time of their occurrence
reported by varj.ous authors

mitosis in wheat, rye and
at specific temperatures as

Event Species Temp. Tj.me after
(oC) pollination

References

Pollen tube
in embryo
sac

Fusion of
e99 & sperm

First
mitosis

Iùheat

Rye

Triticale

I.Iheat

Rye

Triticale

Wheat

Rye

Triticale

41 rnin
30
70
15-20
6 hrs
15 min

40 min

4 hrs
40 min

15 hrs
10-16
L-2
18-2 0
3-5

6-10 hrs

10-15 hrs
15
>2

24 hrs
24
1-2 days
)za }:.rs

26 hrs
48

25-35 hrs
<24
>24

20
25
l5

BennetÈ et aI (f973)
h Ti- îi- rr

atI[It

Batygina (197 4')
Morrison (1955)
Hoshikarya (1959)

Bennett et al (1975)

Kaltsikes (1973)
Bennett et a1 (1975)

Î¡lakakuwa (l_934)
Bhatnagar & Chandra (1977')
I{ojciechorvska & Lange (L977)
Bennett er al (1973)
Hoshikawã- (19-'59 )

Hakansson r Ellerstrom (1950)

Kaltsikes (1973)
tr{akaku.r+a (19 34 )
Vtojciechowska & Lange (L977't

Bennett et al (1975)
eatygina-fl9-/4 )
Morríson (1955)
I{ojciechorvska & Lange (L977')

Bennett et a1 (1975)
Hakanssoñ--&-EIlerstrom (19 50 )

Kaltsikes (1973)
Bennett et al (1975)
YJojcj_echowska & Lange (I977)

20

20

2L
20

field
field
18-2 5
23
20

tr_elcf

2L
field
1 8-25

23

1 8-2s

20
field
2L
20
18-2s



\¡7â.s retarded compared

(1943) also discovered

barle;r vza"s tem,perature

to the same events

that the tirne of

depenCent 
"

at. 20oC. Pope

fertilization in

trry1:fy_g_ Growth Ì'4easureinents

Early em-bryo developnent can be measured_ Jry an increase

over time of cell numbers, ceIl volume, and enrbryo volume.

l4ost papers report onl1z cell numbers versus time r.¡hich

seldom go beyond 5 days due to the difficultlr in obtaining

an accu"rate count" Bennett et aI (1975) used enrbryo celI

numl:er, ceIl volume and enLÌ:ryo volume to study embrl'o grolvth

in the rriticeae"

A relati onshi-p betraeen cell volume, ceI1 numJ:ers and

ernl:ryo volume was noted by Bennett e! aI (1975). CelI

number and eml:r1zo volume both increased v¡ith time, holvever,

embryo volume made a noticeably slower st.art" This differ-

ence is explained by a sharp decrease in cell volume that

occurred- for the first 3 days and then a subseguent levelling

off " Thus, even though the embryo v¡as growing rapidly in

ceIl nunrbers for the first three d-ays, the em,br\¡o volume did

not expand appreciably due to the concomi tant d-ecrease in

cell volumes " l^7hen the cell volume reached equilibrium, the

ernbryo volume expansion became proporti-ona1 to ceIl number

grovith.

E¡rubryo qrov¡th rates dif fer between and r+ithin a species "

Both Bennett et al (1975) and Boyes and Thompson (1937)

reported rye enbryo devel-opment to be slor,¡er than that of



10

\¡¡hea-t" I¡Iid-e variation in the rate of cell nurnber grovrth

can Jre seen in the embrlzos of the tritical-e lines as

reported by ,both ï(altsikes (1973) and Bennett et ql (1975) 
"

The four v¡heat grenotypes used b\¡ Bennett et qL (1975)

sho'../ed. that embryo gror,+th rate varied- r.;ith ploidlz 1evel.

I,Iojciechowska and Lange (L977) , Boyes and Thom.oson

(L937) ancl. Cooper and Brink (I944) stud-ied intergeneric

hybriCs and reported enrbryo ceII number gror,,rth rates

which \.tzêrê in contradiction. IVojciecholvska anct_ Lanqe (L977)

found the v¡heat-rye hybrid errubryos to develop faster than

those of the maternal parent. ilo\dever, Boyes and Thompson's

(1937 ) study on wheat-rye hybrids ancl Cooper and Brinkts
(7944) e><perirnent. r".¡ith ]¡ar'ley-rye hybrids l:oth indicated that.

the intergeneric hlzbrid erlbryos started slower and usually

lagged ]:ehind the development of the embryos of the maternal

parent" Bennett et aI (1975) using disomic addition lines

of rye chromosomes in wheat discoverecl t.hat all rye chromo-

somes except number rrr (2n¡ reduced the rate of embryo ce1l

development in the hybrid.

Discrepancies in grorvth rates found in the data of

various studies can probably be explained by dJ_fferíng

environmental conclitions. Bennett et al (1973) noted. that
the duration of the d-ivision cycle of the embryo cells of

i,¿heat cv. Chinese Spring vras longer when gro\rrrr at I5oC

than at zooc- using barley, Pope (1943) discovered embryo

growth rate to be temperature dependent. Taira and Larter



11

{I977b) reported, tha-t normal em1:r}¡o cleveloprnent anC,

viability of r,qhea-t*rye hr¡l-.rid.s were influ-enced_ l:y Lemperature

and other environnental conclitions " They found that an

optim-um temperature of 17oc resulted- in rnaximum ern.bryo

developm-ent.

For rvheat, l{orrison (1955), tr'tal<akuwa (1934) and.

IYojciechorvska and La-nge (L977) obtained comparable results
in terms of ernbr.lo cell number but Bolzes and Thompson (1937)

and Bennett et al (1975) reported- a faster grorvth rate than

that reported by other workers. ¡4orrison (1955) and Boyes

and- Thompson (L937) qave no indication of the environmental

condítions under v¡hich theír e><periments l^¡ere conducted,

v¡hile l,lakakuwa¡s (1934) experirnent was cond_ucted. in the field.
A grov.zth room at 20oc r"¡ith continuous light røas employed in
Bennett et al's (1975) experiment. i¡iojciechowsl<a and- Lanqe

(r977) usinq a temperature range'of lB-25oc in a glasshouse

rtith natural light, pointed out that their discrepancies

t¿ith Bennett _e! ql's (f973 , L975) results vzere r¡robably due

to environmenta-l- dif ferences.

The enrbryo ceIl numbers versus time for triticale lines
reported- bv Kaltsil<es (l-973) a.nrt Bennett eg g1 (1975) are in
reasonable agreement" The growi-nc1 conditions of Kaltsikes'

{I973) experiment-*zLoC in a greenhou.se r,¡ith 16 hours of 1ight--
Ì,rere si¡nilar to those used Ì:y Bennett et al (1975).

Enfi'fyg" Differentiation

Bro\'/n (1960) cl-escribed the stages of differentiation in



T2

the qrass enrbrl'o" The spherical to cl_ub-shap6çi proembryo

deve'lops a notch on one sid-e. The a-rea above the notch

expa-nds to form the coleoptile ancl the area beloi,,¡ produces

the shoot. apex. The l:ase of the coleoptile extend_s until

it completelv surrounds the shoot apex" The scutellum

elonqates rapidlv from tire tissue adjacent to the coleoptile"

.At the same time, the primary root develops end,oqenously,

l.;ith the external tissue becominq the coleorhiza. Àn out-
grov¡th of the coleorhiza ca]Ied. the epil;Ia-st aÞpears in

!¡.lt.icum, Hordeum and Avena species but not in Secal_e

(Reecler 1957) .

