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T A STUDY OF THE PARTIAL STERILITY OF

CERTAIN ALFALFA STRAINS

Introduction

The purpose of this study was to invéstigate the var-
tation in seed production, first noticed by Dr. Moe in his Fg
hybrid alfalfas. These plants were a result of a eross: between
~the variegated alfalfa "ledicago media" and the yellow flowered
"Medicago falcata®. Cuttings from one plant ofhfalcéta, common-
Ly khoﬁn as Don, were brought to the University of British
Columbia Farm, by Yr. Klinck formerly of iac. Donald College
and now President of the University of British '@olumbiao It is
imporfant to know that all Don material on the University farm
Ccame originally from.one parent.

Professor Boving knpwing the almost complete sterility
~of the Don, attempged in I9I7 to obﬁain crosses by allowing the
Grimm alfalfa, growing alongside it to bloom simultaneously and
thus facilitate fertiiization of the Don variety. Out of some
‘250 plants prdduced from seed gathered from the Don plants in
kIQI?, 6 plants showed hybrid characters. In I920 all other
alfalfas were cut back except the six hybrid plants. These were
left untented, but the flowers were manipﬁlated° A heavy yield
of seed was produced by these hybrids.

In I92I, a row of 33 plants was set out from the seed
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- of each hybrid. One hundred and seventy plants grew to maturiiy.

All hybrid plants (first growth) were manipulated by squeezing
Wi££ the hands, and the weight in grams of seéd was3 taken. A
hneavy . yleld was produced from some plants, a medium from others,
fwhilefagain other plants produced only a few sceds or were
completely sterile. |

This cross has combined in one individual the spread-
‘ing root system of the Don and the erect habit of the Grimm.
‘Rhizomes of the Don develop approximately 2 inohes.below the
~surface of the ground. These break through the soil at varying
disténces Tfrom the centre of the plants thus gradually increas-
ing the circumference@ The Grimm while being characteristically
tap rooted, and therefore subject to heaving by frost, has long
erect stems, making it suitable for hay. The cdmbination in the
’hybri&sg of spreading root system and tall erect stems produces:
‘a valuable hay crop, which is more resistant to heaving.

since if has been shown taat there is considerable
Variation in seed produotion‘as,betWeen thevfwo parents Grimm
and Don‘in the first place, and between the different hybrids
in the second pblace, the problem arises as to the nature of
“incompatibility between these. low seed producing froms, and
whether this‘inoompatibility is inherited or not, and if in-

herited upon what genes the incompatibility depends. The,quest—
ion arises as to whether low seed production is due to polleii-

sterility, non-distribution of polleng or incompatibility, the
latter resulting in faulty development of pollen tubes, fusion

of gametes, or development of the embryo and endosperms.
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;Asla result of pollination studies including morphological
studies of preserved pollen and pollen tube growth in sugar
“selution oultures, studieslin tripping of plants exposed to the

air enclosed in cellophane sacs, and brought in the laboratory,

. as Well as hlstologlcal studies of carpels collected 3 days and

’ 6’deys after tripping, evidence 1nd10ated 6 eonclu51ons;
(Helen’M’ Farley, A Study of the Partiel Sterility of Certain
Allalfe StraLns I, 1954 - 1955) _
- I ngh seed productlon is not relatea to trlpplng.
2,7H1gh seed productlon is generally related to the rate of'
’ B polleﬁ tubekgrewth. | |
3. Where there is low seed produetion there is poor development
\ of gland cells linlng the ductoof the carpel.
'4 When ovules degenerate, thls beglns 1mmed1ately after fert-
o xyllization Would normally take place.
5. The ovules more remote from the style are most frequently
| abortive, Qr seed development takes place from the ovules
situated in. the upper part‘of the ovary in contrast to the
lese frequent development‘in the lower portion. This would -
seem to be dependent upon the rate of growth of the
'pollen “tubes in relation to the maturity of the egsg.
6., Forms with low seed production generally show poor endosperm
| ~development at least in the early stages, even in ovules
where quion occurs and the endosperm begins to develop

fiormally.



Experimental methods

Thg Fg material for this study was collected in July
and August of I935 on the University of British Columbia TFarm.
The nature of this‘hybrid material has alfeady been given
(Introduction). Eight stages of H 7-7, a high Grimm seed pro-
ducer9 were ﬁaken.beginning before reduction division of the
pellen mother cells to’ two days after tripping. The stage two
days aftef tripping was also collected in’the case of H 68-5,
low GrimmfﬁeedApraducer, H 7-33, highrbon seed producer, HVVI-QG,
1ow Don seed producer, and Parent Grimm, i.e. medicago media.
In the above cases where material was collected after tripping,
or at time of tripping, tripping was artificially effected. In
‘addition to the above artificially tripped stages of H 7-7, one
’stage was collected within twenty foup hours following the time
“at which natural tripping occured.

: B.C. Fixing solution, a formal acetoalcohol fluid
Was used: in killing and fixing,‘Longitudinal sections were cut
ten microns in thickness from parafin preparations. Light green

and safranin were used in staining.



