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ABSTH A(:'1' 

N considering the character of f I r r r t r  . , I I I I ~  r . r . 1 1 ' .  o i  grapes it is 
necessary to recognize that the r l ~ r t l  for ~ X I I  . j ) r  otllrclion of a seed 

is the ovule; that the unit for a fruit is 1111. ovir I y w r l l l  i f s  coinplement 
of ovules; that the flower is a unit in nSqi(v1 'lo t ! ~ c *  i(.l:itive develop- 
ment of the stamens and pistil; and t11:ii 111~  . lrrirt r l t  vineyard culture 
is the individual plant of a clone with its ( - 1 1 1 i I 1 3 1 : ~  ol  Ilowrrs and fruit . 

I n  grapes there are three main types of ovlllc... . . I !  . abortive a t  
some stage and unable to function in fe~iilr/iri xoir ; luitc't ional in fer- , 
tilization. but the seeds abort during devcloprlic*rtt i l  condition here 
termed stolosperirLj1: and able to develop by itllt)j::ltlty or after fer- 
tilization into a hard seed which may or 111:ty 1101 ( o j ~ t j i ~ i ~  ;in embryo . 

The fruits of grapes are of three main clil~lrt'h. 1 ~ 1  / V I I  /11(~11o~nrplc. 
either obligate. when all ovules are aborted. 0 1  -1:rt-ulialivc? in which 
case seedless fruits develop only when thctc IS i ~ u  pollination; 
strrlosprrrl~ocarp~c. when one or more stenospernlic S I Y ~ ~ ! ~  ill-e present; 
and srrticd. when a berry contains one or Illore hi11 11 sc,c.tls. I t  is the 
rule that stenospermocarpic and seeded fruits contain sornc aborted 
ovules and that the proportion of aborted ovules in sttch fruits is 
quite constant for a clonal variety 

"Seedless" fruits are either parthenocarpic with mcrc I-udixnents of 
seeds or stenospermocarpic . In  the typical stenospermic scod ab- 
normalities appear soon after fertilization in the feeble devcloplnent 
of sclerenchyma and of other tissues which combine to give shape. 
size. and character to the seed . The endosperm and embryo remain 
in a partly developed stage and the largest seeds in mature berries 
are undersi;retf. abnormal in shape. and soft or pulpy . 

The clusters of fruit produced by a plant may contain berries that 
are alike and of the types l ~ l c r ~ t i o ~ ~ e d  above. or there may be mixtures 
of two or even three typcs of herrics . Xn these cases the expression 
of vegetative parthenocarpy may h~ cillrrr o1)lil:iite or facultative 
Further complicatio~~s in p;rrti:il variations in llre cllariictor of thc? 
fruit involve stinlulative pilrthenocarpy L I I I ~ ~  apogiinly . Also. poorly 
filled clusters of fruit occur (1)  when some flowers have rudimentary 
or aborted pistils. (2) wheil some ovaries contain only aborted 
ovules and there is no parthenocarpy. and (3) when pollination is , 
necessary for fruit but some pistils are not pollinated . 

Various seedless grapes chiefly of the tender vinifera types were 
used as  pollen parents in crosses with hardy seeded grapes . A rather 
large proportion of the first generation seedlings bear seeded fruit I 

with a t  least one hard seed to a berry. but for  certain seeitlin~:; 1110 , 
fruits contain only aborted seeds of small size . Between tl~clsc* t w o  
extremes there are many intermediates in regard to thr  I I I ~ I X ~ I I I I I ~ ~ I  

development of seeds . More than 80 seedlings bear 1 1 1 ~ i l t  . wrt11 
stenospermic seeds . Several of these are being prop;) l : : r l v t l  I l l 1  1 i r:11 I 

culture in New York State . 
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THE BRONX SEEDLESS GRAPE 
(Slightly Reduced) 

ECHNICAL BULLLETIN NO. 238 - . .- 
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f .  
SEEDLESSNESS IN GRAPES 

A. B. STOUT1 

INTRODUCTION 

This bulletin is concerned with the nature of seedlessness in grapes 
in respect (1) to  when and where the abnormal changes or abortions 
appear in the development of ovules and seeds, (2) to whether or not 
fertilizations occur, (3)  to the determination of the different types or 

, .,. classes of seedlessness in grapes, and (4) to the relation of seedlessness 
r - to other sterilities and to the production of fruit. 

- In  its immediate application and interest this study is concerned 
primarily with the degree to which seeds develop in the mature fruits 
of seedlings which are to be classed as seedless or near-seedless and 
which have been obtained in a project2 in breeding that aims to de- 
velop new hardy seedless grapes of merit for culture in a climate such 
as that of central New York. In this breeding, various seedless grapes, 
chiefly of the vinifera varieties cultivated in semi-tropical countries, - are used as pollen parents with hardy seeded types as seed parents. Of 

. , the seedlings grown to maturity many are seeded, but about 80 dif- 
' 

ferent seedlings have already been obtained which bear seedless fruits 
or fruits that have only undeveloped seeds which are &ally soft and < - --  pulpy. Other seedlings have fruit with seeds that are somewhat more 
developed and which niay be called near-seedless. Some of these seed- 

. . - - lings possess considerable merit and the most promising 
being propagated for, trial under cultural conditions. 

Morphological and cytological studies were made to d 
' . 

degree to which seed-like structures develop in the mat 
, - . - various seedlings and studies were also made of the early stages in de- 

.'- . . : velopment to determine where the processes of abortion begin an8 
~vliat types of parthenocarpy and seedlessness are involved. For corn- 

- ~)arison, similar studies were tilade of the developinelit of norillal seeds 
and of the extent or degree of the abortions in the seedless grapes used 

'Director of Laboratories, The New York Botanical Garden, New York City. 
'This research is done by the writer in cooperation with the Division of 

Pomology of this Station. Reports of the plans of the project, of the methods 
w employed, and of certain of the results have already been published (Stout, 

1921B ; 1928; 1933). Further details are given in the acknowledgment on page 64 
of this bulletin. 



E X P L A N A T I O N  O F  FIGS. 1 T O  4 

Figure 1 is enlarged to 9 diameters; others are natural size. I n  this and in fol- 
lowing plates the seeds or aborted ovules in a single row came from one berry. 
FIG. 1.-A longitudinal section of a normal mature seed of the Col~cord grape: 

e~ l zb ,  embryo; gi ld,  endosperm; i. iizt, inner integumellt with its inner layer of a 
conspicuous dark-color; scl, sclerenchyma which is a bony tissue of thick- 
xvalled cells developed from the inner layer of the outer integument; cka, break 
in the sclerenchyma where clialazal pad is located; o. i, the outer part of the 
outer integument which is somewhat fibrous and papery in character; irt ,  

location of micropyle. 

FIG. 2.-Fruits and seeds of seedling No. 13335 which has the Black Corinth 
grape for its pollen parent. The berries contain as a rule from one to three 
normal seeds and the ovules which do not thus develop are aborted to srnall 
flakes or are not found. The aborted ovules are not able to function in fertil- 
ization. 

FIG. 3,-Fruit of seedling No. 13201 \vhich has for its parents Ontario by Con- 
cord Seedless. This illustrates partial variation \vliich involves facultative 
vegetative parthenocarpy. The large fruits contain one or more normal seeds 
which result from pollination and fertilization. Along with these seeds there 
are aborted ovules and for those this condition is obligate. The small fruits 
develop when pistils are not properly pollinated; all the ovules abort but for 
some of them the abortion is merely facultative and due to the fact that there 
~ v a s  no opportunity for fertilization. 

FIG. 4.-Fruits and seeds of seedling No. 18110. The largest seeds are soft-gritty 
and endosperm and embryo may be rather fully developed. Figure 39 shows 
a cross-section of a seed of this grape. 

cha. -- 



pal-ents i l l  the hreetling. ;'is a basis for reporting on these tlata, a 
survey of tlie difterent types of sterility ill grapes ~vill l ~ e  ~natle in 
respect to theii- relation to seedlessness a i d  to fr~titfulness. 

.DEVEI,OPMEST O F  NORb/lAL SEEDS I N  GRAPES 
.In grapes it is the rule that a noriilal viable seed is developed from 

a11 ovule and its fertilized egg after pollination. Layers of stone cells 
or sclerenchyma develop in tlie seed coat and the normal mature seed 
(Figs. 1 and 38) is hard and bony and not easily cruslied. 'l'hus the 
~ i ~ i l d  species of Vitis and many of the clonal varieties in culti\~ation bear 
sceded fruit ancl the seeds are hard. When the fruit is eaten, the seeds 
are very noticeable. 

The tlevelopinents concerned with the forniation of iiornial and 
viahle seeds in such cultivatecl grapes as the Coilcord aiicl in various 
of the seedlings studies by tlie writer seen1 to correspond closely to the 
conclitioiis in the vinifera grapes as reported iii coiisiderable detail by 
Berlese (1892)"orer 40 years ago and more recently by Pearson 
(1932 ; 1933). 

A t  an  early stage in the de-\.elopment of the o ~ u l e  the niature macro- 
spore niother-cell is s~irroundecl by t ~ v o  layers of nucellus at  ~vhicli 
time each of tlie t\vo iilteguii~ents consists of t\vo or three layers of cells. 
The reduction di~isioii  first gives t ~ v o  cells. Then the basal one 
divides, inakiilg three cells, of which the t ~ v o  at  tlie niicropylar entl 
soon collapse and disintegrate, leaving one rather large and elongated 
cell which is the niacrospore. Meati~vliile, tlie iiucellar tissue increases 
to several layers of cells \~~hic l i  ellclose the niacrospore aiid forin a zone 
bet\veen it and tlie micropyle. 

By repeated divisions from the nucleus of the macrospore the eight 
nuclei of the normal emhryo sac are forii~ecl. Three lie at the iiiicro- 
j~ylar end ancl coilstitute the egg and tlie synergids; t ~ v o  nuclei fuse 
i-ather early and the resulting nucleus lies near the center of tlie embryo 
sac which no\i7 occupies a somen~hat enlarged volume in the center of 
the nucellus ; three nuclei I~ecome located at  the chalaza1 eiid and, as a 
rule, these soon clisititegrate, b/Ieaii\vhile, there is multiplication of 
cells in the nucellus. Froin its epidernial layer a cap (the "calotta epi- 
derinica" of Bei-lese) develops at  the mycropylar end and this cap 
inay comprise as many as  10 layers of cells (Fig.  21 ) .  Also, several 
layers of cells form directly in front of the egg apparatus froiii the 
sub-epidermal tissue of the nucellus. Thus, after the pollen tubes I-each 

Tefers  to Literature Cited, page 65. 

the base of the inicropyle, the!. ~iiust. pass tllru some 15 layers oi cells 
\\7l1icl1 forill a solid tissue before they reach the egg- al~paratus (Fig.  
30). The development ol this nucellar cap is a noticeal~lc feature in the 
ovule of grapes. I n  tile region of tlie microl~yle the cells of the inner 
integumeiit and especially of the inrlei-iliost layer divide and form a 
lx-ojectiiig ring or hollow cone of tissue in front of the iiucellar call 
and the opening t l i r~ i  this may be almost closed by the impinging cells. 

'l'lie penetration of pollen tulles thru the nucellar cap (Fig.  30) and 
various stages of fertilization have been observed Ily the writer in the 
Concord grape ancl in certain seedlings wllich have seeded and seecl- 
less fruits. The tubes press their -\i~ay 11etn:een tlie ilucellar cells in a 
slightly sinuous but rather direct course to the egg aplIaratus ivliet-e 
the end of the tulle ruptures and releases the sperm cells. 

The clevelopinents w11ich follo~v fertilization have been described in 
considerable detail hy Ecrlese (1892) and also various stages are \ire11 
illustrated by liim. Pearsoil (1932) suini~larizes the developments as 
follows : "In the normal Iyifis seecl a complicated series of changes in 
the integumeiltary tissues begins iminediately after fertilization, so 
that within t\vo weeks the fossettes at the sides of the raphe have in- 
foldecl and the chalaza lias gro\~rn over into the dorsal region of the 
ovule. The nucellar cells have enlarged tremendously and have also, 
lor a time after fertilization, continued to increase somewhat in num- 
bers. For  at least tv\7o, and probably tliree or four weeks after fertiliza- 
tion the zygote does not divide, but the endosperm nuclei continue 
divicling slo~?rly. They do not, however, eilcroach muc11 upon the 
nucellus until tlie seed has reached practically its full size". 

The above statemetit applies very well to our ol~servations, except 
that tlie nucleus of the fertilized egg may divide somewhat sooner than 
indicated in the statement quoted above. For  the Concord grape the 
hest developed ovules in ovaries collected in late June and only a few 
(lays after fertilization contain as nlaiiy as 20 endosperm nuclei in the 
embryo sacs in whicli the fertilizecl eggs are either undivided or have 
the walls of the daughter cells oiily faintly delimited. But some develop- 
ilient of a proembryo niay soon occur, for not later than 15 clays after 
fertilization at  least soine of tlie ovules that are destined to becoille 
~lornial seeds are  developecl to the degree s l~o~ \ ln  in Fig. 21 for whicli 
the following descriptio~i nlay be given : 

The scle~erlchyi~ln is rather full j~ tlelinlited in respect to number, 
slze, and arraiigeillent of its cells, but the cell-walls are not yet notice- 
ably thickenecl. The several layers of this tissue are formed from the 
itmerinost layer of the outer integument. The iiuler iizteg~r~lzeizt re- 
111aiils as a relatively thin zone of only three layers of cells, except in 



the region oi the illicrol)j.lc. Its outel- I;~!.ci- l)ccoii~es flattci-ictl ant1 in- 
collsl)icuous ant1 its cellular nattli-c is lost escept. near the microljjllc. 
Tlie innernlost layer l~ecomes a consl)icuous laycr oi ileal-ly isotliamct- 
sic cells ~vhich appear alnlost solitlly l)ro\vn in the l)reparations that 
are stainetl wit11 iron haelllatos~,li~l. 'I'he ~valls oi these cells later under- 
go thiclieiling. Eerlese notes that t l~ i s  layer of cells rcacts )rello\\;isll 
broivn with potassium hytlrate sho~ving presence of tannin \ ~ h i c h  11c 
tinds is never lacl<ing in this tisstie eren l~efore fel-tilization. This la~rer 
early becomes a conspicuous ieattlre of 11oth ilorillal seeds and al~orted 
seetls. The illiddle layer is present I ~ u t  is less conspicuons. Thus, 
the tllree laj,ei-s of this integunlent are fully differentiated very soon 
after fertilization. The ~incclllrs at this stage is \\;ell cle~~elopecl and the 
cells of its outer layer are quite distinct froill the illore enlarged nucel- 
lar cells \vithin. They are also rei-y tliilereilt in character from the 
adjoining cells of the iililei- integtu~~~ent.  They are densely granular 
a i d  stain a bluish black, ~vhile the cells of the iilller layer of the 
inner illtegullletlt appear in a solitl 11ro~vi1. The calot~tr which iornis 
iron1 this layel- is \\-ell shon.11 in Fig. 21. The elizbr-yo at  this tiille is a 
globular inass composetl of rather few cells, perhaps a tlozeil in all. 
The c1itiosper111 is a cylinder of delicate thin-walled cells which exteiltls 
from the embryo to the chalaza. A t  this time the jo.s.s~ftrs of the seed 
are well defined and the nucellus alnlost fills the entire insitle cscept 
for tlle sleilder cylinder of endosperm. 

Further increase in the size oi the seed, the thicl~ening of the \valls 
of the sclerenchyma, and the developi~~ent of eildosperi~l and embryo 
no\\7 proceed rather rapidly. 

Sections of mature normal seeds sllon. a large well-developed embryo 
and endosper~n (Fig. 1 ) .  The  epiclerinal layer oi the nucellus inay per- 
sist in part, l ~ u t  its cells are elnpty ant1 lying against it on the inside 
there may be a thin layer of coinpressed cell \valls \vhich are 1-emnants 
of the inner tissue of the nucellus. About the embryo and extentling to 
some distance aljore it ton-ard the chalaza is a region in \vhich cells 
are either al~sent or have little granular material in contrast to the atl- 
jaceilt cells of the elltlosperin xvhich are pacl<ed \vith granular niatei-ial. 
'I'he sclerenchyma, developed fl-om the inner layer of the outer integu- 
inelit, fornls the bony part of the seetl. 'l'llc other layers oi the outer 
illteguments I~ecoine a relatively thin c o ~ e r i n g  that in the tlry seetl is 
somenhat fibrous and papery. 

Thus, in the de\.elopment of the normal seed in I'itis there is, im- 
in~diately follo~\-ing fertilization, a rapit1 develol~rnent of the outer in- 
tegument aild especially oi the sclerenchyma. The complete tlifTerentia- 
tioil of the three layers of the inner integument occurs early. '~YIc 
nucellar tissue espands chiefly, if not entirely, 11y the increase in the 

size oi the cells antl it occul)ics iliost of the s11ace \vithin tile eslxmtling 
integ~umcnts. 1)tlring t l~ i s  periotl the proeml1ryo tlevelol~s slo\\.l! into 
a small glol~ulai- mass oi relat-ivelj. iew cells. Suclei of the entlospcrnl 
11cgin to appear immetliately after fertilization. \T7hen the integuments 
zu~tl the nucellus reach al)l>rosililately their masimum size :wtl cliffel-- 
entiation, the eml~ryo antl tile c~ldosperm l~egin a rapid dere1ol)ment. 
, . 1 htls, t l~ere  is for a tiiiie alter fertilizatioll a relative1~- delayed develop- 
ment of the elnljr!.o antl the slo\v fornlation of entlosperm, l ~ u t  there is 

rapitl tle~elopment of integuments and nucellus. 

SFrERIZ,ITIES L\ST) TT;ZRIXTIOSS F R O M  SOR;\ lA' rL I S  
TI-IE L3ROIl~L'CTIOS OF F R U I T S  A S D  S E E D S  I S  

GRAPES 
'I'lie several types of sterility aiicl unfruitful~less ill  grapes iila!; I)c 

cc~nsitlcrctl in respect ( I  ) to the types of flo~vers, ( 2 )  to the I-etluction 
i l l  the number of berries pi-ocluccd in a cluster, (3) to the retluction in 
the number of seetls in the berries ( a )  ivhich are pi-otlucetl antl (11) 
xvliicl~ are T-iahle, (4)  to the almrtions in o ~ ~ n l e s  or seetls nrllich arc 
invol~~etl in seedless fi-uits, ant1 ( 5 )  to such other contlitions as apoga- 
my, facultat i~e l~artheilocarpj,, and 1)artial \.ariation in the nature O F  
the fruit. 

T l r ~  1r1nli1 or. .sfarrliiinie t ype  of ,flo.icrrr- in g r ; ~ l x s  has a rudiime11tary 
pistil. I'lants xvitll only staminate flowers j~rotluce no fruit. TVhcn some 
flowci-s ill a cluster are male antl others are hernlal,l~rotlitc, a contlition 
that sometimes exists (S to~ l t ,  1921:1), the number of l~eri-ies in a 
cluster i l l  1)rolx)stion to the total 11ti1111)er 01 flo\vers is tl~ei-el~y 1-e- 
tlucetl. This is one of the contlitions that result in loose ant1 l~oorl!, 
fillet1 bunches of fruit. 