Boves a-nd Tho¡npson (1937) noteC the time that these

ana.tomical d-evelopments tal<e place in r.¡heat r rlle and v¡heat-

rye h:r¡brid enr'trrvos " r¡ 7-c1a1'-s1d Tr.itictlg a.est.ivum embr.¡os

the coleoptile is Ìreginning to grow around. the ster¡ apex

a,nd. the root is startinq to extend. At 9 days the epiblast

is forming anC the scutell-un is elongatino. The second

foliage leaf and the lateral rcotlets are present at 14 days.

ts12 21 da-r¡s the embryo is matu-re. The development of younE

embryos of durum rqheat is sl-ow relative to those of hexaploid

r¡rheat" Äfter 14 dar,'5, however, enbryos of the tr.¿o species

are comparable in size " Secale cereale embrvo differenti ation

and grovrth is sl-or'¡er and more varied wiren compared to

!. vr:lga-r_e" Embryo differentiation in wheat-rye hybrids is
sl-ower than ín the ma,ternal r^¡heat parent. Ät 21 days the

hyl:rid errkrryos are usually norroalllz differentiated lcut snaller
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tha-n those of the parental rrzheat"

Descriptions of ernbrvo differentíat.ion versus tirae are

qenerally scarce in the literature" Cooper and Brink (I944)

in tr¿o ficJures illustrate em-bryo clifferent.iation over tirne

in i:arley ancl a barley-r1re hvbrid. The hlzbrid en'r_lcrvo appea-reC

to differentiate normalll¡ ]:ut slor.^¡er and r¿as nore elongated

in shape than that of the maternal illor4eum parent.

Hakansson and Ell-erstrom (1950) mak-e reference to the pattern

of enrbryo development in rye" At 14 dalzs the scuterlum is

e>rtending beyond the embryo and at 2L days the ernJ:ryo is

fullv d.ifferentiated" Taira and Larter (7977a) depicted by

photograph the l-evel of dif ferentiation in r¿heat , Tyê and

tvheat-rye hybrid em,bryo's at 15 days post-fertilization. The

wheat a-nd rye embryos \Årere ah:ost fullr,z differentiated at

15 days r.vith the scutellum, ccleoptile, coleorhiza and (in

the rvheat) epiblast well developed. The r,rheat-rye hybrid

errr'[:¡r¡6= at that age v./ere generally eonsiderably smaller in

size and poorly differentiated, or undifferentiated-"

Taira and Larter (l-977a) noted. that the undifferentiated

hybrid enr-bryos rn'ill not forrn normal seecllings .ig yilro. ).fay

(I977) reported comparairle findings in that tetraploicl r¿heat-

r¡¡e hybrid- erc.bryos ivhich \,¡ere al:norma11y developed produced

only a. small percenLage of seedlings r¿hen cultured.

¡.-b e,rr ant. E ndo s p e r{r _lT} c 1 e-i a+4 En clo s pe rJr_r F a i l-rJ rq

Aberrant endosperm nuclei and consequent endosperm
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d-egenerat.ion are commonl\¡ found in intergeneric hyirrids,

developed, triticale lines, and occasionallr,, in the parental

1ines" l.fhile st.udlzinq a barley-rye hybrid, Cooper and Brink

(I944) observed many airerrant endosperm nuclei of differing

síze and shape " End.osperm, growth r+as dela]¡ed and f ailed to

reach cel-lularization in the hybrid as compared to the parental

lrarley line. I.{oss (Lg7O) alvrays found aberrant endosperm

nuclei present in tetraploid r.vheat-rye hybrids but existing

in only apnroximately 108 of the hexaploid wheat-rye hybrids"

The enclosperm tissue of the tetraploid rvheat-rye hybrids rvas

composed of large qroups of mostly hyperpolyploid nucl-ei.

l{o normal endosperm \,vas producecl in these hr¡brids and the

seed at maturity was shrivelled. Kaltsikes gg g! (1975),

Ka-ltsikes and Roupakias (1975), Kaltsikes (1973), and Bennett

(L973) all noteC some level of aberrant end-osperm nucl-ei in

triticale lines " As rve11, aberra-nt nu-cl-ei were occasionall-y

observed in the parent.al species (Kaltsikes et al, L975¡

Bennett, 1973; I"1oss, 1970). These aberrant endosperm nuclei

have l:een reported to first appear at the 7 ^ Bth endosperm

division (I(altsikes g! a1, L975; I{altsikes ancl F.oupakias,

L975) , 48 hours post-fertilization (Bennett, 1973) , and 12

hours post-fertilization (Cooper and tsrink, L944) " They \,vere

located in qroups throughout the endosperm, hov¡ever, most

r^zere found near the enrbryo (¡{oss, 1970; Kaltsikes et al,

L977; Bennett, 1973) "

The nun:ber of normal endosT:erm cells produced is
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profoundly af f ected. l:.¡ the occurrence of aberrant nuclei 
"

I{alts j.kes g! al (L975) shorsed. tha.t durinq the geometri c cell
increase pericd until 4 days post-fertilization, a!-rerrant

nuclei which undergo an increase in size and DIüA content
but r'¡hich fail to clivide, reduce the overal_r num,ber of
endosperm nuelei. This is Jrecause after 4 days, cellul ariz-
ation beqins ancl" the size of the caml:ium v¡hich qi.ves rise
to further endosperm developrnent is limited to the nurnber of
normar endosperm ce1ls present. After cellularization,
al:erra.nt nuclei may also poison or impecle neiç¡hbouring cerl
development leadinq to pockets of necrosis in the final_
endosperm tissue (Kaltsil<es et el, r975,. Bennett, 1973).

The occurrence of aberrant endosperm nuclei has been

a"ssociated with ]<erner shrivelling attributabl_e to specific
rye chromosomes. Kaltsikes et ?1 (1975) reported that ',the

Kenclarl coefficient of rank correlation betv¡een the
shrivellincj. score of triticale, r,yheat and rve lines anrl the
number of aberrants per normar nucreus ryas significant at
the 5e¿ level". Rye chroraosornes 5Ro 4R, 6R, 3R, 6RL and lR
were founcl to have an effect on the production of aberrant
end-osoerm nuclei (Kaltsikes and R-oupakias , Ig75) . Darvey

(L973) found tha.t chromosomes 4R./7R, 5R and 6R of rye have

a major conseguence on seed shrivellinq.

Kaltsikes and p,oupakias (1975) suqgestecl_ that .it ma1,

not be rye chromosomes alone which result in aberrant endos-

pei:rn nucrei but rather an interaction betr.¡een both the
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v¡heat and rys chromosome complements " Thus , in tetraploicl

wheat-rye crosses Taira et e._ (L977) demonstrated that it

Ís the interaction of the rye and rvheat genotypes which

d-ictates the rate and- extent. of lroth ernbryo and endospern

development in the hybrid"

Bennett (I977 ) founC a rel-atj-onship ]:etr,veen al:errant

endosÌrerm nuclei, I<ernel shrivelling and the heterochromatin

bands on the rye chromosomes in triticale. The hetero-

chromat.in bands on the rye chromosomes are slorv replica-ting

and" result in bridges betrveen the proclucts of mitosis.

These )rricl-ged nucl-ei J:ecome the aj¡errant nuclei. Bennett

(I977) also reported a positive correlation betvreen aberrant

nuclei and grain shrivelling.

The relationship of aLerrant nuclei ancl conseguenL

endosperrn failure to hybrid embrl'o vial:ilj-ty is not cornpletely

understood. Hordever, as i'{oss (L97A) noted, it seems to

function as a crossalcility Ï:arrier ]retween wheat and rye

frequently resulting in hybrid seed. inviability.
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I,'IATERIALS ÀI]D }TETI{CDS

GenotJpeg

The two hexa-ploiC v¡heats (Triticum qeElrvg,rn L. em Thell)

used in this stud-y Ì..üere cuftivars Chinese Spring, a grood

combiner i,.¡ith Tyê, and Sonora, a poor combiner" The tetra-

ploid r'.¡heats (rriËicuT turqjlggÍl L") used r¡/êrê cultivars

Jorj-, U. of I'1. a.ccession i,lo. 48925, both of rvhich r.ir@¡s

believed to be good coml¡iners with rye, and cultivar Cocorit,

a poor cornbiner. The paternal rye parent used in all

crosses r''ras a self -fertile, inÌ:red line , U. of lrl" accession

llo. 2DB2-SI0 (ProIific). Control- studies \,rere cond-ucted

using enbryos of selfed Jori wheat a-nci selfed 2DB2 rye" The

crosses between the rye line 2DB2 and the rvheat parents

Jori, Cocorit, 48925, Sonora, and Chinese Spring will here-

after J:e referreC to as Jori X rye, Coco X rye, 43 X rye,

Son X rye and, C.S. X rvef respectively"

Groruth Conditions

The materna-I T/rheat r¡arents vrere grokTn in pots in a

controlled, gror¿th room. Growinq conditions v,rere maintained

at a day/nigl:-t temperature reqime of 20o C/L6o C for an 18-h

photo¡:eriod" F,ela-tive humidity r.¡as maintainecl at 61eó
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rli:ri nq the da_1r a-nd 652 during the niqht "

9fgp s 5g.!-r_gf- iå l{a t_e r i a_l

The maternal r:arents \ir€rê emasculatecl and bagqred

approximatel¡r 2 days before pollen shedd-inq. Upper ancl

lower florets of the spike were removed., leaving only the

cenLral florets which have a inore uniform development.