Development of the male and female gametophytes

of alfalfa,

Male gametophyte.
The microsporocytes as they lie in the anther fluid
after rounding up, undergo two divisions to form quartets of

microspores. Cytokinesis does not occur until after the second

‘meiosis, when the cell is divided into fouw spores {Plate I,

figs. I & 2). Bach microspore develops a thick wall enclosing
the male gametophyte (Plate I, fig. 3). At this Stage some of
the pollen grains begin to appear shrunken or aborted {(Plate I,
fig, 4). In the other pollen grains the microspore nucleus which

has the reduced number of chromosomes divides into two, around

one of which a membrane cuts out a generative cell (Plate I,

fig, 3). The other nucleus and the rest of the microspore cyto-
plasm constitute the tube cell, which later grows out to form
the pollen tube.
The generativeé cell divides to form two male gametes.
This division occurs in the growing pollen tube after pollination,

as it is making its way down the style (Plate I, fig. 5). Ordin-

’ arily only two sperms enter the embryo sac. One unites with the

egg, the other with the fuslon nucleus. In a number of embryo
sacs however, spiral or vermiform sperms wére gseen after fertil-
ization.(Plate II, fig. I4). Circumstances indicated that

these Wefe supernumerary sperms. According to Sharp the male

nuclei in many species become vermiform, pérticularly after
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entering the embro sac. This change'may occur xore rapidly in
one nucleus than in the other, the two thus being unlike at
‘laté stages. The male gametophyte of alfalfa shows no marked
modifications from the common development found in Angiosperms.

Pollen tubes were more numercus in the styles ahd
ovaries of high seed producers than of low. H.7-7 collected
within 24 hours after natural‘tripping shows numerous pollen
tubes in the upper portion of the style (Ghart I, row 2). Plate
VI, fig. I shows ftwo pollen tubes passing down the §tyle before
“reaching the ovules. Plate L, fig. 6 shows a pollen tube with
its tube nucleus and two spérms, entering the miCropyle of thé
third ovule. H 7-7 at time of artificial tripping, a Stage a
little earlier than the above, does not show pollen tubes (Chart
I, row I). However it would seem that fertilization has taken
> plaoe’sihce & sSperm appears to be fusing with the egg. If this
is & spérm, then self fertilization has taken place. In H 7;7
vat’two days after artificial tripping, pollen tubes were num-
'erous,‘andflate pollen’tubes were stiill making their ey down
the stylé (Chart I, row 5). Pollen tubes are fewer in the lower
‘regions of the ovary andvnone were seen in the passages below
the 9th ovule. It is evident however that they had reached th
I4th ovule since a sperm is in the process of fertilizing the
egg, and a second, near the micropylar region, is advancing to=-
- wards the fusion nucleus with which it fuses to form endosperm
(Plate III, figs. 2I-23). No pollen tubes were seen later than

2 days after artificial tripping.
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Pollen tubes in H 68-5, low seed producer of Grimm
‘type, are few in numbef at two days after trippin (Chart I,
ro& 4)e Only around the first ovule were they observed, although
glandular hairs were found to the fourth ovule. The carpel stud-
ied.obntained 8 ovules, the second to the last being decidedly
shrunken. Pollen tubes had reached the iast’ovuley although too
~late to effect proper fertilization. The egg had become over
‘ mature, gnd the spenm‘maintained 1ts membrane while entering the
egg, whereas normallyAthe membrane would disappear (Plate IV,
figs. 24-26). |

" No pollen tubes were observed near any of the ten
;oﬁ&les of Parent Grimm, 2 days after artificial tripping. (Chart
I, row 5). This is a result of the advanced development found
here. Young embryos and endosperm had formed in the fourth and

‘sixth ovules (Plate II, fig. 16). Apparently:pollen tubes had
not reached the tenth ovule where the egg still appears unfer-
tilized.

' Pollen tubes found in H 7-33, high seed producer of
the Don type at two days after tripping, were considerably fewer
than'in H 7-7, and were again in the upper regions of the
ovary only. None were seen-in H 7I-26, low seed producer of Don

‘type, It appears that in this hybrid development took place
“normally up until the time pollination would normally‘take place
énd then disintegration began. It is evident that the seed prod-
uction of the plants concerned haé decreased directly as the

number of pollen tubes.
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The pollen tubeskare &ependent upon glandular hairs

for feood supply, and in the material studied there was a def~
inife correlation between them. The glandular hairs are several
' cells in length, and are attached to the wall of the ovary at
the/basé of the funiculus as w&ll as along the stylar passage.
The pollen tubes grow along the surfacerof the hairs; along the
funiculus and into the micropjle (Plate VI, fig. 2). |

Glendular hairs are most abundant in the upper regions
of the ovary, asnd do not grownto any great extent below the
point where pollen tubes were observed in the ovary. These hairs
are more prevelent in some hybrids than others. In H 7-7 & high
seed producer of Grimm type, they are much more vigorous, and
- are more abundant and larger in size than in H 68-~5, a low seed
producer of GTimm.type,‘or H 7-33, a high seed producer of Don
type,‘In H 7I-26 development of hairs is very poor. Hence there
appears to be a double relationship between development of |
glandular hairs and pollen tubes - the relatienship of their
pogsition in the ovafy, and the relatianship of their freguency
in\low and high seed producefskrespeotively.

