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AN INQUIRY INTO THE FACTORS AFFECTING THE SHAPE OF
BARTLETT PEAR FRUITS, WITH SPECIAL REPERENCE T0
XENIA, METAXENIA AND POLLINATION

INTRODUCTION

The growth of an individuel fruit during develop-
ment progresses according to a genetic pattern so that
at maturity its shepe is generally closely similer to
that of all other fruits within the secme veriety. This
constancy in shepe provides e characteristic whieh is
used by horticulturists in the texonanic description
and 1dentiflication of varieties, snd contributes to-
ward uniformity in th; haendling end merketing of
fruits, Under the influence of certain externsl fao-
tors, however, the genetic pattern may become altered
resulting in the development of sn abnermal shepe, un~
charecteristic for the variety. Similsar verieties
grown in different geogrephicsl eress often differ
considerebly in shape, and even within the same area
considerable varietions may oceur, The Bartlett pesr,
for exsmple, hes a characﬁeristic shepe described es
oblong~-obtuse pyriform, but this variety grown ;n the
Willemette Valley end in certain other areas (86) some-
times assumes an entirely different form during growth,
From the commerciel stendpoint, this abnormality is

undesirable since it detracts from the value of the



product, especlslly when used for canning. Yield
slso is reduced, beceuse the fruits generally feil to
develop to the optimum stege of maturity for commer~
cial use,

Previous investigetions (85,86,986) have shown
that the ebnormel shape of Bartlett pears 1s assoclat-
ed with fallure of the frult to form seeds, resulting
in parthenocarpioc development., This suggests that the
seedless condition is due to lack of effective polli-
nation and that xenle end metexenis may be factors af-
fecting the sheape of the frults., Aecordingly, the
variaetion in the shape éf the Bartlett pear as grown
in the Wllleamette Valley has been approached from the
stendpoint of pollination end the effects of pollen
elong the following lines:

(1) The viebility, germinetion and rate of tube
growth of different pollens, (2) the influence of
growth-reguleting chemicals on frult development and
shape, (3) the relationship between xenie and meta-
xenlsa followlng self- end eross-pollinstion, especisel-
ly in reletion to embryogeny end fruit development,
(4) the correletion between the nasture and time of de~
velopment . of specific frult tissues with the varie~

tions in fruit shepe,



MATERIALS AND METHODS

liethods of Pollination, The pollinetion experi-
ments were conducted during the years 1938; 1939; end
1940 et a commercial orcherd located near Corvallis,
Oregon, Five mele parents -~ Fall Butter, Winter Nelis,
Comice, snjou, and Bertlett - were used for the pollina-
tion of the Bertlett pear flowers.

The pollen required for the experiments were col~
lected by foreing the flowers on fruilt spurs which hed
beenr brought into the lsboratory during the pre~pink
stage. The pollen wes dried snd stored at room tem-
perature in viels for future use. All of the polline-
tion end artificiasl germinetion experiments were nade
within 10 days after the pollen had been gethered,

The procedure used in the pollination experi-
pients consisted of emasculetion followed by hand pol~
linetion with & camel's hailr drush, The pollineted
clusters were then bagged with lieanile peper bags end
tsgged with the proper lebels, For the study of parth-
enocerpy, the blossoms were eﬁasgulated only and then
bagged. In the case of self-pollinetion, two different
methods were erxployed: (1) emasculation followed by
haﬁd pollinetion, end (2) begging of the flower clust-
ers without emesculeatlon.

Growthepromoting chemicels including indole-3-n-



butyrie acid, indole~3-n~acetlic acid, indole-3d-n-pro-
plonic escid, &nd esperagine were prepered in sgueous
solutions of 0.01 to 0.25 per cent, These were then
sprayed on the flowers by means of & hend etomizer
either preceding or following hend pellinstion,

Histologicel iethods. For the purpose of mor-

phological studies relating to xenia zand metaxenia, spe-
eimens were collected at intervals both before sud after
pollinetion, These samples were killed ang fized in
three different fixetives: salcohol-formalin solution,
Tukey's (88) killing end fixing solution, =nd Newas-
ehin's Tluld as given by Chamberlin {15). Nawaschin's
fluié wee used melnly for the ovules while the other
two solutions gave satisfectory results with the flow-
ers and frults, To fecilitate removel of &lr from the
tissues, the viaels containing the materials ia the fix-
ing solutions were placed in & vecuum desicetor, This
treatxent grestly lmproved the infiltretion of peareffin
into the tissues,

For the dehydration of the materisls, the butyl
elcochol schedule given by Rewlins (72) wee focllowed with-
out modificaetion. The usual pereffin infiltretion method
was employed with the exception thet the semples were
left in the paraffin for a much longer period of time

then specified.

The sections for the morphologicel studies were



cut either with a rotery or sliding microtome to a
thickness of 15 to 18 microus., With the larger snd
coarser materials the letter geve much better results.

Helidenhain's iron slum-haematoxylin stein wes
used exclusively sccording to the complete schedule
given by Rewlins (72).

In conneetion with the histological studies on
the development of frults, the number of cells were
counted st different levels (Fig. 1, Plete VII). For
this purpose & cross heir tube pleced inside the eye
piece geve setisfactory results., This tube was prepar-
ed by stteching =& humen helr across the midile of a
round cardboserd tube fitted inside the eye plece of
the microscope., The counts on the number of cells
were mede slong the line of the imsge of the hair re-
flected on the section. This method wes found to be
much simpler than the one adepted by Xim (41) for s

similer purpose,

Pollen Germinetion Methods, The medie employed
for the ertificial germinstion tests of pollen consist-
ed of the following: distilled weter; 10 snd 12 per
cent solutions of sucrose, glucose, snd fructose; 1.5
per cent eger solution either with or without the eddi-
tion of suger; various solutions of growth-promoting

chemicels edded to the suger solutions; stylar end



overian extraects of different verieties of pears;
ené pleces of gynoeclum of peer mized with different
nedie,

£l of the germinstion tests were made either
on glass slides or on Van Tieghem cells placed in a
moist chamber lined with wet filter paper, The chane
bers were kept at room temperature during observation
and messurcment of the rate of germinstion and pollen

tube growth.
LITERATURE REVIEW

Xenle and iMetaxenla., The terms xenia snd nmets-

xenie have been used in varilous weys. Focke{Z2) used
the term Xenls in e generul wey to designete the de-
vistions from the normal color or shepe of & fruit
through the influence of a foreign pollen, Swingie
(81), however, limited this term to define the influ-
ence of foreign pollen on the embryo and endospern,
while metaxenie wes proposed to designste the chenges
brought ebout on the tissues of the fruit other then
the embryo ané endosperm, Nebel (63) egrees with
Swingle in the interpretstion end usage of these terms.
The presence of xenla and metexenie in fruits
heés been reported by & numbser of investigetors. The

most important cheracteristicecs found to be influenced



by pollen htve been the number of seeds formed and the
shepe, weight end keeping quelity of the fruit. Color,
acidity, sud certein other physicecel end chemicel char-
acteristics have been affected to & lesser extent,

Nebel (63, 64), Niebel and Trump (66} Nebel and Kertesz
(67) reported the presence of xenls in epples &s ex~
pressed in the length end number of the seeds, Reineke
(74), waite {96), Tydemen (93), and Cummings et el (£l)
observed thet in peers self-pollination resulted in
less seed formation thean eross-pollination, . Welte glso
reported the influence of pollen on the charscteris-
tiecs of seeds in pecrs, The influence of pollen {xenig)
expreegsed in the formation of seeds hes been reported
in persimmon (6), gooseberry (17), spple (19, 50, 93,
97}, plum (18), snd cherry (20). Xebel (64, 65), Kebel
end Trump (668), Nebel end Kertesz (67), cleimed the
presence of metaxenia in the epple affects welzht, keep-
ing quallty, seldity, shepe, ond color of the fruits.
Reineke (74), Bach (8, 9), Zederbsuer (102), veite

(96), end Cumaings et &l (2l), reported the varicstion
in the shepe of the spple end pesr through the influence
of pollen, The effeect of metexenis on the welght, size,
end shape of the frults of spple (3, 19, 80, 97), per-
simmon (6), gooseberry {(17), plum (19,20), cherry {19,

20), melons {92), snd tomatoes {59) has been reporied



by meny investigstors.