T h e  irrrpcrjrct I~c1~1rinpl1r.otlite type ol flower in grapes, 21s usl~ally 
rccognizetl, has reflexed stamens, 11ut flowers which hare erect- 
t\vistecl or "crinkletl" stailleils (Stout, 1921X) may also protltrcc only 
nail-iunctional pollen. At the time of anthesis many of the pollerl grains 
are shri\:clletl ant1 illore or less eml~t!~ and those that are plump, or  
whicli ljecome pluml~ on sugar-agar media, are de~:oid of pores. I n  
numerous tests \vhicli the n.1-iter has made no pollen of this t y l ~ e  of 
flo\\le1- gerininatetl on the artificial media \\;hich yieltl excellellt ger- 
mination for the pollens of illales anrl of the perfect bisexual flo\\,er. 
Sumerous controlletl self-l,olliilations 1)y I~agging 11a.i.e l~een made 1jy 
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the ii\ltl~or for l~ la l~ t s  \\it11 rctf-lexed stamens, 1)ut 110 iruits nrith seeds 
were ol~tainetl. l'lie evidence is tliat the pollen of the reflcxerl st:amens 
tloes not, as :t rule, function in fertilization. Jt  is possil~le t.liat certain of 
the many seedlii~gs and numerous clones nrliich have this type of flo~ver 
(lo produce some viable pollen. Searly a hundrecl seedlings ~vhich \yere 
considered to be froin fertilization \\;it11 pollei1 of reflexed stamens are 
reported by 1-lcdrick and Atithonj. (1915), who state tliat, "rvhile tllis 
ilnpotency may 11e absolute in many of the varieties, in some at least 
it is only relati\.e". I t  is clainietl (I\~aiio\ra-Paroisltaj~a, 1930; Negrul, 
1934) tliat the pollen produced in reflesed stanlens has some stimulat- 
ing effect on the de\~elopment of fruit even tho it does not gernlinate 
on the stigma. 

I t  has been found by Doi-se)] (1914) that abnormalities cle\7elol1 
\vithin the pollen of the reflexed staniens of the 13rigliton grape a , f t e ~  
n?.eios%s and at the tinie  l lien the generative nucleus is being organized. 
The processes of ahortion anc1 arrested development are here conlined 
to the n~icrospores in the stamens, while nlacrospores and eii~hryo sacs 
in tlie ovules of the same flower nlay clevelol~ norimally, aiid wit11 
proper cross-pollination and fertilization there \\-ill be the develop- 
lileilt of fruit containi~ig one or niore norinal seeds. 

A nio~~phologicallj i  funale t y p e  of floli~er without staillens of any sort 
has been described by Raraiiov (1927 B and C) for certain \~ines that 
arose as bud-variations fro111 the variety &4ourr6dre. This variety 
usually has flowers of the perfect l~ermaplirodite type; but nine vines 
were found that bore flowers in which (1)  the petals opened separately 
aild reniaiiied attached and persistent on the pistil, (2 )  the stamens 
\Tiere entirely absent, aiid (3)  the ovaries were 5- to 6-celled with 10 to 
14 ovules. Artificial cross-pollination \vitl~ pollen of hermaphrodite 
types resulted in a 100 per cent development of fruits. Flowers of this 
aberrant type have not been obser-\~ed in any variety or seedling plant 
grown at tlie Yew Srork State Agricultural Experiment Station. 

Tlze pefpfect he~~i tnplz i+odi te  type of flower has a well-formed pistil, 
xvhich functions in tlie forillation of fruit, and also anthers ~vliich 
~;suallp co11tai11 coiisiclei-able viable pollen. Many of the plants nrith 
this type of flo~ver produce fruit to self-pollination. There are \vide 
~rariations aliioilg plants having hermaphrodite flowers in respect to 
tlie leng-th, size, and shape of staillens and pistils, aiid in the number 
and character of the seeds presetit in the berries. Also in seedless 
grapes the pistil nlay contain ovules that can not develop into noriiial 
viable seeds. 

'I'lie perfect hermaphrodite tylx of flo\ver is, apparentlj~, ~ i o t  fount1 
ainong tile wild plants of the spccics of Ifitis native in eastern Sort11 
America. This type of flonrer is present in iiuiiierous cttltivated clones 
botli of the vinifera group and of those liiost widely grown in New 
York State. (See discussion by I-Iedrick, 1908, and by Bailey, 1934.) 
Earanov ( 1927A) finds that the so-called "wild" grapes of middle 
Asia consist of perfect-flo\vei-ed plants and imperfect hermaphrodites, 
btit he coiicl~tdes tliat these plants have been derived as escapes from 
culti-\rated grapes. I n  the Muscadine grapes tlie origin of perfect-flow- 
ered plants is a matter of recent record, A single wild plant of Tfitis 
rotllrldifolin -was found (Reimer and Detjen, 1910; Detjen, 1917) 
which had the large flower clusters and tlie erect stanleiis which are 
typical for staminate plants but which also liad fuiictional pistils in 
sonle of the flo~vers. This -\rille was used in breeding and inany seed- 
lings were obtained \illiicli liad flo\vei-s of the pel-fcct-heriilaplirodite 
type. Perfect-f-lo~vered seedlings of i\luscadine grapes were also ob- 
tained (Hus~iiaiin and Dearing, 1913 ; Ilearing, 1917) among tlie off- 
sl~ring oi imperfect hermaphrodites X staminate plants and in the 
progenies of these plants nunierous other perfect-flo\vered plants were 
obtained. 

The above designation of types of flower-s in grapes is based chiefly 
on gross structure. I t  has been noted especially by Stout (1921A) and 
by Steingruber (1927) that there are various iiiteriliediates or transi- 
tional forills bet~veen tlie three ~iiain types of flo\vers in grapes. Further 
differences are to he recognized especially in the character of tlie ovary 
and its ovules in relation to seecllessness. 

STERILITY 0 1 7  H Y B I i l D l T Y  

Abortions of both pollen antl ovules due to hybridity are definitely 
l<no\vn for certain hybritls of Yitis vilrifel-n and Tf .  ~otz t l ld i fol ia  (Det- 
jen, 1919). These two species possess difierent numbers of chromo- 
sotiles and belong to quite clistinct sub-genera.  the)^ do not Iiybridize 
readily; but \\rlieii hybrids are obtainecl the pollen of those tliat bear 
pwfect flo\vers is a mixture of shrivelled antl plum11 grains atid the 
ovules are so fully aborted that berries seldom mature. I-lere, the abor- 
tions i~lvolve irregularities t l rr~i~zg ,111eiosis ant1 not later, as in loss of 
nlaleiiess in unisexualism. For  the hyl~rids -cvhicli have reflexed 
stamens there is also, loss of maleness froill unisexualism. 

The various clonal varieties of grapes cultivated in New Yorl< State 
are e\~iclently hybrids derived from species n7hich possess the same 



iiuml,er of chromosomes. 'l:lnc extent t o  \vlnicln sterility iruln hyljridity 
has appeared in those seetlling l~!-ljri(ls that  ha^^ 1)ecn clisc;~rtlctl tluring 
tlie j~rotlnction oi tlic culti\.;~tctl clones seems iiot to llavc ljeen tle- 
terminetl. 'The seetllings I\-llicli have sur~i\ ;ct l  e~~aluat ion antl selec-- 
tioil are those \vhicIi are fruitful to the extent that ~vell-iilletl clusters 
of l~erries are regularly producetl and it is the rule t1i;tt : ~ t  least oil? 
seetl per I~erry is developed. 

Sevei-al grapes are laio\vn to have 76 chromosomes (Nebel, 1929) 
or  twice the diploid n u i ~ ~ b e r  normal for grapes of the E1rviti.s suh- 
genus. Tlie sets of chi-omosoiines are "ljalancetl" aiid the plailts are 
fruitful and innore robust than the (liploid plants of the same type and 
the fruits ax-e larger. Hybrids bet\\-een these tetraploitl cloiles ant1 the 
usual diploid cloines may l ~ e  expected to give seine plants that are 
triploid or that 11a\.e other unl~alanced sets or numbers. These may be 
e s ~ e c t e d  to exlnil~it consideral~le abortion of pollen antl of macrospores 
in ol,ules \vhicIn is quite like that seen in lnyl~i-iclity. Sterility of this sort 
alfects the pi-ocluction of fruit 1)y all tlie indivicluals in \vlnicl~ derelolj- 
tlneilt of 11-uit depeiitls on lertilization, but it does not affect the pro- 
ductioil of fruit 11y vegetative parthenocarpy. 

I<EUUCTIOS I N  S U l l I 3 E I I  OF SEEDS XSD I S  
N U h l B E R S  THAT AlII< V I A B L E  

Tlle typical ovary in tlie genus J/lti.s is t\\.c?-cclled ancl each cell lnai 
two o ~ ~ u l e s  (Figs. 22, 24, and 25) .  I n  a t  least one \\ ild species, I/ttr.c 
labr~rsca, as reported by S t u r t e ~ a n t  (1890), tlle number of hard well- 
developed seeds in inature lmries  ranges to six. 111 certaiii cases some 
ovaries of the cultivated grapes may 11ax-e three cells. But for the \\lild 
T I .  1nbi.ltscn and for seeded varieties in culti.i~ation, relatively few ber- 
ries cotltaiil four seeds. 

REDUC1'1OAT I N  ?iU;\IBER 017 SEEDS 

All examination of the illature antl ripe l~erries of such grapes as tlle 
Coincord and llela\vare slio~vs tlnat tlie majority of the seeds that are 
forllied are quite tuliform in appearailce and that there is scarcely a 
trace of the ovules tlnat failed to develop. There are, of course, some 
seeds that are u~ldersizeil and immature, hut there is not in these fruits 
a distinct class of soft, pulpy and partly tleveloped seetls of tlle type 
seen in such seedless grapes as Sultanitla. 

(:ytological stutlies \vcrc nlatlc of tlic ov;~rics oi scvcr:~l v:lrictics oi 
scetlctl gr;~pcs, es1,ecially of tlle I)cl;i\\.ai-c g i ~ ~ l ~ c ,  I\-Ilich have ail avei-age 
of lcss th;i11 t\vo seetls to a I,ct-ry. 'l'hcsc stutlics sho\v that \ ~ l i c i ~  the 
flo\\lei-s are  about to ol~cti all follr o\.tiles arc, \\it11 ic\v exceptions, 
lxesent in each ~\~ar!-  aiitl that they arc quite alilie in size and in tlie 
tle\~clol~ment of integuments, n~lcellus, aintl the early stages of tlle 
eizil~ryo sac (Fig.  24) .  )let it is e\~ident that niaii)l of these ovules do 
not even start the early stages of developinel~t into seeds, antl rro 
n,lnortr~f or  k i l ~ d  of pollillcrtioll rcrr1 irrcrense the  r~lr~rlber o j  serds .  There 
is soilne factor or coilditioil ~vhich operates very 1-egularly to retluce the 
iiumljer of ovules that are  able to function in fertilization and to pro- 
ceed into the early stages of seed formation. This lailure may be tei-metl 
ou~rle  n b o ~ t i o n .  

'l'lie amount of ovule al~ortion may increase until it inclutles :dl 
ovnles i l l  certain ovat-ies. 'l'lien if  there is no l~a~- t l~enocar l~y,  in \vlnicll 
case at  least one seed is necessary for the formation of a l~erry ,  the 
ovaries wliich contain ollljr ovules \\-it11 inipoteiit eililjryo sacs will {all 
soon aiter- tlie flo\vers shed pollen. The clusters of fruit, in such cases, 
are ~ o o r l y  fillet1 for only those ovaries ~vhich have at  least one function- 
al ovule have a cliaiice to develop illto berries. 

This coi~dition is esemplifietl in the cloi-~al variety Clnasselas (21-0s 
Coulartl which has bee11 studied by Lazare\~sky (1934). H e  reports 
tliat in this grape completely 1101-inal einnl~ryo sacs ai-e rare aild tliat 
frequently all the o~lules ill an or7ary coiltail1 abi~ormal eml~ryo sacs. 
I:le also I-eports tllat the tle\.elopinent of the al)noriinal enibryo sacs 
])rocwetls normallj~ thru the retluction tlivisions that produce a macro- 
s l ~ ( x e  in each ovule and tllat the further developmet~t of the feillale 
generation (the inacrogametopl~yte, or tlie egg and its accompan~1ing 
nuclei) proceecls to the three-cellctl stage or to the iour-celled stage 
I ~ u t  stops before the eight iluclei (inclutling the i i~~por tan t  egg nucleus) 
arc iormed. Here, as in the pollen grains of the reflexcd type ol 
stamens, the abnormalities appear in the tlc~~elo]xneiit: 01 tlle sex11;~l 
generation nj ier  normal meiosis. 'l'his is quite distinct as to time antl 
stage of action Irom the aljoi-tions tltrrir~q meiosis \vhich are :~ssoci;~tr~tl 
wit11 liyhritlity and polyploidy. 

011s sttldies confirm the report of Lazarevslc)~, iiientioinetl al)ovc. 
tlnat in certain grapes the o ~ u l c s  arc all alilie 111' to the point ~ v l ~ e ~ i  
the egg apparatus is 1)eing formed (Figs. 22, 24, ant1 2.5). This indi- 
cates that the diEcrences in tlie nature of o~rttles reside in the sestlal 
or haploit1 genet-atioin ant1 arise after retluctioil tlivision. Tt may he cot]- 



sideretl that t.lie al~ortions are llereclitary aiid arc deterlllilietl l)y segre- 
gations \ \~I~ich give to the macrospores and to t-lle enil~ryo sacs that 
tlevelop frolll them these differences in character. 

EhIPTY SEEDEDSESS 

I11 atltlition to the abortions of the egg apparatus in ovt~les tllel-e arc 
later einbryo al~ortic~ns \\:hicll develop n ~ i t l ~ i n  certain of the seecls tliat 
beconle inore or less llarcl and horny. As  a result, for Illany culti- 
vated grapes, the percentage of seeds nrhicl~ will germinate is  lo\\^. 
Studies of these non-vial~le seeds (see especially Olmo, 1934B, page 
376) sho\v that a large number of them are allllost "empty" but (lo 
contain sollle "shrivelled tissue, occtlpyitlg a variable portio~l of tlie 
cavity". Stlcli sceds usually float \ \ - I I ~ I I  pl;icetl in ~vater,  they may 
tlisplap al~noi-nial col(~ring antl tliey niay l)e soliie\\.liat ulitlersizetl ;i11(1 

less hart1 than are  viable seeds. 
Thus, in the class oi seeded grapes uiitler consideration, thei-e arc 

three types of ovules, Z J ~ Z . ,  ( 1 )  o\lules in wl~ich there is al)ortion of tlic 
egg apparatus and \vhic11 do not start to cle\~elo]~ and of - \vl~icl~ only lllere 
traces remain ; ( 2 )  ovules \vhicl~ de\:elop into "empty seeds" due, pre- 
sumably, to al~ortion of embryo and entlosperin ; and ( 3 )  ovules that 
mature into llorillal viable seeds. I t  is to be noted that no l<ind or 
amount of pollination alters the relative prol~ortion of these classes 
~\il~icli is characteristic of a variety. Ollllo considers that the cause of 
em~ty-seededness 'is "to be sought in llxtternal tissue", that the differ- 
ences in the alllount of empty-seededness seen in certain varieties ill- 
dicates the operation of hereditary factors ; and that these factors are 
recessive. But it is to be noted that there are here a t  least tliree classes 
of ovtiles, that their tlisting-uisliing characters arise in the behavior 
of the en~bryo sac or in the developulents \vl~icll come lroln it, antl that 
these arise after the segreg.ations of reduction. 

The relation of these two types of sterility (embryo sac abortion in 
uilfertilized ovules and embryo abortion in the stages of seed forma- 
tion) to the forlllation of fruit is evident as lollows : 

1. 111 the seeded varieties in \vllicll there is 110 ability to develop 
fruits by partl~enocarpy, ally ovary ivhich develops into a berry iliust 
possess at  least one seecl. As  soon as any cotlsiderable number of the 
ovaries contain only ovules in url~ich there is embryo-sac abortion, the 
berries becollie fewer and the I~unches are  ragged and poorly filled. 
Such ullproductive seedlings are promptly cliscarded in 11lalcing selec- 
tioils for propagation. 

2. Mllicn tlicre is 1)artllcnocarpy of the \:egetative type the o\i;rrics 
\\:l~ich possess only tlefcctive embryo sacs will develol) a s  seedless 1)er- 
ries and those whicll possess functional e~nhryo sacs \-\rill develoj) into 
sectletl il-uits provided t-here is adequate pollination (Pig. 20) .  

3. St will l)e noted in the lollon~ing pages that the abortions which 
give soft, pull>y, seetl-like structures provide another class of o\rnles 
~vllich may exist along wit11 the classes already tliscussed and also 
lcatl to the mixture ol two or  illore types of fruit in t.he sailic clusters. 

r . 1 llerc are s e ~ e r a l  well-lino\\:n clollal varieties of the ITurol)ea~i grape 
(Vifis ni1,ijel-a) \\-hicll bear seedless fruits. The  fruits of these grapes 
l~a\re either mere rudiments of seecls or soft seeds that are not notice- 
able \-\711e11 the pulp of the fruits is masticated. Sollle of these seedless 
g r a l m  are inlportant in commercial culture lor the procluction of seed- 
less raisins ant1 also to some extent for use as table fruit. 'These seecl- 
less ~~inifei-a grapes are 11ot hnl-ti)' in the clilliate of Ke\v Vorl<. 

\Tines -\vhich bear seedless or near-seedless berries have appeared as 
seetllings or as I ~ u d  sports froill certain of the grapes in culture in Ne-\v 
lrork. I n  most cases these have l>roclucecl fruit ol poor quality or the 
I~unchcs \vere l>oorly filled. One of tlie hest of them llas been culti~ratetl 
to some cxtent wntler the iiallle Collcord Seedless. Among the large 
numl~cr of grape seedlings grown at  Geneva soiiic seedlings liave bee11 
observetl ~vliich procluce clusters of berries in -\-\ll~icll seeded fruits antl 
seedless fruits are intern~ingled. 

Several types or grades ol seedlessness are  to be recognizetl in 
gralmiin resl~ect to the extent, t-he degree, antl the time of abortion i l l  

ovt~les ant1 in seetls ant1 in regard to nrhether fruit \\rill 1)c protlucetl 
~vitll or \\:itllo~~t pollination and fertilization. 

r ,  1 lierc is general agreement ;~mollg those (Miiller-Thurgau, 1908 ; 
Susa, 1927; L'earwn, 1932 ; 1933) 1~71io have prc\~iously studied the 
crlrralit grape<, Black Corilltll (including T'ailariti), Retl Corinth ant1 
\\'111te Corillth that theqc clonal varietics l~roduce scctlle\s fruit \-\ritIi- 
out lertilization. T o  this condition in plants Noll (1902) apl~lied the 
term p n ~ - f h e ~ ~ o c n ~ p ~ l .  T,ater a i t~r ther  tlistinction was lllacle and ( 1)  the 
terms z~cgeiniive (TVinklcr, 1908) ancl crrrfo1ror1lic (Fitting, 1909) were 
applied to a partl~enocarpy in which there is no pollination ancl ( 2 )  the 
terms si i~~utlntivc (TVi~ll<ler) and niiiol~o~lric (Fitting) were applied 
tn a l>arthcnocarl>y 1~11en tllc fruits clevelop after a stimulus such as 



that of tlic g ~ - o ~ ~ . t l i  oi l)olle~i tt11)cs or ui pal-;~sitic i~ulgi  o11 or ill the 
l~istil. 