A‘second ralafionship is found between development of
vascular bundles and,pallén tubes, particularly in the style,
where vascular bundles are invariably found in the vicinity of .
pollen tubes.

“To sum up it may be said that pollen tubes are more
- numerous in the upper regions of the ovary than in the lower
regions. Some have more rapid growth and fertilize the upper

ovules, whereas those of slower growth fertilize the lower
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ovules or fail to function in cases where the female gametophyte
has passed maturity at thé time of their arrival. In other cases
where’the pollen tubes have not been fully nourished, that is
there is an insufficiency of glandular hairs and vascular
bundles, the pollen tubes may discontinue growth before they

errive at an unfertilized gametophyte.



| Female game tophyte
v In deallng with the female gametophyte of the alfalfa

‘studled for this thesis a comparison ‘might be drawn beﬁween

H 7~ 7, a result of the cross Nedloago satlva X Medioago falcata,
- with the work done by Reeves, end that done by~Gooper on

Médicago sativa,

| Each ovule of M, saﬁiva as described by Reeves contains
eI‘to 3 primery sporogenouskoells. Where mofe than one, these
’,iie in a plane transverse to the 10ﬁgitudinal axis of the
ovﬁle in some instanoes, but occasionally they are in the plane
}‘Of theklongituoinal axis, while in H 7-7 not more thenka single
sporogenous cell in any ovule was found.kAe in sativa (Cooper &
\‘Reeﬁes) the primary sporogenous cell of H 7-7 functions directly
as‘the maofospoye mOther celi. in eonsequence’of,the tWo melotic
diVisione ofyphe single macrospore mother cell, four macrospores
only are present in H 7-7, as oomparedeith as mahy as 8 in
sativa (Cooper &‘Reeves). |
o "In sativa the chalazal megaspore deVelops into an 8

nucleate, 7 celled embryo sac"; the other macrospores disinte~
grate, and the antipodals persist for some'time after fertiliz-~
kation~(Gooper). In some gemetophytes an early 6 nucleate stage
ie followed by the fusion of two to form the fusion nucleus,

the formation of three cells at the micropylar end, the egg and
ksynergids, and the disappearance of the sixth which disinte-
e gretes early, long before the female gametophyte is mature. The

oocurrence in hy%rid 7-7 1is similar to that found by Reeves in
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sativa, In other gametophytes of H 7-7 there,were S5 or 7. Where
5 nuoléi are formed, the egg, synefgids and one cell of the
quién nucleus form at the micropylar end. The‘evidenoe indic~
‘ates that the nucleus at the antipodal end does not divide, but
fuses directly with the nucleus which migrates from the miCTO@
pylar end. This delays the formation of endosperm,

Just prior to fertilizétion the micropylar ends of the
syhergids elongaieeéndféxténd?into-théémierOpylé?(Gboper)e In
H‘V~7 the synergids are besked, the beaks extendihg towards the
micrqpyle, In sativa fertilization takeS‘place'betWeen 24 and
27 hours after poilination. The synergids are not broken down by
the polleﬁ tube but persist for some time after fertilization
(Cooper). In H 7-7 fertilization occurs at the same time but the
synerglds disappear rapidly. In,sati#a 2 oelled‘proembryos are
‘to be found 31 hours after pollination. The endosperm at this
time contains 2-4 nuclei (Cooper). In H 7-7 at 48—'hours, endo-
sperm with lenticular cells had formed in the upper 3 ovules,

In sativa the malé nucléi are not rounded but more
elongate (Cooper). In H 7-7 they are also more elongate, some
being.spiral or vermiform, Circumstances indicated that the latt-
er were supernumerary sperms which had arrived after fertil-
ization had teken place.

Although there is an abundance of ﬁollen tubes in the
ovaries of sativa at the time of fertilization, only about half |
or less of the ovules show the presence of proembryos at 3I and

48 hours after pollination. The cytoplasm of an embryo sac in
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‘ﬁhioh fertilizétidn has not occurred remains apparently normal
for a considerable time, the first evidences of disintegration
beiné‘found in the ovules collec¢ted 72 hours after pbllination.
This disintegration continues and ultimately the whole ovule
becomes involved, so that at I20 hours after pbllination the
ﬁﬁfertiliied ovules are smail and very muchrshrunken. In heavy
- seed~setting lines of alfalfa there is an averaite of 3-~4 seeds
per pod, whereas Ioeig ovules are present in each ovule. An
‘eiamination of about 100f0varies revéaled a range in.numﬁer of
'~vovulés per ovary from 8-I4, and a!rénge in number bf fertilized
‘ovules per ovary from I-6, the average being 3~4 (Cooper).