Self-unfruitfulness snd inter-fruitfulness are
cormon smong horticultursl plsnts, This phenomenon is
brought about through the influence of pollen on the fe~
Lale parenﬁ; end cen be considered as cne of thelmost
important especte in the study of metaxenls, Nunson
{59) bhelieves thet in some important plent species there
is an immediste apporent effect of forelgn pollen on the
femele orgsnism, the most outstending exemple being the
pea, the kiduey besn, &nd the Indien corn. Roh (76) stet-
ed that the presence of xenle end metexenis in tree fruits
should be considered 2 normel conditlion,

The presence of Xenle end metaxenie among the
hortlcultural plents has been denled by some investige
tors., Gowen (35) and vicka (98) working on the ayple
did not find any change in size, color, shepe, and quali-
ty of fruits due to the influence of the pollen parents.
The former, however, stcted that 3zldwin snd Ben Davis
were execeptions in this respect. Tufts and Hansen {886,
87) claimed that sccording to the results of thelr ine
vestiraetions there seems to be no sigaificant indica-~
tion of zenie =nd metaxenia in pears. Shaw (79, 80)
reported thet the greeter elongaition of epple frults is
clogely relsted wlith the cool temmerature for £ to 3

woaks following the blooming time, Fletcher (3l) be-
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lleves that while the verietion in size of the Bertlett
and Kieffer pear fruits is influenced by the kind of
pellen used ror-pollination; the veriation in shape
is due more to the specific environmentsl conditions
under which the fruits ere grown.

Pollinationvaﬁd Sterility. The pollimetion and

sterility problems of horticulturel plants have received
attention by meny investigators,

Seme of the more importsnt cesuses for self-or
inter-sterility are: genstic feactors; slowness of pol-
len tube growth in styles; defectiveness of pollen,
ovule snd embryo-ssc; seoretion of inhibiting substences
by the pistils; and certein environmentsl conditions
such as tempereture snd smount of reinfell. Cummings
et al (21) end Csterwslder (69) efter an extensive
study on the sterility of pesrs concluded thet the selfw
sterility is due to the slowness of pollen tube growth
end not to the defectiveness of pollen. The slow growth
of pollen tube in the pistil hes been reported es the
nein ceuse of self-sterility in various other plaats,
including Nicotina (25, 26), epple (35, 75), Secele
{40), bleck currsnt (49), clover end salfslfe (58),
plum (20,77), cherry (20), snd other plents,

Yasude (100) end Crene (20) believe thet the ine
compatibility is due to the inbibitlon of pollen tube

growth in the style. Dorsey (&4) thinks that the steri-
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11ty or fertility 1s probebly caused by the guantity
end quelity of hormone secretions by the female game-
tophyte during the period of pollen tube growth in the
style end slso by the genetic factors of the plant,
Defective ovules end embryvossacs sné low viasbility of
pollen &appesr to be correisted with the feilure of seed
formation in grapes (68, 70), pesrs (78), and strow-
berry (94). MNeturity end ege of pollen, vizor of fruit
spurs, ege and health of individual tree and other fac-
tors mey influence pollinetion of the sople, sccordiag
to suchter (7},

The Bartlett pear appeers to be better polliniz-
ed by certain verieties then others, Feltcher (31) re-
ported thet snjou, Lawrence, Duchess, and Xieffer ars
satisfectory pollinizers under Virginie conditions. In
Celifornia, Tufts (84) found no cesse of inter-sterility
emong pear verieties provided thet the blooming dstes
of the two verieties over-lsp esch other. He reéommends
Angouleme, Anjou, Cleirgecu, Comice, Dene Hovey, Easter
Howell, snd winter Nelis as satisfactory pollinizers
for Bartlett. Bertlett pe&rs grown under veiley condi-
tions, however, were found to be more self-fruitful
thaen those grown in the foothills sectieﬁs. In Ves-
tern Oregon, Kraus (44) esdvised plenting Clairgeeu,
Anjou, Howell, end Kieffer with Bartlett to assure a
satisfactory frult set, Rarshell et al (55) steted
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that in Kichigen only Flemish Besuty can be consider-

ed as self-fruitful snd theat Bosc; Gonrerence; Flem-

ish Besuty end Howell are setisfactory pollinizers for
Bertlett, 1In Germsny Schenderl (78) made pellination
studies with 198 varieties of péars, scoording to him
no pear variety 1is self-fruitful enmough to produce suffi-
cient emount of fruits for commercisl purposes with the
exception of Bergemotte isperen. He mentioned thet
guerré Napoleon produced only seedless frults even after
éross-pollinaticn. According to Negel (61) and asemi
(4,5) a majority of the Japenese pears are self-sterile.

Pollen Germinstion end Pollen Tube Growth, Ven

Tieghem (95) eppeers to have been the first investigator
to observe pollen germlnetion, Since that time much at~
tention has been peid to the study of pollen germins~-
tion end tube growth both under ertificiel snd naturel
conditions,

The slowvness of pollen tube growth hes been found
to be of common ocecurrence in the case of self~-or inter-
sterility. Osterwalder (69) observed that pollen tube
growth in selfed pear blossoms rsnges from £ to 4 mm,
in & style of 10 mm, in length, Cugmings et al (21)
working on pollinetion of the Bartlett peer, found that
for the first 18 hours &after poliinatién the growth of
pollen tube in both self- end cross~pollinsted blossoms
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was about the saeme, However, in the former the tube
growth was much reterded at the end of £4 hours end
ceased entirely efter 12 days. <Similer results have
been reported with the apple by Eckerson (28} and
Knight {42).

Pollen of different plants bas been found to vary
greatly in germinasting sbility. Tufts (84) reported
32 per cent germinstion for anjou, 19 to 76 per gent
for Bartlett, 43 to 74 per cent for Comice, snd 36 to
45 per cent for Winter Hells in 12 per cent sucrose sgo-
lution, Tufts and Philp (85) stated that pear pollen
on the esverage does not give &s hlgh germinetion es
some of the other fruits, although a sufficient number
of pollen germinate to &ssure pollinstion when the
pollen is epplied srtifieislly. A4According to Cummings
et el (21), 0.4  neutrel solutions of sucrose end glu-
cose et & temperature of 809 F geve the best results
in artificlael germinetion of peer pollen, They &lso
state that in genersl Bertlett pollen grew better in
glucose then in suerose, Apperently, however, a few
varieties of pears produce pollen vhich feil to germi-
nete under ertificliel conditions (73). Other lnvesti-
gators have found elso that the germineation end rate of
tube growth vary greatly among different plants eccord-

ing to the kind enc¢ concentration of suger used in the
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media (26, 34, 94, 56).

Various substences have been found to stimulate
or retard the rate of pollsen tube growth; Eckerson
(28) end Knight (42) found esparagine to have a stimu~
letive effect on the tube growth of apple pollen. No
effects from extracts of stigmets were observed. Os-
terwalder (68) likewise reported thet the addition of
stignatic extreets to the germinetion media hed no bene~
ficial effect. Cooper (16}, however, found thet the af-
dition of the extrects of pistil end overy in the germi-
nation media retarded germination and tube growth of
apple pollen, vhile Beaumont and Enight (10) obteined
incressed germinetion end sccelersated tube growth of |
apple pollen by the eddition of stylsr extracts end
pieces of stigmete from inter-competible varieties in
the medie, Similar favoresble effects heve been observ-
ed with snepdregon (43) snd petunie pollen (160).

The factors affecting viebility have an impore
tanﬁ bearing on the germinetion of pollen, Becker {(11)
found that older plum pollen to be less vieble than
younger wollen, Pollen remeins viable over & longer
period when stored under dry conditions et low tempere-
tures than et hlgh temperature snd humidity (1, 34,

43). Apple pollen germineted well efter 3 months end

pear pollen after 10 weeks when stored in & dry condi-
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tion (1), Sendsten (77), however, found that the
pollen of e&pple end plum under dry conditions end

at temperatures renging from 7 to £68° ¢ survived for

6 months or longer. Crendell (18) noticed no meterial
differencein the effectiveness of 1 to 11 deys old
spple pollen.

