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- ABEBREVIATIONS -

? seasns — SOEE . {H\l’i)l

A +se2s2s = Fruit subregion: top guarter along carpellary margins, adlacent
to stigma or apical end of fruit. See Figures 2 and 3j
Plata Za.

B «sssss = Fruit subregion: top quarter along placental edgas, adjacent to

stigma or apical end of frult. 5Ses Figures 2 and 3; Plate Za.

8 ssssss = Dvule/sead type: unfertilized owule; wundeveloped as a seed;
gquivalent to "U" ovule/seed typa. See Plate 2b.

A seess = Fruit seubregion: top guarter, inclusive of "A" and two adjacent
"g" gubregions, adjacent to stigma or spicel end of fruit.
Sepe Figures 2 and 33 Plate Za.

8lg +ses = Aleurone grain.

B ..sess = Fruit subregion: second gquerter, along carpellary margins, between
A" and YC", Ses Figures 2 and 33 Plate Za.

B wswsss = Frult subregion: second quarter along placental edges; between
"g" and "e". Sem Flgures 2 and 33 Plate Za.

b sesars = Send type: small; Fflattened or twisted; white or browm; slightl:
developed: component of "5" seed type. See Plate 2b.

Bb sssss = Fruit subregleon: second guarter, inclusive of "B" and tuo adjacent
p" subregions, between "Aa"™ and "Cc". 5ee Figures 2 end 3;
Plata 2a.

C ssswes — Fruit subregiont third guarter; along carpellary margine, betuwssn

"B" gnd "O". See Figures 2 and 33 Plate Za.

€ sassss = Fruit subreglon: third guarter, along plecentsl edges, between
"b" ang "d". Sea Flgures 2 and 3; Plate Za,

Cax ++se — Calecium oxvlate ocrystal.

bt  sses = Cardboard cup.

Cc ssess = Fruit subregion: third guarter, inclusive of "C" and two adjacent
"p" gubregions, between "Bb" and "Dd". See Flgures 2 and 3
Plate Za.

08 sasss — CBllular contents.

cll. +... — 58ed type c¢ larger, darker, partielly developed; nnmpﬁhant of
"E" gged type. See Plete Zb.

cen +».+ = Cellular endosparm.

cen 8 .« — Cellular endosperm sheath.

ch +ease — Chalaza.

cl ems . = Collapsed embryo sacs

ezl nug « = Collapsed nucellar Lissua.

EM «sses = Carpellary margin{s). See Figures b to 3; Plate 2a.
etk saes — Crystelleid.

B8 ssess — "Apparently" deepest layer of sarcotesta; contiguous layer with
endotesta in furrow betwsen endotestal ridges.

ntl awwa = Eﬂt?lﬁdﬂﬂ.
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Seed typs ©: larger, white, psrtislly developed; component of "PY
geed type. 5Sa= Plats Zb.

S@ed type c: Bmall, rounded, white; slightly developed; componsnt
of "5" seed type. See Plate 2b.

Cytoplasm,

¥

-~ Fruit subregiont: bottom guarter slaong carpellary margins, adjscent

Ly

—

to bosal or frodt stalk end. Seo Figuree 2 and 33 Plate 2a.

Fruit subregion: bottom quarter along placental edges, a&d)ecent to
besal or Fruit stalk end. Gee Figures 2 and 3; Plats Za.

Seed typa d: larger, black, fully developed; compeonent of "F"
seed typa. 58 Plate Zb.

Dorsal bundle.

Fruit subregion: bottom guarter, inclusive of "D" and two adjacent
fd" gubregions, adjacent to besal or fruit stelk end. Ses
Flgures 2 and 33 Plate 2a.

bDeganerated andosparm,

Seed type d: larage, grey, fully developed; component of "F" sead
type. Ses Plate Zb.

"Denga staining® tissue, according to the literatura.
Divided cell.

Large=celled endotestal tizsue, Torming ridges of seed coat.
Embryo.

Embryo sa&c.

Embryo suspensor.

Epicotyl.

Small-celled andotestal tissumj forming inner band of endotssta,
underlying ridges of seed coat.

Seed type: Ffully developed seeds; inclusive of "dG" and "df" ssad
types. Ses Plate Zb.

Fruit apex.
Fruit basa.
Funiculus.
Finger-like nucellus - region 4.

Free nuclear endospacm.

Globular embryo.

Hat-pin, used to demarcate intra-fruit subregions.

Hypostasa - region 1.

Inner epidermis of outer integument or testa.

Innar epidermis of inner integument or testa.
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Inner integumant or testa.