I'lle Coril~tli gr;ll)cs liavc f lo \~ers  of the hennaplirotlite t).l~c :l11(1 tllc 
aiitliers contain some viahle pollen. The  pollen grains oi 131~~1.; Ccoril~tl~ 
:und \TThite Corinth :we ratllcr  uniform in size and apl)earance ;untl thr 
1)ercelitage of o l )scr~al~l !~  al~ortetl and sliri\~elletl grains is lo\v. 111 
gerinination tests on ;~gai--sugar media niade 11y the ~vriter ,  h o ~ \ ~ c \ ~ c r ~  
only allout 3 per cent of the gr;~ins oi these varieties gcrlninatetl ant1 
l~rotluced fine long tuljes. Susa (1927),  lio\vever, obtained n gcrmina- 
tion of froill 10 to 20 per cent for the pollen of TVhite Corintli. In  o t ~ r  
breeding ~vorlc the pollells of Rlacli Corinth, of the clone Panariti, ant1 
oi  the ~vliite Corillth have all been used in controlled cross-pollinations 
on seeded varieties aiid numerous vialde seeds were obtained from 
~vllich many seetllings that are  ccrtai~nly true hyl~rids are being gro1vn. 
Since there is at  least some vialde pollen in the flo~vers, there is opl)or- 
tunit! for self_l~ollination i l l  tllese varieties. 13ut l~ollination, either self- 
or  cross-, does not change the berries lro111 seedless to seecletl. The 
l>arthenocai-11y is oblig-ate. 

O\'Ur.ES O F  \\'IIITE C O R J S T J I  i \ S l l  RE11 CORISTTT GRAPES 

I'earson (1932; 1933) reports that tlic \TTliite Corinth ant1 I<ctl 
Corinth grapes have an extreme type of defective ovulc; tliat the 
ovules have only one integument, ~vliich is tlie outer one; that there 
is 110 eml~ryo sac ; and tliat the ilucellus often I~ecomes exteilded until 
it protrudes Tar I~ejrond the integument, Tllc studies made by the 
writer are in accord \vith this report, except tliat etnbryo sacs in 
various stages of de.i~elopment were fou~itl in some of the ov~lles (Figs. 
27 and 28) .  The cross sections oi the ovaries of this grape collectetl at 
the t i~iie of anthesis slio~v, as a rule, large o ~ u l e s  that are alillost alike. 
, 7  1 here is only one integument : a tongue of protruding iiucellus 1)ends 
do\vn\vard along and against the outer wall of the ovary (Fig.  27). I n  
many 01-ules no traces ol an eml~ryo sac are found antl the tissue is 
solitlly filled ~vit11 vegetative cells. Tn some ovules cavities of isregular 
s l i a ~ e  are  present in the nucellus, l ~ u t  \vithout trace ol sporogenous 
tissue or of emljryo sac. 111 some cases, however, several well-defined 
nuclei of an eml~ryo s:~c were present in the nucellus. TJsually these are 
in the ~jrotrutling t o ~ ~ g t i e  (Fig. 27) l ~ u t  sometimes tllejr are located in 
the main ljody of the nucellus. But n o  enll~ryo sacs were obser\7ctl 
~vhicli appcarecl to be norlllal and functional. 

O\'ULI>S 01: l i l ,~\CI< C O K I S T k J  GRAPES 

111 the 13laclc Coriilth grape, according to Pearson, tllc intcgunients 
or the young ovules are present a i d  nornial but the egg apparatus is 
~ ~ s u a l l y  missing or is in various stages of degeneration a t  the time of 
aiithesis. The  polle11 tulles penetrate into the o-vary in profusion yet 
" thej~  selclolll enter the micropyle and only rarely l~enetrate the 
~iucellar cap". Occasiollally seecls oi noticeable size are  producetl. 
1 le. also11 - . reports that for oiie very unusual cluster of this grape ~vhicll 
she studied "there were 200 seeds; 170 were tested by placing in 
\\rater and only 66 of these floated ; 60 of those which saiilc were 
l~lalited aiid 16 germinated". I n  the illaterial oi  Blacli Corinth studied 
by the ~vr i ter  the cross-sections of o ~ ~ a r i e s  collected at  time of anthesis 
sho\ved, as a rule, iour equally I\-ell-developed ovules in ~vhich solile 
cytoplasm and nuclei of an embryo sac \\:ere present. 

llariiloil and Snyder (1936) ol~ser~,etl a l~railch on a vine of the 
J.'anal-iti grape (said to be identical to the Black Corinth) ~vhicll bore 
two clusters oi seeded berries and thej' fount1 that propagations Tro111 
tliis branch bore oilly the seeded Iruit. They also rel)ort tliat a survey 
in California oi  colllillercial vineyarcls of this grape revealed mixtui-es 
of large seeded berries antl slllall seedless l~erries in certain clusters, 
1)unches of exclusively seeded aiitl exclusi\rely seedless berries on the 
sanie branch, and vines that bore only one type of fruit. report 
that the average of seeds in tlie seetletl iruits was 2.44 and tliat thc 
seeds were viable. I t  was co~~cludctl  that these conditiol~s il~dicate that 
mut;~tion Trom the seedless to the seetletl tjlpe of fruit had occurred. 

F O R ~ X I ~ T I O ~  O F  FRUIT l CORINTII  GRAPES 

Thus, in the Cori~lth grapes there are t ~ . o  gratles ol iniperfect o\i~iles. 
I n  the White Corinth ant1 the Ltnse Corinth the ovules lack one integ~i-  
nlellt, the nucellus protrudes ant1 it is' often colllposetl of vegetative 
cells only. I n  the Ulaclc Coi-inth the ovule is rather lully lormed ant1 
the e11il)r)~ sac is present in some tlegree of c l e ~ ~ e l o l x i ~ e ~ ~ t  Ijut it is evi- 
dently rarely able to function in lertilization. 

r >  I here seems to Ijc some question as to whether tlie seedless fruits 
of tlie Corinth grapes arc produced 11y .veg-etative parthenocarpy or I)y 
stim~tlati\;e parthenocarpy. 13earson (1932) states that "it tloes not 
seein lilcely tliat the gro\vth of tlle pollen tubes thru the style has anp- 
thing to do ~ v i t h  tlie set of Blaclc Corinth berries". I11 disctissillg the 
results of pollination tests for partheilocarpj~ l'carson nlalces the fol- 
lo\ving statements : "Of thirty clusters etllasculatetl and I,aggetl, not 



one set;, 1)ut tliis does not seen1 sigliiiica~~t ill \-ic\v ol the iact that llle 
-1.7 \vliich \\.ere I~aggetl either ~vitliout cmasctilation or aftel. llavi~ig 
beell eniasculatctl antl l)ollinatctl, ( l i t1  liot set citlier. Since tcmpcr;~- 
tures are often 10" C. lliglicr insitlc l);~gs t h a i ~  o~itsitlc, i t  seellis liliel!. 
that, although i lor i~~al  \'inilera berries set \\ell ii~sitlc the bags, the 
entirely seedless vegetatively p;~rthenocarpic 1)erries arc. too sensitive 
tu such adverse conditious ill the hot suilliner ~veather ot Ilavis. Fotu- 
cltisters on ringed sl~oots ~vhich n-ere eillasc~ilatctl set 11ei-iectly. I t  has 
not I~een proven, ho\\;e\rer, that in the absence oi the nutritional stinl- 
111us of ringing the stimulus of pollinatioil is not necessary in the 
Elacl; Corinth. Ringii~g illcreases the set of \:egetativel~: pal-tl~eiio- 
c a r ~ i c  berries in other varieties". 

H. I-'. Olmo, in a recent letter to the ~1.1-itel- malies tile follo~ving 
statelllcl~t as to -\\rl~etlier the Coriiith grape ~vill procluce fruit \vithout 
any pollination \vhatever. "I 1<11o\v of no e~,iclencc to sllo\\~ that this is 
so. E\len thougli fertilizatioil (toes not take place, it appears prol)al)lc, 
fro111 soille of the results I have obtained that a stimulus of pollination 
might be necessary to get a 1101-~llal set". 

That  the fruits oF t l ~ e  Coi-itit11 grapes are protluced ljy l~artlieno- 
easily is certain, 11ut \vllether this is vegetati~~e or stimulati~7e is ~ i o t  
no\v fully apparent. 

The summary of sttldies by Oinouc (1925) seeills t o  suggest t1nt 
the ovaries ol tlie '\TThite Corinth as well as those of tlie Sultaninn sllo\v 
growth res1,onses to the s t i i~~u lus  of pollen-tube gi-OTY~II. But the state- 
iliei~t that "the so-called seedless g-rapes are not dtie to tlie partl~eno- 
carpy but to the incomplete fecunclatioii" ~vliicli 11e calls "quasi-fec~m- 
dation" certainly does not apply to the definite cases of vegeta t i~e  11;~- 
thenocai-p)7 ivl~ich occur ill numerous grapes. 

Nul~lerous FI seedlings have Ijeen oljtainecl in our 1)reetling \\-clrl< 
froill tlle use of pollen of Ulaclc Corinth, Panariti ant1 '\Tr1iite C:o~-inth 
oil various seeded grapes hardy in Se\v  Yorlc. '\'\'it11 the possi1)le e s -  
ception of one plant all of these seedliiigs, thus far grown to fruiting 
age, ]lave borne seeded fruits ; but in soille cases tlie seeds are "brittle" 
and in one seeclliiig it has been determined that there is facultat i~e par- 
thenocarp)-. The one plant inentionetl al~ove ii-~iited for the fii-st time 
ill 1935. The clusters of fi-uit \Yere few aiitl \\7ei-e composed of a f e~v  
large berries, in ~vllich tlle largest seetls n.ei-e soit-gritty, and nmmerotis 
sillall and entirely seedless berries. The I:? progenies of the best oi 
these seedlings are being gro~vii  in \vliicl~ a t  least sollie plants ~vhicli 
bear only seetlless fruit may 1,e espcctecl ant1 also certain oi thrse plants 

; I I - ~  l ~ c i ~ l g  ~isctl i l l  seic.cti\,c 1)i-cetling in the attcnipt to ol)tain the cutircl!. 
sc~c~llesi; t ~ y ) ~  of irtlit i l l  large sizes. 

r - 1 he flo\\-ers of the seetllrss grapes Sult;unina, Stiltanina Rose, ant1 
I3lack ,\loli~l<lia arc of the perfect hermaphrodite type and the pollen 
is highly rial~le. Of Sultanina pollell :lljout 90% gives excelleiit 
geriiiination in tests on agai--sugar media. 'l:l~e percentage of gennina- 
iion is also high for the pollen of Sultanina Rose and Ulacl< lionukl<n. 
, . .I liesc ~ni-ieties are a l~ lc  to  function a s  pollen parents. 

11 seenis certaiii that it is tlle rule that t l~ese gral)cs set frtiit l~es t  
\vlic~i there is proper pollination. There are, ho\~evei-, sonle minor dif- 
fci-ences in respect to the coiitlitions involvetl in the a1)ortion of seeds 
antl in thc p~-otlt~ctior~ of fruit. Gootlspeecl (1920) and I'earson (1932 ; 
1933) both report that the [suits of Sultanina are pi-oclucetl, lor tl1c 
most part, oiily after proper pollination n-it11 ~ ~ i a b l e  pollen. Susn 
(1927) 1-epoi-ts that relativel!- few herries start to develop 011 Sul- 
tanina wliell t1it.i-e is emasculation and no pollination and that these 
[suits arc smaller tliail nornial size. Segrul  (1934) reports that Stil- 
tuiina and 131acli hIoilulclia will ~ ~ r o d u c e  at  least sollie I~erries -\vith 
ciill,t). seeds \\.hen flowers are ei~lasculatecl and not pollinatecl. For  tllc 
I3lacl< 3l011ulilia grape tlie tests 1-eported 1)y Susa (1927) iildicate that 
self-polliliation is effective in g-iving sets of fruit. Pearson found that 
the emasculated and ulipolliiiated Ron-ers in the clusters of t \ ~ o  shoots 
that had been ringed set fruits, hut the l~eri-ies were siliallei- than those 
oi pollinatetl clusters antl their seeds \Yere more r~~d imen ta ry .  Evi- 
tlently some of tlie ovaries of this variety may rle\~elop l ~ y  \~egetatjve 
11ai-t1ienoc;u-py, ;kt least after tllc ringing of a vine. 'l'liere seems to I)c 
sonic tclltlency to vcgeta t i~e  ~~;~i- t l~ei iocai - l~y,  l)ut this is not to 1)e cle- 
l)e~i(lctl UPOII for a gootl set oi fruit antl also it seeins to !icld 13ot only 
slliallcr 11ut le~ver fruits. 

pe, ~ u x ) n  . . ( 1933) reports that in Sultanina. Rlacl; r\lonulcl<a, ant1 
Sultana abiioi-malities in the iiiteg-uments of tlie ovules exist at the 
tinlc of antliesis. The ii~iici- integtl~nelits (Fig.  29) are elongated at  



tlicir t ~ l l ~ u l a r  tips ia ~ ~ l i i c l l  the cells are less nlcristc~iilat ic than in nor~llal 
seetls and tlie micsopyle is much larger tlian ill the normal o\7ules. 'l'llc 
\\,rites has macle studies oi numerous cross-sections of tlic ov:~rics of 

this t);lxof grape. Such preparations slio~v all tlic ovules oi an ovary 
in the saiiie sectioti. Such sections (Figs. 22 and 25) reveal that it is 
the rule tliat all four ovules are present aiid tliat at  tlie tiiiie of pollina- 
tion they are very i11uc11 alilte in the size and the development of in- 
teguli ie~~ts ailcl nucellus. There are  also nearly always eml~ryo sacs in 
sotlie stages of tle\:elopment and at  this time it is not always l>ossil>le 
to determine \\.it11 any clegree of certaillty n~ l i i c l~  o~:ules are  aide to 
iunction in fertilizatioil and n?hich are not. 'rllis observatioi1 also ap- 
plies to the orules of seeded grapes. 

FERTILIZATION 

The different studies regarding fertilizatioii in these grapes are not 
in lull agreement. Miiller-'Shurga (1908) states that the ovtiles oi the 
Sultanilia grape are not fertilized, altlio the pollei1 tubes may enter 
them. Goodspeed (1920) found that in nearly every flower examined 
the ovules contained some 1101-illal emhryo sacs a~icl tliat pollen tubes 
\rere f o ~ ~ i d  eilteri~lg the 1iiicrol)yles ancl he coilcludes that, "'There 
seeills to be no doubt tliat successful pollination (possibly follo\vetl l,y 
fertilization) is one oE the factors esseiztial for the seeding of fruit in 
the l'1ioml)son Seedless gral>e"." Oi11oue (1925) states tliat "the o~r t~ lc  
of seedless grape is not clegeneratecl l ~ u t  the fecuildatioii stol~sssutl- 
tlenly sooil after, and consequently seeds could not he fonned" antl 
that "the so-called seeclless grapes are  not clue to the parthenocarpy 
I ~ u t  to tlle incoml~lete fecundation" ~rllicll is called "cjuasi-fecundation". 
Pearson (1933) states tliat in the grapes Sultanilia, Sultana, and 
Black i\Ionultka abnormalities are freque~lt at  the time of anthesis in 
the elong-ation aiicl protrusion of the inner integumetlt ancl that all- 
normal em11r);o sacs are frequent. Slie is, however, emphatic that 
"there is also a very high percentage of ilorillal apl>earing em1)rj~o sacs 
:ltitl that in ~learly ever); ovary two or three embryo sacs have 1)ollc11 
t~ihes  elitesing t l ~ e ~ l l  ~ v i t l ~ i n  t ~ r o  or tlii-ee dajrs after a~lthesis" and also 
that in such ovules the endos~~erm starts to de.irelop. L'earson notes 
t ln t  tlie develop~~~entsi in the seed coat are abnormal ; the middle layer 
of tlie external integument dewlops al)normally, antl its inner laper 
cle\~elol~s into sclerenchylna very feel~ly. Rut ein1)rjios were fotitlcl in 3 
of the 10 largest seeds ~\~llicli were esamil1ed. Pearson "1)elieves tliat as 

'Tlic Tl iomj~so~i  Sccdlcss graj)c i:: tlic saliic as tlic St~ltat l i~la.  

a rule, at- 1c;ist onc nol-tnal emhryo sac 11a.s l>cen tlcveloped ant1 fel-- 

tilizetl in each norlnal Sultanina berry". 
Our  o ~ v n  studie:: of Sultanitla, Sultaniila Rose, anrl of seecllings 

\vllicli have similarly a1)orted seeds indicate that polle11 tubes entel- 
some ovules in many of the o\-aries, that fertilizatiotl occurs in some 
ovules, but that the einbryos fail to develop altlio they may senlain all- 
parently alive until t l ~ e  fruit is mature. There are, however, a large 
l)rol~ortioi~ of eii~bryo sacs that are ahortive ailcl apl~arently unahle to 
function in fertilization. Soine of the ovaries co11taiii only ovules ~vliich 
cithet- do not function in fertilization or ~vhich do not proceed into even 
the earlier stages of seed del-elopment. T11e exact distinction l~et\veen a 
stimulative parthenocarpy wit11 abortion of all the embryo sacs and 
the fertilization of at  least one ovule follo~a~ed by early seed-abortion is 
tlifficult to malte and possibly of little significance in this case. 

TI-TI*: BERRIES AXD THEIR ABORTED SEEDS 

The largest of tlie mature fruits of these grapes (Sulta~iitia, Sul- 
tanitla Rose, aild Blaclc R4onuklta) nzay contain one or more seed 
structures of considerable size (Figs. 5 atid 6), but it is the rule that 
these are soft, somen~liat tiiissliapen, and much slilaller than tlie i~ormal 
\.iahle seetls of ordinary seeded varieties. There are only lvinor dif- 
ferences in these varieties in the extent to which seeds, and especially 
the sclerei~chyma in them, may develop. For  all these varieties some 
I)erries  ha\^ only retnnants of ovules aiid even the largest of the her- 
ries usually have soine such rudiments. Special studies were made 
of tlie seed-lilte st]-uctures in mature l~erries and also various stages 
of the early develolxnents were studied. For  Sultani~ia the ~vr i ter  has 
sttldied mature herries obtained in tlie New Yorlc inarliets aiid also 
Fruit dcreloped on vines growing at Geneva and at  N e ~ v  Yorlc City. Tn 
certain clusters of fruit all the berries, even the largest, contaii~ed onljr 
small seetls that were thin-walled antl empty. Ti1 other 1)unches tnany 
of the largest 1,erries llad from one to three soft seeds of considerable 
size and cytological preparations of these seeds s h o \ ~ ~ e d  that, it1 some 
of them at Icast, a small glol~ular mass of cells representing the em- 
I)r!.o was present (Fig.  34 ) .  But in iiiany of tlie seetls studied no endo- 
sperm was fount1 and there were only traces of a nucellus (as in Figs. 
33. 40, and 45) .  The  sclerenchyma was coiilposecl of several layers of 
cells, especially about the micropplar end, ancl the walls of these cells 
were somcnl~at  tliiclcened. The siilaller and more rouncled berries con- 
taincd only small rudi111e11ts of seeds or only al~orted ovules. 