They \.relîe pollinatecl- at approximately 2 days after

enasculation" i\,t intervals of I, 2, 3, 4, 6, B, 10, L2,

L4, 16 and 18 davs afLer pollination the hea.ds vrere cut

frorn the plants, fixeci in Farmer's fixative ancl then stored

in refriqeration untíl- required. The florets \^/ere removed

f rom the spil<e, hlzdrolyzed for 10 mÍnutes in 1l\T I{CL and

subseguently st.ained in Feulgen soh:tion for at least 24

hours before cl-issection "

The dissectinqr \474-s done under a i'/ild lleerbrugg ¡45 dis-

secting microscope " The embryo sac \4las teased f rom the

ovar\,/ walls with smal-l dissectinq needles in drops of Feulgen

stain. The small 1 to 6-da-¡-o1d emJrryos \ì/ere t.ransferred- to

a clea.n slide and observed- under a compound líght microscope,

'..¡hereas the larc¡er B to 18-day-o1d embr.¡os were examined under

the dissectinq microscope. Sj-ze rneasure¡nents rrere recorded

using an eyepiece micrometer mounted on the microscope.

Photomicrographs of the srnaller embrlzos were taken rvith the

Zeiss Photomicroscope ff rvhile for the larqer embryos, a

35 mm camera \¡,¡as ñrounted on the dissectinq microscope.
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}feasurements Recorded

The seecl.set as visually observed on the sT:ikes v¡as

recorded- a-nd calcui-ated as a percentage of florets pollin-

ated "

The nurnÌ:er of cells in the enr-bryo vrere counted. up to the

4-day stage of development in a1l the er,bryos e><cept the rye

control em.brlzos which were counted up to 6 days. BeyonC this
time, the nurn-lrer of cells became too numerous for an accurate

count "

The ernbrvo vol-ume was measured up to and, incluCing 18

cl,ays for l:oth hexa-ploid v¡heat-rve ernbryos and, control er'¿bryos,

and up to L4 days f or tlre tetraploid rvheai-rye em,bryos. The

volume of the einl:ryo rvas calculated on the basis of a sub-

snherical object acco::dins to the formula 4/3K 
[#ì ', rçhere

ì'Drí is the larqer diarneter measurernent anC- 'ídrr is the diameter

measurenent tal<en at rj-ght angles to "D". This formula was

f airly accurate for the cleterm.ination of embryo volume ¡ up

to apÞroxi¡rately the B*da-y-old stage of growth ]:ecause the

enrbrlres \trêrê approxir-nately spheroidal. After B days, cliffer-

entiation began and the formula applied l+as that for the

voltme of a, qenerar prisma.toid r^¡here volume = l u (Br+ 4I{ + u2)
6-L

"B1" a.nC 'ni)Z" being the end areas, "iul" the rn-i-dsection a-rea and,

rrFïrr the length of the longitudinal- axis. Since the enÌ:ryo is

pointed at lcoth ends, "ll1" and "U2" were taken to be zeya.

The rnidsection area r?a-s calculated i:v the forrnula;

Ar:ea = f (al:) where riat? and "b" reÌlresenL¿ respectively, thetr ( 4) 
!rr;Er= a arru
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FIGURE 1" ¡feasurements taken to calculate volume for
d"ifferentiated embryos usinq the prismatoid formula
(Based on the shapes of the differentiated ernbryo
in Fiqure 2)
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cross--secti-on Ciameter and heiqh.t of the ernbrvo measurecl

at its niCsection (trj-q. 1) " This formula r,¡as a_ more correct

mea-sure of the volune of the differentiated emirrvo because

it incluCes the three rnajor axes.

The volume of ind-i.,¡iclual er,rj:rvo cells rsas found J¡v

diviclinq each. enrbrl'o volume by Lhe number of cells in that

e:rú¡rvo. r./olurne was cal-cula-ted for emJ:r'¡os uil to the 4-da¡¡-

ol-d staqe in all genor;yÊes e>lcepL the rye control where it

v,Ies calculateC up to and includinçr the sixth day.

trndosperm deve'ìol_:ment was caLeoorized as; 1) v¡e11

developed (Fi_q. 3) , 2) partiallv developed, including frag*

ments ancl. thin membranes (Fiq" 4) and- 3) no endosperm. (Fiq.5)

Tire number of observati ons in each cateqory was reportecl as

a percentage.

The level of erabryo differentiation vTas similarj-Iy

recorded" The categories establ-ished l.,rere; I) r¡/€11 differ-

entiated- (Fig. 6) , 2) C.if ferentiated (Fiq" 7) , 3) sliqhtlv

d-ifferentiated (Fig. B) and 4) not clifferentiated (Fiq. 9) .

The criteria used. for c] assifyinq an embryo into one of these

specif -i-c categories are illustrated -in Fiq " 6 to 9 .

P h o t oln iJ:.1: o g r a p h_s.

Photoqrapirs rvere used. to record the first mitotic
cl-ivision and alcnormalities o also to augrnent data on normal

and abnor¡nal- ernbryo ancl endosperin devel-oprrent"



11_'' Ã

Ff GUP.ES 2-5 " Ðågr_,?. g¡¡þ¡r¡os fu111z dif ferentia_tecl
(top, bottom, lonqitudinal- and
cross-sectional viero's )

cultivar Jori I8 days

Fiq: _3" I¡ie11 developed- end_osperm.
2D82 rye, B dalzs

Iig=._¿.. Partiall¡¿ developed end.osperm-
( f ragmentecl)
48925 X 2DB2 , I0 da'/s

Fiq. 5. Ì.lo end,osperrn
(exterior vierv of embryo sac)
Cocorit X 2DB2, 10 days

tsar in Fig.2-5 represents approximately
16oo 4m
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FIGURES 6-9. Fig_: [. r,,"]e11 differentiated emÌ:ryo
(scutellum, coleoptile, primary
root, coleoríza, epiblast are
all rvell developed)
Jori rvheat, 12 days

figr_]" Ðifferentiated embryo
(same parts are present as in
"well cleveloped" but they are
not fully developed)
Sonora X 2D82 | L0 days

qåSL._ g. SIightllz dif f erentiated. etnbryo
(the arror.l7 sho¡¡¡s the notch v¡hich
separates the coleoptile and
shoot apex)
49925X2D82,8days

fiq"- 9_" t{on-differentiatecl ernbrlzo
(no siqns of differentiation present)
Jori X 2D82, 12 dalzs

Bar in Fig" 6-9 represents approximatellz
zao {m
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FJSUI,TS Ai.{D DISCUSSIO}]

Fertilization and First i,'litosrs

Twenty-four hours after fertiliza-tion the egg cells

in the najority of the exi:erimental- material were fertil-ized

and were underqoi-nq f irst mítosis. Tl:e synergid.s \¡zere still

present at this stage ancl the endosperm \,¡as mul-tinuclear

(Fiq. 14) .

The ern-bryos of the three tetrapl-oid wheat-rye crosses

lrere aL a si¡rilar stage of development at 24 hou-rs" Their

mean cell nurnbers \{ere 1.54 for Jori X rye, I"63 for Coco X

rye and 1.69 for 4B X rye. .4. few ovul-es rrere unfertilized

and some were fertil-ized Jcut not yet C-ivi<-l.ing.