Inter-epidermal tissve of inner intsgueont or testa.

1/5th longitudinal pertion of fruit. Sce Plates 1 and 2, or
Figures 1b and 3.

Micropyle.

Midrib of & lobe of palmate papayns laaf.
Mesocerp of Fruit,.

Muclleglnous depoait.

Nuclsus,

Nucellus.

Nucellus "disc™ reglan.
Wucollar sheath.

Outer epidermis of outer integument or teata.
Duter spildermis of innear integument or tasta.
Outer integument or testa.

Owule (or seed) - free region in internal furrows or grooves of
papaya Tlower or Trult.

Seed type: partially developed seedsj LInclusive of "cOL" end
"ol " seed types. See Plate Zb.

Pitted cell uall.

Placental adges of owula or sead baaring Iinner surfeces of pepaya
fruits. G5Ses Figures 1h to 33 Plate Za.

Pro-ambryo.

Pro-smbryo sheath.

Pistillate flowar,

Phiytin globopid.

Polar nucleus (of megagametophyta).
Pollen tube or pollen tuba tip.
Leaf petials.

Frovasculer strand.

Fultiple coafficient of datersination.

Simple or total correlation coefflclent between i end J warisblas,

Partial correlation coefficient botwsen i end § variables givan m
(arfand n); that is, the correlation between 1 and } after first

allowing for the degree of mssociation of m {or/and n) with both
iand j.

Saed types slightly developed soods; inclusive of "cis"™ and "h"
sead types, Soe Plate 2Zb.
Lesta

- Harco

Stemen of male flower, after removing petals.
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Sub-spidermal layer{s) of sarcotesta.

Synergid.

Thickened inner wall.
Tennin deposit.
Tennin deposited inta contre of cell.

Tennin deposited along walls,

bvule/sead type: unfertilized owvule; wundeveloped ss & seed;
equivalent to "a" pvule/seed type. Ses Plate 2b.

Ventral bundle.
Vacuols.

Vescular bundle.
Youngest measured leaf in canopy.

This symbpl along the top margin of & Figure indicates approximata
traneition points from ona designated phese of general ssed
development to another. Phases of seed devalopment are specifiesd
by & certain cluster of gualitative and/or quantitative seed
tissus svents or changes. In this thesis, thesa clusters and
phaess are related as such for the fFirst time in the GENERAL
DISCUSSION AND CONCLUSIONS and SUMMARY sections. The symbol in
the Tigures is meent to aid the discussions in those sections.
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INTRODUCTION

The pepew or papaya (Carlca popaya L.) is indigenous to tropical America

whaere it ie one af tha most importent snd popular of fruits. It is elso an
impartant plantation crop in othar tropical areas of the world., Apart from its
mild end plessant flavour, its populerity is elso dua to its early-bearing habit
and, in the tropics, its production of fruit all year round {Chandler, 1958).
The plant has slso spread into the frost-Fres subtropicel aress of the world. I
the latter areas, howsver, there is & strong seasonel trend in production.
Winter conditions cen adversely affect flower production and fruit set (Kubne &
Allan, 1970).

In South Africa, papaya is the most importent “subtropical"™ fruit after
citrug, pinsapple and benanas (Allan, 1977). As & commercisl crop, it is groun
mainly in tha warmer subtropical aress of the Tranaveal lowveld, whare paak
production occure during the sprino months. A rather limited axtaﬁt of commerci
production also occurs in the frost-free coastal areas of Natal and tha Castern

Capa.

Pletermaritzburg (latitude 29¢ 4D' 5., longitude 30° 25' E., altitude 770
metres) fells within the latter areas. Tha normal perind of frult satting at
Ukulinga Research Station, Pietermaritzburg, is from late December (sarly summer
to May {late autumn) (Allan, 1967 a). Fruits setting in summer [between Decembe
and February) mature nine to ten months later in spring, (during the peak supply
pariod from the hotter areas) and early summer (l.s. Septembar to Decembar).

But the fruits that set in autumn (March to May) at Piatermaritzhurg have to Oro
through lees Pavourable conditions of winter during the important early {cell
division) stesge of developmant. These fruite msture and ripen ten to slaven
months lester, from mid-summar to mid-sutumn (Jsnuary te April). The latter
happens to be the period whan supplies are at their lowest, and pricas at their
highest. The potential exists; therefore,; for incressing the amount of the Frui
available in this scarce and expensive period (or cenversely, of obtaining highe

returns during the relative scarcity). One pravalling problem, howsver, is thaet
frulit gize is much reduced.