EXPLANATION O F  FIGS. 5 T O  .9 

(All figures are natural size.) L 
d 

FIG. 5.-Fruit and seeds of the Black Mo~lukka grape. The largest seeds are 
ab~lormal in shape and structure, soft, and somewhat shrunken. The size 5 
decreases until there are mere rudiments of aborted ovules. The remains of i 

i some of the ovules are not identified it1 dissection. 

FIG. 6.-Fruit with stet~osperrnjc seeds and aborted ovules of Sultanina Rose. . a 

FIG. 7.-Fruit and seeds of seedling No. 12583 which is rated as one of the best of 
1 
f 

the seedlings which bear stellospermocarpic fruits. The seeds are often of large f; 

size but they are soft and pulpy. The berries are of large size (for seedless . 
grapes), red in color, and of excellent quality. 

FIG. 8.-Typical stenospermic seeds of seedling No. 15194 which has for its 
immediate parentage Golden Muscat x No. 10918. The largest seeds are much 1 
shrivelled and are noticeably constricted at the apex. The smaller ones are P 
almost white and devoid of any contents. d 

FIG. 9.-Stenospermic seeds of Stout Seedless (No. 10918) of which sections are 
shown in photomicrograph in figures 35, 36, 37, 42, 43, and 46. 



For  Sultaiiiiix Rose, the largest seetls in ~natui-c l)e~-ries (Fig.  6) 01)- 
tainetl oil vines groivli at  the 15s11eriment Station antl at the Nen: 
York Botanical Garden \vei-e solt, s o m e ~ ~ h a t  misshapen, ant1 snlallel- 
than nol-lnal viable sectls of ortlinarjy seetlerl varieties. l'he prepai-etl 
sections of such seetls (Figs. 33, 40! antl 41) usually show several 
layers of radial cells in the region of the greatest development oi 
sclerenchy~na, but the cells reniain some~vhat thin-~valled and tllc 
layer is relatively t11i11 ant1 irregt~lar ill tlliclcness. 'The configul-ation oi 
this zone is also irregular and the lobing seen in cross-sections oi 
i~ormal seetls is usually alillost lacl<ing. 'The three layers of the inner 
integumeiit a re  present ant1 especially the cells of its innermost layer 
are quite normal in appearance. In  sollle of the largest seeds i~lllllature 
embryos are present as sillall globular masses of cells \rhicli hat1 
ceased development before there was differelitiatioii of cotyleclotls and 
radicle. The cells of such undeveloped embryos often cotitaitl nuclei 
and the cell contents appear to be normal and living even ~vhen the 
berry is fully ripe. In  such seeds ilucellar tissue is tlsually present as a 
lining of the enlarged embryo sac; near the chalaza the cells of the 
llucellus are etllarged ailcl illostly de17oicl of coilteiits ; and about the 
~llediall ~jortion of the embryo sac the nucellus is a relati\lely thin zone 
of com1)ressetl and collapsed cells in which the contents have inostly 
tlisappeared. The interior of the embryo sac is illostly without cellular 
structure and the i~ii~llature eml)ryo lies in the micropylar end of this 
cavity with solne granular lnaterial scattered al~out.  I n  the later stages 
of the development the nucellus fort~ls tlie outer wall of a sac which is 
px)baI~ly fillet1 \\-it11 liquid or at  least \ilith non-cellular material. 
Either the endosperm tissue was not formed in the seeds exaillilied or 
it had disintegrated. 

In  some of the larger seeds and in many of the seeds of meclium size, 
there is no trace of either emhryo or endosperm; the sclere~ichj~illa is 
feebly de\7eloped ; and often the iililer integunle~lt is separated from 
the outer integument and collapsed upo11 tlie liucellus wliicl~ together 
fort11 an ii-reg-ular-shapctl stratid that extencls froili the micropylar ellti 
to the chalaza. This collapse evidently takes place at  sollle tiille after 
the embryo sac reaches its maximum size. In  tllost of these sillaller 
seed-like sti-uctures there is little differentiation aild tle\relopment of 

tissues antl no appreciable nucellar tissue. 
For  the Black Xlonul<l<a grape the conditions in the ovules are re- 

ported by 13earson to be very siiililar to those in Sultanina ant1 Sul- 
tana. Soille eml~ryo sacs are abnormal but others appear to be normal 
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a t  the tin]? of anthesis : i l l  near]!. every ovar! some o\rules arc entered 
11y 1~olle11 t u l ~ s  : and in nlally cases the entlospei-111 ilucleus soon starts 
a series oi tlivisions. 'l'lie ~~rocesses  of seetl-coat formation 111-eal< down, 
I ~ u t  some of the Ijest-tlevelo~~ecl seeds may I,e more stoiijr than are the 
al~ortetl sect1.s oi Sultanina. Occasionally, a seed n~ i th  an eml~ryo it1 

some stag? of dc\~elopmcnt \\-ill be formctl and Ross (cited I)!; Pear- 
son. 1933) reports that lour such seeds ol)tained from Black >Io~lul<l<a 
germi~iatetl. 'l'lit writer has made stutlics of tlie structure of tlie largest 
seetls in mature herries of this variety, rn Fig. 5 is sho\~,ii the range in 
size of mattlre fruits I)orne 11y vines gron.11 :it tlie Experiliie~lt Station 
:lnd the appearance of the seeds \\~hich they contained. I n  Fig. 45 is 
slionrn the cross-section of one of the 1;~rger seeds obtaiiiecl in tlie 
mature I~erries and is fairly reljl-csent:itivc. of such seeds. There is al- 
most no developi~~ent of the inncr~nost l:~y(v- of tlie outer integunient 
into sclerenchyma, but the outer layers tlc\~c.lol) into a consicleral~lr. 
amount of pulpy tissue. The inner intcgu1lrc11t is present and its in- 
lies layer is quite normal as shown 1)y tile t l ; ~ t . l i  s t ; ~ i ~ ~  ~vhicli it takes. 
The seed l ~ a d  enlargetl seine\\-hat, I)ut tlie 1ol)ilig is ii-I-egular and the 
nucellus had el,entually collal~sctl :i11(1 I)vco11i(~ ;L r;ltllc.r tl~ill layer of 
fil~i-illar material as sho\~rn in tlic. sctct io i~ .  I 11 110 c:lscl fol- tlie seeds 
stutlietl was an  eml~ryo or :i \vcIl-- t l(~\~c~lo~)~-~l c~1ltlosl)c-1.111 fo(lil(l in a seed 
of Elaclc A/lonul<l<a, but as notetl al)o\lc suc.11 sc.c.tls 11;~\1(. 11cxon ol)served. 

Thr  .scctllrss~ie.s.s ill f1z.e gropes . \ '~, l /(~iri~~tr ,  ,\'lrl/arlilitr I\'OSP, nl?d 
Hlncl? llfo~llrlrkn involves in part a coml)lcte f:iil~isc~ ill 1I1(* cltvcxlol)lnent 
of ovules that are not fertilized and in part tlic :il)oi.tio~~ of c1111)rj~os 
slid seeds after fertilization. There are many ovt~lcs t1l;it II;I\ :( .  tlcfecti-\re 
emhryo sacs that call not function in fertilization, :L colitlit ion ;ilso seen 
in seeded grapes. Berries \vIiich contaiii oilly reln~lallts of ulltlc\leloped 
ovules are evidently the results of either vegetative l ) ; ~ r t l ~ ! ~ x ~ a r ~ ~ y  or 
stimulative parthenocarpy. The  experilnental evidelicc intlicates that 
pollinatioli is necessary hefore there is a good set of f r ~ ~ i t  ; ~ n d  that 
vegetati~le 1,arthenocarpy is not strong ill these particu1;~l- grapes. I t  is 
a fact, I~o~vc~ :c~r ,  that Ijcl-1-ies may cc~~i tx i~ i  some partially ctcvcloped, im- 
~iiatui-e, ant1 a11o1-tctl seetls and the evidence indicates that fertilizatioti 
may 11a\~e occul-rcld in 111c ovt~les. Possibly all ovaries are able to de- 
yelolj by stimulati\?c p:lrthcnocarp>r atid that lilhen fertilization is pos- 
sible and does occ~lr  tllci-c is merely an additional st i~~iult is  which re- 
sults in somen~hat largcr 1)crries. 



(All figures are natural size.) 

FIG. 10.-Fruits and seeds of seedling No. 12559. At left, typical stenospermo- 
carpic fruits which form to self- and cross-pollination in the vineyard. Seeds 
from stenospermocarpic fruits ; the largest are soft-gritty with partly deve!oped 
endosperm and embryo. At right, fraits developed by vegetative parthenocarpy 
when pollination is prevented by emasculation and enclosure of flower cluster 
in a paper bag. Shows the size to which ovules may develop in parthenocarpic 
fruits. 

FIG. 1-1.-Typical fruits and complement of seeds df seedling No. 17461 obtained 
from the cross Melton by Black Monukka. The largest seeds are noticeably 
undersized and they are soft and pulpy. The clusters are large and well filled 
and the fruit is excellent in quality. 

FIG. 12.-Stenospermic seeds from five fruits showing the range of sizes for the 
seedling No. 17404. Evidently the aborted ovules are too small to be located 
by dissection. 

FIG. 13.-Typical seeds from a berry of seedling No. 12551. The fleshy see$ are 
irregular in shape, somewhat gritty, and black areas of the inner tissue show 
in small areas on the surface. 

FIG. 14.-Fruits and stenospermic seeds of seedling No. 17191, obtained from 
crossing, seedling No. 8536 by Stout Seedless (No. 10918). The small berries 
are produced by parthenocarpy. The aborted ovules in all the berries are so 
rudimentary that they are usually not found in the ripe fruit, 



'I'l3RA.l INOLOC;Y 

r ,  I he term parthenocarp); n.as al~plictl by Sol1 ( 1902) to tlic tlcvelol)- 
nlei~t  of seedless fruits \ ~ i t l ~ o u t  the occurrence of fcrtilizatioi~. The 
formation of what may Ire callecl seedless fruits, in \\rhicli soft, P L I ~ ~ I J I  

and partly lllat~ired seetls devclop from o\lules in ~vhich fertilization 
has occurretl, can not correctly Ije calletl ~~artlieiiocarpy. Negrul 
(1934) calls this condition in grapes prrrflsello.rpcril~~~, I~tlt in a recelit 
letter to the \\;I-itcr he states that he ~vill ilot continue to use tliis terin 
ill this relation. Garcluer, I$.radford, and I-Iooker (1922) note that 
seedlessness ill \larious fruits in\~olves embrj~o abortion ratller than 
merely parthenocarpy. There appears to he no single term in use that 
a p ~ l i e s  to this condition, ~vhich is -\\ell exemplifietl in certain grapes. 
Tlle writer suggests the tern? " s f e r r o s p r ~ ~ ~ ~ ~ "  for the formation of 
aborted and partly formed seetls after there has been fertilization or at 
least enti-a11ce of pollen tubes into ovules, and for the formation of 
fruits in \vhich there is stenosl)ermy he suggests the tenn "s te l~o-  
spcr-~f iocn~pjl" .  Ti the formatiotl of fruit tlepel~ds oil stenosperiny, the 
stenosperinocarpy is al~ligate. 

111 grapes the small rudimet~ts that tlevelop fro111 ovules in many oi 
the \~egetatively parthenocarpic fruits and also fro111 some of tlie 
ovules in stenosperinocarpic fruits antl in seeded fruits call not, it 
seems to the writer, prol~erly I)e termed rudimentarj~ seeds. I n  this 
bulletin they are usually callecl aborted ovules; and it is to be recog- 
nized that this co~lditioll ma). be either obligate or facultative. 

The ter~l l  "pl~cl~osper.111y" has heen a11l)lietl by Goodspeetl ( 1915) to 
the fonnation of empty seeds "either 1~itl1 or without pollination" in 
 arthe he no car pic fruits of N i c o t i a ~ ~ n .  Such seeds were llulllerous and 
sollle of them \\.ere as large as the ~lorillal seecls of the same plant, but 
seeds \vl~ich containetl traces of entlospenll or \\.hich coiltaillecl entlo- 
sperin and eml~ryo were not classed as phenospermic. 

Possil)ly in I7iti.s the elltirely empty seetls could I)e called phenc)- 
spermic in contrast to the stenosl)ermic seetls in n~hich there are traces 
of embryo, of endosperm, 01- of both. 111 the fonnation of the frtlits in 
grapes here called stenospermocarpic, l~ollination antl the fertilization 
of at least some ovules are necessary, 11ut as a rule some ovules in the 
same ovaries (lo not iunctiol~ in fertilizatioll and abort fully or form 
only very rudimeiltarj~ structures. Of the stenospermic seeds 1\711icll 
appear to develol~ after a stimulus oi  ~~ollitlation or fertilization the 
precise distinction of those that are entirely elllpty fro111 those that 

Iixve traces oi elidosljernl or e111brj.o I\-ould Ijc tliflicult ant1 l)crhaps 
of little -value. 

CONCORD SEEDLESS GIIAPIZ 

'I'he berries of this gi-a],(: are sillaller that1 tllose oi the Concord frolil 
\\rhicli it e-\7idently arose as a hud sport. The largest seeds in the ripe 
l~erries are 11oticeal)ly sinaller than the norilia1 seeds of Concord. They 
are soft or some~vhat brittle alid pale green with a conspicuous l~lack 
area on the dorsal face of the seed (Fig. 15) .  'l'he larger I~erries have 
from one to four of the larger seeds ; the smaller 11ei-ries usually contain 
smaller ancl more rudilllelitarp seeds. 

Soille of the largest of the seeds contain an enil~ryo and an endosperlu 
ill  various stages of development. Tlle iossettes may be rather well 
tlefilletl ant1 tile sclerenchyma is rather continuotis 11t1t relatively tlii~i 
ant1 coll~l~osetl oi few layers of cells (Fig-. 16). The  ~najol-itp of tlic 
sillallel- seeds contain only a shrivelled ant1 collaljsetl nucel l~~s .  A large 
l)lacl<e~~ed area tlevelops in the tissues of the integumel~ts ant1 appears 
to involve the excessi\~e formation of tannin. 011 the stirface of the seed 
it usually covers ail area l~elo\\r the position of the chalaza1 pad toward 
the outer lip of the integuments. CI-oss-sections (Fig.  16) of the seeds 
reveal, however, that the blackened tissue nlay exteild around the 
embryo sac in the inner layers of the outer integument, Certaiil seedless 
gi-apes of the seecllings obtaiilecl 11): breeding have somewhat silllilar 
black blotches in tlie seecls. 

Studies of the young ovules slio\\l that at  least soine of them are  
al~parently llortllal in respect to inlegl~mcnts, iiuccllus, ant1 embryo 
sacs. Sections of later stages sho\v some ovules that are enlarging more 
rapidly than others. Ovules may reach consitlei-al~le size but colltaiil 
only traces of endosperm and embryo. 

Tlle staillells of this grape are erect, the anthcrs dehiscent, and the 
'LI  s \\rere e~llasculated l>ollen is highly vial~le. Several clusters of flow . - % 

\\:bile in bud and left enclosed in paper hags. N o  fruit de~~eloped which 
seetlls to indicate that pollination is necessary for the prod~iction of 
fruit by this grape. 

'.The Concord Seetlless grape has l~een used as a ljollen parent i l l  

numerous crosses wit11 seetletl graljes. All the F1 prog-e11y have I ~ o r ~ l e  
seeded fruit only. All of the I;. generations that have been grown also 
Ixar seeded fruits. 

The grape called "I-Iubbard Seedless" has bee11 grown and studied 
I)y Mr.  Fred E. Glad\vin of the Vineyartl 1,aboratory of this Station, 





EXPLANATION O F  FIGS. 15 T O  20 

(Figures 16 to 19, inclusive, are of free-hand sections.) 

FIG. 15.-Fruits and seeds of Concord Seedless grape. The seeds are soft and 
pulpy and there are large conspicuous black areas on the surface of the dorsal 
side toward the apex, even on seeds of small size. 

FIG. 16.-Median cross-section of a seed from ripe berry bf the Concord Seedless 
grape. The fossettes are partly formed, sclerenchyma is feebly developed and 
the nucellus fills the inside except for the cavity of the ,embryo sqc. The black- 
ened area in which there is an excessive development of tannin extends 
thruout a considerable portion of the integuments and also in the vascular 
bundle. X 38. . . , , ,. 

* - . .  * 

FIG. 17.-cross-kection of a&ge stenospermic seed of the Stout Seedless grape. 
There is a zone of excessive tannin in the inner tissues of the outer integument 
.next to the sclerenchyma, and this extends to the surface in a'portion of the 
dorsal side. X 20. . - 

FIG. 18.-Cross-section ed of seedling-NO. 14076 showing 
the zone of blackened tissue and the relatively large amount of pulpy tissue. 
X 9. 

FIG. 19.-Longitudinal section thru a stenospermic seed of seedling No. 12614. 
Shows the fibrous remains of the nucellus and a much shrivelled and aborted 
condition. X 9. 

FIG. 20.-Illustrating partial variation in fruits involving parthenocarpy which 
is obligate for the ovules which become seedless fruits. Fruit and seeds of a 
seedling No. 9130 used in breeding. The small berries have only aborted ovules 
and their parthenocarpy is obligate. The large berries contain (a) aborted 
ovules, (b) soft undersized aborted seeds, and (c) larger semi-hard seeds of 
good size and shape, some of which will germinate. 



are able to produce a seeded fruit from every ovary, but this will not 
be expressed unless there are certain stiillulative pollinations which do 
not effect fertilization. 

Facultative vegetative parthenocarpy may also exist in connection 
with stenospermocarpy. This has been observed and determined experi- 
mentally for certain of the seedlings obtained in breeding for seedless- 
ness (Fig. 10). In this case the vine has perfect flowers and self- 
pollination results in berries that bear stenospernlic seeds ; but emascu- 
lation in the bud and prevention of pollination results in the develop- 
ment of only small seedless fruits of the Corinth type. Usually the 
clusters of fruit on ssuh plants have soine small parthenocarpic berries 
intermingled with stenospermocarpic ones. 

OBLIGATE PARTHENOCARPY AND PARTIAL VARIATIONS 

When seeded berries and parthenocarpic berries are developed in the 
same clusters ,and the ovaries which give the latter can devel/op in 
no o,ther way, the parthenocarpy of those berries is evidently obligate. 
In  such a case the most adequate pollinations which provide opportu- 
nity for the fertilization of every ovule do not change the nature or the 
number of the parthenocarpic fruits. 

This condition has been observed in certain seedlings of which two 
were studied especia+lly. The flowers of these vines have well-forined , 
pistils apd erect stamens and about 50 per cent of the pollen germinates 
on sugar-agar media. Some berries were of small size and completely 
seedless (Fig. 20) and the larger berries contained one, two, or rarely 
three fairly well-developed seeds some of which were viable. Pollina- 
tion did not reduce the number. of the seedless fruits. 

The conditions in such cases seem to be as follows: All ovaries are 
able to develop as parthenocarpic fruits; when an ovary contains only 
ovules in wliich there is embryo-sac abortion, it becomes a seedless 
fruit; ovaries which contain one or more ovules which can function 
in fertilization may mature as seeded fruits. The parthenocarpy in such 
cases may be either vegetative or stin~ulative. If it is stimulative, pol- 
lination is necessay for the production of the seedless fruits. 