The hexaptoid rvireat-rye ovules varied in the nu¡rber

that were fertilized and undergoing first mitosis. The Son

X rye and C.S. X rye ernbryçrs had nean ce1l num-rlers of 1.33

and 1"91 respectively. Thus, manv of the fertilized. Son X

rye ernJ:rlzss hzere not yet dividing after 24 h. (rig. l-5) "

i,,Jhile the nu¡nJ:er of unfertilized ovules resulting from the

C.S. X rlze cross was Iow, the number from the Son X rye

conrbination was very hiqh. This relationship is reflected

in the small nunti--er of em-bryos observed in the Son X rye
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FIGURIIS L4-I7. fig" 14" First mitosis in 48925 )< 2D82,
1 day; s\¡nergids (s) and
endosperm. cells (ec) present"

Bar represents approximately SO/\m

rig. L5_. Fertilized egg cell in Sonora X
2DB2t L d.y; the sperm nucleus
(sn). is visable cut. the ceIl
is not dividinq.

Bar represents approximately 50 (n \

F içr. 16 . iJorna1ly developed errbryo (e)
in Cocorit X 2D82, 3 days;
note polar nuclei (pn) are
not fertilized

Bar represents approximately øaflmt\

{iq_" f7. 'Aberrant endosperm nucl-ei (an)
proximal to the ernLr¡yo in
Jorj- X 2D82, 4 days

Bar represents approximately 60 /t'(:n
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cross (Ãppenclix Tal:>Ie 1) "

The self -fertilizecr contro'l s u Jori ç."'heat ancl 2DB2 rye

had- mean ce]l nu¡nbers of I"67 and 1"00 respectively" The

rye showed no signs of clividing at the 24 h. post-fertiliza-

tion staqe.

Of the seven genot;r:pes, all i:ut rve \¡Jere in the process

of first mitosis 24 h" a.fter pollination" This agrees r,vith

Bennett *- q.1-'= (L975) finding that rye at 2.4 hours has a

mean celI number of 1. That neither of the hexaploid i+heat-

rye hybrici enibryos had completed f irst mitos is by 24 h.

agrees r,¡ith the results of i'i;ojciechowska and Lange (L977).

åTÞ : L o__q e r !__iqgggeå *yg_{F¡*"9.-jf_Le

EmÌ:r1'6 cel-l numbers were recorded for 4 clays in embryos

of all genot.ypes except the rye control v¡hich \das measured

up to 6 days. The cell- nurnl:ers of all embrvos shornred an

approximate geometric increase over time (FiS. IB).

Of the t.etraploid r¿heat-rye crosses, embryo grortrth of

Coco X rye lagged behind that of Jori X rye and 48 X rye.

Àt 4 days Jori X rye ernbryos were rvel-I advanced r.t¡ith respect

to cell nu¡nbers over other tetrap'loid r¿heat-rye emirrvos (Fig.

18). zln abnormality vas oJ:rserved in a 3-day-old Coco X rye

hyl:rid. The ernbryo r.,ras a- normal looking 7-celled proenrbryo

but the polar nucJ-ei \tr7ere still present and unfertilized. (Fig.

16).

In the hexaploid- iøheat-rye crosses the C " S. X rve embryos

maintained a sliqhtlv hiqher ra-te of ce11 dj-vÍsion over
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FïGURI 18 " Mean embryo cell_ nurnber versus d_ays af terpollinat.ion
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those of Son X rlze throughout the period of studlz (Fiq. lB) "

Of the controls o Jori ernbrlzos vrere generally f a.ster

qrov';ing. than the 2DBZ emÌrryos (Fiq" 18) "

The embryos of all genotyoes initially grew at a uniform

rate but by 4 d.a1zs some d-ifferential in rate of ceII num-ber

increase existed. The control Jori (selfed) exhibited, ttre

highest cell numi:er at 4 datzs " The rernaining genot.ypes in

descending ord-er of grorvih rate $/ere Jori X rye, C.S. X rye,

Son X rye, 4R X r1¿e, Coco X rye and 2DB2 (selfed). On the

L'asis of these results it did not appear that the inter-

qeneric irlz5¡16- erebryos r\¡ere faster starting (lrrojciechor¡sl<a

and Lange, l-977 ) or s]ower starting (Cooper and Brink, L944;

Eoyes and Thompson, 1937) than those of the selfed rnaLernal

parent. The enrbryos from- selfed Jori and those of the Jori

X rye hybrid !./ere very similar in cel-l number throughout the

duration of the exì:eriment. The smaller ceII nurnber for rye

compared to r,¡heat was in aqreement r¡ith the findings of

Bennett e_! ef (197s) .

trmbrvo Ce11 Volume versus Time

CelI volume of embryos of all lines decreased sharply

during the first 2 days after fertilization, levelling off

on approxima"tely the third dalz (Fig. 19). Bennett et al

(L975) found the same pattern in the Triticeae.

The teLraploid wheat-rye ern!:ryo cells had- símilar

initial volumes and d-ecreased uniformilv until the fourth
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I'IGURE l-9. llean embr,¡o cel-l volume XlrÑ4å) versus days
after pollination
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day (Fiq. 19) " The enl:ryo ceJ-ls of the

hail, the smallest mean volumes until the

There r.¡as wi de variation in embr'.¡o

the tv¡o hexaploiC wheat-r1'e hy):rids. At

l'¿hile those of C.S" X rye

volume (22"Is x lo=4rãl .

ilecrease<ì ver.v sharpl-rz on

an<J, more slor¡¡112 until the

ce11 volume Cecreased in

after 2 c-la\¡s, the volume

(triq. 19) "

4B >í rye hyJ:rid

4th day.

celf volumes between

dalz 1, tlre Son X rve

In the controls the 2D82 emJ:r./o cel-ls had- a larger

initial vol-ume but a faster vo'lu¡ne decline than the r,¡heat

enbryo cells.

Compa-rino all grenctypes, the hexapl oid. wheat-rye embrvo

cell volunes \,Jere the rrost variahle. Son X rlze ernbrr¡o cells

exl:ílcited. the largest initial cell volume and the rnost rapicl.

rate of d-ecline durincr the first two-da'1 period." The C"S. X

rye embryo cells had the smallest initial volurne and the

earliest levelling off time" Embrvo cells of the inbred rye

control hacl the smallest final volume of all mat.erial tested"

Einbr-/o Volume versus Tirne

Embrvo vol-um.e

enbryo grorvth over

embrr/os hail a very large rnean cell vofume (49.07 x túl.d,"}l

had a relatively srnall mean cell

The Son X rye embryo cel1 volume

the second clay to 8.68 x 103/G

fourth dal¡" The C"S" X rye embryo

the initial t to 2 Cay period but

remainecl relativelv constant.

providecl- the most continuous rtea-sure of

tine. All oenotypes showed a siqmoid.
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FrcuRE 20" Mean embi:-y'o volume G{r06llù;) vers's cla}zs
after pollínation
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gror.\rth curve v¿ith a levelling off of embryo volume at the
later sta.ge (Fig " 20) " The slor"¡ increase in em]:ryo volume

for the I to 4-day r:eriocl reflects the decrea.sing ernbrlzo

cell volume" Bennett q! al. (L975) found a similar initial
embryo volume pattern"

rn the tetraploid rvheat.-rye crosses, the Jori x rye
ernbryos exhibited a larqer volume than embrvos of l:oth the
Coco X rys and- the 4B X rye hybrids at most ol:servation
times. The Coco-rye ernbryos \.,rere generall\z the smallest,
particularly during the 3-9 d.ay period.. At 10 d_a1zs the
.rori X rye ernbryos appeared to l:e still slowl}, increasing
j-n vol-ume but those of both the coco X rye and the 48 x r¡¿e

h1z]:rids had ceased" (Fiq" 20). However, belzcnd 10 d_ays the
stanclard deviations for the tetraploicl wheat-rye embryo volume

olata were verlz hiqh which mad_e any conclusion regarding

their growth patterns ]:eyond the r0-day staqe unreliable.
Of the trvo hexaploid \¡.rheat-rye crosses, the C.S" X rys

emÌ:ryos ha-d the larcrer vorumes for all- time observations

except at the tst and l8th day. The Son X r)¡e embryos'

larger initial vorurne and sl-or.¡er growth in the first four
days cornpared- to the c.s, x r¡¡e emT:ryos, reflects the de-

creasing' embr'¿o cell volume pa-tterns prerriousry descril:ed"

From 12 to 18 davs the c-ifferences in embryo vorume betv¡een

the two hexaploid r¡/heat-'rj7e hyi:rids v/ere smalI (Fiq. 2A).