According to Kuhne and Allan (1970}, ths most important Factur affecting
evantuel fruit size is the temperature during the First Puw months of growth,
provided they havae been well pollinmated. This sxtands from & pre-anthasis peric
te an initial phase of Fruit growth corresponding to the period whan the log of
the volume ies linsar. The growth pattern of papeve fruit is sigmopid, and this

initial phnan correspondingly extends up to the time the inflexion point in tha



sigmoid growth curve occurs. The wermer the temperature during these two porlods
the faster tha rste of growth. Conversely, if these periode cccur during cold
winter conditions (monthly messn lees than 19°C - wsually st 149 to 16°C), bath
the rate of and the number of cell divisions in the fruit are adversely affactad.
The cell snlargemant phase that Tollows the initial cell division phase can
proceed ot temporatures between 11° and 19°C, but the relative loss in potantial
laid down durlng the cell division phase cannot be made up. Thie iz so even wher
tho cell enlsrgemant phase occurs In warmer, optimal conditions {above sbout
20°C).

Somes potentiaml axists for altering ths micro-climate by using tunnales to
ensura mote fevourable temperatures (Allen, 1976a). However, cold night temper:
tures were not much improved upon and this method may only be of walua in sub-
tropleal arees with warmer winter nighta than those af Pistarmaritzburg.

There are other within—plant fectors affecting final frult size:-

(a) There are genetic differences. Larger-fruited clones or llnes produce
somewhat larger fruits in the scarce peried than smaller-fruited ones
(Kuhne & Allan, 1970). The latter authora also demanatrated genetic
differances in the length of tha developmental period. Ono valusble
potential in this difference is that in the coolesr subtropicel asrens,
clones with longer deavelopmental periods can be set sarllar, so as to
prafit in sire from growing in the sarllier warm conditlone, yet only
ripening in the scerce period.

(b) Kuhne and Allan (1570) alec believed that leaf surface area (and thus
presumably evailable ssaimilates) during tha maximum fruit growth perilad
may influence ultimate frult size.

{e) Competition with other frults on the plant (Allan, 1967 b). This com-
patition aflfecta both size and the time reguired Tor the Tfrult to reach
maturity. Flrstly, the larger tha crop load, the smsller tha frult.

On the other hand, if the sarlier susmsr-set fruits ars removed to ensurs
a greater fruit sgt In putumn, and thus a greater supply during the
scarce period, the sutumn-sat frults mature up to two months sooner (thus
dafeating tha purpose of producing on out-of-season crop).

{d) Adequate pollination (by insecte or by hand) is necessary to ensure owule
Fertilization, and ecorrolations betwsan frult mese and seed mass (or
ssad number) are repocted te range between 0,74 and 0,88 (Allan, 1959).




With rogard to the lattsr, regression co-efficients for Frult mass on seed
numbaer or on sead sess are reporied to have boen significantly higher for fruits
msturing in spring and sutumn than for those maturing in summer (posk harvest)
(Allan, 1969). The latter author sleo found that the correlstion was batter
beatwson mass of seeds and fruit mass th.un between seed numsbar and frult mass whe
relatively large seads ware present in the frult. Underdeveloped seads apparent
also stimulated Fruit growth.

On oxaminetion, some "unfartilired ovules™ showed no Further dovelopsant
after anthesis (Allan, 1969). Many underdeveloped seeds that were found in the
last fruits of the crop which ripened in sutumn showed pactlal development of th
intaguments, while in some thers was also andosperm davelopment without concurre
embryo growth. Allan (196%) suggested that hormones which Influence frult growt
may be produced in the integuments, nucellus and endosperm, snd that the seads
affect fruit grouth not only in the esrly stages of development but throughout
the whole period of development of the fruit. A detalled investigation of the
anatomicel davelopment and hormone production aof the different tiseues of papaya
sonda and fruit flesh throughout Fruit development, &nd the sffect of theoe
hormones In attracting metabolites te the fruite from other reglona of the plant
wao suggeoted As m useful eres for further research.