According to Harmon and Snyder (1936) mixtures,of seeded fruits 
and seedless fruits in clusters of the Panariti grape may be a result of 
mutation in which ovdes which are able to develop into viable seeds 
arise from the usual type of Panariti in which there is abortion of all 
ovules in the ovaries. 

FIG. 21.-Photomicrograph showing in longitudinal section a portion of a nor- 
mally developing seed of the' Concord grape about 2 weeks after fertilization. 
1, sckrenchy~na which is already rather fully formed in amount and in the size 
of cells but walls not fully thickened. 2, iltner it&fegzmze?tt; inner layer composed 
of large nearly isodiametric cells that stain densely bla6k and more than one 
cell thick in the region of the micropyle; the outer two layers are much com- 
pressed except near the micropyle. 3, the inner layer of the mcellus is clearly 
.differentiated and at  the micropylar end it forms several layers of the "calotta" 
(ca) in front of the embryo sac. 4, the body of the mcellus consists of rather 
large thin-walled cells. 5, cylinder of ef tdospe~m extending from proembryo 
to the chalaza which is not shown here. The proembryo (emb.) here shown 
consists of several clearly defined cells. This illustrates the extent of the rapid 
developments in the integuments which occur immediately after fertilization 
while the embryo and the endosperm develop slowly. X 170. 
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FIG. 22.-Cross-section of ovary of Stout Seedless (seedling No. 10918) about 
time .of anthesis. All four ovules are nearly alike in size and general develop- 
ment. Some can function in fertilization and become stenospermic seeds, others 
cannot so function and these will abort as ovules. X 25. 

FIG. 23.-Cross-section of two ovules of Stout Seedless about 2 weeks after 
anthesis. The qvules have enlarged since the time of anthesis. The sclerenchyma 
is developing feebly; the nucellus is much expanded; endosperm is either absent 
or feebly formed a t  other levels. X 25. 

FIG. 24.-Cross-section of a typical ovary of the Delaware grape at time when 
the flower opens. All four ovules are very fully formed and quite alike but it 
is certain that some are unable to function in fertilization. Reduction of seed 
is very noticeable and constant it1 this grape and it is not changed when the 
most complete pollinations are provided. Ovule abortions occur during the late 
stages in the development of the embryo sac. X 25. 

FIG. 25.-Cross-section of an ovary of Sultanina Rose shortly after anthesis 
showing that the four ovules are present and rather fully formed as to size and 
general structure. X 25. 

FIG. 26.-Cross-section of an ovary of Black Monukka about 10 days after pol- 
lination. Two of the ovules are aborting; two are enlarging and would prob- 
ably become stenospermic seeds. X 25. 

FIG. 27.-Longitudinal section thru pistil of White Corinth showing a typical 
abnormal ovule. There is only one integument and the nucellus protrudes as a 
cylinder of tissue which bends downward against the wall of the ovary. x 20. 

FIG. 28.-A portion of a cross-section of an ovary of the White Corinth grape 
showing cavity in the protruded nucellus in which a t  least some cells of an 
embryo sac may form. X 35. 



I t  lias all-catl!, l ~ e c ~ i  ~iotcd i l l  tlic tliscussion of tlic grallcs Sult;tniiia, 
Sultanilia I<ose, aiitl Ulack Aion~llika tliat t\vo types of l~ei-sics arc 
~isually ltresent ill  tlie clusters oi iruit. '1:liere are iruits that are entirely 
scetllcss a11tl tliere are tliosc th:\t have sc~~iic stenosljcr~iiic sectls 
(b'ig. 14) .  

, 7  I hat tlie presence of ~ii ial l  e~itircly scctllcss fruits aloiig \vitli st'110- 
sl~uiiiocasl)ic fruits in a cluster niaj. ili\iol\rc soiliatic iiiutation has been 
suggested ljy Oliiio (1933 A). I n  one vineyard of Sti1tanin;l grapes five 
\lines \\.ere found \\rliich bore mostljr small-sized sphei-ical fruit in 
\vhicIi tlie partly tle\:elol)ed or steiiospei-iiiic seeds \vei-e allsent. IJsually. 
tlie cltisters oi fruit \\.ere 11ooi-ly fillctl. I'olliiiatio~i .with ~ i a l ~ l e  pollen 
(lit1 nut c1i;uige tlie i ~ a t ~ i r e  oi the Iteri-ies, I~u t  occasionall!. a larger Ijei-ry 
of the type \vliicli lias allortive sertls \\.as iormetl. 111 ixct, about 3 per 
cent of tlie Iterries \yere of tliis tyl~e. Other vines bearing tlie sallle k i~xl  
oi Iruit \\.ere fount1 in othei- vineyartls. ;\ccortling to Olmcj there is in 
tliis contlition mutation to an ol~ligate Tregetative l)artlienocarl~j.. If this 
is tlie case tlie sillallel- fruits shoultl 11e tlerelol~etl ~vitliout- any pollina- 
tion ant1 a test for tliis \vo111tl reveal \\.lietIier tlierc lias ljeen a nintatio~i 
i t1  respect to partlienocarpy or a change in tlie :uiiou~lt of e111l)i-yo-sac 
allot-tion \\;it11 the l~arthenocarpy reniaining tlie s:~llic. 

:it any rate th: mixture of smaller, entirely scctlless 1jer1-ics \vitli 
largcr Ijerries that have either some normal scctls 01- stcnoslje~-~liic 
seetls is \.cry rrequent. Tlie tlifferent types of t lc~-r lo l j~~ie~l t  in ovules 
;ire also seen ill intli\litlual ljerries. 

Certain cases of partial \,an-iations ill the cliat-actcl- of ovules, oyarics, 
antl iruits nlay i~ivolve al)ogallly, accoi-tli~~g to Seg-1-111 ( 1934). Segrul  
reljortstthat the grape Taoliverj-, n-hicli has the iniperfect h c r m ~ ~ l ) l ~ r o -  
dite tjrpe of flo\vers, de\relops I~ei-ries \vitli emlttj7 seeds \vlie~i there is 
no l~ollination ant1 tliat  lien these is self-pollinatioii tlie ])el-1-ies Ilia!. 
have empty seetls, or seetls \\-it11 an e~itlosllei-111, or seeds \vitli all 
ct11l)r~:o. Segrul Itelieves tliat the l,ollen of tlie iiiiljerfect liermal~liro- 
tlite flo\vers call not fu~lction in fei-tilizatio~i I ~ u t  can csert  a stiin~ila- 
tive influence, hence lie lists tlie variety Tao l i~~ery  as esliiljiting a ~ ~ t o -  
nomic pal-thenocarpy, factiltati~~e al~ogaiiiy, aiid induced apoga~iiy. 
, x I lie variety htuscat oi Alesantlria has perfect Ilel-n~a]~Ii~-otlite flow- 

crs. ant1 accortling to Negrul, it n7ill ~~rotl i ice nftc'i* r~iitrsr-~tlnfiori antl 

rc~iliio~rl t r i i j l  /~olliiic~/ioii ~illitrlsoc~*z~c~r. (1 ) so~iie 1jcl.rics ~vitli i ~ o  scctls, 
( ~ 2 )  some I~cri-ics \\.it11 e~iipty scctls, (3) sciilic ltcrries n-it11 scetls 
\vliicl~ lial-c. an  entloi;lje~-iii, aiid ( 3 )  sonic. berries \\;it11 seetls i\~liicli 
contain c~iilj~-j,os. Self-polliiiatio~~ also g i ~ ~ e s  tlie saiiic 1-ange (ti tlcvelo11- 
nic~lts. It has long bcen Iino\vii that tliis grape is one of tlic v:u-ieties 
\vIiich \\i l l  1)roduce a large 111-oportioii of ljartheiic~cai-pic iruits \\hen 
there is imperfect ~~olliiiatioii-a condition called "ATillerantlage" in 
J7r;~nce (Bioletti, 1921). ;lccording to Segrul,  there is in tliis grape 
( I )  facultative partlienocarpy, hotli of tlie vegetative and tlie stiiii~ila- 
ti1.c types ; (2)  al~ortion oi sollie of tlie e~iil~i-yos tliat arise fi-on1 apog- 
:ull!. ; ancl ( 3 )  maturity of some en11)i-!.os 1ty apog;rrny. Alsc~, tliis grape 
can 11e ~isecl as a seed parelit ill cross-l~rcetling (csl~ccially Siiytler, 
1935) ant1 it is ccrtaitl that fertilization iiiay occur at least in ccrtaill 
ovules. I t  is not clear to what extent t1iei;c tliffei-cnt tle\rc!lol)~iiuits 31-e 
11ossil)le or facultative lor i~itliridual ovules or to n-hat csteiit they are 
ol~ligate. 

Kunlei-ous seedlings l i a ~ e  alreatly ljeen gro\I7n to tlie fruiting age 
\\-hich have various seedless grapes as a pollen parent ant1 of thcsc 
several progenies have txvo generations ol seedless l~lants a s  l)olle~i 
~ ~ a r e n t s .  (See eai-lies reports by Stout, 1928; 1933.) These have bee11 
studied as to the type of flower, the character of the fruit, aiid the 
cstent to \vhicli seetls develop in the iiiatui-e herries. Tests for the 
~xeseiice of apogamy and Tor i~itlucecl pal-thenocai-p~r IIJT eiiiascul a 1' ton 
ant1 cctntrolled pollination have thus far been lllade for oiilp a few 
ltlants. 'The seedling rilles ha\-e ljee~i sul~jectetl to self- and cross- 
ljollination under vi~ieyarcl conclitions, controlled self- aiid cross- 
1jollin;ttions have 1,cc11 illade for sollie plants .~\:liich are being used i l l  

i11rtl1er ljrectling, atid studies have been iinade to ascertain the clcgrccs 
of seetllessness that csist \vheli tl~ei-e is adequate pollination. 
:I large l>roljortio~l of scctllings ljcar scetled fruits ~vitli at  least o ~ ~ c  

scetl of tlie nor~nal type in each 1)erry. Some of the seedlings bear fruits 
;dl of \\.hicli are fully seedless to tlie degree that the largest seeds arc 
only small antl mucli aljort-ed. Ret\vee~l tllese t\vo extreines there arc 
many intermediat:es in respect to tlle maxitiium development ~vliich 
any of tlie seetls iiialie. The clusters of fruit ~ ~ r o d u c e d  by various 
secdlitigs also disljla~, partial rariatioli ; that is, there arc 11iixtu1-es of 



1)crrics oI tlifi'c~-vnt sizes \vl~icll tlilTel- in tlie c o ~ ~ l l ~ l c ~ n ~ n t  oi seeds ant1 
in thc gradrs of thcir clc~.clo~)rnent. 

, . I lic 17erries of g r a p ~ s  niay l)e classetl as scedetl ~vlien tliej. contain 
one or niore seetls that a1-c of such size and t l c~ ,~ lo l~mcnt  in resprct to 
the hartl~iess of the outcli- integ1111ient that they are at least noticeal)lc 
i f  not 1111rni;k1. 

Ln o ~ l c  class of seetllings all berries, with rare excel~tions, contain 
at  least one apparently noriiial seetl (Fig. 2 ) .  'The formation of fruit 
seeills to l)e tlependent on the cle\~elop~~lcnt of seed aiitl as no cases of 
;il)ogamy have been ol~servetl in tliese plants it may lie con~ i t l e r~ t l  that 
~jollination antl fertilization are  necessar~~ for the j)roduction of seetl. 
The numl~er of seeds 11cr 11err~-, juclgetl 1 1 ~ 7  the numl~er present in tlie 
greatest numl~er of l~erries, tlifiers for various l~lants and may he one. 
tlvo, 01- thl-ee. I'ossil~ly plants may 11c fo~md in ~\.hicll this 11trnil)er is 
iour hut thus far  none has I~een notetl. As a rule. \\,lien the seetl co111- 
~jlcment in :L I)ei-i-!T is less than four, the other c)~iules a l~or t  to mere 
traces quite as s l ~ o ~ v n  in Fig. 2, 11ut in certain cases stenospermic 
scetls are present along wit11 normal seeds and al~oi-ted o ~ ~ u l e s .  

second class of seedlings prodtlces seeded I~erries aiitl seetlless 
ljerries in t l ~ e  same c1~1ster and sttcll plants possess partllenocarl~y or 
stenospei-mocarl~\.. In  se~.eral cases of facultat i~~e vegetative j)artheno- 
carpy the clusters were frequent1~- mixtures or large-scctletl I~crries 
and sillall seedless I~erries (Figs. 3 ant1 20), esj7eciall~- when tlie plant 
had f lo~e i - s  with reflexed stamens. 

Seetls \vIiich are hartl and \vhicIi a l ~ j ~ e a r  to 1)e well tleve1ol)ed rn;LJr 
l)e al~normal in respect to their contents. The mature l~erries l~roducctl 
1)). one seedling \vIiich lvas studietl contained large hartl seeds, I ~ u t  
the majority of them had no endosperm or nucellus, or only traces ol 
them, and the sclerencll~.~~ia extentletl in~vard and encroached on the 
space ilormally filled nit11 cntlosl~erm. In a fe\v of the seeds an eml~ryo 
was found, I ~ u t  it was not fully de17elol1ed. Tt is possible that for soille 
seedlings all of the I~est-tlevelo1,ed seeds are empty or not vial~le, altho 
the); are of normal size and shape. 

S1;El)S JYTTICH CKI-TSII 

Seetls \\-hicll crush readily l)c.t~\-cell the tcetll characterize ccrtai~l 
seedlings. Such seeds maJr apljear to 1)e nor~nal as t~n size, lol-111, :wtl 
contents. 

13rittle seeds or seetls \vllich 111-eak cluitc easily illto i ragnle~~ts ,  arc. 
pi-oducecl by certain seetlli~lgs. I;reclue~~tl). i11c.i-e arc. also seetls tllat 
are soiile\\:hat shrivelled or greenish in colo~-, or c.\.c~l tlccitletlly soft 
ant1 of the type classecl as stenospermic. 

PAPERY SEEDS 

I;or certain seedlings the largest seeds pi-oducecl are of large size, 
hut the integ-uments are tough. "papery", and flexil~le. The  seecls are 
~nostly einpty ant1 the ~valls call be compressed. 'The tissue nrhich lje- 
comes sclerenclim~.a in normal seeds is in these seeds flexiljle an(l 
to~lgll. 

l i S I ' R E h I i <  PtlRTl~ll, V A R ~ I ~ T I O N S  

ICsti-erne liai-tial \rariatiolls occur in ivllicl~ aljoi-tetl ovules ant1 steno- 
spermic seetls are 111-esent along with one or more grades oi tlevelop- 
ille~lt listed ahove. The distri1)ution of these  ma)^ I)e sucll that somc 
l~erries coiltaiil only fully aborted ovules, others have 110th alIortet1 
o d e s  and stenospermic seeds, and others have the illost lully de- 
velopecl seeds, together with one or more of the lower classes. I n  some 
cases there is evidence oi a pal-thet~ocarpic development of the seedless 
fruits. 

SEED1,INGS WHICI-I BE.IR FRUI'I'S WITH STEXOSPERlTIC SEEDS 

'The seetls \\.llich are here classed a s  stenospermic are only partly 
develol)etl in some one or more features. They are often misshapen or 
constrictetl at  the mici-opylar end. Usually, they are  greeilisll in color 
antl 11t11py or soit in ~vl i ic l~  case tliere is feeble de\relopi~~ent of scleren- 
clly~iia 11ut often tliere is an  excessive de.\.elopment of the rest of the 
outel- integu~nent. i\l;tny stenospermic seeds coi~tain nucellus, embrj~o, 
ant1 elitlosperm, either alone or tc~gether, in various degrees of relative 
tle\relopme~lt (Figs. 1 to 14) .  

Of the seedling-s \\lhich have all-eacly iruited, over SO bear fruit iil  

\vhicll the most fully dcvelopetl seeds are to Ije classetl as stenospermic ; 
lit~t in respect to the maximum tleveloljment of seetls ant1 the 111-ol~or- 
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FIG. 29.-From a seedling (NO. 12570) which produces stenospermocarpic fruit. 
The embryo sac is apparently ilormal and able to function in fertilization. The 
inner integument protrudes noticeably beyond the tip of the outer integument 
which is an abnormal feature frequent in certain types of seedless grapes. x 50. 

FIG. 30.-Also of seedling No. 12570. Longitudinal section showing course of a 
pollea tube thru the calotta. The pollen tube is coiled and enlarged in the 
micropyle where it first comes in contact with the calotta; its course thru the 
calotta is somewhat siiluous; and the end of the tube is in contact with the egg 
apparatus. The outlines of the egg and synergids are faintly indicated but their 
nuclei are at a slightly different level. The dark-colored inner layer of the 
inner integument is well showil and it is fully differentiated at the time of 
fertilization. X 180. 

FIG. 31.-From seedling No. 12600. Cross-section at apex of a steilospermic seed 
from an almost mature fruit. Shows some sclerenchyn~a, the fully differentiated 
layers of the inner integument, considerable nucellus, and the cavity of the 
embryo sac with a small compact ball of cells of the undeveloped embryo. X 25. 

FIG. 32.-From Stout Seedless (No. 10918). Apex of ovule about 4 weeks after 
time of pollinatio~~. Shows a rather large fertilized egg lying against the i~lsicle 
of the calotta. Under the microscope with high magilifications it is see11 that 
this is a group of several cells with thin separating walls. X 120. 

FIG. 33.-Apex of a steilospermic seed of the Sultanina Rose grape from a mature 
berry showiilg ball of tissue comprising the undeveloped embryo, and granular 
material surrounding it. X 35. 

FIG. 34.-Portion of the apex of a steilospermic seed from a mature berry of the 
Sultaniila grape showing especially the ball of tissue comprising the aborted or 
undeveloped embryo. X 40. 

FIGS. 35, 36, and 37 are cross-sectiol~s of a medium-sized ste~lospermic seed from 
a ripe berry of the Stout Seedless grape. Fig. 35 is at the apex ( X  30) and 
shows the aborted embryo surrounded by fibrous remnants of ilucellus. Fig. 36 
(X 30) is a medium section of the same seed showing the collapsed and fibrous 
remains of the nucellus, the scant development of sclerenchyma, the distribution 
of ta~lilin cells in the pulp, and the irregular shape of the entire structure. 

FIG. 37.-A portion of Fig. 36 more enlarged. Shows the amorphous nucellus, 
absence of endosperm, the black compact cells of the inner layer of the inner 
integument, the relatively thin tissue of the sclerenchy~na, the cells of whicl~ 
are somewhat thickened. X 80. . - 



tion of such seetls in the 11ei-1-icls, there is much ~r;lriation ;Inlong thc 
seetllings. 