In summar\,7, the 7 genotypes exhii:ited variat.ion in their
ernbrlro volune qroiuth patterns. The c. s. x rye ernbrlzos were
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the largiest from 2 u-ntil r0 days while those of the rye
control- were the smallest for the sa-me periocl " By 16 days,

hor'vever, the 2DB2 (selfed) embrlzos had exceeded the volume

of those of the other genotvpes. The tetraploj_d rtzheat-rye

ernbryos generalry stalcilized at about 10 days. rn contrast,
the hexaploid vrheat-rye ern-bryos \À7ere roughlv egual in size
to those of the controls up to 14 days but. remained slightly
sma-'l ler thereafter " Boves and Thompson ( 19 3 7) also found

the g'rorarth of c. s " x rye em-bryos to parallel those of the
maternal parent but t.o be slightly smaller at the 2r day

stage "

EnCosperm Condition

ïn some of the material examined, aberrant endosperrn

nuclei appeared at the 4th and 6th-d.ay post-fertirization
periods. Giant polyploid, durnbbell, star-shaped-, and necrotj_c

nuclei uTere observed which v/ere found most frequentry prox-

imal to the ernbryo (Fiq" I7¡ Kaltsikes e! gl, Ig75; t,{oss,

1970," l3ennett, 1973). rn the lines exhiÌ:iting a high degree

of aberrant nuclei there followed a degeneration of the endo-

sperm tissue"

The tetraploiC wheat-rl'e hvbrids exhibited endosperm

failure" Tn all three l-ines over 5flz of those endospern.s

observed at 4 and 6-day stage hacl some aberra-nt nuclei. z\t

6 <lays the endosperms \¡/ere only partially present, existingr
as either fragments or thin membranes" Bv 14 days, gïeo of the

ferti'lized o'¿ules of Jori X rye containecl no
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FIGURX 2I. Endosperm condition e><pressed
of number ol:served versus cla\¡s after

Endosperm. conditions :

1) t¡7êl-1 developecl
2) partially developed
3) no endosperm

(l¡ased on Eiqures 3-5)

a-s a- percent.age
pol lination

Zrr. "1:i::'È":è

.1#l'i-irrt'c"å
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endosperm" Similarllzn 84 and 722 of the Coeo X rye and

4B x rye ovules, respectively, lrere l.¡ithout endosperms.

I'To comÞlete end_osperms v.rere o]:served in these genotlrpes

after 10 days (Fig. 2L) . Taira and Larter (I977a) and

I'tay (r977) found similar end.osperm cleterioration patterns

in tetraploid t¿heat-rye hybrids.

In the hexaploid. 4-day-old wheat-rye hybriris, one

third of the Son X rye hyi:rids had aberrant end.osperm

nuclei v¿hereas only one individual hlzbricl in ilre C.S" X rye

line v¡as found f.o have aberrant nuclei" Most of the c"s. x

rye hybrids exhibited good endosperm developraent. up to the

J-2-day stage. Both C"S. X rye and_ Son X rye hybrid ovules

exhÍbiteC a "milkyn' condition in the endosperm at approx-

imately the 12 to l8-day period. rn this "millcy" condition

the cerls of the endosperm tissue seemed- unconnected and

able to flor,¡ out indivicluatly \^7hen Cissected (Fig. I0).

o.bservations of this condition \.,rere scored in the partial

endosperm cateqory ]:ecause the endosperms, even though they

r^Jere complete, v¡ere not normal.

Of the 7 genotlzpes studied, fertilized ovules of the

3 tetraploid \^/heat-rye hybrids showed the most severe

endosperm faílure. From the initial occurrence of aberrant

nuclei, the endosperm in these hybrids progressively cleter-

iated until rnost ovules r'¡ere completely devoid of enclosperm

tissue" These results confirm those of tr{oss (I970) , ¡{ay

(L977), and Taira and Larter (l977a). Tn the hexaploid
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wheat-rve hybrid enclosr:erms development was more nearly
normal and similar to that of the controls. t"{oss (1970)

also reported a lol.¡er lever of aberrant end_osperm nuclei
and less endosperm deterioration in hexaploid wheat-rye

ovules compared to those from tetraploid r¡¡heat-rye crosses

Level of Embrlzo Differentiation

There Ìr/ere rarge differences among qenotypes in the

ability of their emJ:ryos to d.if ferentiate normal-lv. As

\474s pointed out. by ?aira and Larter (r977a), the level of
clifferent-iation of an emk¡rl'o is a good inclicator of the

embryons viabitity U yjlfg.

The tetraploid wh.eat-rye enJ:ryos exhibitecl poor

dif ferentiation (Fig . 22) . :ìt B days, all ilrree tetraploid"
hybrids had. some slightly differentiated erubryos r¡¡ith 48 X

rye hybrids having the hiqhest frequenclz (5rå). From 10 to
14 days of aqe no further differentiated embryos appeared-

incicating a cessation of ceveloprnent. rn addit.ion, several
enbrvos ',vith 1zellor.v and- brov¡n patches r¡r'ere ObserVed r.:hich

suggested the occu_rrence of deterioration (FiS. lI). The

Jori )( rlzq cross still retained a sm.arr percentaqe of
srj-qht.ly d-j-fferentia.ted embryos at the L4 d-ay-stage. Taira
and Larter (L977a) also studvinq Jori X rye hybrids, found

a sraall percentage ( B " 6 9¡ ) of norrnal, c,if ferentiated embrvos

at 15 Cays post-fertilization. Since a different scale of
d.ifferentiation r¡as used in their stud.1' relative to the

present investiga.tion, a dj-rect com'¡:arison is nct possible.
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FïGURES 10-13. {ig,_:*_t_0_" t{ilky condition of the endosperm
of Chinese Sprinq X ZDBZ, L4 davs

Bar represents approximately I6O0NE.

I¿g-l_L. Dark deteriorating patches in the
ern.bryo of
4R925 X 2D82, L0 d_avs

I3ar represents approxirnatel-y 20A 4n
F.iq. 12. Smal_l fluted scutellum of

Chinese Spring X 2DB2 emÌ:ryo, 12 days

ar represents approximately 200,Å(m

Li*q-*ll. Twisted embryo in TDBZ ry€, L4 days

Bar represents aporoximately B0O y'/n
L
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trrGüF.E 2?.. r-,evel- of di f ferentiation in embryos expressedas a percentaqe of nur."J:er observed. versus davs afterpollination

Eml:ryo conCitions:

r.¡e l1 d.if ferenti-ated
äifferentiated
s liqhtly dif ferentiated
not differentiated

(basecl- on Figiures 6-9)

L
2
3
4)
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trnrbryo differentiation in hexaploid rr¡heat-r\ze crosses

wa-e nearlv normal. C"S" X rye embrr¡os showec-'l- the ea"rl-iest

inítia-tion of different.iation (0 d.a1's) a-nd developed rapidll'

thereafter" Son X rve eälbryos rvere slor¡¡er diffe::entiatincr

than those from th"e C.S. X rye cross. Ã. sinall ;oercentage

of und-ifferentiatecl er:bryos remained- in both the C.S. X rye

ancl- the Son X rye hybrids. Althouqh both hybricis contained

some abnormalllr differentia-ted embrr,ros, the C"S. X rye had

a reoccurring al:normal condition in '.vhich the scutellum wes

small- and fluted (Fiq. !2) "

Differentiation of the enlrryos in Jori v,'heat. and 2DB2

rye controls irega-n at B dalrs and progressed normally through

until 1B days " Unc'-if ferentiateC embryos did not persist past

10 d-a1zs and the only aJ¡normalities seen were a- fevi twisted

embryos in 2DBZ (Fig. 13).