The work in the thesis that follows was aimed at meetlng somm of the above
needs. Although anatomical studies on the development of the sesds of Carica
popays L. exist, none of thesa provide the sort of guantitative information
which would ba useful in relating seed development to that of the fruit, and bot
in relation to possible ecsasonal variabhles. The same holds true for underdoveles

ed seeds. And are there critical times or developmental phases at which sbortis
occurs?

it is also not clearly establieshed why fewer =seds are Formed In the fTruits
that set in autuen (i.a. in the fFruits that go on to mature in the scarce perioc
the following late suemer and autumn). Is it becsuse fewer owvuless are Tormad
during flower=fruit formation, or becausa fewser owules are fectilized? Why do
seeds abort, or remain underdeveloped in the frults vhich sat In sutumn® I mor
ovulos were fertilized - (how many are?) - and if more of these developed furthe
would the fruits be larger? Why has hand-pollination not improved the size of
fruite that ripen in the cut-of-season autumn period (Allan, 1958)7 To what axt
can the small-Ffrult problem of out-of-season papays production in cooler sub-

tropieal reglons be alleviated by understanding and modifying seed/frult intar-
actiona?

Some of these questions were in mind when the suthor begen his inuestigatic

moat. Bowsvar. soEsns Ea wind os the Are el dAedintased. Ma bt e B



to investigate tha hormonal or cther physiologlieal relationships between eseods
snd frult during their course of concomitant growth and development. What
follows could hopefully lesy the foundalions more Flirmly for such studies.

The suthor has usad seede and frulta from a recently named clone, Honay
Gold, n vegetatively reproduced solection from a seedling of the variaty
Hartus Gold (Allan, 1976b). The femala plants From which this material was
taken ware growing at the Ukulinga Resmarch Station near Pletermaritzburg,
Continuous CLeating of this clone has ehoun It to produce fruits of excollent
guality, especlially in late summer. It also has & falrly elow rate of fruit
developmant (Allan, 1976b). Also, "the frults that ripen in late spring and
@arly summar ot Pletermaritzburg have a mess of sbout 1 kg while the last fruit:
to ripen in early autumn may be as small as mangoga“. Hence the desirability
of uaing this materisl for s study on the small-Frult probles in sutusn out-of-
epnson production. And there was also the mnesd Lo check this clone's sead
development against that of previously reported snatomical studies.

Thess pravious anstomical studies are reviswed in Chaptar 1, followed by
comparative studies on normal sead development from frults set in late summer
and late eutumn. (These normally or Fully develeping seeds will be referred tn
as "F" seeds.) These astudies included cell measursmonts of all the major seed
tipsues during duvelopmant.

Cheptar 2 compares the anatomical development of various kinds of aborted
or underdaveloped seeds. This is followed by & detailed atudy on the intra-
fruit distribution pattern of abortion. WVarlous hypotheses were used to predic
likely seed abortion patterns within the fruit, end thess were tasted against
the data cnllected.

In Chapter 3 the correlation and regression betwsen seed mase and fruit-—
flesh mass when other facters such as leaf area, prevailing temparaturse and
number (only) of competing fruit wers allowsd for is examined. Multiple regree:
sion analysis wes used for this. The simple correlaticn betwesn seed mass and
fruit-flesh mass for specific fintra-fruit sub-recions was alec examined. And
the growth pattern of fruits set in autusn was analyzed from anthesis until
maturity in reletion to amounts of ssed and sesd aborticn. A survey of pollen
tubs growth in different ssasons was aleo carried out. Finally, tha owerall
conclusions and Implications of all of these studiss are summarized. A
glossary of abbraviations and some symbole used in this thesis is provided
for gquick reference.



CHAPTER 1

NOAMAL DEVELDPMENT OF DQUULES AND EEEDS

1.7 LITERATUHE REVIEW

There have besn guite & number of morphological and cytological studlies
on the ovules aend seeds of Carica papaya L. (Caricacese), some of them going back
to the turn of this century {Foster, 1943). Singh (1950, 19561) has published
more recent work, and Davis {1966) describtes the embryoclogy of Caricacese.

With regard to tha related terms, ovule and seed, the embryo and endosparm
ara products of fertilizations following the penatration of = pollen tube into Lhi
embryo sac af the ovule. Tha various structural details of the ovule are more or
lass preserved during the transformation of the owule into the seed (Esau, 1960).
Other accounts and distinctions are possible, but the sbove will be the besis for
distinguishing the terms pvule end seed. More specifically, it is intended that
with the gvent of fertilization, what was erstwhile an ovule will than be referrao
to as a seed, and all further developsents, seed development, Finally, for the
purposes af this chapter, the emphasis will be on normal development. Abortion
phonomena will be dealt with in the chepters which follow. For purposes of
orientation, Figure 1a provides s schematic representation of the spatisl relstic
ships of various ovuls/sesd tissues to be referred to.