The food supply &nd enzymes present in vearious
kinds of pollen have been studied by meny 1nvestig&¥
tors. Green (36) isolated invertese end diestese from
pollen grains, but wes unable to isolate ecytass. He
conecluded thet the reserve foods of the pollen grains
ere starch, dextrin, cene sugar, maltose, and glucose,
The style contains the seme substences with the excep-
tion of dextrin, gSandsten (77) found thet diestese and
invertese are'present in pollen of most plants and that
the styles end stigmete of certsin plents eontzin these
enzymes. Miyoshi (57) end Enowlton (43) reported the
presence of chem@tropism in the pollen tube, The fore
mer steted thet pollen tubesg tend to grow from a wesk
solutlon to @ stronger one,

The phenomenon of bending and séptation of pellen
. tubes under both nstursal end grtificisl conditions has
‘been observed, PFollen tubes of peer (69), epple (42),
end plum (24) form septe in ertificiel media. Latimer

{48) reported ecellose formetion on apple pollen tubes,
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Roberts (75) and Yesudea (100) reported thet following
self-pollinetion the pollen tubes of apple and petunisa
becene knotted, but remained strelght after cross-pol-

linstion.

Perthenocerpy snd Growth-Promoting Chemicals., Hol-
ly (33), Strawberry (.3), tomatoes (37, 38), erook-neok-
ed summer squash (37), cucumber (99), water melon end
pepper (99) cen be induced to form parthenccerpic fruits
by epplying gzrowth-promoting chemicels to the pistils,
The reagents found to be effective were indoleacetis,
indoleprapionic; indolebutyric, nepthelenescetic, eand
phenylacetic aelds, Apples end grepes, however, feiled
to form parthenocarpic fruits after trestment with
these substences., Yasude (101) cl&iﬁed that the ove-~
Ties of egg-plant injeoted with petunle pollen extract
and cucumber ovaries injected with its own pollen ex-

tract resulted in parthenoecarpic growth,

Horphology end Development of Fruit end Embryo.

#¥hile the literature reloting to the emdbryogeny and de-
velopment of certein fruits of the family Rosacese is
extensive {2,13,14,29,41,5%3,60,69,71,81,8%,83,90,91),
only & limited ermount of informetion is avaeileble on
the morphology of the pear frniits. Osterwalder (69)
has investigated the embryogeny of the Bartlett pear,
MaeDeniels (53) found thet the gross morphology of the



Kieffer pear fruit to be besically the same es that of

the apple, with minor differences.

ported on the differential development of various tis-

suas of the Bertlett peer fruit during the maturstion

pheses of the growth periocd,

POLLINATION EXPERIMENTS

PRESENTATION OF DATA

urneek (60) re-

Teble I shows the results of Bartlett pear polli-

18

netion experiments conducted during the ycars 1938, 1939,

gnd 1940 .

TABLE I - POLLINATION OF THE BARTLETT, 1938-194C
et Corvellls, Oregon

(Deta Taken ifter Juns Lrop)

Polli- ¥o. Blossoms ~  No, Frults TPercentage
nation Used | Set Set
1638 1939 1940 1938 19390 1940 1938 1938 1940

Bartiett , ' ' S
X Self

Sacked

only 740 - - 1l - - 0 - -
Polli-
neted 770 731 134%2 i% 5& 49 2 4 4
X Fall _
Butter 644 760 B89 112 83 g 17 ll 11
X snjou 160 511 §S¢ 5 77 61 3 15 11
X Winter

Nelis 504 612 1217 57 8% 117 1l 16 10
X Bose 142 - 705 0 - 52 0 = 7
X Comice 104 520 - 80 65 - 48 14 -
X Open 1348 17768 1794 51 53 23 4 3 1
% None 105 466 ll66 0 17 38 0 4 3
( Emesou~
lated end

Secked
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tecording to the data, the verieties Fall Butter,
Winter Nelis snd Comice were cross~fruitful and Bose
eross-unfruitful with Bartlett during ell of the three
seasous, Jelf-pollination resulted in a low fruit get,
There was, however; en @ppreciable differeunce in the num-
ber fruit set between the gelf-pollinsted flowers and
thogse which were emasculated and received no pollien,
These results definitely show that both eitionomie or
stimiletive and autonomioc or vegetative parthenocerpie
developments mey occur in Bartlett peer fruits,

The spplicetion of growth~promoting chemicels to
the pistils at the time of enthesis hes shown to induce
perthenocarpic developuent in verious fruits (33, 37,
38, 99). 7o determine if similer effeets czn be obtain-
ed with Bartiett pear; application of aqueous solutions
of these resgents in verlous concentretions were made
on the pistils &t the time of pollinstion, The experi-

mentali results &sre sumarized in teble II.
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TABLE II ~ EFFECT OF GROWTH~PROMDTING SUBSTANCES ON THE
FRUIT SyT OF THE BARTLETT, 1938, 1839
et Corvallis, Oregon
{Date Taken ifter June prop)

— ¥G. Blos- No. Frults rercent-
Pollina~ soms Used Set age Let
tion chemicals  TOBE TO35  IT38 1933 %5190 1%

Bertlett _

X None ~------ creemeee 105 466 0 17 0
X None 0.,04% Asparegine «-= 18l ~=e 14 ~-
X None 0.25% Indoleace-

0o

tic 4Acid 220 == 0 mew 0 oww
X None 0.04% Indoleuce-

tiec Aeid m—e 269 ¢ e 2 - >
X None 0.04% Indolebu-

tyrie 2cid = 313 em- 9 mea 3
X None 0,04% Indolepro-

pionic 4cid -~~~ 189 - 3 e 2
X None 0.01% Indoleeace~

tic Acid - 85 -~ B en= 8
X None 0.01% Indclebuty~

ric icid -~~~ 18% - e - 1
X Home 0.01% Indolepro~

pionic soid L - S
L Self cecermcnccccnauan 770 731 15 B2 2 7
X Self 0. 04% ;sparagine 66 145 2 12 3 8
X Self 0.25% Indoleace~

tiec 4scild 48 ~-- I e 2 we-
£ Self 0.04% Indolsace-

tic acld wwe 418 eew 30  e-- 7
X Self 0.04% Indolebuty~-

ric scid - 82 w-= 3 e-e 4
X Self 0,04% Indolepro-

plonle Leid -~ 140 == 3 == .2
X Self 0.01% Indolebu~

tyric secld ~=w 120 - 7 - 6
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None of the growth-promioting dremicels {Table
I1) had eny significant stimulatiVG effect on the nume~
ber of fruits set, Although esperagine was observed
tc soccelerate fruit growth immedietely fellowlng its
eprlication, the slight inereeases in finel number of
frults set 1g not significent,

In the spring of 1958 and 1939 pollinction experi-
ments were conducted using Anjou veriety as femele par-
ent in order to study the influence of differxent pollen,
particularly thet of Bartlett pollen on the fruit set of

this veriety.

TABLE III - POLLINATION OF THE ANJOU, 1938, 1939
et Corwsllis, Orezon ‘
(Date Teken iLfter June Drop)

pU-L.{: R _ B -5
No. of No. of Per~ No, of No., of Pereent
Crosses  Dlossoms Frults cent Hossoms Frults Set

Used Set Set Used
Anjou _
X selt 314 Q 0 571 3 0.5
X Bert-
lett 45 62 13,1 563 31 5.8
X Bose 126 1) 8.7 - m——— e
X Vinter
Relils 127 6 4.6 - oo um -
X Fsll
Butter -- ——— - 257 8 2,3
X Open 1693 0 0.5 718 34 4,8
0 86 0 0

X None 356 ]
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Teble YII shows that injou is self-unfruitful and
thet Bartlett is the most effective pollinizer for the
injou pear followed by Bose snd Winter ilelis, Fell But-
ter is not as good & pollinizer for anjou as for Bert-
lett. Although the results presented here are not con=-
clusive, the fect that Bartlett pollen is cepable of af-

foocting fertilization is clearly evident,
ARTIFICIAL POLLEN GEREINATION AND TUBE GROWTH

Defective Pollen., ‘The physiecel defectiveness eand

physiologicel inebility of pollen %o germirate woulg be
contrivuting factors towerd self-snd inter-sterility. ie~
cordingly; mierescopic exeminetions were mede in order
to determine the percentage of defective pollen of Bart-
latt, Anjou; Fell Butter, Comlee, snd Winter Nells peers
in 1938 and 1940. The polien of these varieties weré
pleced in water on glaess slide end counts were mede on

the number of defective pollen,
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TABLE IV - PERCEWTAGE OF DEFECTIVE FOLLEN OF DIFFERENT

PEAR VARIET

IES, 1938, 1940

No. Pollen To. Defective Peroentage
vollen Bxamined Pollen Defective Pollen
Variety 1938 1940 1938 1940 1938 1940
Bartlett 539 293 24 43 5 1%
Anjou 543  w-- 25 -— 5 -
Fall But-~ ' _

ter 578 181 68 49 13 a6

Gﬂmieﬂ 52$ hadadhid 12 - 2 -
Winter

Nelis 580 241 32 14 & &

The percentage of defective pollen of the 5§ peer

varietles ranged from 2 to 2% (Taeble IV.). The percent-

ege of defective pollen was higher in 3Bsrtlett and Fall

Butter varleties 1in 19840 than 1o 1638,

There seems %o

be g close relstionship between the verilation in size

of pollen end the percentagze of defectiveness (Fig. 1,

2! 5'

Plete TI1),

The pollen of Fall Butter, for example,

which shows the widest veristion in size has the highest

verceantage of defectiveness, while Comice pollen which

is uniform in size hes the lowest number of defective

pollen,

Effect of Media on Pollen Germination snd Tube

GZ‘_O Wth .