Tn suiïrmarv, the control embrYos \^/ere rvell differentiated

as \'rere most of the hexaploid wheat*rye emÌ:ryos. f n contrast,

differentiation within tetraploid ernJ:ryos failed at an early

age. l{ay's (1977) results show that ernbryos frorn the hex-

aploid v¡heat (cultivar Sonora 64)-rye cross v/ere better

developed. tha-n those of the tetraploicl (cultiva.r Jori) vrheat-

r)¡e cross. The C.S",'í rye embryos were the first to underqo

d-if ferentiation " i-Iexaploid wheat-r1ze ernbryos n although

sirnilar in development to the control 
"¡1þ¡r¡os, 

exhibited

more abnormalities.
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Crossa!:ilit.¡ tsarriers

!"--å"egE9L

Seedset exlrressed as a percentage of florets pollin-

atec], índica-ted- in whi-ch hvi:ricls the pre-fertilization

irarrier occurrecl .

Ä11 three t.etraploid rvheat-rl'e h¡¿l:ríd-s exhil:ited

sinrilar mean seed.set of 75.4, 7L"6 and 67 "lZ for Jori X

rYe , 48 x rye and coco )( rlze respectively (Table 2) ' These

values are slight.ly hiqher than tirose ol:t.aíned- J:'y Krolotv

(Ig7O) , and. Pienaar and Piarais (L976) for other tetraploid

v¡heat-rye crosses.

In the hexaploid tvheat-rye crosses the seeclset varied

qreatl-y betr¡een th.e co¡rbinations c. s. x r1's and son x rye.

The C.S. )í rye had a mean seedset of 80.1eó r+hich is slightly

¡igher va-lue than that reported l:¡¡ Lanøe and- i^iojciechor'¡ska

(1976) for Chinese Sprínq crossecl with rye. Tire son x rlze

hacl a lorç seedset of 10'9? (Tal:le 2) t:¡hich is a little

higher value than that reported bv Piena-ar and r\4arais (1976)

for other T. aestivum cultivars crossecl- with tYe" The Ì:resent

resu.lts , however, are in ¿greement with the general poor

co¡rbininc{ ability of the "vulqa-res" rn'ith rye found. }:¡z Riley

and Chapman (L967) , Pienaar a.nd l[arais (I976) , ancl Prai¡hahara

Rao (1968) . The excellent conbiníng abilitt¡ of the C.S. X rlie

is due to both of the crossability genes (5€I and K::2)

beinq in the recessive form in this cultivar (F.iley and

Ch.aprnan L967; Lange and. t:riojciechor'.'sl"a, L975) -



T
À

B
LE

 2
. 

S
ee

ds
et

 a
s 

a 
pe

rc
en

ta
ge

 o
f 

fL
or

et
s 

po
lli

na
te

d

D
ay

s

(n
o.

 
) 

(u
o.

 
) 

(N
o.

 
) 

(N
o.

 
)

Jo
riX

 (
sp

ik
es

) 
co

co
rit

X
 (

sp
ik

es
) 

48
92

5X
 (

sp
ik

es
) 

so
no

ra
x 

(s
pi

ke
s)

 C
hi

ne
se

I. 2.
 7

6 
.5

6

3.
 8

0.
63

4.
 7

8.
87

6.
 7

8.
89

8.
 2

5.
00

10
.7

5.
00

72
. 

95
.7

6

14
. 

93
. 

r0

16
.

18
.

Ile
an

 7
5.

 4
0

(7
)

(7
',)

(7
)

(7
)

(4
)

(s
)

(4
)

(3
)

(3
)

60
.2

4

78
.7

 4

'1
9 

.3
5

69
.8

3

50
.0

0

46
.2

5

79
.6

9

72
.5

0

67
.0

8

(7
)

(B
)

(8
)

(4
)

(4
)

(4
)

(4
)

(3
)

(2
) :

72
.4

4

56
.7

4

80
.6

8

75
.6

8

50
.0

0

68
.2

9

87
.1

0

81
.5

I

71
. 

s6

G
en

ot
yp

es

(7
t

(8
)

(e
)

(4
)

(3
)

(4
)

(4
)

(3
)

4.
51

8.
 3

0

3I
.0

6

8.
96

7 
.2

s

19
 .1

8

5.
 8

4

13
.4

8

5.
 s

1

5.
26

10
"9

4"

(6
)

(6
)

(2
0) (6

)

(6
)

( 
8) (8
)

(7
t

(1
0)

(r
3)

(r
3)

(w
o.

 
) 

(N
o.

 
) 

(N
o.

 
)

S
pX

 (
 s

pi
ke

s)
 J

or
i&

 (
 s

pi
ke

s 
) 

2D
82

ø
 (

 s
pi

ke
s)

36
.9

6

91
.0

9

91
. 

71

78
.8

9

91
"9

4

88
"3

3

80
.0

0

64
.8

6

87
 .I

4

90
.3

8

80
.1

3

(6
)

(4
)

(4
)

(6
)

(3
)

(3
)

(2
)

(2
)

(3
)

(3
)

(2
t

- 
(6

)

e.
 8

2 
(6

)

78
.0

8 
(7

)

6s
.0

8 
(6

)

3s
.7

7 
(s

)

64
.7

5 
(6

)

4L
.6

7 
(6

 )

80
.0

0 
(3

)

83
.7

s 
(4

)

86
.e

6 
(2

1

7L
.6

7 
(3

)

62
.1

6

42
.7

 4

61
" 

3B

75
.4

7

50
.5

7

6r
.'7

 6

55
.2

6

57
.6

9

56
.6

0

54
 .

55

7T
.2

L

58
 -

72

(s
)

(6
)

(6
)

(6
)

(s
)

(3
)

(3
)

(3
)

(3
)

(2
1

(2
)

tJ
t

l..
J



53

The control lines produced- reasonably qood seed-set.

The Jori selfed line (6,2 "2e") wa.s sornewhat 1oler in fertility
than the Jori X ry¿ lj-ne (75"42) " This ma\z be partialllz
accounted for bv the d.ifficulty i-n obtainins sufficient
Jori poll-en for hand-po1lina-tj-ng the Jori naternal parent"

The present results indicated that only the hexaproid

wheat sonora exhi]:ited any major crossability ]:arrier r..rith

rve pri-or to fertilization. Lange ancl lüojciechowska (1976)

associated the poor seedset founcl in rnost hexaploid wheats

r+itir the presence of Ilq genes j-n the dominant form result-
ing in retard-ation pollen tube growth and eventuar inhj-bi-
tion in the styf¿¡ tissue of the ovule. confírming this,
very few of the son x rye emÌ:ryo sacs at 24 hours after
pollination exhii:ited any signs of sperrn, nucrei or fertil-
ization" That the crossability barrier exÞressed itself
prior to fertilization j-n hexapl-oid rvheat-rve crossecl anc

not in the tetraploicl wheat-rye crosses agrees r¡¡ith the

conclusions of rYoss (1970) 
"

2 " Seed*t/iaÌri_lit_y

Assuminq seed via!:ility is a_ reflection of norrnal

edrryo d"ifferentiation and gror,,rth, together v¡-i-th a normarly-

developed endosperm, the inaterial studied can be evaluated

as to its potential see<1 viability.
In the tetraploid r¡heat-rye hybrids, inhibition of
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ertrbryo d-ifierentiation¿ cessation of ernbryo groruth, anC

endosperm fa,i]ure occur collectively at 10 to L4 days post-

fertilization" Tt appeared- that nost embryos of these

hvbrids lvould not lce viablu ig vivg. This conforms to Lfoss's

(L970) findings of a crossaÌ:iIi.ty barrier in tetraploid

r¡Iheat-r:/e hlzbrid.s which expresses itself in seed inviabil-

ity. A. further studlz of seed vial¡iIity in vivo ancl in vitro

usinrr the same three tetraploici v¡heat-rye h.¡brids ma-y have

yielded "better evidence of a crossability barríer existinq

at this level.

f n most ovules of the hexaplojd r,vheat-rye hvbrid,

embryo and endosperm development proceeded normally up to

the l8th d-a12. A fei^¡ al:normal emSryos v/ere present in

addition to som.e em.lcrvos and endosperm tissue rvhich had

ceased to Cevelop. Howeverr rro major crossabilitlz barrier

exirressed- in terms of seed- invial:ility appeared in the hexa-

ploid r+heat-r1re hlzbrid-s. Further tests , using the same

material gror.arrr i|r yivo and in vitro, might better sui:stan-

tiat.e the absence of this l¡arrier in hexaptoid r^rheat-r.¡e

hlzbrids.