1.1.17 DOwvule development

1.1.1.1 MNucellus and integueents. According to Foster (1943) the nucellus
first oppears es a slight enlargesmaent st the end of a long stalk. This is follow
by the initiation of the two intaguments. At sbout the same time the archesporia
cell bacomes distinguishable. The integuments continue to develop further, and
tha whole cwvule begins to curve towards its final anatropous position.

In Davis' (1966) account the archesporial cell cuts of f & primary parietal
cell, which in turn forms at least eight parietsl layers, thus imbedding the
sagasporea mothar cell further in. Above this, a nucellar cap four cells in thick
ness originates from periclinal divisions of the apicel nucsllsr epidermal cells.

In Foster's (1943) study, the vescular tissues consisted of a single pro-
vascular strand in the funlculus and outer integument. This differentiated intg
spiral xylem clements snd siove tubes by the time of pollination. At this time
both the outar and inner integuments coneisted of about five layars sach.

After pollination, but befare fertilization, Foster (1943) reported = slight
incroane in width of the outer intogument Lhrough cell divisions. She also
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raported that the First signs of tannin deposition in the inner epidermia of the
innar integument ocourrad in this period. At fertilization, she found that well

differantliated vascular tissue had reached the chalaza.

1.1.1.2 Megegametophvte. By meens of two meiotic divieions "... the mega-

gpore mothar ecell produces an axlal row of Four megespores; the chalazal one of
which develops into & normal (Polygonum type) saven—celled, eight-nucleate mega-
gamptophyte; the other three megaspores ¢disintegrate ...." (Foster, 1943). 1In
Davis' (1966) review he reported that cccesionally the micropylar megaspors is

functianal.

Tha mature megagametophyte {(described ebove)} is minute compared with the
maseive integuments and nucellus (Foster, 1943), The synergids are reported %o
broad apicelly; and it is characteristic for them to heave their nuclel at thair
micropylar ends and conspicuous vacuoles at their free ends. A filiform apparat
develops late in their differentiastion. The entipodal celle disintegrats almast
immediately they are Formed (Foster, 1943). Davis (15966) states that the polar
nuclei become closely sssociated near the egg. Various stages of megegametophyt

development - i,e. from two-nucleate to the mature seven-celled, eight-nucleats
forms - are found in a single pistil (Foster, 1543).

. n_tube penetration. Traub and 0'Rork (1935) have reported th
pollen tubss reach the ovules at the apical end of the pistil within two days,
and thoss at the proximel end within five days. Under the greenhouse conditions
{unspecified) in Foster's (1943) study, pollen tubes entered the owvules sbout te
days after pollination. Fertilization occurred aboul 14 days after pollination,
i.e. about four days after enterinpg the ovules. The pollen tube is characterist
ally broad whers it enters the nucellus {Foster, 1943; Singh, 1960) and it is
sald to crush the cells that come in its path in the nucellue {Singh, 1960). It

is Found to be persistent, at least up to 60 days, snd Foster {1943} suggested a
haustorial,; nutritive function For it.

1.1.2 Seed development

1.1.2.1 Hucellus. Both Foster (1943) and Singh (1960) reportad a speciali
zatlion of the nucellus at the chals:al end. Foster found this to start betwasn

30 and 35 days after pollination In her study. It appeasrs that between these

euthors thay described four sub-togions in this specialized region.

Firetly, the most basal six to saven layars contain thin walls, granular or
dense cytoplasmic contents (Foster, 1943; Singh, 1960) snd stain red with



safrannin (Singh, 1960). The latter sulhos refarrad to these layers ss en hypo=
stasa.

According to a sumsary review by Moheshwsci (1950), in those plants in whic
it occurs, the hypostase arfisss " jJust at tho lavel of the two integuments and
directly belos the embryo sac”. It conaists of a "wsll-defined but Llrregularily
outlined group of nucellsr cells ...." Tha cells may develop lignified or sub-
erized walls, and they usually have poor cytoplasmic contents. The hypostass wa
once thought to regulate the water sconomy of thes embryo sac, becauso of lts
pasition just sbove the termination of the vesculsr supply. This is no longer
thought te be necessarily so (Bhatneger & Johrl, 1972). According to ths latter
suthors, the calls may or may not contain densa cytoplasm, and the cell walls ma
also ba thin-walled. In some Leguminosas the cells of the hypostase (“barrier
tigsue") become thick-walled and probebly contain tannin (Dnysnsagar, 1954).

Secondly, asbove the hypostase, and devaloping into a disc of four or aix
layers and which cen be dissected out (with sase, as a vhola, presumably) is a
sub-ragion of thick-wolled calls (Singh, 1960). This sub-region is not describe
or drawn in Fostec'n (1943) sccount.