Germiability of pollen hes en important dbearing

on the affectiveness of the pollen as a pollinizer,
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Consequently, artificisl germinetion of pollen snd the
growth of the pollen tube were tested in various medie

(Table V).
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TABLE V - LEFFECT OF DIFFERFNT MEDIA ON THE GYIRMINATICH
OF BARTLETT AND ANJOU PBAR POLLEN, 1938
{4t Room Temperature)

Growth ____ Bartiett Znjou
Hedie Perlod No, No, ¥er- No. No., Per-

(111 Medis in in Pol- Germ. cent Pole Germ. ¢ent
Veter) ____EBours len Gern, len Germ,
Distilled water 3i-5 47 17 38 95 20 21
Sucrose 10% 5~ 6 70 17 24 41 18 44
Suerose 10% -

iLsperegine

0.25% 5« 6 49 13 27 48 22 46
Suerose 10% -

Indoleacetic

feld 0.85% &~ 6 50 9 0 60 4] 0
Glucose 10% 4- & 138 37 &7 50 20 40
Gluecse 107 =

Asperagine

0.25% 4- 3 160 61 38 88 26 &8
Glucose 10% =~

Indoleacetic _

Acld 0.25% 4~ B 75 0 (5 50 3/ 0
Asparagine

0.25% 4- 5 148 £5 17 1l4 10 ¢
Indoleacetic

scid 0.25% 4- 5 80 0 0 80 0 ©
Fructose 10% 5 34 8 i3 57 3 5
Fructose 10% -~

Asparagine Wost Pollen
0.25% 5 80 10 13 Bursted

Fructose 104 -
Indolesacetic
seld 0,25% b 70 0 0 50 0 0
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An exemination of Tebles V end VI shows that there
is much varistion in the ebility of pollen to germinate.
in different kinds of media. The percentage germination
end rate of pollen tube growth were higher in suecrose
end glucose then in fruetose. 4isparagine had no influ-
snce on gqrmination but it definitely ceused en increase
in tube growth, Indolescetic ecid used et e concentra-
tion of 0.25 per cent slone or in e combinstion with sugar
showed an inhlbitive effect on pollen germination. Lower
concentrations of indolebutyric scid had neither en in~
hibitive nor e stimuletive effect on the rete of germine~
tion and tube growth of pollen of different peer verie-
ties (Teble VI).
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TABLE VI - EFFECT OF 0.001 PER CENT INBOLEBUTYRIC ACID ON
THE RATE OF GERMINATION AND'EUBE GROWTH OF PEAR POLLEN,
. 1939
(At Room Temperaturse)

Growth “Ho.  Per- wnax, bin., Ave.
Medie Period ©Pol- Pol~ No, cent- Tube Tube Tube
(All in in len len Germ, &age Length Length
Weter) Hours - Cerm, (m) (m) (M)
Suorose Bart-
104 19 lett 117 52 44 324 15 41
" 19 Anjou 117 24 21 216 18 49
”
19 fell
Butter Kost Pollen Bursted
" 19 Winter
Nelis 103 7 7 20 5 10
" 19 Comice 104 - 16 14 160 156 o4
Sucrose 10%
~IBA* Bart- _
0.001% 19 lett 88 13 16 29 4 14
" 19 Anjou 111 42 38 216 20 48
" 18 Fsll 136 17 13 28 18 38
Butter _
Winter
" 19 Nelis 111 7 6 20 -] 10
" 19 Comice 107 13 12 220 10 37

IBA* -Indolebutyric scid

In distilled water medium, pollen of Bartlett,
Anjou, Vinter Nells, and Comice showed no difference in
the percentage of germination or rate of tube zrowth ef-
ter 2 end 10 hour periods. In Winter Nelis, however,

both the number of pollen germinsted &nd the length of
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the pollen tubes were considerably greater at the end
of 10 hours (Table VII)., These results indicete thet
the pollen of most pesr verieties ars low in food re-
serves £nd require an additionsl nutrition in order to

meke a growth of 10 mm, which is the length of an aver-

age pear pistil,
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TABLE VII - THE RATE OF POLL:iN GEREINATION AND TUBE
GROWTH IN WATmR MEDIUK, 1939 .
{At Rooumn Temperature)

Growth No, - Pere ‘Eax; ¥ine gvé.
edia Ferlod rol- Pol- Ko, cent- Tube  Tube Tube
in len len Germ, age Length Length Length
Hours . Germ, (M} {m)  (m)
Water 2 Bart-
lett 208 44 21 54 6 1%
" " - Anjou 249 36 15 26 5 14
" ® Winter .
Nelis 21% 18 8 10 S 8
" " Ball ' ? r .
Butter 227 38 17 i8 4 9
v " Comice 200 26 - 13 44 5 4
b " Bart-
lett 223 44 20 63 5 1%
" " injou 246 48 17 556 5 i5
u " winter
Nells 225 37 18 11 4 ?
i " Fell )
~ Butter 221 40 18 270 5 a3
n " Comice 221 23 10 38 L} 17

Bffect of Gynoecia on the Rete of Pollen Germina-

tion snd Tube Growth. Germination tests were made using

medis conteining pleces orextbacts of styles snd ovaries

of Bartlett end i/inter Kelis pear varieties.
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TABLE VIII- EFFECT OF PIECES OR EBXTRACTS OF BARTLETT
AND WINTER NELIS GUNOECI4A ON THE RATE OF GEHMINATION
AND TUBE GROWTH OF PEAR POLLEN, 1939-1940

At room tempereture

No. TPer- Lex, i, 4ive,

Growth
¥ediae  Period Pol- Pol- No. cent~ Tube Tube Tube
{invater) 4n len len Germ., age Length Lengthlengh
Hours germ, {u) {a)  (a)
104 Bert-
Suerose .2  lett 88 21 24 30 9 15
" 8y injou 117 8 7 32 5 18
" 22 Fell
Butter 100 16 16 84 20 40
" 3 #Winter
Nelis 101 4 4 15 5 9
hid 33 Comice 102 7 7 14 7 10
10%
3ucrose- Barte _
Bartlett & lett 8% 30 35 S8 15 39
or Gynoe- £ Apjou 100 64 64 228 40 77
cle pleces 25 fall
Butter 143 40 28 324 40 123
" 9 fiinter
Nells 115 18 18 110 42 76
" S Comice 81 18 22 290 55 149
Winter 4 Winter Very slight geminstion; much pol-
Nelis Nelis 1len bursted,
Styler 4 Bart~ Slightly more germinstion then
Extract lett Winter Nelis pollen
4 Fall
Butter " " " v
Bertlett 4 %inter .
Stylar Nells Very slight germination
Extract Bart- '
lett i A Ld
" 4 Fall
Butter No germinstion
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The results show {Teble VIII) thet both germina-
tion an& rete of tube growth wers greatly stimuiated in
medie conteining pleces of styles end ovaries. The
growth of Anjeu; Fell Butter; Winter Hells ond Conrice
pollen wes stimulated to & much greeter oxtent thanm that
of Bsrtlett polien, Aqueodus extracts of these materials,
however, elmost entirely inhibited pollen germinetion
(Fig. 5, Plete 11T). Similer results heve been reported
by Cooper (16); ¥nowlton (43), end Yesuda (100},

4 third series of pollen germination experiments
using agar medis in comblnetion with suger and styler
pleces were conducted in 1940, The experimental results

are summerized in Table IX.
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TABLE IX ~ THE RESULTS OF FPEAR POLLEN CGERMINATION IN AGAR,
AGAR-S8UGAR, AGAR-SUGAR~-STYLE MEDIA, 1940
(At Room Tempersature)

Growth " T Ler-  WeX. oin, Lve.