In H 7-7 there are numerous pollen tubes, and exam-
ination of ovaries réveals a range in number of I2-I6 ovules
per ovary. [he average humbér of fertilized ovaries per ovary
~in H7-7 is three. Seed development occurs most frequently in
the fifth, Six%h and seventh ovules from the stylar end of the
ovary. Disintegrétion in ovules where fertilization has failed
proceeds rapidly, some'ovuleskdisintegrating before tripping.

At 96 hoﬁrs the ovules have become completely shrunken.

| As 1s characteristic of the Leguminosée, the ovules of
Sativavarise in two rows, one on each side of the ventral sutre.
The funiculus of the ovule becomeé geniculate in shape’and the
‘ovule curved so that it becomes campylotropous, With the micro-
pyle against the funiculus. The embryo sac is long.and somewhat
curved at maturity (Reeves). The ovules of H 7-7 are paired

campylotropous, and the embryo sazc is curved at maturity.

4
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By Way of introducing the work to follow it would be

| well to study further the development of the female gametophyte,
particularly that of H 7-7. There are certain characteristics

which are outstanding and indicate tp a large extent whether an
individual plant is high or low seed producing.
| In general those ovules which lie in the upper regions

of “the ovary have their female gametophytes more advanced than
those in the lower regiohs~(Ghart I, rows I & 3). Whereas the
ﬁuclei of the ovules in the lower poftion of the ovary have not
“yvet fused to form the fusion nucleus, in the upper regions of
the‘ovary fusion has occured and sperms have entered the embryo
sac.(Chart I, row I). Similarly (Chart I, row 3) the gametes in
the I4th. ovule are just ready to fuse, and seversl cells of the
inner nutritive layer still remain, while in the uppermost ovules
-not only equally dimensioned endosperm cells, characteristic of
’the wandering and dividing condition, have formed, but lentics
ular endosperm cells are developing towards the periphery of the
sac. In the I4th. ovule the pfesence of sperms; the absence of
endosperm and the fact that fusion of tne egg and sperm has not
occurred, is good evidence that endosperm does not develop until
fertilization has taken place, and there is evidence that after
a certain stage of maturity fusion does not occur although late
arriving sperms may be present.

The main supply-of food within tne female gametophyte
‘after the tapetal layer has begun to disintegrate, is in the

form of starch grains. They are very abundant around the female



Tl
gametophyte cells of low seed producers, and in high seed prod-
ucers are more abundant in the lower ovules than in the upper
ovules. Comparing H 7-7 with H 68-5 and Parent Grimm at 2 days
after artificial tripping (Chart I, rows 334y & 5) it is evid-
entithat WhilevHi7—7, a high seed producer has little or no
starch in the upper ovules, Parent Grimm has an intermediate

 numbér’Qf starch grains and H 68-5, low seed producer, has
numerous starch grdlns, It would appear that the starch present
1n low seed producers is in an unavailable form and oannot be
utilized as food material.
’ In addition to the fact that the upper ovules are

more advanced than the lower ovules, the ovules of different
plants vary in degree of development. Parent Grimm is most
advahced, showing young embryos in two of the oviailes at two days
cafter tripping (Chart I, row 5 & Plate IT, fig. I6). The endo-
‘sperm cells however are only in the Wanderlng and dividing con-
dition whereas in H 7-7 endosperm with lenticular cells has
developed (Chart I, row 3). Iﬁ Parent'Grimm a few starch grains
remain, end the inner nutritive layeruis almost complete in the
tenth or last ovuleéy

In the éac of the firstfovule’@f H 7-7 endosperm with
. lenticular cells has formed‘and is beginning to dévelop towards
the periphery of the sac. There are still a few disintegrating
cells of the ihner nutritive layer of\the megasporangium, but
no trace of gtarch grains. In the second and thirdvovuleé, some

of the endosperm cells have become lenticular in shape, but the
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remainder are rounded, characteristic of the wandering and div-
iding condition (Plate Ii, fig. I8). Ovules 6 and 7 show best
development of the male and female gametophytes and contain
supernumerary spiral sperms. In the I3th ovule there still
remain a number of cells of the inner nutritive layer. There ig
faAlarge repfeSentation of starch grains, as before mentioned,
and se&eral giant food bodies which are, by all appearances
protein in néture. In the last ovule no endosperm has déveloped,
starch grains are plentiful,,and the/inner nutritive layer still
remains fairly intact (Plate I1I, fig. 2I), although initial
disintegration is evident.

H 7I-26 and H 7-33, low and intermediate seed prod-

ucers of the Don type respectively, show no endosperm develop=
ment, and abundant food material around the female gametophyte

(Plate IV; figs. 24-26 & 27-30). Results in my last paper,

“A study of the partlal sterility of certaln alfalfa strains I",
“indicated that in 1955, H 7-33 would again'produce a low seed
yield as it had done in I923.‘JUdgingﬂfrom the sections made

this year the yield wounld again be low.