Tnirdly, abovm the latter, or alse sctuslly a contlnuation of the last
mentioned sub-region (but wlthout the wall thickening), are & few layers of cell
which take a dense ateln with heematoxylin (Foster, 1943), Finally, there iz =
fourth sub-region of "finger-1like" cells pointed towards ths embryo sac (Foster,
1943). It appears that at least the two most basal sub-reglons {hypostase and
disc of thick-walled cells) pereist into the mature seed (Singh, 1960).

wWith regerd to the remaining major mase of nucellar tissue, this increasas
in size both as o result of cell division (Fpster, 1543) and cell enlergement
(Foster, 1943; Singh, 1960) In the poriod immedimtely following fertilization.
The enlarging nucellar cells lose their contents snd become vacunlsted (Singh,
19560). The nucellar epidermal cells st the micropylar end underge some cutini-
zallon of their outer snd rediel wells (Singh, 1950).

During seed development, particularly during endosperm development, most of
the nucellus is coneumed. Only a few layers remain in the micropylar and hypo-
stase regiona (Singh, 1960). From Foster's (1943) sccount it appesrs that con-
sumption occurred before the trensition of the free nuclesr endosparm to its

cellular state. All that remains f{s a peripheral layer of enlarged cells snd
the speclalired region st the chalaza.



1.1.2.2 Endosperm. In contrast to Lhe slow development of the pro-embryo
during the early stagee of seed developmant, endosporm development is more actiuv
At first the endosperm formstion im free nuclear (Foster, 1943; Singh, 1960).
The nuclail and cytoplasm remain along the periphery of the esbryo sac, belng mors
eoncentrated at the micropylar and chalazal ends (Singh, 1960},

In the course of furthar development, nucleseted cytoplasm may intrude sligh
into the central vacunle in the form of bulges (Singh, 1960). This tendancy is
apparently mora noticeable in plents collected from higher altitudes or cold
countries (Singh, 1961), Arfter numarcus nuclel have been lMormed, wall Formation
ocecurs and is centripetal. The celle undergo further periclinal divisions, sddi
considerably to the bulk of this tissus (Bingh, 1960). Foster {(1943) found that
the cellularizetion process began after sbout 80 days, at the micropylar end, an
proceeded towards the chalasza. At firet the ocvippleem became less dense, with
many minute vecuoles, followsd by the laying down of cell walls.

At msturity Lhe endosperm occuples the major portion of the seed's interior
and is completely cellular. There are sbundant food reserves (Singh, 1960).
Recording to Foster (1943) the reserves ars elsurone grains and oil, but not
starch. Singh's (1960) drowings show the same festures.

1.1.2.3 Embryo. Following fertilizetion the zygote is seid to persist up
to about eight days before dividing, and thereafter the divisions are irregular
(Foster, 1943). Singh (1960) has confirmed the irregulerity of divisions.
Johansen (1950) hos pointed out that there is & resemblance to the Trifolium
variation of the ODnagrad type. ALt the time the nucellus in the region of the
chalaza bagan to undergo specializetion (30 to 35 days after pollination) in
Fostaer's (1943) study, pro-smbryos had only besen seen to be Four— to sight-celle
The pro-embryo is characteristically ansheathed, and not in contact with tha fre
nuclest endospera, at this stage.

In the later stogos of frow nuclear andospars development, the smbryo reach
a meny-celled (and prosumably bulbous) stage of developmont (Foster, 1941).
During the transition from free nuclear to cellular endosperm (B0 days after
pollination), Foster (1943) found the embryo to have sssumed the shape, but not
the size, of mature embryos. At this stage of development, with the cotyledons
already differentistad, Singh (1960) feund a suspensor group of cells et the enc
of the radicle, and this perslsted intoc the mature smbryo. The latter possassoe

two thin and leafy cotyledons, and its vascular supply censists of procambial
strands only (Singh, 1960).



1.1.2.4 Testal tissues decived from the gut « AL tho time af
fertilization, the sub-spidermal cells form a continuous meristesatic tissue, an
by periclinal divisions continue to add to the thickness of the erstwhile outer
integument (Singh, 1960). But then at places dastined to form ridges, thase cal
divide more actively than in the positions destined to be the furrows of the
surface of the sped coat. At the same time, the cells of the outer opidermia
elongate radislly, and alsa divide periclinally in the furrow pasitione (Singh,
1960).