(;RJTTV STI:IZ'OSJ'I~:RN I C  SI<III)S 

, ?  1 he largest seetls i l l  the largest: fruits (Fig.  10j of one seetlling 
( S o .  12,559) o1)tainetl TI-om a cross bet~reen seedling S o .  8.536 ((;o~i. 
X Tolia) X Sultanina) are of nearly normal size aiicl shape, I~u t  tllcy 
are green in color ant1 soft except for sollle grittiness ~vhick is noted 
\\hen the herries are inasticatetl. :Entloslm-m and traces of e m h r ~ ~ o  
inay be found in a few of them, 11ut others are allllost: eml~ty  and col- 
lapsed and oil some there is a black area in the region of the chalaza. 
Tlic hcrries of sillallei- size contaiii siilaller and Illore rudimental-J. seetls 
that are often fully soft. Clusters of flowers in 11ud \\;ere emasc~~latetl 
ant1 enclosed in paper hags and these ~)rotluced ~rell-fillet1 l~t~nclies of 
small-sized seedless 11eri-ies, showing tliat the 11lant also has the cliar- 
actcr of vegetative parthenocarl)y. The untle~eloped ovules in these 
~)artl~ellocarl)ic fruits are siiiall enil~ty sacs quite like the aborted ovules 
in the ste~~ospennocarpic fruits (Fig.  10) .  

.Aliothei- seedlilig (No.  18,110; 01-igil~ating from a cross l ~ e t ~ r c e ~ l  
seetlling No. 10,902 1 S o .  8,396 (Dela~varc X Goff) X Concortl Sectl- 
less] X Sultanilia) whicll has gritt!- seetls (Figs. 4 antl 39) \\.as 
stutlietl. 'l'hc bel-ries contain from one to fotii- rather plu111l1 secils th:tt 
are soft-gritty. R cross-section of one of the seeds is s h o ~ ~ n  in Pig. 39. 
?. 1 he sclerencli\.ma is present hut fornls a 17nuch tl~iniier layer than in 
normal seetls antl outside of this there is the excessive tlevelol~ment 
of soft tissue characteristic ol stenosl~ermic seeds. Entlosl,ern~ is \\-ell 
de~elo1)etl ant1 an ell1l)ryo is often present, but the otltlii~e of the sclereli- 
chyiila ant1 of the outside of tlie seetl is rountletl \\.it11 little evide~icc 
of fossettes. S e a r l ~ .  cvery berry has at least one gritty seetl, and \\rllen 
there are less than four such seeds, the other ovules are much abortetl. 

SOI?r OK Oh-LY SL1t;HTLY G R I T T Y  STI<KOSPERAIiC S1S1SI)S 

ITor various seetllings the largest ant1 most completely t1evelol)etl 
scctls are either soft or only slig-htly gritty. I n  this group are inclurletl 
the seetlli~igs tliat are coiisitlered to 11e most promising for culture. 111 
respect to seetllessness some of tlienl are very ~learly like the Sultanina 
and Sultanina liose. I11 1-espect to the size ant1 sliape of the steno- 
s l~er~i i ic  seeds, tlie extent of tlle tle\ielol~ment of eiitlospertu and eml~r j~o .  
and the propoi-tions of completely al~oi-ted ox-ules, there is coi1sideral)le 
~;lr iat ion.  Sevci-a1 sc:etllirigs Iila!r 1,e cited as t!.pical of this class. 

.S('('dlill,q ;Yo. 12,.5Y7.-lioi- this ~ ) l an t  \vllich has the same osigil~ as 
No. 12,55C), ~iearly all hcrries havc at lcast one largc-sized scctl \vliicll 
cont;~ins an  embryo ant1 elitlosl~erll~ in atl\:ancetl stages o i  dcvelol)~iic~lt, 
ljtlt tlie seetls are soft or merely firm ant1 slightly 111-ittlc. No  tloul~t 
under s1)ecial cttltui-e many of tlle eml~ryos \\~oultl germinate. I11 this 
1)lant the ahi-roi-ma1 cle\:elopments appeal- to I)e confined chiefly to the 
outer itlteguilient. 

Serdlirlg ATo. 12,.?.51.-At lcast some of the largest scetls (Fig.  13) 
in tlie mature fruits of this seedling (1,arcntagc same as So. 12,559) 
contain both endos~~erm aild eml~i-yo ; tlle sclereiichyma of thc seetl 
coat is poorly developed ; tlle mature seeds are soft, 01- slightly l~rittlc, 
and green in color \lit11 conspicuous l~lacli areas sllo\ving on the surface 
of some of them. Xumerous of the illore ruclimentary seeds colitaiil 
only a shrivelled nucellus and are practically empty. 

Srcdli~lg ~\ro. 12,572,-This grape, ~ v l ~ i c l ~  has the saille origill as 
S o .  12,559, pi-otluces no hard and fully norilia1 seeds. The largest 
seetls in rnatt~re l~erries are yello\~-is11 green in color aild ma!i colitaill 
an en1l)r)~o ant1 entlospcrm in various degrees of relative develolxi~mt. 
Special sttltly was nlatle of the contlition in the ovules about six mreeks 
after antlicsis at the time \\-lie11 the sclerenchyma in normal seetls is 
I-ather fully formed. 111 Fig. 44 is s h o ~ r n  a lilediall cross sfction of 
such all ovule. The sclerenchyma is feebly developetl ant1 only at  a few 
~ ~ o i n t s  does it consist of more than one layer of cells. Tlie inner iiitegll- 
ment is normal in appearance, which is a corlditioll quite general for 
tlie larger steiiospermic seeds of seedless grapes. The outer layer of the 
nucc l l~~s  is clearly tlill'erentiated as a single layer of coillpact cells. The 
entloslxsni fills the space within the nucellus. The outer portiotl of 
tlie outer i~ i tegt~~i lent  is strongl!, develol~etl as fleshy tissue \vitll a con- 
sitlcra1)lc numl~er oi tannin cells ill the inner portion. 

Srrdlilrg No. .1.5,302.-This seedling nras obtained by crossing On- 
tario with Sultanina. The  clt~stei-s of fruit are large and well filled. The 
I~erries are aml~er  in color, meaty, v i~~o t i s ,  and of excellent f l a ~ ~ o r  and 
cluality. Tlie al~ortcd seeds range froin one to six per 1,erl-51 ; they al-c 
r ;~thrr  large, hut arc green antl soft or sliglitl!r gritty. The snlallest 
1)crries 11a1.e one or t\ro stenos~~ermic seetls quite like the seeds in tlie 
larger l~erries. I11 tlie mature I~erries 1vhic11 were exa~lliiled no rutli- 
ments of o\rules -\vc~-e fount1 or itlentifietl. ,111 the seetls were quite 
alike i l l  alq)earance. 

Srrtllirlg N o .  10,918.--'This grape was ilamecl Stout Seetllcss 
( l lo~ \ -c ,  1929), ant1 -\\.as o1)t;linctl 1,y crossing seedling No. 9,135 



E X P L A N A T I O N  O F  FIGS. 38 T O  46 
(All of these figures are magnified about X 25 except Fig. 43 \vhic11 is X 75. 

Fig. 39 is of a hand section, the others are of n~icrototne sections.) 
FIG. 38.-Cross-section near the middle of a normally developing seed, and above 

level of the embryo, about 4 aieelcs after pollination. The sclerenchyma is very 
fully formed; the outer pulpy tissue is relatively thin and contains nunlerous 
tannin cells; a d  the shape of the mature seed is already detertnined. The 
endosperm is developing and the nucellus is beiug absorbed. The outer layer 
of the nucellus is shown against the inner layer of cells of the inner integument 
\vhich appears as a conspicuous blaclc layer. 

FIG. 39.-Media11 cross-section of a gritty stenospermic seed fro111 a ripe berry. 
Several layers of sclerenchyma cells surround a well-developed enclosper~n ; the 
outer pulpy tissue is somewhat excessive in amount; fossettes are not fornled 
and the seed is nearly circular in outline. 

FIG. 40.-Longitudinal section of a steilospermic seed from a ripe berry of the 
Sultanina Rose grape. Shows the feeble develop~nent of sclerenchytna. The 
inner integument is collapsed except at  the chalaza. Neither endosperm nor 
embryo is present. 

FIG. 41.-Median cross-section of a stenospermic seed almost identical to that 
sho\vn in Fig. 40. Shows zone of tannin cells surrounding the thin zone of 
sclerei~chytna and the dark-colored layer of the inner integument which has 
collapsed upon and with the shrivelled nucellus. 

FIG. 42.-Longitudinal section of a meclium-sized seed from a ripe berry of the 
Stout Seedless grape. There is considerable sclerenchyma surrounded by a 
rather dense zone of tannin cells in the pulpy tissue. The inner integument 
protrudes far beyond the lip of the outer integumetlt. Cells, most of which 
are endosperm, are scattered in the main cavity. 

FIG. 43.-Sholvs an enlarged view of the protrusion seen in Fig. 42. The three 
layers of the inner integument are involved in the protrusion. A hall-shapetl 
mass of cells constitute a living embryo but its parts are not developed nor dif- 
ferentiated. Some remnants of the nucellus are some~vhat mingled with endo- 
sperm cells. 

FIG. 44.-Median cross-section of a developing stenospermic seed of seedling 
No. 12572 about 6 weeks after pollination. The sclerenchyma is feebly de- 
veloped ; the layers of the inner integument are fully differentiated; nucellar 
tissue is ~lorinal and conspicuous in a'mount; in the center of the ovule is a 
cylinder of endosperm. The seed is cylindrical in the outline of the cross- 
section. 

FIG. 45.-h4edian cross-section of a typical medium-size seed of Blaclc Monuklca 
fro111 a ripe l~errp.  Only fibrous traces of the nucellus are seen; there is no 
endosperm; the sclerenchyma is feebly formed. 

FIG. 46.-Median cross-section of a developing seed of the Stout Seedless 
grape (which has stenosper~nocarpic fruits) about 4 weeks after pollina- 
tion. The sclerenchyma is composed of a thin layer mostly one cell in thickness 
and absent in areas along the dorsal side. The fossettes have appeared. There 
is no e~ldosperm tissue. The tissues of the nucellus fill the interior of the ovule 
except for a small cavity iii which the embryo sac was located. 



('l'riuiiipli X 1)utchcss) X Su1t:unina Rose. l'he seed ~ ~ a r c n t  es11il)its 
l~art ial  \7ariation i l l  its frllit-s \\-it11 sonle that are seeilless ailtl sonic tliat 
lla\re one or t\vo l~rittle seetls, sonle of 1~11icll are \ial)lc. 'The pollen 
1)arent has seetlless fruit of the stenospermocarpic t ~ . p e  a11cl the Ii-uits 
of this seeclliilg arc also to be thus classed. Since this plant \\:as the first 
of the seetlling-s ol~tained in this breeding project ~vl~ic l i  produces 
stenospennocal-pic iruits, sljecial study \\-as lllade of the tlevelol~nient 
of the fruits and the seeds and of the requirements for setting Iruit. 

'I'lle polle~l protluced by seetllillg S o .  10,918 is highly via1)le ant1 
pollination seems to be necessary for the setting of fruit. C l ~ ~ s t e r s  ( ~ i  
flowers that \$rere eillasculated in the but1 and enclosed in paper sacks 
l1a17e all failecl to produce fruit. Coiltrollecl self-pollination has given 
I\-ell-filled clusters of berries. 

The berries usually contain froill one to three rather large pulpy 
a i d  soft or slightly l~rittle steilos~~ermic seeds of irregular slial~es (Fig. 
9 ) .  Tlie size of the seed-like structures tliminisl-~es tuntil there are 
soille that are  illere flakes. CTsually, there are two cells in an  ovary, 
but tliere 111a)~ be three \\,it11 a t  least five ovules. At the time of anthesis 
it is the rule that the ovules ai-e all quite alilie in appearance and there 
does not appear to l ~ e  any noticeal~le abortiotls of ovules pi-evious* to 
this time (Figs. 22 aiid 23) .  Embryo sacs in soille stage of cle\lelopment 
appear to be present in the ovules and soille of theill a re  appareiitly 
normal. Pollell tubes \yere observed passing- thru the ilucellar cap ant1 
also in contact -\\?it11 an egg. 

A4aterial collected about one month after polliilatioi~ showed in 
certain ovules a small globular emhryo coml~osed of a l e ~ v  cells, a nar- 
ro\\7 central cylinder of rather few endospernl cells, aild iliuch nucellar 
tissue. 111 Fig. 46 is sho\vn a iliecliail cross-section of an  ovule at  this 
time \vhic11 uras 11resumal>ly destined to becollie one of the larg-er seeds. 
r .  1 he sclerenchyma is almost al>sent and is niostly composed of a single 
layer of rather thin-~valled cells, the nucellar tissue fills most uf the 
space ~vithiii, and the endosperm is lacl<ing or composed of only a i e ~ \ ~  
scattered nuclei. 

I n  mature frtiits many of the larg-er seeds are empty or nearly so ; 
others have some endosperm with or nrithout an  einl~ryo in vario~is 
stages of development. 111 some seeds e~ltlosljerni and c~ l i l~ ryo  arc 
present and fairly nrell de\reloped. 

r 7 111e conclitioi~s in many shri\:elled seeds are sho~vn in Figs. 35, 
36 and 37. I n  median cross-section it is see11 that the nucellus has 
collaljsetl antl that the entlos~~ernl has either not de~relopetl or 112s 

tlisi~it(~gratc(l. 'I'lie 1iloi-c cnlargetl ~ i e \ \ -  in 1;ig. 37 slio\vs tlic a~ilorl)hoiis 
coiitlitio~l of tlic nucellus, the \\-ell-tlcfinctl inner layer of the inilcr 
illtegument, and the ie\v cells of the sclerenchyma. :I cross-scctio~l 
i~eai- the inicrol~ylai- end she\\-s a small six-i~elletl eml~i-yo (Fig.  35) .  

I3lacl.r areas tle~elolj in tlic tissues and s l ~ o \ ~ -  on the surface of ~ a r i o u s  
sc~ t l s  of this graljc. A \  stutl!- of the ci-oss-sections of such seeds shows 
tliat the tlensc accuintilation, l)restuiial~l!~ of tannin, forms a conll);icl 
zonc in the pulpy tissuc aljout the seed cavity in the region (Figs. 23, 
41. 44, a~it l  45) in \\.Iiich inany tannin cells ai-e norinally iountl, ant1 
that cxte~~sions  froin this zone may reach the stirface ( Fig. 17) .  Hut 
tlie spots 011 the stirface are  not as large or as frecluellt as in the seetls 
of the Concord Seedless (Fig. 16).  

One type oi al~normalit~r obser\red in this grape is the extension of 
the inner integumeilt iar beyoiicl the outer one, as sho\vii in Figs. 42 
ant1 43. Tlie seed slio\\-n is from a ripe be1-1-)7; it is undersized, niis- 
s11al)eil. and poorly developed, and has soiile sclerenchyma aiid con- 
sitlcral~le ei~tlosperm tisstle. Tile inner iilteguilieilt which protrutles 
thru the micropyle in the forill of a sacli may readily be traced by its 
c1arl.r-staining inner layer. Endosperm tissue fills illost of this pro- 
trutletl part. A t  the extreme apex tllere is a group of disiiitegrated cells 
of tllc nucellar cap and l~ehind this a glohular embryo composed of 
~ )c~rha l~s .50  cells I\-hich c~ident ly  remainetl alive but dormant thruout 
tlie summer. Ilehintl this e m l ~ r ~ . o  is an  area that is free of cellular 
structures antl \\-hich was prol>al>ly filled lvith fluicls. Faint f i l ) ro~~s  
remains of the nucellus exist about this area. 

Scca'li i~g ! ITo. JZ.j70.-In respect to the quality of the fruit this 
scetlling, ~vhich has the same parentage as Xo. 12,559, is one of the hest 
of those .irliicll bear stenospei-mocarpic berries. The  largest seeds arc 
fleshy antl grecil in color ; soille have a 11lacl.r spot irregularly 1,laced ; 
some arc  some~vhat brittle : 11o11e is hard ; and a few seeds ill mature 
berries contain traces of ei~dospei-111 or embryo. The smaller seeds 
ant1 the tiny rutliment-s are fleshy, red in color, and de~roid of contents. 
;It the tiille of antllesis at  least some of the ovules of this seedling s h o ~ ~  
sofile ljrotrusion of the inner integunient (Fig. 29) .  Tllis ieattire of 
abnormality was observed in much greater degree in some o.\.ules ol 
Stout Seedless. The protrusioll of the nucellus is a regular feature i l l  

the ovules ol TVhite Corinth for whicli fruit de\~elopment is l))r  \regeta- 
ti\,e parthenocarl~y. 'The eml~ryo sacs in some of the ovules are  able 
to f u ~ ~ c t i o n  in fertilization. 111 Fig. 30 is shon~n the polle11 tulle in its 
course thru the calotta to the egg and synergids. 



52 

.\'rt~tllii~,q il'o. 12,.5S.S.------,\t the present tiinc iliis scctlli~lg (irolltis- 
piccc) is rated as o17e uf tlic 111ost 1)roiiiising of tllc S C C ~ ~ ~ I I ~ S  tliat j,icl(l 
seetlless or tiear-sectlless fruit. 'l'hc clusters are oi gootl size ant1 \\lcll- 
filled ; the berries reach a tliatnetcr of inch, \vhich is rather large for 
seedless fruits ; the color is a ricli light red ; the fruits are fully ripe a t  
Gelleva oil Octo1)er 1 ; ant1 the quality is excellent. 'l.'herc are \\;icle 
tliflcrences in the size oi tlle seetls (Fig.  7 ) ,  but the largest are green 
in color and 11ull1y \vith an enlarged but soft outer iliteguiiieiit withill 
.i\rliich there is oi~ly a slig-l~t development of the sclercnch~~nia. Sonic 
of the seeds of this seedling have embryo or entlos~)erm in various 
stages of de-\~elopment. The medium-sizetl seeds are entirely soft antl 
often irregular in shal~e,  The  smaller sizes are red ill color. Tn eating 
the fruit of this seedling one is not a\vare of the largest of the seetls. 

Seeclliilg 12,533 was ol~tainecl from a cross I ) e t \ ~ ~ e n  seedling S o .  
8,536 (Goff x Tona) and Sultanina. The vine is large, vig-orous, anel 
productive ; the cluster large, sliouldcretl, long and medium coillpact ; 
the berrji large, oval, adherent, and light r ed ;  texture melting ailtl 
juicy; flavor ~,inous ancl nearly sweet; cluality good ; slrin mediutn 
tough. This seedling has bee11 nametl Bronx Seedless. (See frontis- 
piece.) 

Sretllillg Are. 15,194.-This seedling has lor its seed paretit Goltlen 
hluscat and for its pollen parent Stout Seedless wliich in turn hat1 
the Sultanina Rose as its pollen parent. Thus, the plant No. 15,194 
has t\vo generations of seedless parentage in the pollen parents. 01 
the 14 plai~ts of this series ~ v l ~ i c h  l l a ~ ~ e  fruited, 6 hear seedless or near- 
seetlless Ilerries. The seedling No. 15,194 is ranlred as an excellent 
plant. The clusters of lruit are of fair size, allout 6 inches ill length, 
and they at-e well filled wit11 1)erries of which matly are iiich ill 
c-IiameYer. The seetls (Fig.  8) are all shri\.elled a t  the apical end ant1 
noticeably wedge-shaped. The largest are greenish and soft or 
somewhat 1x-ittlc. As a rule the larger l~erries h a - \ ~  one of the larger 
green sectls along ~ v i t h  one or two slliall and allllost nrliite rtitliinciits 
of seeds. The sections of the largest sectls of ripe bcrries slio\\~ i l l  

sonle cases several layers of sclei-enchyn~a and a small g1ol)ular eml)ryo 
hut only shri~7ellecI remi~ants of endosperm or nucellus. 