Medla Period No. ¢ent- Tube Tube Tube
in Pol~ Pol- sge Lergth length
Hours len len germ, () {(n) ()
1. 5% sagsr 4 Bert~
lett kost pollen bursted
" 4 Fell
Butter g " L
n 4 Winter
Nelis " i "
1. 5% Agar- 12%
Sucrose Bart- 100 5 108 43 B84
lett
" Fell
3 Butter 100 28 276 55 131
' ¥inter
3 Nelis 100 52 230 56 108
1. 5% Ager~ 12%
Glucose 3% Bar t-
lett 100 1 43 156 30
" 3% ¥sll
. Butter 100 290 86 42 59
" 3% Winter

K Nells 100 26 115 43 74
1. 5% Agar-12% 43 Barte-

sucrose - lett 100 93 864 85 538

Pieces Bartlett 43 Fall | |

Style Butter 100 5 1026 160 374
”

4% Winter
Nelis 100 8 1000 160 414

The results show (Teble IX) that the medie con-
teining agar only resulted in bursting of the pollen
(Fig. 3, Plste III). 4ager medie conteining sucrose gave

e higher percentege of germination and & grester rate of
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tube growth then the glucose~ager medis. {Fig. 5, Plete
II end Flg. 1, Plete III),

As in the suger-only media, the sddition of sty-
lar pleces to the egar-sugar medlg hed s striking effect
on both the germination snd tube growth (Fig., 2, Plate
I1¥), The extremely high percentege of pollen germina~
tion end the sccelercted tube growth in the medls contain-
ing styler pieces suggest the presence of a certein phy-
slologiesl &ffinity between the pollen end the style,

This condition hes been observcd in ell of the experiments
{Teble VIII, IX).

It 1s interesting to note that the pollen of Winter
Nelis, which showed the least gemination end tube growth
in the medie containing no eger, hed the highest rete of
germinetion end tube growth in the agar medis.,  This fact
suggests thet under idesl conditions the pollen of Winter
Kelis will germinete end grow as much or even better than
the pollen of other pear verieties., (Fig., 5, Plete Il
end Table IX),

The formetion of septa on pollen tudbe hss been
reported by meny investigetors (&4, 42, 69, 75, 1060). It
hes bdbeen observed during the present work that poilen
tubes under unfevorable conditions tend to form septa
{Fig. 1, Pléte IXII). Nore septetion oceurred on pollen
tubes in the medie contelning glucgose then in those con~

teining sucrose (Fig. 1, 2, Plate III). 4xccording to the
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results of the present experiments on the artificlel ger-
mination of pollen, the former su~ar is mueh inferior to
the latter ass e germination medium for pesr pollen. Cune
mings et al (21), however, obtained better germination of
pear pollen in glucose then in sucrose medla,

The data obtained during the couree of the polline-
tion end pollen germination experiments eppeer to werrsuat
the following conclusions, In the Willemette Valley the
verieties Fell Butter and ¥Winter liells are cross-fruitful
with Bartlett, while snjou eppe&rs to be psrtielly cross-
fruitful, The cholice between Fall'Butter end Winter Nelis
es pollinlzers would depend upon whether the blooming
period in sny perticuler aree coincldes or over-lsps with
thet of Bartiett. ‘he use of injou &s pollinizer for the
Bartlett veariety eppeers guestioneble until pollination
tests have been cerried out o%er & longer period of time,

The failure for obtaining sstisfsctory fruit set
of the Bertlett peer following self-pollination 1s not
due to eny inherent or physicel defectiveness of the pole
len, This is indiceated by the ebllity of Bartlett pol-
len to effeet fertilizetion of the /njou pesr and the
satisfactory viability end germinating ebility of the
pollen in artificisl medias. Self~unfruitfuiness in the
case of the Bartleti peer appeers to be due mainly, if

not entirely, to the slow growth of the pellen tube
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througk the style, The evidence obtained strengly in~
dlcates thet the stylar tissues of pear varieties cen
exert elther en inhibiting or stimulating effect upon
the growth of the pollen tubes, This phenomenon may
account at least in part for the observed self-or inter-
compatibility among fruit verieties.
ONTOGENY OF BARTLETT PEAR FRUIT IN RELATION
TO XENILA AND METAXEHIA

The pattern for the shape &nd size of & meture
frult is formed during the early stages of growth. Ag-
tivities of cell division, increasse in cell size, end
enlargement of intercelluler spaces ere the contribut-
ing factors to this paettern. In order to determine the
relaetlion of xenle and metexenie to these growth and de-
velopment processes, morphological studies were made on
the Bartlett pesr fruilte developing after both self-and

cross-pollinetion,

Megegemetophyte., The megasspore mother cell of
the Bartlett pesr is distinguishable about 3 weeks be-
fore enthesis (¥ig. 1, Plete IV). 4bout 3 to 4 dsys
before full bloom the typlicel 8-nucleate embryo-see,
conteining 4 nuclel at the chslezsl enad end the other
4 neer the micropylar region; is formed. Shortly before

full bloom, each of the 4 nuclei at the chelezal end
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divides agein resulting in the formetion of 8 nuclel.
those loceted at the micropyler zons remain undivided.
on» of the former group of nuclei migrastes towerd the
center of the embryo-sec followed by the other poler
micleus from the mieropyler ead. These two poler nu-
clel remsin sepasrste but in close proximity until full
bloom, at which time the fusion betwzen them takes
piace. This fusion nucleus leter becones the primary
endosperm nucleus, Thus, the embryo~se¢ of the Bart-
lett pear flower c¢ontains 1 egg nueleus, £ synergids, 1
fusion nucleus end 7 antipodals at the time of full bloom
(Fig., 2, Flete IV)., The writer hes no lmowledge of anj
reference to the number of entipodels in the pesr being
7 insteesd of 3, Osterwelder (67) gave the number of
sntipodsels in the "Gute Loulse" varlety 82 3. The num-
ber of antlpodals, even in the same specles, appears to
be varisble. A further study on the varietal differences
emong the pesrs in this respect would be of scientifie
interest,

Differential Deveclopment of the Legegemetophyte,

Eubryo, and Endosperm Following felf-and Crosgs-Tolline=-

tion., Extensive microscopic exeminstions were meade on
the development of the megagemetophyte, embryo, and en-
dosperm of selfed and crossed EBertlett pear frults cole-

lected &t different intervels efter pollinstion,



35

In the self-pollineted blossoms sll of the speci-
mens examinad'éhowed degeneration of the megagemetophyte
{(Fig. 1, 2, Plete V). There eppecrs to be no regulerity
es to the order with which the degenerstion of the dif-
ferent components took plece, 1In some cases the anﬁi—
podsls persisted as long as 9 days efter pollinationk al-
though in most ceses they lost their identity immediately
following pollinstion., The & synergids degenerated ear-
lier then either the egg or the énéosperm nucleus, In -
sone specimens the disintegration of the synerglds tookx
place 12 days after polllnetion, while in others they per-
sisted much longer. The egg nucleus in generel survives.
for e lonzer period of time then the synergids. The endo-~
sperm nucleus eppesered to outlest ail the other members
of a degenersting megag&mctophyte.‘

In the cross-pollineted blocsoms there eéppeered to
be nag development of the embryo for about one week follow-
ing pollinetion. Subsequently, however, merkedly in-
creesed activities oc¢curred, L4s & result, 12 deys after
pollinction the prosmbryo reached the quedrent stage
while the endosperam beceme 1l8-nuclsate {Fig., 3, 4, Plete
IV). 4About 15 days efter cross-pollination, they reach-
od the octant and 24-nucleate stages, respectively Fig.

5, Plete IV). These observations indicete that the divi-
slon of the endosperm nucleus precedes that of the zygote,

as has been reported for other fruits (13, 14, 69, 88).
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Osterwelder {69) reported that in the pear embryc-
sac one of the two endosperm nuclel migrstes towerd the
micropylar end, while the other moves to the chaslezel
end. The former gives rise to the subsequent cellular
endosperm, A similer condition seems to exist in the
meteriels exemined during the present study.