Fostar (1943) reported that by 30 to 35 days aftar pollination, a wall-
differentiated vasculsr bundle, smphicribral in type, extends along the innar
region of the erstwhile outer integument ints the former lrner Integument at the
chalazal end. Hare it branches out into an umbrelle-like structure. Singh (196
reparted that he found the vescular supply confined to the chalaza only, and not
gntering tha srstwhlle innar intagumant.

At sesd maturity, six cell types or tissues can ba ildentified in the outer
testal tissupa, These can be dividad into two major partay the sarcotesta and
the endotesta. The sarcotosta, which in the mature seed appears smooth, sucouloe
and translugent, forms the outermost cowvering of the fresh seed (Singh, 1960).
Singh alsg reporte that it is whitish. The endotesta forms a firm, compact tims
beneath the soft and gelatinous sercotesta; and in drled seed is the outermost
covering {(the sarcotesta having dried up and disintegrated). The endotesta sppe
black, rough, and shows the ridges snd furrows (mentioned above) lylng pacallml
to the ssed's long axis (Singh, 1960).

Anatomically the sarcotesta consists of the cuter epidermis of the sesd
togather with one to three epidermally derived layers Iin tha furrows that are
formed by the andotestal ridgea. All the cells are large, with the puter spider
mal cells being smaller opposite the ridges and larger in the pomition of tha
furrows (Singh, 1960). Their outer well is coversd by a cuticle. Finally, in
what appears to be implicit in Foster's (1943) account, although contended by
Singh (1960), the large cells at the bottom of the furrows are also epidermally
derived and form part of the sarcotasta.

The endotesta is made up of four types of cells. The innecmost layer, the
inner epidermis, incroases in size, end s calcium oxalate crystal ls deposited
in sach cell (Foster, 1943). During further development, the walls of tho inne:
spidermis thicken, and the crystals are retained. Adjlescent to the inner epiderr
ara a nuaber of layers of relatively small compact cells. They will be refarroc
to es e{s) in these studies. Their walls sventually thicken snd develop numero.
pits (Foster, 1043).
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In the position of the ridges, and sbeue the e(s) reglon, are relatively
larger cells, to be referred to as w(L). These anlarge considerably during
development; and when their walls elso thicken, the process sterts from the
cornece of the cell walls (Singh, 1960) and graduslly extends te othar parts.

In tha positlon of tho furrows, a layer of elongated cells, interpreted by Singh
(1960) to be a contiguous layer of the endotesta, also becomes thick-walled.
Finally, all the cells of the chalaza persist in the mature seed and the outer
layets have the some sequence of developments as the puter testal tissues (Singh
1560) .

1.1,2,5 Jestal tissues derived from the ioner integusent. After fertili-
zation, ell the cells except for those in the inner epidersal layer, start elong

ating transversely (Foster, 1943). Tannin is deposited in the inner epidermal
celle. Besidea the inner and outer epidermal leyers, no sore than about four
inter-spidearmal layers are leid down.

With the excoption of tha innar epidermis, the othsr laysrs appear as a
compact layer betwsen the erstwhile outer integument and the nucellus (Foster,
1943). According to the latter author the inner epidermal cells enlarge conaide
ably during development and contain much tannin. In Singh's (1960) account he
confirmed the presence of tannin but reported that these cells hardly incroased
in piza. .

The outor epidermal cells undergo considerable increase in size and bocone
sclerified (Singh, 1960). The thickening incresses furthar, and in tha mature
seed they heve been described as stone calls {Foster, 1943; Singh, 1960), end,
in contrast, as longitudinally slongated fibree with thick walls (Winton & Winte

1935). According to Singh (1960) the outer epidermis of tha lnner teatal tissus
forms the main mechanical layer of the mature sead coat.

Of the remsining layers, both Foster (1943) and Singh (1960) consider that
they becoms only slightly enlarged and tengentially slonyated, and have only
relatively thin walls. These cells lose their contents. They persist in tha
mature seod together with Lha inner end outer epldermiccs. Winton and Winton

(1935) considered these layers betwsen the epldermises to be tranavaranly mlong-
ated fFibres.
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1.2 MATERIALS AMD METHODS

1.2.1 Genarsl placental distribution of owules

Bafore describing the selection of matoriasl, it would be wuseful
to note the distribution of owules in the pistil. In Carics papaya L. the pistil
is five=tarpallate and unilacular, and tho placentation is parlatal. As seen
in trensverse section (Fig. 1), the putsr wall of the pistil is ribbed in the
radial planes through the dorsal bundles. The inner wall, on the other hand, is
ridged whare two adjscant carpel margins ere fused, i.e. through the radial planc
passing through the fused ventral bundles. Ouules are borne on the inner ridges.
In between any two adjacent ridges, i.w. in the furrows ocpposite the dorsal
bundles, the inper surface is free of ovules.