Seed l i vg  i\To. 17,404.-This seecllit~g, derived froii~ i\iIelton 11y Stout 
Seedless, has fruit very lilie that of tlie pollen parent. The largest 
seeds (Fig.  12) are green, soft or slightly gritty, noticealjly constrictetl 
at the micropylar end, and endosperm and eml~ryo are often present. 

Srcdlil ig N o .  14,,099.-7'1iis plant has lor its parents seedling No. 

0,130 ('S.'ri~unpli x Uela\vare) aiid Sultaiiina. Tllc seeds ill t . 1 ~  ripe 
1)erries of this ])lalit arc of sinall size and noticeably flattened and 
shrivelled. Sotlie arc allnost white in color; a fen; are dark in color. 
7 ,  .I. 11e largest seeds appe;tr to be empty or to coiltaiil otlly remnants of 
a tlucellus; the otttcr integument is relatively thin botlz for the outer 
l>ull)y 11ortion and for the sclerenchyma n-11ich is poorly clevelopecl. 
:l'11e lruits of this plant arc very fully seedless, 11ut the berries are 
rather small. The clusters arc of fair size and well-filled. 

Sre(ili11g N o .  171,105.-The largest seeds in the illatuse fruits oi this 
ljlant are unclersized, misshapen, and some~\rhat shrivelled. Most of 
tlie~il are tlal-li and altllost I~lack at the larger end. Sillaller rudiments, 
sonie oT \ ~ h i c h  are mere flalces, may also be present. The seed parent 
is seedling No. 9,135 antl the pollen parent is Black iKonuli-lea. 

Seedlijrg ATo. 17,191.-This seedling (Fig. 14) produces large clus- 
ters oi medium-sized beri-ies oT good qualitj7. I t  \\,as obtained froln 
;L cross between S o .  8,536 (GoSl s Iona) and Stout Seedless. 'l.'lic 
largest seeds are fleslly and soft or slightly gritty. Frecluently, there 
is a sunlien area and a sillall (lark spot in the region of the cl~alaza. 'l'hc 
larger seetls often contain -\veil-developed endosperm and embryo. 
r - .1 here are some sillall berries but usually these have one stet~ospertiiic 
seetl. 'l'he fully aborted o\7ules are tiny or so stllall they are not found 
in tlissection. 

S e e d l i ~ i q  N o .  17,452.-This seedling, obtained frotll a cross of Mel- 
ton n:itIl Ulaclc Mol~~lklia,  is one of tlie iew l~lants thus far obtainetl 
~\ihicli produce stenos~1ermocas11ic fruits and haw. flowers wit11 re- 
flexed stamens. The  largest seeds (Fig. 1 I ) are shrivelled, g-reen, ant1 
soft. The q~iality ol the fruit is excellent. 

Ser t l l i~ lg  ,!\To. 17,936.-This seedling has Golden Muscat for its 
seetl parent aiitl Stout Seetlless ior its ~jollen parent. The bunches are 
large and vvell filled with greenish aml)er berries illost of which are 
about 9/16 inch in cliameter. The seecls in the larger berries range 
fro111 1 to 5 ; they are undersizecl, sl~runlcen, soft, and greenish in color. 
Many of the seetls are empty except for traces of ilucellus or for stllall 
1);~ll-like groups ol cells of ail tii~developed embryo. X le\v stllall 
1)~i-ries are llresent ailel these have either sillall rtlcliments of o\iiilcs or 
lionc tlxtt call l ~ e  found. 

SEEDLESS FlIUI'TS O F  T I I E  COKINTI-I TYPE 

'I'llus far 110 seedling obtaiiied ill this breeditlg project has Ilor~le 
fruits in cfua~ltity \vhich are all exclusively of the Corinth type. Various 



scetllings \~hic l l  fruited sl~ai-scl!. ill 193.5 l~atl  ;L 1;u-ge ])rol~ortion oi 
st~cll berries. 111 se\.ei-a1 scctllings there \\.ere niisturcs oi scctllcss ; ~ i i t l  

sectletl I)el-1-ies ; in othcrs there \\.?re sectllcss ;~ntl stcilos])c~i-t~loc:~r]~ic 
l~ei-ries. I n  sonlc cases it \\-as tlcte~.iniiiecl that there is facllltati~c 
l~arthenocarpjr. 

For  several seeclliilgs it seeins that the foriilation oi the rclativel!. 
large proportioi~ of small berries involves obligate vegetative parthe- 
nocai-py. 'l'hese seedlings are  considered to be I\-ortliless Tor culture, at 
least ill comparison \\.it11 tlle plailts ~vhich hear the hetter stenosperino- 
carpic fruits. 
, . 111e seetletl seedliilgs of the progeny of Corint11 g-rapes usetl as 

ljollen parents \\lit11 seeded grapes are being selfed, cross-pollinatecl 
a i ~ l o i ~ g  thei~lselves, baclr-ci-ossetl \vith the Corintli grapes, antl also 
ci-ossed with various grapes \vllicli have stenospermocarpic fruits, 
including cei-tail1 plants that also have vegetative parthenocarl~y. In 
the lxogenies \ ~ h i c h  are I~eing groxvn some plants n~liich produce 
lx~sthenocarljic f r t~ i ts  of the Corinth type may he expectetl. 

SEEDLESSNESS IN GR.\PES 

' h e r e  arc  two distii~ct types oi seetllessilcss in the "seedless" I7i11i- 
iera g-rapes that llave already I~ecome importatlt in cultivation and 
which have been used as pollen parents in the breecling project re- 
11ortec1 in this bulletii~. 

l'lre Cwiiltll grapes have relatively sniall-sizetl and entirely seetlless 
berries. The o\~ules are allortiye and uiia1)le to function in fertilization 
antl the fruits are produced by parthenocai-py. Ti1 the \Vliite Coi-inth 
grape tlie ovules have but one integument; the nucellus protrutles into 
the cavity of the ovai-!7 as a tongue oi tissue that is usually entirely 
sterile and vegetative, altlio in sollie ovules stages in the formation of 
an  embryo sac are fountl. I n  the Black Coriiltll grape the ovules have 
the two integuments and the embryo sacs tlevelol>, l ~ u t ,  except in rare 
instances, these are al~ortive ant1 evitlentl!. tlo not iunction ill fertiliza- 
tion. The flonrers of these Corinth grapes are oi the perfect 11ernlal)ll- 
rodite type. The  stamens produce some viable pollen, ljut the evi- 
clence is that pollination of any sort tloes not change the character of 
the fruit. The berries are relatively sii~all and this coilditioil liillits the 
value of these grapes for culture as tal~le grapes. 1311t the fruits are 
(11-ietl ant1 soltl as "currants" ant1 the culture of the currallt-gi-al~c~s is 

:un inrl~(xt;~nt inclustr!. ill Greecc (I-J.~~sllia~ln, 1920). Tlle Coriiltll 
gra11es ;xe ilot 11:~tIy in Se\v  \.'Ol.li State. 

'l'hr .\'l~ltniliiltr 01, 'f'lro~i~psoir .Si~i~tilr.rs gi,crpi, eshil~its  a secoiitl t j ~ l ~ e  
of "seetllcssness" \\-l~ich is also seen in the grapes Sultanina liose and 
Elaclr Monultl<a, ant1 11ossibly also in the Sultana. The herries are 
larger tllail those of the currant-grapes and many of them possess 
some rudiiiieiltaq, or aborted seeds n.11icl1 are often of considerable 
size 11ut nrhich are so soft and pttlpy that they are not noticed \vheir 
the lruits are  eaten. There are also, a s  a rule, some sinaller rudiments 
of seeds and also soille ovules that failed to develop to appreciable size. 
;I considerable number of the berries, especially those of the snlaller 
sizes, 111aj7 contain oilly the aborted ovules. 13011ination seems to be 
~iecessai-y for atlequate yields of fruit and fertilization occurs in at 
least some of the ovules, but al~noi-malities appear during the earl), 
stages in tlle de-\~elopinent of the seeds. The sclerenchyma, \vliicll 
forins the Ilard I~ony part of the outer integ~uilient of a normal seetl, 
is Teel~ly de~relopetl ; the einlji-yo is inerely a group of untlil'ierentiatetl 
cells ; the endospernl is feeldy developed; the entire seed is misshapen, 
shrivelled, and soft. The term siolo.s/~i?~,irry is suggested for this con- 
dition, ancl the fruits nrl1ich coiitain such seeds may be tlesign:itetl 
.~lr~ro.spcr~nocrn~pic. 

The grapes \vllich l1a17e this type of fruit are especially valualjle for 
culture, both for the production of 1-aisiils and for fruit for taljle use. 
The fruits are larger than those of tlie currant grapes. I n  the clones 
nametl al~ove the flo\\,ers are of the perfect-hermap11roclite type antl 
the individual 11lants, as a rule, produce full yieltls of fruit to seli- 
pollination. 

Pn~t ia , i  vnriatio1r.s in the clusters of fruit in n~hich soille of the berries 
are of small size ancl seedless and others are of large size and seetlecl 
:ire kno\vii in certain grapes. In  the important viilifera grape hluscnt 
of Alexandria (Bioletti, 1921), small seedless fruits "occur com- 
ino~lly". Either one of t\vo conditions will produce clusters ~ ~ h i c h  have 
mixtures of seeded and seedless fruit. I n  one condition, all the ovaries 
are alike ant1 a l~le  to develop as seeded fruits, ljut they are also al)le 
to develop 1)y vegetative parthenocai-1,. \\-hich occurs for those pistils 
I\-llich are not pi-opesly ~~oll inated.  I n  this case the parthenocai-~I)T is 
"facultative" ant1 the pi-opoi-tion of seetlless fruits vai-ies greatly accortl- 
ing to irregularities in pollination. I n  another condition, the ovaries 
are unlil<e i l l  respect to the coiiiplement- of ovules and those ovaries 
\vhich tlevelop as seedless lruits lia\re only the abnorinal os.ules an(l 



are  able to develop i l l  110 otllcr and their parthcnocarpjr is "obli- 
gate". 

The writer has not studied the Muscat of Alexandria or used it in 
breeding, but the studies by Negrul ( 1934 j iildicate that the coilditioils 
in the ovaries a i d  o ~ ~ u l e s  i n ~ ~ o l v e  sevei-a1 grades aiid types of develop- 
ment including apogamy. 

Scet1le.s.s grtrpcs l~rrz~c appetrrrtl n s  .scrtllbrrgs arid as  blrti sports  fl-on1 
seetletl grapes ol the types gro\i7n in Xe\v L'orli State. Such seedless 
grapes ai-e fell7 and in nearly all cases the berries have been sillall ant1 
the clusters so poorly filled that the plants were discarded. One "seed- 
less" grape has been cultivated uiider the nai?les Coilcord Seedless 
and Hubbard Seedless. l'he seeds oi Concord Seedless are abortive 
and soft, pollination is necessary ior the formation of fruits, ancl the 
fruits are eviclently stenospei-iiiucai-l,ic but some~vhat different froill 
those of tlie Stlltanina type. 'The aborted seeds have large black areas 
LV-liich extend thi-II a considerable part of the tissues of the seed coats 
aild apl>ear to iil~wlve ail excessive formation of tannin. This grape has 
heen used as  a pollen ~ ~ a r e n t  in 1)reecling and progenies have been 
g-rown illto the F2 generatioil, but thus iar no seeclliiigs thus derived 
have seedless fruit. 

A b o u t  80 .seec/lirrgs lrave rlozu heell t levelo/~etl  \vhich bear iruits of 
the stenospermocarl~ic type, l'hese \\.ere obtained by using the viilifera 
seedless grapes as pollen parents in crosses ~vitli seeded grapes of the 
types Ijeing gro\vn at  the I<xperimeiit Station, i\/laiiy of these seedless 
1)lants apl>eared in the first generation grown irom these crosses. Also 
plants bearing seedless fruit appear in tlie progeny of crosses between 
the F1 seedless plailts and seeded l~lants. There is noticeable variation 
;unong tliese seedlings in 1-esl~ect to the degrees of clevelopii~eiit in the 
various parts of the ahorted seeds, and especially in the tissue that 
iorllls the sc1erencli)~nla. Soille of these plants are  able to develop 
fruits by vegetative parthenocarj~y. If there is pollination, the fruits 
are  stenospei-~nocai-pic ; if there is no pollination, the fruits are sinall, 
entirely seedless, and vegetatively parthenocarpic. A coilsiclerable 
nuniber of these ne\v "seedless" plants possess a combisiation oi desir- 
a1.k characters ant1 seem ~ v o r t l ~ y  of trial under cultural conditioiis. 
'l'l~e plants are llardy, at  least for the average \vinter at  Geneva; the 
clusters are -\\re11 filled and of good size; the fruits are  of good flaxas 
and quality; they 1-iljen at  Geneva; aiicl the stetlospermic seeds which 
they coiitain are soft and not iioticeahle when the fruits are eaten. 

7 /Ire jrriifs oj' yi-n/~c,s trre to 11c c.ln.s.sed us scetlcd ii there is ~ ) r c s e ~ l t  
one or more seeds tliat- are hard. I t  is the rule tliat sucli seetls are oi 
normal size ant1 shal~e and that t h q  d e ~ e l o p  fro111 o17ules in \vl~ich 
fertilizatioil occurred. The de~~elopment of seeds witliout fertilization 
(apogaimj~) occui-s in a ie\\ grapes. There are nearl!. always soi~ie fully 
aborted o ~ u l e s  along witli the one or illore hard seeds in a l>ei-ry and 
the proportion of these is rather constant lor any given cloi~c or in- 
tli-\~idual. The inost frequent number oi seetls 1x1- berry inay I)c one, 
two, or three, or possibly four, according to the particular clone. T11e 
group of "seeded" grapes includes incli-\.iduals n ~ l ~ i c h  have at  least soilic 
fully cle\~eloped seeds, "empty seeds"', or illore or less brittle seeds. 

i"\onsiclerable proportion of the seedliilgs of the progellies -\vhich 
contain seedless plants are seeded. TTliere are also plants wit11 seeds 
tliat are soine\vl~at interinediate betneen t l ~ e  tlorillal seed and the soft 
stenospermic seed in soiile one or inore structural features. There are 
also certain seedliilgs \vhose clusters of fruit exhibit partial ~ar ia t ions ,  
a i d  there are  illixtures of seedless a11d seeded herries. Ill sollie of these 
the expression ol parthenocarpj~ is l ac t~ l t a t i~e  ; in others it is obligate. 

SURVI5Y O F  CONDITIONS INVOLVED IN FORMATION 
O F  SEEDS AND FRUIT IN GRAPES 

'I'lle different de~elopments in the fruits of grapes antl their corn- 
l~ii~ations and iilterrelatioiis atlinit of the following descr ip t i~e  analysis. 

Several types nl ovules are to he recogni/ed in grapes ~v i th  refer 
ence to the development of seeds. 

.-I lJrinblc. t o  ~ ~ o ~ c t r o r ~  ill fe~*iiliznliorr nrrrl ~orcrblc to develop as  seeds 
o f  ally s o ~ t  -Fii-5t ( a )  the o17ules may he abnormal in structure aiid 
composed of only vegetative tissue, a i  in most ovules of the IVhite 
Corintli ; 01- (13) al,ortionq may appear during tlie Formation of the egg 
apl~aratus, a i  111 the Black Corintli. This last-named type of embryo- 
sac al~ortion e\~itlentlj occurs in pnri o l  fhr oz~zllrs ilr rlearly 011 gr.a/~c.s, 
hot11 seedless and seeded. 

13. A b l e  to  develop as  r f e r ~ o s p e r r ~ ~ i c  seetls -111 illally ov~tles of this 
tjq'e fertilizatioil occurs and both the embryo and tlie elldosperm start 
to develop, 11ut abnormalities appear in the formation of tlie seed coats 
antl the seed becomes defective and ahortive in one or more features. 
There are many ovules in which tlie cndoiperrn or the en?hrj7o i i  not 



fotintl ; ~ ~ i ( l  so111c i l l  \\.llic11 ~ i ~ i t l i c r  seems to start tlevclol~mc~lt. It sccu~s 
l~rc)l)aljlc, i l l  s ~ ~ c l i  gr;ilics ;ts Sultanina, Sultanina Rose. I3lncli ; \ lon~~l ; -  
lia, ;tntl Iitumcrous scetllings here rcl~orted uljon, tlxtt fertilization 
Ijoth cgg ;lntI e~ltlosl)erm n ~ ~ c l c u s  is iiot normal in man!. of tlie ovules 
\vhicli dcvclol) into al~ortetl scctls of the smaller sizes, Ijllt it seems 
lili(xly tllat t l ~ c  cntl-ance of t11e ~ j o l l c ~ ~  ttlljc into the ovulc as far :ts tlle 
c1il11rj.o sac Illajr l)ro\,itlc a stinir~lus t l~a t  res~llts in :t sn~:~ll-sizetl scetl 
oi the stenosl)csniic t~.lj('. 

C'. ,.IOlr~ lo tlr-elc'lop illlo htrl.tl 11111 r7l1rpty sc~r~tl.~.--\\~I~ethcr or not  this 
t!.lle oi seetl arises from o\~ulcs in \vllich fertilization h;ls occ~~rrc t l  
seenis not to have ljeen tletei-niincd but may perllaps Ije ass~iiiietl. 

D. i2hlr lo clrvclop trrtrr fcrlilistrtiorr illlo r~orlrlnl Iitrl,ti sc~etls ~cli/ll 
.i~inDlr cr1111r~'o.s.--'l'his is the rule for tlic one or more 1i:u-tl seeds i l l  

the seetled lruits of grapes. 
13. .,I 1,lr lo tlr7~rlop .ii~i/llo1rl frrlili:trfio~l (7s 1ltr1,tl scc~ls  .icsitll npo!/rrrlric. 

c~lrll~r~~os.--ln rare cases tliere is ~)olyemh~-);on)r. 
It alq)e;lrs that the contl i t io~~s listed al~ove are all oljligate to thc 

extent that an  ovule callnot also f~unction as one of a higher class : hut 
~vlien ovaries ; ~ r c  a l~le  to tlevelol) 11y vegetative parthenocarl)!. \\ritlloiit 
l)ullinatio~i, any ovules of classes 13, C or I1 \vIiic11 are l~resent \ \ r i l l  
fail entil-el!. to tlevclol) ant1 \\.ill alllIc;tr in tlie rille fruits very siii~ilai- 
to those of class An. 

I t  has Ijeen consitlcretl that somatic ~nutxtions in the character oi 
the ovules occur (a)  w11eli viallle seetls are 17roclucetl 1 ) ~ .  tlie I'anariti 
grape (Hasmoll ant1 Snytler, 193G), in n ~ h i c l ~  case the ~nutatioii is 
l'rom ;lljortctl o\,ulcs to ovules that can ])reduce seetls, and (11) \\,he11 
o\.a~-ics \vliicll hear nlostly partheilocarl~ic llerries arise from tlic Sul- 
ta~iina grape ~vliicli ~lrotluces mostly stenosj~ermoca~-~jic frtiits, ill ~vhich 
case tllc mutation is from ovules \\~hich c tn  lunction in fertilization to 
those \\~liich do not. 