The egg, fusion nucleus and synergids of H 7I-26 have
a very collapsed appeérance (Plate IV, figs. 27-30). The fusion
nucleus never gguld.divide, kand_, the synergids, apparently dis-
integrating, do not promise normal development. The lower por-
tion of the ovary is distorted, and numerods long hairs are on
the outside wall of the ovary - a Don cHaracteristic. It would
appear that in the majority of ovules some development took

‘place, and then disintegration began.



Seed production as interpreted from data'represented

in charts I and 2.

_ In the hybrid alfalfas 68 5 and 7-7, and Parent Grimm
;best seed PTOdUOulon occurs in the fifth, 51xth and seventh
ovules from the stylar region. Above uhese the ovules develop
in pard, formlng;endosperm only in the majority of cases,

whereas in other 1nstances the embryo forms, but no endosperm

':‘as in H 7-7 at 6 days, or there is a poor development of both

es in H 7—7 at 9 days. The first ovules mentioned above maykbe
referred to as the seed*p;oducing ovules. Those above as the
'ﬁppef non-seed-producing ovules, .

| Non seed production in the upper ovules may be
,attfibutéd'tb'either of two possible causes. It may be the
k reéulfxef cross pollination - the pollen tubes arriving at the
“ovules before’the maturity of the egg’and fusion nucleus result-
ing in poor development of both embrye and endosperm as shown
in H7-7 at 9 dajs, or 1t may be thet the pCllen fubes arrive
 before the maturity of the egg but at maturity of the fusion
nucleus, resulting in development of endosperm but not of
embryo as in H 7-% at 2 days and H 7-7 at 9 dayst This time re-
lationship appears to lose significance if the developmeﬁt of
'thekfusion nueleus is delayed in its early stages (see page II).
It is not likely that the egg would become retarded in develop-~

ment in later stages, thus allowing the fusion nucleus to super-
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4“V¥Cede*it ih“development; This is a physiolbgiCdl explanation. A

777faecond theory to explaln non- seed-productlon 1n the upper ovules

’1s self polllnatlln and a low degree of compatlblllty. The flrst

' ‘feV1dence of self fertlllzatlon is found in H 7-7 at tne time of

'i"‘natural trlpplng. Pollen tubes ‘were eeen pae81ng down the style

,(Plate VI, f;g,.l),‘and‘sperms were seen .in & pollen tube enter-

e"y;ng the- mlcropyle of an ovule in the upper portlon of the - ovary

:(Plate I, flg¢‘6)¢ No aotual fu31one were seen. The low degree

1”:fof compatlblllty between the male and female gametes appedrs

‘g for the most part ,etween the egg and sperm, resultlng in. ovules

"f7;conta1n1ng endosperm only, as shown in H 7-7 at 2-days, and

*Parent Grimm at 3~days.iln other cabes as 1n H 7 7 at 6 days

7'~fwhere the ovule contalns an embryo but no endosPerm, apparent

' ;1ncompatlolllty is between the fu51on nucleus and sperm. Where -

ﬂﬂflnferlor embryos and.. endosperm develop in the same embryo

yfjflncompatlblllty is between both the egg and sperm, and fu81on

ﬂnucleus and Sperm.
In the Ilfth, 81xth and seventh ovules, or tﬂe seed-

'iproduolng ovules, seed produotlon appears to be the result of

ffl“oross bolllnatlon = the pollen Lubes arr1v1ng at tne ovules at

'/Tthe maturltj of the egg and 24+ hours aIter tr1pp1n Thls 1s

"7fbe11eved to brlng about ‘best seed develorment resultlng in the',

“;produotlon of normal embryos and a l@rge amount of endosyerm.
In the lower non-szed- produ01ng ovules examlned,

'fcomplete dbortlon has occured in all ovules exoept ovule Ia of,

'\lH 7-7, 6 days. As pollen tubes were seen to ovule 9 and sperms

’"“fln ovule T4 of H 7- 7 at 2 days (see charts I & 2), evidence
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indicates that pollen“tubes penetrate as far as the fourteenth
»yoVule; Yet at 6 and 9 days after artificial tripping complete
" abortion has ocoured below the seventh ovule in practically all
cases (Chart II, rowsylo-IS).'This is interpreted as the result
~:of CTosSs pollination‘followed by the arrival of sperms later
- than maturlty of the egg and fusion nucleus. N
An indlcatlon of the fact that self’polllnatlon oceurs
kln the upper non’seed-producing ovules, is that there are aiff-
, erent degrees and combination of development of embryo and
“endosperm in the upper ovules, whereas 1n the lower non-seed-
‘ﬁfeducing'ovules eomplete~ebortion ocecurs.
» | East and Yarnell (1929, Studies‘on self-sterility
leIiI Self- sterlllty allelomorphs. Genetics T4, 455-487) explain
’the dlffernce between se€ 1f-fertile and self-sterile plants by
”rapldlty of pollen tube growth. Own pollen germinates on own
stigmas Jjust as read{ly as does foreign, and the first increment
of growth of the two types takes place at the same rate. After
that own pellen tubes continue to grow steadily and normally at
the same rate they started, but the rate of growth of foreign
tubes is continuously accelerated as though they were receiving
some stimulus which was ineffective on own pollen tubes. Own
pollen tubes faii to’reaoh the ovary before the stigma and style
have decayed while foreign tubes With their accelerated growth
reach their goal before the way has’become blocked.