The free endosperm nuclel in the embronsae of &
crosced Bertlett pear fruit become invested in bands of
food substances; snd at the seme time, they are in close
contaoct with the chalazel region through which the inflow
of the food maeteriels ecould possibly teke plece (Fig. 5;
Plate V). The endosperm nuclel are slso characterized
by their essocietion with & lerge number of nucleoli
(Fig., 3, Plate V).

The later growth of the embryo end the endosperm
is relstively slow. Thus, 25 deys efter pollination, the
embryo consisted of £2 cells (inecluding the suspensor)
end the number of endospermi nuclei hed reached 44. Figure
3 in Plete V shows an embryo-sac of the Bartlett pear 30
deys after cross-pollination,

The formation of the endosperm cell wall starts
about 40 days after pollination, dbeglnning from the mi-
cropylar end end extendlng graduelly towerd the chelazeal
region (Fig. 4, Plete V), The endosperm cells surround=-
ing the embryo are smaller, closer to each other and

stein more heavily then those locsted neer the chelazsl



37

end, Tukey's (88) observations on the sweet eherry

agree with these data, He stated thsat the nuelei of the
chalezal region are longer end far epart, never becoming
malticellular, while those of the micropylar region‘&re~5 '
smeller, closer together eand subsequently beegpe cellu~
lar, Similer condltlions have been reported by btherﬂ;no
vestigetors (69, 71).

The embryo of cross-pollinected Bartlett pear fruit
reeches maturlity 70 to 75 deys efter fertilization undér
Willamette Valley conditions.

sccording to the dete obteined In this study, the
presence of xenie following crosse-pollinetion is cleerly
indicated in the Bertlett pear, The influence of dif-
ferent pollen brings about & merked difference in the de-
velopment of the embryo end the endosperm from the early
stages of embryogeny (sbout one week following polline-
tion}. The megagemetophyte of the selfed Bertlett flow-
ers degenersted in all of the specimens studied, while
the majority of flowers which were cross~pollinested with
Fell Butter conteined ectively developing embryos and
endosperns,

Development of the Bertlett Peer Fruit
in §6I”%I to Vetaxenla

Gross Observations snd leasurements

Grozcs observations end meesurements were mede of
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the Bartlett peer fruits et verious intervals following
self-end cross-pollinetion, Veariestions both in shape
and size were discernible eppreximetely 20 days &after
pollinetion (Filg, 1, Plate VI). The cross-pollinated
fruits, particul&rly those resulting from the crosses
with Winter Nelils end Anjou verieties, showed much more
extensive growth at the carpellsary region than those
which were selfed or which received no pollen., As the
growth season progressed the degree of vsriestion in
shepe snd size greduelly increaesed, The c¢heracteris-
tics of the verlietion ere: (1) thet the cross«pollinet-
ed fruits make much more repid growth near the esrpels
than the selfed fruits, (2) thet the latter inversely
meke more raéid growth in the region of pedicel then the
former, and (3) that the selfed fruits end those whigh
received no pollen in genersl are smsller then the cross-
pollineted fruits (Fig. 1-6, Piate VI and Teble X).

The megnitude of the verietions in shape and
size of fruits resulting from self-and cross-pollination

sre shown in Table X,
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TABLE X. MELSUREMENTS AND SEED CONTENTS OF BARTLETT
PEAR FRUITS RESULTED FROM DIFFERUNT POLLEN 3 LONTHS
AFTER POLLINATION, 1940

* . v .
Crosses 54 ° g "5 @ =) S % ke
Bartlett © g d7ET e BT ° -
g2y T e 8a £ P 5 go
| Pl '.g ® E i W YUY Cf fo [+ O~ ¥ ot j= "
© 4 . R ~ND O o4 a 2 o
838 .5 gHeg EOR LE Lm0 Las
* o ¢ - 0 €] ot
Zmp bR PR35S 884 S. 22 g3
%O dmeoa FOQ GO W < B
X None 38 59.6 39.9 86,9 8l.4 132,7 O
X Open 22 55.4 36,6 66.0 7.6 110.6 ©
X snjou 26 74,2 38.8 53,6 84,9 165.9 5
X Winter .
Nelis 30 63.1 58,7 61,1 82,1 1563.2
X Boso 33 64,6 39,0 60.3 111.0 16l1.1
X Fall

Butter 36 59,2 36,3 60,1 77,6 134,1 5

According to these date (Teble X} the quotients,
diemeter of stem end/dlemeter of celyx end, are higher
in the self-pollinatéd than in the cross-pollinzted
fruits, In the former the gquotients range from 68 to
69,8 in comperison with & renge of 53.6 to 6l.1 for the
letter, These results verify the observations mede that

the selfed fruits end those which received no pollen made
a greater growth in the reglon of the psdicel then eross-

/
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pollinested fruits, ~Furthermore, the lstter group shows
2 hicher average weizght of frults thsn the former.

All of the cross-pollinated frults conteined an -
average of 5'séeds, while none wetre present in the selfed
or open pollineted fruits.

The ebove results clearly indicete that the forme~
tion of seed and the development of fruit are c¢losely re«
leted, The relstionship mey possibly be one of nutrition-
el or of hormone influence, Helneke (74) found with Bart-
lett pesrs thet in fruits contelning seeds the most exten-
sive tissue development took place in the immediste viei-
nity of the carpels &t the expense appserently of iissue
development both &t the stem end ecclyx ends, giving rise .
to & short smooth-necked pesr with its grectest transverse
diemeter in the seed region of the frult., In frults con=-
teining no seeds, however, extensive development oeccurred
in the region between the base of the carpels emnd the
apex; oconsequently esn entirely differently sheped fruit
resulted.

Number end Size of Cells at Different Levels of
Selfed and Crossed Bartiett Pesr Frults

Medlan longlitudinsl sections of selfed and crossed
Bartlett pear fruilts, collected at intervels from & to
40 deys after pollinetion, were used for this study.

The Kumber of (ells - The number of cells were
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counted in the reglons extending from the base of the
¢arpels to the apex of the pedicel., ForKeonvenienca in -
counting end compering cell numbers, thils region wes arbl-
trarily divided into dirferent levels perpendioculer to the
longitudinel exis of the fruit, sterting with level 1 at
the bese of carpels end extending towsrd the apex &t dis-
tances 1 or 2 millimeters (Fig. 1, Plate VII}.

Figures 1 to 7 in Plete VIII show the menner in
which the gradusl veristions in shepe of selfed end cross-
ed Bartlett fruits teke plece., No veristion in the compa-
rative number of cells in sny different levels occurred
during the period from 6 to 7'days following pollination .
(Fig. l; Plete VIII). Approximstely 10 deys efter polli-
netion, however, the comperetive numbe: of cells at the
levels below the carpellsary bese of the selfed frult was
greoter than et the corresponding positions of the cross-
ed frults, and tha'proportional differences increased as
the sesson progressed, Thus, 40 days after pollinetion,
the sélfed frult showed much grester incresse in cell num~
bers at the pedicel end then the crossed fruit (levels
7 end 8, Fig. 7, Plete ViII)., The incresse in total cell
numbers et level 1 of the crossed fruit wes from 110 to
600 (545 per cent) in contrast to the incresse from 110
to 800 (454 per cent) in thé selfed fruit Guring the
period between anthesls snd 40 deys after pollination

(Fig, 2, Plate VII). During the same period, the increas-
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es in the total number of corticel cells were from 30
to 400 {1,333 per cent) and 30 to 370 (1;233 per cent)
in the crossed end selfed fruits, respectively (Fig. 3,
Plate VII), The percentage of increese in cortical cell
number; therefore, 1s much greater thanithat in the total
cell number. There wes & very slight differente in the
cbmparative ratio of increases in cell numpers in the pith
end the carpellary tissues of selfed end crosces fruits
(Fig. 4; 5, Plate VII), There was no airfereneeﬁbetween
the increase in the number of hypodermel cell lsyers in
these two frults,

The pattern of fruit shepe obtsined by cell counts
et different levels corresponds very closely to the satual
shepe of the fruit es shown in Fig, 1~6, Plete VI. It
is olear; therefore, that the differentiel incresse in |
cell number et different positions, pasrticularly in the
carpellery end pedicel regions during the eaerly stages
of fruit growth; is closely correlasted with the varistion
in shepe between the self-and eross-pollinsted fruits.