I n  gl-;ll'es tlie noi-nial ovary is t~vo-celletl ant1 e;~cli cell has t\vo 
ovulcs. C)cc:isionall~., tlierc arc three cells ant1 111c)rc than four ovules. 
IZsceljt for the 1T7hite Corintli ant1 the liosc Corintli, tlle ovaries of all 
gi-apes are quite alike in tliat the full comlllement of ovules are present 
ant1 tlevelol~etl as Tar as thc stages ~v l i e~ l  the egg apparatus or cml~ryo 
sac is orga~lizetl. ;Is a rtlle the four o\;t~les in any omry  of any of tllesc 
grapes lool< alilie at the time nrhen tlie flower opens, I ~ u t  the ovtiles 
so011 llecome tlii'rcrent in their al~ility to function ill fertilization ant1 

seed forlnation. 'l'hc cllasacter oi tlle iruit is often tleter~ni~iecl 1)). ~hc: 
one or illore o\.ules \~ l i ich  al-e not al~ortive ljut ~vllicll 111-occctl to tle- 
yelop eithcr ;is :tl)ortetl scetls or as Ilastl seetls. 

Ti1 I-espect to the nature of tlie fruit \vhich t l e~e lu l~s  from an ovary 
the following classes are to l)e recognized. 

I. I ' trr~l~c~loi~rr~pic nlrti orfirrljr serdl~.s.s.--1. \Tilien a fruit develops 
\vitliout any ~ o l l i ~ l a t i o ~ l  it is purely a vegetative structure and there is 
\,egetati\:e or autonolnic l)ai-thenocai-py. ( a )  If all the o\~ules ai-e of 
class '-1 :is desigilatetl al)o\.c, the partlienocarpy is obligate. (11) If one 
or illore ovules in an  o\lary are of the class B, a parthenocarpic fruit 
t l e \ ~ e l o l ~ m ~ i l y  ~ v l l e ~ l  there is no pollination and its parthenocarpy is 
Ilence facultative. 2. Stimulative parthenocarpy is evidently o~lly e s -  
ljressed in an ovary in \~hic l l  all ovules are of the class il or ~ v h e ~ i  
lxjllen tulles fail to function in tlie fertilizatio~l of o\rules that are  call- 
able of fertilization. I t  seems tliat some ot' the berries of Sultanina, 
S ~ ~ l t a ~ l i n a  liose, Ulack ;\l.onulil;a, ant1 various seedlings are of this type 
;i11(1 tlli~t ljollination is necessary even xvhen a consideral)le pi-ollortion 
oi the I~eri-ies are entirely seedless. I t  may be anticipated that there 
are cases of coiilplete ol~ligate ovule a1)ortioii (as in TYhite Corintll) 
in ~vliich pollination may illcrease the size of the fruit. 

11. S'terro.spi~r~rloc-nrpic j1-~l~ls.-li1 these one or llloi-e of the ovules 
tlevclol) into stenosper~uic seetls. I-lolvever, in ileal-ly all ovaries some 
of the ovules are  of class A. 

111. Scetlctl jr~rifs.-Here oiie 01- more ovtiles develop into hard 
scetls, Ijut st~cli seetls miiy Ije "empty-seetletl" or they map be normal 
ant1 \lial)le and in the latter case the eml~ryos are usually the result of 
fertilizations altlio cases of apogamy are kno\vn. In all individuals ant1 
cultivatetl clones, lio\vcver, tlie numl~er of such seeds per iruit is usual- 
ly less than lour l~ecause sonle ovules of class .I or of I~otli 11 ant1 11 
:irr ;~lso lxesetlt. 

'J'hc flo~vers are oi three main classes, as follo~vs : 

1 .  Stnrrri11nfr ~vllicll has \\-ell-developed stame~is \vliich yield niuch 
vial~le pollen I ~ u t  in \\rllicli the pistil is only rutlimentary. Sticll flowers 
ljrotluce no fruit. 

2. I~ r lpc r j i~ - /  Irrr~rlnpll~,orlili~ which ~is~ia l ly  has rec~irvetl stanlens that 
lxoduce tlefective pollen : 11ut tllc fcl-tile 1)istil protluces fruit of so~ile 
one of the tyl>es~loted :~l)ove. 'l'liis type of flower is functionally pis-- 



tillate. A slr~icturall)~ ~)isiill;ltc t!?pe of flo\ver 11as bcc11 rcportetl 
(Uarxnov, 1927 .\ ; ~ i i t l  I:j, I)ut this occtlrrence scenls to be rare in 
gr;lpes. 

3. Pel-irci hrrrr~clplirotlifc which has normal stailiells with much 
viable pollei1 antl a pistil \vhich may d e ~ e l o p  illto one of the followilig 
types of fruit, nainely, seetlless, stenospermocarpic, or seetled. 

, , .I here are wide tliKereiices i l l  the precise character of both stamens 
;~iid pistils of tlie iIo\vers oi intlivitlual seeellings aiitl cultivated cloiies 
ill  each of the above classes. 

TISE INI)l\lIUUAL PLAK'I '  i\i\'l) ITS CLUSTEliS 01: F R U I T  

7 .  1 he unit in vine).ard culture is the clolle composed of plants de- 
rived by the vegetative multiplication of a single individual. For  the 
individual, a tyljical cluster of its flowers and fruit inay 11e regarded 
as a unit of production. 

111 respect to the character of the flowers, the flowers of a plant may 
I)e (1) all alike antl either stanlinate, iinperfect liei-mapllrodite, or 
perfect, as noted above; or (2) there may be mixtures of two types 
of ~vl l ic l~  the mixture of staillitlate and tlie perfect llermal~hrodite is 
readily recognized. 

I n  respect to the nature of the berries, 
1. All Ben-ies nra31 Oe alike, jn u,hich case they nia)r belong to ally 

one of the classes or sub-classes indicated above under I ,  11, and I11 ; or 
2. T h e r e  m y  be partial v a r i a t i o ~ ~  with the clusters collsistillg of a 

mixture of t\vo or illore types of fruit. This latter case lliay involve 
one or  illore of several conditions, as follo~vs : ( a )  There may be mix- 
tures of parthenocarpic and stenospermocarpic berries. \r\ihen seine 

ovaries coiitaiii only ovules that are unable to develop into seeds 
(class 4)  the berries developed from such ovaries are formed by an 
obligate    art lie no carp^^ and pollinatioil of any l<ind or degree does 
not change the nature or the proportion of these particular fruits. But 
\\;hen ovaries contain some o\rules capable of cleveloping into steno- 
spei-illic seeds, those \\;hich become parthenocarpic clo so because pol- 
lination failed for their pistils. I n  110th cases, if the l~artlienocarpy is 
vegetative, a complete laclc of 1)ollination results in clusters composed 
of parthenocarpic Iruits only. 

(11) The clusters ol fruit may 11e mixtures of parthenocarpic fruits 
and seedecl frtlits. I'JThen l)rol~es pollinat-ion will change all the ber- 
ries to seeded fruits, the parthenocarl~y is vegetative and facultative. 
When pollination does not change the proportion of seedless fruits 

the ovules are  of t ~ v o  classes, 1 ant1 TII. 1 f  the parthenocarpy is vegeta- 
tive, tile lack of ;tny pollination will in cither case, result in cliisters 
coinposed oiily of scetlless f ru i t ;  btit. i f  it is stimulative, no Iruit \\rill 
11e formed. 

(c)  The  clusters nlay l ~ e  illixtures of parthenocarpic fruits, steno- 
sl~eriz~ocai-pic fruits, and seeded fruits. Iii t\vo of the seecllillgs \vliicli 
the ivriter has studied that have clusters of this sort adequate polli~ia- 
tioils clo not change the 1proportions of berries that are partheno- 
c a r ~ i c  ancl stenospermocarpic. I-Iere, as ill the case above, lack of any 
polliv~atioil gives oilly parthenocarpic fruit if tliere is vegetative par- 
thenocarp~r, aiid no fruit if there is stiiilulative parthenocarp~7. 

According to Negrul (1934), further partial variations iliay be 
ljreseiit ~vhicll involve apogatny, but this coiiditioil has not l~een o l ~ -  
served or itlentifictl in the clones or seedlings concerned in the studies 
liere reported. 

RREEDING FOR SEEDLESSNESS 
The production of 83 seedless or near-seedless seedlings ill this 

hreediiig project lias sho~vn that hardy seedless grapes suitable for 
culture i t1  New Yorlc State are to he o1,tained in the FI geileration as 
-\\:ell as in latci- generations of crosses bet\veen the te~lder  seedless 
vinifera grapes and hardy seetled tyl'es. I t  is not the ii~tention to dis- 
cuss here the geiletical sigi~ificance of this fact or to present and dis- 
cuss the data obtaiiietl in the breeding. There are  mally seedlings of 
the sailne sort of breeding -\vhich have iiot yet fruited and it is ex- 
pected that iuore seedless plants will a p ~ e a r  aiuoilg these. The lxst  
of these seeclliilgs afford excellent illaterial for further selective breed- 
ing in the effort to produce still better seedless grapes in respect to 
clualit)~ and size of fruit, productiveness, and liarcliness. There is con- 
siderable diversity aillong the best of these seedless grapes which ad- 
illits of selective breeding. 

I n  grapes there is the possibility of utilizing vegetative partlieno- 
carpy in coi~nection ~v i th  complete ovule sterility due to hyhridity, ulii- 
sexualisn~, hereditary ahortion, or pol~r~loit ly in o1,taiiling fruits O F  
large size. \4111en there is vegetative parthenocarpj! the pistils ~vhicll 
are completely "sterile" are able to mature a s  purely vegetative fruits. 

I n  respect to this nlatter the hybrids bet~veen V i t i s  ~ofzt17difolia and 
TI. vk l i f em.  are of special interest. Detjeil (1919) ol~tained a few ber- 
I-ies on one such hybricl, 11ut the seecls apparently were ui~viable for 
they did not grow. Mr.  Charles Dearing in a recent letter to the 
author states that "all the I ~ ~ ~ b r i t l s  1)et~veeil 17. ro t~mt f i fo l ia  ant1 11. 



v;rri/t~r,tr p r o \ ~ ( l  to l)e stcrilc, ;iltlio~~gli tlicj. l)ro(lt~cc(l SOIII(: f r t~it .  'Tllis 
fr11it l~rovctl to Ijc rliol-r or Icss scctllcss ant1 i f  scctls tle~-cloi~ctl at all 
tliey \vc.~.c ~iot  \rial)le". l i  s ~ ~ c l i  I~~rl)~-itls \\.(,re ol)t;rinctl TI-(1111 viriiiclra 
~ ) a ~ ' c ~ i t s  that Ila1.e l);~rtlic~iocarlj!~, either ol)lig;~tc or facultati\.c, ;it 
lcast sollie of tlie sterile lr~.l~ritls iniglit I~cai- scetllcss fruit. 

A t  the 111-ewcllt t i~iic tllc 1)rogrcss i l l  ol~taining new seedless gl-al)cs 
of ~iierit ill tlic 1)rcctling lici-c 1-cl~ol-ted has l~een ill the gra1)es \vhicl~ 
l)~-otlt~ce fruit I)!. stenosl)cr1noc:~r1)y. Several of tlie scetllings alreatljr 
ol~tai~ictl ])osse~ss nillcli merit ant1 these are k i n g  ~)rolx~g;ttecl for trial 
untlcr general cultl11-;11 co~itlitions. 

C:OKCI,GI)LXG s ' r . - i r r ~ c ~ ~ ~ ~ ~ : x r r s  

1. 111 grapes it is the rule that tlie ~iormal \7iable sectls tle\.clop fro111 
a n  ovule a~ i t l  its iertilized egg, 11ut cases of the de\ re lo l )~~~cl~t  of such 
seecls \vitliout fertilization (1)~. ;q)og;iniy) are  kno\\,ii. The embr).o 
and entlospei-m develop slo~vly for a periotl of two or Illore \veel<s 
:rites fertilization but (luring this l~erio(l there is a 1-apitl tlc~relolxiient 
and enlarge~ncnt of other parts of the seetl and csl~ecially of the 
sclercnchyma \vllich forms the hart1 l,on)r tissue. 

2. The seeclless fruits of gra1)cs are of t\vo main ty1)es. Tn onc type, 
cseml)lifictl 1)y tlie Corinth gral~es,  the fruits tlevelop \vitliout fcrtiliza- 
tion antl are cntirely seetlless, a co~ltlition calletl par.ihororar./~y. 111 
;~nothci- class, eseml)lifietl 1))- tlie Sultanina grape, the fruits may co11- 
t ; ~ i ~ i  one or more al)oi-tetl sectls some of \vIiich fol-met1 fro111 o v ~ ~ l e s  in 
\vliicli icrtilization occ~u-retl, a contlition here tlcsign:~tetl .stt7r~osprr.rrlo- 
1.(71,/l)~. 

3. 7701- tlie typical ste~iosl)erliiic secd tlic a l~or t io~ls  al)l)ear soon d t e r  
thc time of fertilization in the feeble lol-mation of sclrrencliylna alltl of 
other tisst~es which coml~ine to gi1.e shape, size, ant1 character to the 
seetl. 'l;hc cntlospcrm ant1 eml~ryo re~nain in a partly tlcvclol)etl state, 
ant1 the 1;irgest sectls in the m;~t-~ire l~ei-ries are ~untlersizetl, al~nol-m;tl 
i l l  sliape, ant1 soft or l~ull,jr. 

1. 'I'liel-e arc at  least six types of ovules in grapes, as follo\vs : 
( a )  Ahnormal ant1 \regetative ill  structure ant1 eml)i-~~o sac usual- 

ly lacking as in the TTThite Corinth alitl tlie Red Corinth. 
(I)) Sligl~tly a l ~ ~ i o r ~ n a l  in stl-ucture, I ) t~ t  the cuil)~-yo sac is tlcfec- 

tive ant1 ~ m a l ~ l e  to itunction in fcrtilizatioli, a s  in the Hlacli 
Corinth grape. But o\,ule abortions occur in sollle of the 
ovules in all ~a r i c t i e s  of grapes. 

( r )  ,\l)lc to Itunctio~i i11 [crtilizatior~ 1)tit scctl stcnosl)c~.~nic. 
((1) :\l)lc to tlc\~lo1) ;IS ;III c~iil)t)r sccd. 
( c )  .\l)lc to tlcvc~lol) ;IS :L ~iorui;il scetl \\.hc~i t1icl.c is rcstilizatiot~. 
( f )  A\l)lc to tlc\'elol) \vithout- lei-tilization as at1 al)ogaiiiic seetl. 

5. 'I'he t!.l)e oi fruit \vhich develops fro111 an oyary is determined ljy 
three iiiain f;~ctors, z1iz.: ( a )  11y the character of the tliffcrcnt ovules 
\vhich it contains. (11) \vhether parthenocarpy is presei~t or not, ant1 
( c )  \vlictller or not pollinatiol~ is accoinplished. 

6. T'art11enocarl)y is of two types : ( a )  when cntil-ely sc~.dless fruits 
tic\-clol) -\\-ithol~t fertilization, the condition is called vrgefniivc or 
trlr/orrorrtic. pal-tlie~iocarl~y : (1)) ~vlien the foriilatio~l of a fruit dellends 
upon, or is influenced I,):, the stimultrs of pollen 011 the stigma or by 
the gron-th of pollen tulles in the style or ovary the parthcnocarl~y is 
calIe(1 .sti~rrr{lniiz!c or nifiorro~r~ie. 

7. TVhen \~egctati\~c ~>arthenocarl,y operates ill a plant 1v11ose pistils 
contain only al)ortetl o ~ t ~ l e s ,  as in the Corinth grapes, the parthenoc- 
arpy is ol~ligate ant1 only sectlleas fruits are produced uilcler ally cir- 
cumstance. T3ut lvl~en it esists in a plant whose ovaries call also 
tle\~elol~ citller as stenos1le~-111ocarl)ic fruits or as seeded fruits, the 
seetlless lxrries form only when there is no pollination or at  least no 
lertilizatio~~. T I ]  this instance the pal-thenocarpy is faclllfnfivc. 

8. I'ool-ly filled l~~unches of berries occur in grapes (a)  ~ v h e n  sonle 
of the Ao~vers have rudiment;~ry or al~orted ovaries and others 11ave 
f~mctional pistils, either when there is l~arthenocarpy or when there is 
11011e : (11) when some of the o17aries contain only al~orted ovules antl 
there is no parthenocarp);; and (c)  \\,hen polliilatiorm is necessar)~ for 
the forlilation of fruit but soille pistils w e  not pollinatecl. 

9. AiIixtures of seedless and stenospermocarl~ic fruits, seedless ailcl 
sceded fruits, or even of seedless, stei~ospermocarpic. and seeded fruits 
may occur in the same cluster. I n  all such cases there is vegetative 
l);uthenocarl~y. But the development of the seedless fruits iuaji he 
/trel(l~afiz~e, in -\vhich case the ovaries invol\~ed are a l~le  to devclol) as 
fruits of a higher gratlc, or oblignic, in -\\;hich case the ovaries can 
tlevelol, in no other way. Further complications in partial variations 
in tlie character of fi-nit may i n v o l ~ e  stimulative parthet1ocarl,j7 ant1 
npogamjl. 

10. 'l'lie I i~~ l~r i t l s  tl111s far  obtaiiletl I)et\veen tlie l/luscatlinc grapes 
and mcml)ei-s of the E t l ~ ~ i t i s  ~ S O L I I I  which differ in the number of 
chromosomes are so sterile from sl1o1-e al~ortions that very ~ C T V  fruits 



have been hol.ne 11y tl-ren~ :ti~d these lla~,e had seecls that did not gcr- 
niinate. The clonal varieties ol grapes no\\; cultivatetl ill Nesv S'orli 
State are evidently all 11yl)ritls 1jetn;een sl)ecies of the liuvitis grcruj) 
~ v l ~ i c h  have the saint diploid numl~er of cl~romosomes ancl t l l e ~ ~  are 
highly fruitful. 

11. In  grapes the entirely seedless fruits of the parthenocarpic class 
are s~ilaller than stenospern~ocarpic fruits, and the latter are siiiallci- 
tllail seeded fruits. But various factors, such as heredity and tlle num- 
her of seeds per berry, are also involvecl in determining the size of 
fruit. 

12. I n  grapes at  the present time the sillall size oL' the berries \vhich 
are  ~.egetatively parthenocarpic liillits the value of plai~ts witli this 
type of fruit, but it inay he possihle to obtain IIJI selective breediilg 
plaiits wliic11 produce 11y vegetative partl~enocalpy fruits of much 
larger size. 

13. The illost valuable type in the production of new seedless grapes 
seems, at  the present time, to 11e that \vit11 steilosl)er1i10car1)ic fruits. 
The flonrers should he perfect to provide adequately for the iiecessar~~ 
1jollination aild the ahorted seecls should at  least be soft, if not oT sinall 
size. I t  will also he of some -\ralue it vegetative parthenocarpy is also 
])resent in the plant. 

14. Eighty-three seedlings have alreatly bcen ol~tained in tlie project 
here reported upon ~vhich bear seedless or near-seedless fruits oi tlie 
stenospermocarpic type and sollie of these are also aBle to develol, 
fruits 11y vegetative parthenocarpy. These seedlings are of the first 
and the seconcl getleration of hybricls hetween hardy seeded gral~es 
and the grapes Sultailiila, Sultanina Rose, aild Blaclc Monultlta. The 
best of tliese plants are being used in further selective hreeclii~g ant1 
several are l~eing propagated for trial culture in K e ~ v  Yoi-lc State. 
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