In alfalfa own pollen tubes are interpreted as slow
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in growth, and aS~fertilizing the upper ovules thus‘ineapaoit-

& ating the 1atter to becnme fertilized by foreign pollen. After

,tripping the acoeleratea forelgn tubes fertilize the f£ifth, siyth

:- and seventh ovules hut helow that region the egg bas become too

f.kmature and fertilization falls.

The twelfth ovule of B 7 -7 at 6 deye may be: regarded

 ¥,as an exception in that development has occured where aborted

‘ovules are,usually»found. This,probably illustrates the fact
that rapid pollen tubes in B 7- 7 grow to thaﬁ pointe This is

';again shown. in H 7 7 at 2-days where sperms were seen 1n the

" fourteenth ovule. Ordlnarily however the egg has passed matur-

. ity’before pollen tubes penetrate below the tenth ovule? and
"'erdinarily»fusion does ﬁqt,take ﬁlace, as in the case of the

; 'fourteehth ovule (PlatevIII,\figs; 2I-23) .
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: Comparison of H 7- 7, & high seed-producer
| and H 68-5 a low seed—producer at 2- 6-, and 9-days

k after ﬁripping.

There is s smaller number of ovules in B 68 5 - a maximum

of II as compared with 18,

vPollenftuhesfare seen;to_the,first ovule only at 2—days in

“H568~5? and finally, sperms were found in the 8th ovule

'x"as eompared with the I4 in B 7~ 7 o supernumerary sperms

3.

et

5o

;were seen in H 68-5 whereas several were founa in H 7-7.

Embryos develop in- ovules from 2 6 in H 68-b. In E 7 7

- they are found from 2 12.‘

Quitéfa large'amount,of starch is present in the embryo

‘sacs of H 68-5 at 6 sng 9-days but~none'was~observed in
H 7~ 7 and at two days starch Was present in all ovu1es

of B 68 5 but only in the lower ovules of E 7~ 7.

THe best deVelopéd ovules Of H 68-5,at Q-Gays are not as

Well aeveloped as. those of H 7-7 at 9~éays partieularly

‘in respeot to endosperm.

v 1n7H~68~5'ﬁhe disintegrationkand shrinkage of ovules is

more rapid and is complete by the 6th or 9th day, wh11e ink

H 7-7 all sﬁages of development from the many oelled embryo


http://ovuJ.es

5T~
and endosperm to the completely disorganized ovulé are present

—at tzhis time.
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Comparison of H 7-7, H 68-5 and Parent Crimm

at 2-days after tripping.

H 68-5 is distinetly retarded in development as compared

with H 7-% and Parent Grimm.

- H 68~5 has fewer ovules than H 7-7 and Parent Grimm.,

No embryos had formed in H 68-5 Whereas they had in H 7-7

and Parent Grimm.

4.

7.

8B

In ovule I4 of H 7-7 the gametes are ready to fuse, and in
ovules 8 of H 68-5 they are a little past maturity for
effective fusion whereas ovules 8-I0 of Parent Grimm appear

to be disintegrating.

Pollen tubes were seen only as far as the Ist ovule in
H 68-5 whereas they were seen down as far as the 9th in

H 7-7,

The upper ovules of H 68-5 seem to be at the same stage Of
development as the lower ovules whereas in’H 7-7 and Parent
Grimm there is a distinet difference, the upper ovules

developing earlier.
Disintegration of eggs to some extent occurs in all three.

Starch is abundant in all ovules of H 688-5 but only in the

lower ovules of H 7~7.



Review of literature,

Sterlllty 1s claeeifﬂed into three fundamentally
’:e;dlfferent klnds (Crane and Lawrence). Generatlonal aterlllty,

:;la sterlllty due to the fallure of any of the processes con-'

'574eerned with the normal alternatlon of generations, namely,

 developmeént of pollen, emhryo sac, embryo and endoeperm, and the

'1f~relatzone of‘these thh one another and w1th thelr parents

feefregardleee of the cross made. Mbrphologleal sterlllty is sup-
*ﬁfpreaslan or abgrtl@ﬂ of’the reproductive organs. The third klnd
:?7‘13 1noompat1b111ty. |

“, : Incoﬁ@atibillty best expl&ins the sterlllty found in
;Geethe hybrld alfalfas studled in thls Work. 0f the three theorles,

,; ,of 1ncompat1b111ty - the genetlcal, the chromosome, and the

?i«phySIologlcal, the last mest nearly pazallele theeeltuatlon. ;

c PhJSlologlcally, self- and eross-lnoompatlblllty may
ﬂﬁibe brought about by’fallure of pollen tubes to reach the egg,
;i by fallurefof~zygotefformatlon after the male nuoleus has enter;

:~; ed the embryo eac, or abortlon of embryos durlng the early etages.