It cen be recalled thet the selfed &nd orossed
Bertlett peer fruits first showed differences in embryo
developments sbout 10 days efter pollimnstion, Thus; the
initlsl time of vari&tien in cell number &t verious
levels of the Bertlett fruits following self-end cross-
pollination coincides with the initietion of embryo de-

velopment. 7The expressions of xenia end metaxenia {(with



respeet to cell number) &re first perceivesble ét about
the same time, |

The data obtained show thet the largest increase
in cell number in the Bartlett pear fruit takes place
between ths period of 30 to 40 deys after pollinetion,
This observation is of speciel interest beseuse the gen~
erel belief at the present time is thet ip most of the
pome eand sﬁone fruits cell divisioﬁ ceaséé about 3 weeks
to 30 days after full bleom {3; 52, 71, 88, 9l). EKraus
and Ralston (47) working omn the sunatomy of the applse re-
ported that efter full bloom the maturity of the struc-
tures outsida of the seed itself consists melnly in the
enlargement of cecils alrsedy formed, Meny mitotic fi-
gures heve been observed, in the materisls collected 40
dsys efter pollination, especielly in the cortieal tis-
sue, In Culirornis, XKim (4l) reported the presence of
cell divisions in the Zartlett pear fruit cocllected 48
deys efter full bloomn.

The Size of Cells -~ Increase in cell size is one
of the meajor changes which occurs in fruilts during growth.
In order to determine if differences in rates of cell en-
lergement detween eross~end selrﬁpollinafed fruits are
correlated with the observed diffsrences in shepe, @&
large number cf messurements of cell sizes in both types

of pears were made during the esrly growth period, 4n
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everege size of 10 representetive cells in 10 different
areas in the seme tissues end levels as described for
call numbers wes taken e&s the finel cell size,

In ®ig, 1«4, Plate IX are shown the comperetive
cell sizes in the region extending from the bese of the
carpels to the epex, The values for cell size at each
level are expressed es percerntages, with level 1 taken
es 100, During the first 15 days following polliuetion,
the comparetive cell size was found to be greater in the
pedicel resion of the selfed fruits then thet of the eros-
sed fruit (¥ig, 1l-2, Plete IX). Twenty deys after polline-
tion, however, the comparaiive cell size in this reglon
was greater for the crossed frult (Fig, 3, Plete K},
while in the specimens collected 36 days after pollinae
tion ne appreclable differencec were observed (Fig. 4,
Plete IX).
| These results indiecste thalt the comparstive rate
of cell enlargement in the carpelliary end nedicel regions
is not correlated with the differences in shape between
the self-end cross-pollinested fruits, ss was the case
with cell numbers.

The increase in ectual cell size in the corticel,
pith, carpellary, hypodermel, and epidermel tissues of
selfed and crossed frults sre shown in Fig, 5-9, Plate

IX &nd Teble X, According to thece date, growth as ex=-



45

pressed by increese in cell enlergement begins immedlately
or shortly after pollination without the short period of
'inactivity_as was the cese with cell division previously
noted {Fig. 2-5, Plate VII).

There was & much lerger Increase ln the ectusal
size of cortical and pith cells in the crossed then in the
selfed fruit during the eerly stages of growth (¥ig. 5-6,
Plete 1X). Thus, the average increases in the cortieal
cell sizes of the cross-~and self-pollinsted fruits were
6= aﬁd 4- fold, respectively during the first 40 days
following pollination. During the seme period the ine
creeses in size of the pith cells vere 4.5 and 3-fold
for the c¢ross~and self-pollinated fruits, respectively.
No significant differences in cell sizes in the cerpel-
lary, hypodefﬁal, and epldermsl tissues were found. BSe-
tween 30 to 40 days after pollination, however, there
was e marked inorease in the size of the carpellary cells
in both typew of fruits., Thils was due meinly to longl-
tudinal elongation of the cells (Teble XI). There wes &
slight increese in hypodermel cell size, but no signifi-
cant increase occurred in the epldermal cells (Fig. 8-9,
Plete IX).
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Teble XI - AVERAGE CELL SIZES IN DIFFERENT TISSUES
OF SELFED AND CROSSED BARTLETT PEAR FRUITS
AT INTERVALS OF GROWIH PERIOD

Full Bloom &0 Dayse srter 40 Deys &rter

Tissues (Miecrouns) Pollination Pollination
Selfed Crossed Selfed Crossed
| . , ) {u) () ()
Ipidermis  14x12% 19x15 £0x17 1l6x18 17x18
Hypodermis 16x18 18x22 2lx24  18x83 22x25
Cortex 26xz? 3Lx33 39x40 40x42 47x45
Pith 27x29 24x33 36x42 J34x43 39x50
carpel 16x18 18xz22 18x81 21x68  23x61

¥Redfal x Longlitudinal

Judging from the dete presented, it 1s evident
that in the Bertlett peer, metaxenis (in respect to cell
division and enlargement in cell size) plays an important
pert in the veristion of fruit shsape, Microéeopic‘stu-
dies show that the influence of metaxenia 1is expressed
in the ontogeny of the fruit ss early as 10 deys sfter
pollinetion., Both incresse in cell number end enlarge-
nent in cell size, the two mejor fectors that contribute
to the growth of & fruit, are more repid in the carpellery
region of crossed then in the selfed Bartliett pear fruit
{Fig. 2-7, Flete VII and Fig, 5~6, Flete IX), A reverse
condition seems to exist in the reglon detween the base

of the cerpels and the apex in respect to the increase in
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cell numbers. 7These differences le:gely account for the
varistion in shspe between the two types of frults., It
should be pointed out, furthermore, that the cortex and the
pith sppear to be the most lmportant tissues that conpri-
bute to this varistion. |

DISCUSSION

Xenla end metsxenia heve been used by Swingle
(81) end others (63, 87) to designaste the gross effect
of pollen upon mstured seeds snd fruits, On the beasis
of the date obtained in the present investigetion these
terms can be considered to have & more precise meening in
relation to seed and fruit development. In the Bertiett
peer the influence of different pollen on the embryo and
the frult tissues is discernible within 10 days following
pollination., Iiarked differences occur 1in tﬁe rate at
which cell division end enlergement teke place iﬁ various
tiesues of the fruit, seccording to lack of poliinatien or
the kind of pollen received., 4s a result, at an eerly
stage of development & definite growth pattern is formed
vhich determines the shape of the meture fruit and ece
counts for the varistions as observed by previous investi-
gators snd during the present study. Consequently, it is
eppropriste to consider ény effect of pollen on the megegsa~

metophyte or on the fruit, miero-or maoroscopic in nature,



as xenias end metexenia, respectively.

The deta obtained during the present investiga-
tion show a close correlation between the varistion in
development of the Bertlett peer fruit end the presence
or absence of seed in the fruit, In the frult result~
ing from cross~pollination, the formation of the quadrent
proembryo starts sbout 10 days after pollingtion, while
disintegration of the megagametophyte tekes place in the
selfed fruits, Differences in the growth patterns between
these two types of fruits coinclide very closely to these
observed differences in megagemetophyte or embryo develops
ment, In fruits conteining developing embryos, there is
e nore extensive growth in the immediste vicinity of the
earpels, es shovn in the number and size of the cells,

The differentiel growth of the tissues of self-and
eross-pollinsted frults mey poscsibly be accounted for by
difference in nutritioncl supply or by specific hormones
diffusing from the developing embryos. Staining reao-
tions Indiceted that the developing embryos were eble to
obtein more repid inteke of food substences through the
chalazal tissue than were the megagemetophytes which disel
integrated following fsilure of fertilizstion, A detailed
chemicel study would be of interest in this respeet., It
is poseible elso that specifie hormoilgs are synthesized

by the developing embryo, end by diffusion into the sur-
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rounding tlssues influence thelr growth, . This possibi-
11ty has been suggested in the case of the peach fruit.
If this 1s shown to be true by future experimentetion,
then the influence of xenis and metsaxenia can be defined

in specific physiologleal terms.
SUMMARY

1, The varietions in the development and shape
of the Bertlett pear frult grown in the Willemette
Vaelley have been studied in relation to the effects
of pollen and pollination on the embryogeny and the on-
togeny of the fruilt,