In the control ovules, all three indicators of good

seed- viability shoived normal development.

Thus, of the genotypes studied, seed inviabil-ity as a

barrier to crossinq wheat vríth r5ze apÞeared most prevalent

in the tetraploid wheats. This agrees with Krolov¡ (1970),

Pienaar and l-{arais (L976) , Pienaar (,L973) and Moss (1970)
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\''iho all found. the tetraploid wheat-rye hvl:rid,s to l:e less
al-¡le to produce v-iable seeds than the hexa;oloid v/heat.-rve

hybricls " The cause of the malfunctionincT of ernl¡ryo and

endosperm development resulting in a crossabirity barrier
is not conpletely understood.

The studlz ruas al:le to relate early emjrryo deveropment

lvíth later oi:servations of endosperm fail_ure and enr-bryo

differentation" This association has not been previously

examined- in r¿heat-rye hybrids to any extent. unfortunatelyo
due to the nature of the rnaterial, the onlv continuous

measurement of eml:ryo grorrth rr'hich could be used for the 18

fl¿r¡s vras eir.bryo volume. l.[easurements of enc:ryo groruth over
tine Ì:y other more accurate methods would- be beneficial in
identifyinq the exact. times and patterns of hyirrid- embryo

failure.

The choi ce of tetraploid wheats i¡ras l¡ased on their
previouslv reported d-i-fferential crossability with rye.
For all the parameters measured-, hor,,¡ever, the three tetra-
proid wheat-rye hybrÍds exhibited similar .behavior. since

the success of crossinq durum r¡'heat v¡ith rye is known to
varv r^/ith the wheat curtivar used, a- -better selection of
good ancl poor combìning wireats would ha-ve lzielded- inore

information as to the cause of this di-fference. T¡ addition,
the inclusion of a selfecl hexaploid v¡heat control rvould have

facilitaterl comparisons r.¡ith the, crossed hexaploid v¡heat-

rve rnaterial "
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SLI!î'LARY ÄrrlD CO}ITCLUS I Oi'lS

This studl' 1y¿s und-ertaken to gain information on

embryo qrowth ancl seed failure in prima¡'¡ r+lieat-rye hybrids.

Embrlzo grovrth rras measured Ì:y embr¡7o volume, ernbryo cell

volume, and ernbryo cel1 nurnbers versus time " The locations

of crossability barri ers !','ere indicated in the hexaploid

whea-t-rye hybrids studied by seedset values anC in the

tetraploid r,,¡heat-rye hylorid-s, lty seed inviaÏ:ility. The

follolving conclusions were d"rarvn3

Tv¡o barriers seemeC to be operating to prevent natural

hybridization of wheat and r¡re. r¡ the hexaploid iøheat-rye

mat.erial the major l:árrier appeared prior to fertilization

and v.'as reflected in the percentage seedset. Sonora, a poor

combiner r¡ith ry€, produced a 1ow percentag'e seedset lvhile

Chinese Spring, a good comiriner, had- a high. percentage.

This barrier is k-nor.sn to be controlled by tr¡¡o dominant glenes,

Kr! and lKF2 " Chinese Spring has both I:Ë genes in the recess-

ive condition while Sonora is believed to possess them in

the d"ominant form.

In the tetraploid r¡¡heat*rye hlzbrid.s of the present study,

a" crossa-!:iJ-ity ]rarrier appeared at the 4 to t4-dar¿ stagie of

developnent" FJ:errant endosperm nuclei \cere o]:served, at 4

and 6 Cays in all three tetra"ploicl v¡heat-rye ht'brids.
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Gra-dual endosperm failure follorved until 14 d.avs ivhen ¡nost

ovules '\¡Jere devoicl- of enclosperm tissu-e. rn these lines
e¡:l-ì:rvo dif ferentiation, which started at B ca-\¡s, ceased

approximatelv 2 da\zs late:: after lr¡hich the enrbrvo deterior-
ated" Embryo volurne qrov¡th a.lso seemed to sto;o by the
tenth. da.r.¡ post*fertil-izationi the only exception seemed. to
be a small nu-rnber of Jcri-rye hy!:rid embryos v¡hich continued
to gror"r" The majority of hexaploid whea_t-rye crosses d.evel--

opec normally al-thouqh endosperm al:normalities, aberrant.

nuclein and embryo abnormalities occasionally appearecl. The

crossal:ilit1z J:arrier arising at the ernÌrryo and enclospel:m

<lifferentiation level rr¡as ol¡v_ious11r r-lore siqnificant in the
tetraploid i¡heat-rye þ-¡bricls than in those involving hexaploicl
itrheat i:arents.

trert.i-lization v¡as complete in al-r lines by 24 hours

after poll-ination. Ì",rith the e><cet:tion of ryê, first mitosis
r,{as in progress in al-t lines at this time. A hiqh i_nciclence

of son )( r1'e ovules shov¡ed no signs of fertirízation at this
time or later.

Em]:r\¡o cell nu¡nbers increased over time for arl lines.
P'Ye ernJrryos exhihited- the slor¡¡est celt nurn]:er increase and

lagged behincl those of the rvheat and" the rvheat-r1zs hvbrids.
No cl-ear difference in growth rate could Jre discerned betvreen

the -rorí X rlze hvbrid and, the Jori r.¿heat control.
Em.brlzo cell volume of all hlzbrids d"ecreased over tim.e

for the first 3 d-a.ys ancl then levelled- off. The c.s. x rve
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cell volume staÌrilizecl earliest at 2 clays ancl t.he zDgz

rye control krad- the srnarrest f inal cell_ volume. The son x
r]¡e embr-/o had the larqest initial cell volume anc], the
f astest 1 to 2-dav periocl decrease i n cell vol-ume.

rn seneral, er,r-brvo volume had a siqmoicar qrol,.rth curve
over time " The tetraploid. i¿heat-rlre embryos levelled of f
at l-0 days. The he>:aploicl wheat-rye hybrids ancl the control
rye and. vrheat, horrrever, v,/ere stilr srov¡lv increasj_nq in cell_

volu.rne at 18 tJays.

Thus, in the seven genotypes studied embryo grrovrth rvas

approximatellz uniform for the first 4 da1zs. At B to I0 days,
the time of emJ:ryo differentiation and endosperm cellulariz-
ation, embryo grorvth in the tetraploid rvheat-rye hybrids
seemed to stop" trmÌrryo grorr/th in the hexaploid ivheat-rve
hybrirl-s and the Jori and 2DB2 contror material continued
to increase for at least 18 Ca1's. the period of observation
of this study.
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TÄ-tsLE 3 -cummarv

Fertil ization

Seed*Set

Ear'l -1.' Seed

Development

1) Em-brvo cell nunrber)
2) Ernbryo cell volume)
3) Embryo volume )
4) End-osperm aberrant

nuclei

-hexap loiC v,zheat-rye
crosses 4 lst barrier

-Sonora X rye lor¡
seed-set

-Chinese Spring X rye
hiqh seed-set

All genotypes
similar

-tet.rairloid r,vheat-rve Beqinninq of
crosses 

- 
.barrier?

Later SeeC-

Develooinent

Brnbrvo volume
Ernbryo

dif ferentia.tion
Endosperm

cond.ition

-tetrapl-oicl rvheat-rve
crosses -å 2nd barrier

-a.l-1 tetraploid v¡heat
rye crosses apÌlear
to cease Cevelopment
at 10-14 days post
fertil-ization

1)
2)

3)
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TABLE 1" I{ean enbryo
versus time after

ce11 numl:er and standard deviation
pollination

Davs Genotlzpes

JoriX
CocoritX

48925X Chinese
SonoraX

SpX 2DB2ø
Joriß

1.