” 1JIn alfalfa 1noompat1bllity Is brought about by failure of the

::'fpollen tubes to reach the- egg in time for effectlve fu81on of

‘1c;the gametes. Jost (1907) flnde that in Lilium the pollen tubee

‘:{Qof self-lneompatlble plante grow go elowly that fertlllzatlon

?e is not achleved. High eeed produetlon 1s therefore related to
/rate of growth of pollen tubess mhrtln,(lgla) found that pollen

e:tubes 1n self-polllnated red clover grew much more slowly than
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f?ipollen tubes in a cross pollinated plant. Coe and Martln (1920)

"f and Willlams say thls fact may'be correlated Wlth the slow

J:{:growth of 1ts own polleén tubes. Sanaome studled the pollen

f ,ftubes in Granet; & apple materlal and feund on style dlsseetlon

‘W”ﬂthat there was & great dlfference in growth rate in the style,

ibetween compatlble and 1ncompat1ble pollen. ‘Qther 1nvest1gatora9

‘3kzamong whom are Correns (1913) for Cardamine pratense, Gbmpton

“(1913) for Roseda, Mbere (1917) for Tradescantias Crane and

‘V"Lawrence for eherrles, plume and apples, Ea&t and Mangelsdorf

“°ff6r Nieotiana,‘held that fhe pollen tube growth'in the style

wef~13 the cause of compatlblllty or 1ncompat1b111ty of the matlngsif

o  ln these plants.

o N

Whether~1ncompat1ble pellen tubes are 1nhlb1ted in
egrowﬁh, or Whether both 1nh1b1t10n and aceeleratlon may be -
“present in these plantekle a& yet undecided. The*auecessfef ;

eﬁellination,in the bud, or incompatible matings in Nicotiana,

fﬁg red clover and. cabbage does not declde ‘the matter since the

'develepment of inhlbitery subatances may be restricted to a
kcertain peried in stylar degeneratlon@ Bnd-sea&on Iertlllty,~'
~fby‘whlch normally, self-sterlle plants may glve some seeds late

471n the season of growth, haa been.reported in Nicotlana, Bast

‘""7(1925) and,Anderson (1924), and in Lythrum, Stout (1922)

k "fhas been used by Kaklzakl (1930) to support the view that there

: l& an 1nh1b1tory action whlch wanes at the end of the seaaon,k
'kThls hypothe81s, however, is open to the ebJectlon that the

‘“;”flower does not wither so qulckly at that time, therefore the

L
¥
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slower growing tubes achieve fertilization owing to the time

factor alone.

?



Discussion and conclusions

The development of the female gametophyte, at the
time the pollen reaches the ovule, is a very important factor
in seed production, not only in different flowers but in ovules
of the same flower. Consequently the varieties which show a
high degree of self tripping at the time 24+ hours before ovule
'maturify are in most cases high seed producing. Varieties which
are not readily Self tripped may’be facilitated in seed prod-
fUGtion by the ﬁisita of insects. That is the insects seem to
have 2 beneficial effects;

- I. A greater provortion of tripping before the time of matur-
ity of the egg.

2. Transfer of pollen since cross pollenkéeems to show grezdter
compatibility (Carlson; Piper: Ffandsen; Kirks; Torsell;
Dwyer ); |

In other words there'seem’to'be 2 important factors
in alfalfa seed production; (I) com@atibility of the pollen
‘(Carlﬁon; Piﬁer; Frandsen; Kirk; Torsell; Dwyer) and (2) the
time of arrival of the pollen tube in relation to fhe develop~-
- ment of the ovule. This time factor may be satisfied by well
regulated self tripping or by the frequent visits of suitable
insects. It would appear that in extreme cases the greéter
weight of humble bees as compared with honey bees 1is a factor

in this time period &f tripping.
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The work recorded here gives some very definite

evidqnoe as to the lmportance of the time of pollination and

fertilization and the number and condition of the ovules

at that period.
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Conclusions

I. Self fertilization occurs in alfalfa, at least in certain

forms. Fertilization sometimes occurs before tripping.

2. Development of the male gametophyte follows the usual type

found in Angiosperms.

3. Development of the female gametophyte is unusual in somne

respects., The usual 8 huolei found in the female gametophyte

4. Where there 1s low seed production there is poor develop-

ment of glandular hairs and pollen tubes.

5. In the style vascular bundles are invariably found in the

vicinity of pollen tubes.

6. Development of glandular hairs and vascular bundles are

related to rate of growth of pollen tubes.

7. Fertilization occurs between 24 and 27 hours after pollin-

~ation and rapid disappearance of the synergids occurs.

8. A small number of ovules as in Parent Grimm and H 68-5
gives a relatively small margin of development time and

ordinarily a correspondingly small number of seeds.

9. Those ovules which lie in the upper regions of the ovary



_29 -
- have female game tophytes more advanced than those of the

ovules in the lower regions.

T0. The food store and general’condition of the female gam-
etophyte, which does not seem to follow any regular sequence
within the ovules of any given ovary, may determine seed

development.
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Description of plates.