2, Under willemette Valley counditions the Bart-
lett pear was found to be psrtislly self«fruitful snd the
fruits devseloped parthenocerplically following self-pollina-
tion, The results of pollinetion experiments condueted
during & perlocd of 3 years show thet verieties Psll Bute
ter, injou, and “inter Nells are the most setisfactory
pollinizers for the Bartlett pear, All fruits develop-
ing after cross-pollinetion wlth these varieties contain-
ed seeds, while those resulted from self-pollinsation con~
teined no seeds., Various growthe-promoting chemicels
were ineffective for indueing perthenccerplic development
of the Bartlett pear frult. Aspersgine applied to the
blossoms &t the time of polliinetion stimulated growth
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during the first 2 weeks of fruit development but was
without effect thereafter,

3. Nelther defectiveness of pollen nor laeck of
germinating ebility wes found to be the ciuce of self-
or inter-sterility. Felilure of fertilization &ppetred
to be due to the Inebility of the pollen tubes to resach
the ovary Tollowing pellination., The growth of polien
tubes was found to be stinuiated by the presenée of
pieces of vear gynoecis in the germinetlion medis, This
effect was especislly apperent uporn the pollen of &
cross-compatible veriety. ALqueous sxtrects of stylsr
end ovsrien tilssues hsd en inhibiting effect on pollen
germinet lon,

4, Xenla snd metexenis were observed shortly
after pollination of the flower blossoms. Repid degen-
sration of ithe megegemetophyle took place &fter selfl-
pelliinstion, but sctive growth of the embryo wes imitiet~
ed shortly efter cross-pollinstion. The development or
non-development of the ewbryo appeared to be correlsated
with the rate of cell division and cell enlasrgement in
specifle tissues of the frult, TFollowing the first cell
division of the zygote, there was & meriked increese in
the number eznd size of cells in the lmmediate vieinity
of the carpels, In the frults containing degenersting

megagametophytes, however, more repid incresse in cell
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numbers in the tissues occurred in the region bstween the
base of the cerpels end the pedicel, This differentlial

growth persisted throughout development end accounts for
the veristion in shepe et maturity between the self- and

eross-pollineted Bertlett peer fruits.
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Fig.

Flg,

1,

PLATE I

selfed Bartlett pear fruit shows
inz the enlarged stem end.,

Cress~-cgection of Fip, 1 through
the cerpels showing the absence
of mature seeds.

Baertlett pear fruit crossed with
Fall putter variety showing the
typlcal Bartlett pear shsype.

Cross~section of ¥ig, 3 through
the cerpels showing the presence
of meture secsds,






63

Fig, 1-3

Tig., 4

Filg, &

PLATE 11

Fhotomlcrographs of pollen of Barte
lett, Fall Butter, and Winter Nells
veer varieties, respectively. Note
the comparstive size, shape, and the
spproximete percentage of defective
pollen in the different pvolien, Pho~
tographs were taken of the pollen
mounted lin water, end e sliight swele
ling hes tsken place.

Photomicrograph of germinet ing pol=~

len of Bartlett pear variety in 12%

sucrose - 1.5% eger mediws, 5 hours

after growth period st room tempere~
ture.

Photomierogreph of germineting pol-
len of Wwinter lNells peer varlety in
12% sucrose - 1.5% sger medium 5
hours after growth periocd st room
temperature,
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Fig,

Fig.

Fig.
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PLATE IIX

Fhotomicrograph of germlnating pollen
of Winter Nells pesr veriety in 12%
glucose - 1,5% eger mediwm 5 hours ef-
ter growth period at rcom tempersture,
Note the formetion of septe on the pol-
len tubes.

Photomicrograph of germinating pollen

of Bertlett pear veriety in o msdiws con-
taining 12% sucrcse, '1.5% sger, end
pleces of styles of the seme vsriety 23
hours efter growth period,

Photomicrogreph of germinating pollen
of Bartlett peer veriety in 1.5% sgor
wedium after 5 hours of growth. NHote
the poor germination.

FPhotomicrograph of wWinter Nelis pollen
in & medium conteining 1z% suerose,
1.5% egsr, end 0,002% indole~n-%-~bhubty-
ric acid 5% hours efter growth

Photomlicrogreph of Winter Nelis pollen
3n & medium conteining 12% sucross,
1.5% sger, end Bertlett styler extraoct
5 hours efter growth veriod., No germi-
netion occurred.
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¥ig.

Fig,

rig.

rig.

Pig,

(41]

PLATE IV

Photomicrograph of Bartlett pear
fruit bud 3 weeks before anthesis
showlng the initiel stage of mega-
spore mother cell formation.

Photomicrogreph of embryo-saec of
Bartlett pesar st full bloom showilng
its inclusioms, 7 entipodals, endo-
sperm nucleus, egg nucleus, snd one
of the two synerglds.

Photomicrograph of embryo-sac of
Bertlett flower 12 days efter eross-
pollination with Fell Butter variety
showing free endosperm nuclei which
ere embedded in food substences in
c%ose proximity to the chelazel re-
zion,

Photomicrogreph of proembryo of Bart-
lett peer 12 days after cross-polline= -
tion with Fall Butter pollen

Seme ss Flg., 4. 15 deys aefter cross-
pollination,
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Fig. 1-2

Fig. 4

' PLATE V

Photomicrogrephs of embryo-sacs
of selfed Bertlett fruits show-
ing degeneration 12 snd £7 days
after pollinetion, respectively,

Photomicrogreph of embryo-sac of
Bertlett peer 30 days after cross-
pollinetion showing embryo end free
endosperm nuclei,

Photomlicrograph of embryo-sac¢ of
Bartlett pear 47 deys efter cross-
pollination showing endosperm cell
wall formetion,






71

Pig.

Fig.

Pig.
Flg.
Fig,
Fig.

o o P W

PLATE VI

Bartlett peer fruits 20 deys efter
pollinetion with pollen of different
peer verieties showing the initiel
stage of variation in shape.
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Figc

Fig.

Fig.

Fig..
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PLATE VII

Kedien longisection of Bartlett pear
fruit showing different lievels =nd-
tissues, ¢ - cortex, ear - carpel,
pb - pedel bundle, p -~ pith, dob =«
dorsel carpellery bundle, veb » vent-
rgl cerpellery bumrdle, ov « ovule,

8b ~ sepal bundle, rvt « residusl
vesculer tissue, The levels &re per-
pendiculer to the longitudinel exis
of the fruilt,

Inerease in totel number of cells
through level 1 st intervels 10, 20,
30, end 40 deys efter self-end crosse
pollinstion of the Eertiett peer
flowsr.

Seme es Fig, 2 for total number of
corticel cells (Totel number includes
the cells on both sides of the sym~
metry).

Same s Fig, 3 for the total number of
pith cells,

Seme es Flg., 3 for totel number of
carpellary cells,
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Fig.

Fig.

Pig.
Fig.
Fig,
Figz.

¥ig.

N e o W

PLATE VIII

The percentage of totel cell numbers
at different levels on the beasis of
100 at Level 1 (carpellary bese),
Bertlett x Jelf, & days after polline-
tion., Bartlett x #Fall Butter, 7

deys sfter pollination.

Same &s Filg., 1 10 dsys efter polline-
tion
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rig.

Fig.

Fie.
Fiag.
Fig.

Pipg.
Fig.
Fig,

Fig;

PLATE IX

Percentage of average rediel cortical
cell size at different levels on the.
basis of everege radlel cortical cell
size (100) at Level 1. 10 deys efter
self~2nd cross-pollinatior of the Bart-
lett pear flowers.

Seme &8s Pig., 1 15 deys after pollins-
tion,
" it " . ] EO " [} »

L L o ”n 5@ L i "

hverzge increase in cell size (squere
microns in cortex et @ifferent inter~
vals from enthesis to 40 deys efter
self-«asnd cross-pollinstion of the Bart-
lett peer flowers.

Seme as Fig, 5. . Increasze in pith cell
size.

(LR ™" ” " n'c&rpel‘
lary cell size.

”n " 7” 11} " £i} hypoder.,
mal cell size.

*® " i ki ] ” " ep idem&l
cell size, ]
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PEROENTAGE OF AVERAGE RADIAL CORTICAL
CELL SIZES AT OIFFERENT LEVELS ON
THE BASIS OF AVERAGE RADIAL CORTICAL
CELL SIZE(100) AT LEVEL |
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AVERAGE INCREASE IN CELL SIZES (s§Q.
MICRONS IN CORTEX, PITH, CARPEL:

HYPODERMIS, AND EPIOERMIS
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