I

3.

l"fean
St.Dev.
No. Obs .

l4ean
St. Dev.
,ldo. Obs .

ittean
,St. Dev.
tio. Obs .

}{ean
St. Dev 

"
ldo. Obs 

"

Ittean
St. Dev.
No. Cbs .

I.54
¿q

20

6 .45
1" 15

20

19 .10
3.06

20

51.34
I "12

44

1"63
.50
20

4 "84o^
25

11" 52
2.00

4B

33.20
7 .37

50

1.69
"44
13

8.00
1.04

29

T4.2L
3.19

47

40 "60
6.22

50

1.33
" 50

9

B "67
1" s1

6

17 "52
3. 89

25

42"88
5.54

84

1" 91
)o

22

9 .45
I "75

31

2s "841q'7
50

46.21
o /o

B4

r"67
"50

9

5"14
"69

7

20.7I
3. 81
2I

55 " 7B
9.53

1B

1.00
.00
13

5.7r
L.23

2T

r4.44
2"47

25

26.28
4.12

25

77 .55
l-6.2L

L2

4.

5.
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TABLE 2. I.ltean ei¡r-brvo celI volume (x-rc3.fr{å) and, standard
devia-tion versus time after poll_inatiìon

Davs Genotypes

JoriX 48925X
CocoritX

Chinese
SonoraX

SpX 2DB2@
Jori@

1"

a

3"

4"

5"

l4ean
St. Dev "

11.{ean

St. Dev.

Mean
St"Dev"

PIean
St"Dev"

l{ean
St. Dev.

32.7I
T7 .68

],L .26
4 "LL

7 "28
4 "20

5 "70
3 .00

3L.79
L4 .69

12.06
4 .87

8.11
3.57

5"10
3 " 09

27 "L7
14 "T9

7 "87
2.77

6"40
3 .97

s .16
2.22

49 "07
24.39

8.6 B

4. 85

6 "L4
2"45

s.31
2.L6

22 "19 28 "93 36.19
10"15 13.40 5"00

9"74 12.60 7.60
4.34 3"84 4.42

9 .28 B " 70 5.06
2.78 4.50 2.60

9 .27 7 .0r 3.38
3.37 3"38 r.37

4"47
2 .85
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TABLE 3. Mean embrYo volume
pollinaÈion.

(xl064r¡¡) and standard deviaÈion versus time after

Days

JoriX cocoritX 48925x sonorax Chinese SPX ,rori@ 2D82fi

1. Nean .osL
SÈ. Dev. .0Il-
ÈIo.obs. 20

2 . ¡lean .0 70
st.Dev. .01{
No.obs. 20

3. lfean .139
St.Dev. .058
No.Obs. 20

4. !!ean
St.Dev.
No.Obs.

6. !'lean
SÈ- Dev.
No. obs .

8. IÍean
St. Dev.
l.lo. obs .

i0. Hean
st.Dev.
No. Obs.

L2. Mean
S t. Dev.
No,Obs.

I4. Mean
st - Dev.
No. obs.

16. lfean
C + ñôrt

No. Obs.

18 . I'le an
St.Dev.
No. obs .

)a)
.LO2

44

4 .671
r.887

50

26.19
16.73
25

16.29
28.06
50

84.93
55.'12
50

rt3. l7
84.01
50

:

.052
,008

20

.058

.014
2S

.09 3

.025
48

. r69

.065
50

I. 3I6
. €04

50

7.36
3.28

37

¡< 
^o

27.35
33

26 .34
18. 33
47

81.05
87 .47
25

-

84

30.186
t8 .279
50

65.64
25.73
50

2I2.t3
40.55
50

389 .42
103.78

50

565. 84
r90.26

42

750. 18
225.84

43

783 .29
t42 .33

50

.036

.005
13

.043

.0r6
2T

.073

.025
25

.089

.022
25

.346

.149
L2

7. 80
4. 39

¡10

30.51
16.90
50

189.27
97 .85
50

650.84
r96. -,9

35

L244.36
26t.92

35

r403.99
355.32

35

.046 .065

.0I2 .008
139

.063 .075

.0L4 .o29
296

.091 .1-08

.0 35 .0 19
47 25

.209 .228

.058 .063
50 2A

1.607 4.878
3.987 3.219

50 11

13. 21 LI.55
4 "76 7 .54

39 1l

48"59 16.93
32.30 32.02
50 27

sL.92 332.59
49. 36 L72.97
509

44.48 525.82
48.92 254.5I
25 3t

- 543.61
- 43L.43
-L4

- 9 78.00
- 578.69
-t4

.042 .0 4I

.013 .008
229

.092 .065

.024 .011
3t 7

.240 .180

.0¿18 ,050
50 2I

.428 .39 I
-086 .!22

18

6.236
2.896

48

24.75
7. 16

36

97.L4
4.19

49

4s4. t6
144.30

49

802.56
235.23

35

L202.85
24L.66

35

I369.89
226.34

35
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TABLE 4" trnd-osperrn concLiticr¡¡ 1)vrelt d_evelopedo 2) partially
developed, 3) no endosperm, versus tim,e after porlinatioñ
expressecl as percentage of number observed

Da1z5 Condition Genotlzpes

JoriX
CocoritX

48925X Chinese
SonoraX

SpX 2D82ø
JoriQ

L

6"

o

10.

L2.

l-4.

L6.

18.

609ó
40

0

0
100

0

A

72
24

0
IO
90

n

0
r00

9 BZi
2

0
100

0

n

54
46

0
AO

52

0
14
B6

762
24

0

0
100

0

0
95

5

c
Õt:OU

LA,

0
34,

^Ê,

0
2B
72

962
4
0

90
10

0

55
Å,5

0

4L
ata

JJ

7B
22

0

B1
23

a
J

0
fj4
36

9 6ea

0

94
6
0

96
4
0

100
0
0

52
4B*

0

0 ú
9B"

2

c
100*

0

0
100 *

0

I
2
3

I
2
3

10c * 10c t
00
00

100 100
00
00

100 100
00
00

100 9 B

02
00

100 100
00
00

I00 100
OC
00

100 100
0c
ôn

r00 100
00
nn

1
2

3

I
2
3

1
2
J

1
2,
a-¡

0
t6
oÀÕ.*

0
2

9B

1-
1,-

3-

1-
2-
3-

0
g3*

7

*End-osper¡ns lshich ar¡oeared v¡e1l Cevelo,led l:ut v,zere "milky"
r'¿ere includecl in the 2) partially clevelopecl categorv.
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I'ÀBLE 5 " Level of dif ferentiati on
pe::centaqe of nu-m-ber o.bserved- ;
2) differentiateil, 3) sl-iqhtlV
4) not clif f erentiated, versus

in embrr.zo expressed as
1) well o,ifferentiated o

clifferentiatedo
time after po-]-lination

Days Level- 6"tr6lypes

J OTAX
Cocorit){

4!i925>i Chinese
Sonora-X

SpX 2DB2Ê
JoriQ

6.

o

1
2
3
4

I
2
)J
lL

I
2
3
ll

0
0
0

100

0
0
0

100

0

0
0

100

0
0
0

100

0

^
51
49

0
0
0

100

0
0

L2
ôôÕ()

0
96

2
./,

00
00
00

100 100

29
51
20

0

2B
5B
T4

0

0
9

64
27

0
0
3

97

0
0
3

97

0
0
4

9ì6

0
0
4

96

0
r)

2
9B

0
0

35
65

0
34
60

r\

0
L7
77

6

10"

1')

1Á-

16.

lB "

c
0
0

100

0
0
0

100

0
0
0

100

0
L9
33
/to1U

0

67
33

0

a1

52
6

16

2I
36

0
43

0
I nô

n̂

0
96

4
0

24
7I

0
5

7B
1B

0
A

100
0
0
0

10
)ñ
34
¿, 96

10
20
1rJU

4 94

I
2
3
4

I
2
3
4

94
6
0
U

94
6

0
0

t00
0
0
0

94
6

0
0

9û.
6
0
0

97
3
0
0

36
50

0
I4

100
0
n

0