: Plate Te

Fig. I H 7-7: Stage 3 Rounded up microsporocytes showing one
of the 2 divisions in the formation of the gquartes of

microspores. (X 1350)
Fig. 2 H”?-?:fStage'Eﬁ A tetrad of microspores. (X 1350)

Fig. 3 "H 9-7: Stage 4 A mature microspore containing tube

and generative cells. (X 1350)

Fig. 4 H 7-7: Stage 4 A shrunken pollen grain whici has not

germinated. (X I350)

Fig. 5 H 7-7: 2 days after artificial tripping A pollen
tube making its way down the style showing the tube.

nucleus and 2 sperms. . (X 2400)

Fige 6 H 7-7: Within 24 hours afterbnatural tripping. Two
pollen tubes, one of which shows tue tube nucleus and

two sperms, about to enter the micropyle. (X 778)

Fige 7 H 7=7: Stage 2 Result of the first division of the

megaspore mother cell, (X 1350)

Fig. 9 H 7-7: Stage 3 Result of the second division of the

megaspare mother cell. (X I350)
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Fig, I0 H 7-7: Stage 4. Later stage showing one megaspore

Fig, II

Fig.

Fig,

Iz

enlarging and the others disintegrating. (X I350)

H 7-7: Stage 4. Shows a similar stage except that
the megaspore has divided to form the first 2 nuclei

of the female gametophyte. (X I350)

H 7-7: Stage 4. Megaspore has divided to form 4
nuclel of the female gametophyte (X I350)

H 7-7: Stage 4. Divisions in the megaspore mother -

cell resulting in 6 nuclei. (X I350)



PLATE 1.
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Plate II

Fig. I3, T4 & I5

Fige. I3 H7-7: 2 days after artificial tripping showing
the egg and 2 synergids. (X I350) |

Fig. I4 came ovule showing the egg and 2 supernumerary
Sperms. (X 1350)

rFig; 15 Same ovule showing the fusion ndcleus, - (X 1350)

Fig. 16 Parent Grimm: 2 days after artificial tripping show- -
ing a young embryo and several wandering endoSperm

cells. (X I350)

'Figs, I7 and I8
H 7-7: 2 days after artificial tripping showing
remnarts of the inner nutritive layer and formation

of endosperm but no &evelopment of an embryo. (X I350)



 PLATE 11.
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Plate III
Figs, I9 & 20

Fig, I9 H 7-7: Time of artificial tripping showing the
egg and a nucleolus which has become dislodged
from the synergid - also a portion of a sperm.

(X I350)

Fig. 20 Same ovule showing the two synergids, the fusion
- nucleus and the remainder of the sperm shown in

fig. 1I9. (X I350)

Fig. 2I, 22 & 23.

Fig, 21 H 7-7: 2 days after artificial tripping show-
ing the fusion nucleus and a sperm ~ also

starch grains. (X 778)

Fig, 22 Same ovule showing the two synergids and the
second sperm entering the egg - also starch
grains and remnants of the inner nutritive

layer. (X 778)

Fig, 23 - Same ovule showing a glandular hair, the micro-
pyle of the ovule and the embryo sac contain-
ing the two synergids, and a mass of giant food

bodies. ''here are no antipodal cells. ( X 778)
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Figs. 24,25 &

Figs,

L

Tig. 24

Fig. 25.

Fig. 26

27, 28,

Fig. 27

-39
‘Plate IV.

26

H 68-5: 2 days after artificial tripping show-
ing in the eighth ovule, the greater parf of

the egg, abundant starch grains and remnants of
the inner nutritive layer. (X 778)

Same ovule showing one beaked synergid and a
sperm which has arrived too late for éffective
#fusion of the gametes and numerous starch grains.
(X 778)

Same ovule showing the fusion nucleus alongside
of which is a sperm which has arriVed too late

for efﬁective fusion of the gametes. (X 778)

29 & 30,
H 71-26: 2 days after artificial tripping show-
ing a shrunken egg and a very large number of

starch grains, (X 778)

Figs. 28-30

Other cells of tne same sac showing the shrunken

condition of the female gametophyte. (X 778)
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Fig., T

Fig. 2

Fig. I

Fig. 2 -

Fig. I

Fig. 2

-l Te
Plate V.
H 7-7: Sfage 4. vShows the paired campylotropous
chdition'of the ovules, the left ovule of which shows

a megaspore which has divided to form 4 nuclei of the

female gametophyteu (Seevplateyl, fig. 8). (X 260)

H 7-7: 2 days after artificial tripping showing paired

’oampyloterOus¢ (X 160)

Plate VI.
H 7=-7: Within 24 hours after natural tripping showing

two pollen tubes passing down the style. (X 726)

H 7-7: 2 days after artificial tripping showing a
pollen tube growing along a gland hair and a portion

of an ovule. (X 726)

Plate VII.

H 7-7: I day after artificial tripping. Shows an
embryo sac containing one antipodal cell and the egg
full of food material and surrounded by starch grains.

X 270)

- H 7-%7: Time ofucrtificial tripping showing fusion of

the nuclei in the formation of the fusion nucleus, the

egg and one synergid. (X 180)
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