For purposes of these atudiss; sach ons ol the Flve placental reglons
(Figs, W and 2) wes considered as a unit. The upper half of the ovule bearing
ridge, [.@. closast to the carpellary margina, was designated as thas c.m. reglon,
The lowar regions, on either side of the ridgo and adjacent to the gvule-free
furrows, the p.e. (plecentary edga) reglon (Fig. 2).

Figure 3 and Plate 1a dopict one of the placental units in longitudinal vie
The plecental region was further subdivided into guarters (Fig. 3 and Plate 2a)
batuesn the stigma and proximal ends of the placents. Thus for any ora of tha
five placental regions, ovules were characterized os coming from ona of aight
sub-regions; designated Ay, B, C or D if along the carpellary margin ridge (c.m.
or a, b, ¢ or d if along tha placentary edge mext to the furrows (p.se.), with
Afa closest to the etigme end, end D/d to the proximal (stes) end.

1.2.2 Selection of material for ovule snd serly sesd development

1.2.2.1 Aytumn fruit-set. For this study, about 50 flowers of the clone
Honey Gold were labelled when at the anthesis stage on May 9, 1971. Each nowul)

opened flower wes hand-pollinated with pollen from two to three full balloon--sta
mala flowers picked the sama day.

On the seme day, Tour flowers were sempled for enatomic studies, and sub-
sequently sasples wers taken at fortnightly Intarvels., At each eampling period,
the flowers or young developing frults were cut up into the eight sub=regions
described in tha previous section, and fixed in Randolph's Fluid (Brooks, Bradle
& Anderson, 1950). They were then presorved in S0% ethanol in separate bottles.

From each sampling pericd, about 40 ovules or seeds per placental sub-raglo
ware randomly chosen far subsequent dehydrstion, infiltration, embedding,
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soctioning and steining. Another 50 to B0 ovules or seseds per placental sub-
region per sampling period wera also rendomly chosen, end treated according to a
clearing procedure to be describad. The falrly large numbar of owvules selected
from this autumn-set waes in order to carry out a carsful examination not only of
ovule and marly seed development, but to look for signs of early ovule or seed

abortion, i.e. within the first aight weeks,

1.2.2.2 Summar fruit-sst. In the period Sth to 9th February, 1970, sbout
190 femals flouwers of the sama clana Honey Gold were labelled and hand-polli-

nated at anthesis as described for the autumn=set aboue. This summer-ast was
uged mainly for the study of normal seed development {"F" type seeds) to be
desgribed, But ss & limited comperison Tor the sbove mentioned autumn-set; owvul
and/or seeds were selected st snthesis and sgain tws weeks later, clearad and
examined as for the sutumn-set. Less emphasis was placed on this summer-set for
ovule and early seed dovelopment because seed abortion is & less freguent phenom

anon in fruits set in summer (sea Chapter 2).
1.2:,3 BGelection of materiel for normel seed development

1.2.3.1 Summer fruit-set. This study wass based on the same set mentioned

in section 1.2,2.2, Samples of four randomly chosen fruit were talken at varying
intervals. At first the samples werno taken at weekly and then fartnightly
intervals, but as the losses due to abscission increaeed, the sampling intervals

werg extended to thres, four and eventually six uweeks.

From eech fruit,; seeds that asppeared to be of averags size snd of normal
development in the B/b sub-reglons were selected. These ware Fixed and pPrEeEarve
according teo sithar Randolph or Carnoy procedures (Brooks et al., 1954). Thass
ware called "F" for "fully-developing” or "fully-developed"™, G5See Chapter 2,
{2.2.1) for abortive typoes.

1.2.3.2 BAButumn fruit-sets. In addition to the fruits of the autumn-set

of 1971 mentioned in section 1.2.2.1, materisl wes also available from a betch o
fruit set betusen the last week af April and the first week of May, 1970, Three
fruits were picked per sample, and the samples were taken every week for the
first three months, and every third week therpafter. Seeds were selected and
preserved as describad for ths summer fruit-set above. In addition, material ws

availeble from fruit set over the month of April, 7960,
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1.2.3.3 Meterigl for whwle goed and Cre't growth. Apart Trom the need fFor
ovules end seods for anatomic mtudies served by the above-mentioned materials,

whole (l.e. non-disnected) seeds and fruits were slso needed for messurements of
growth., The 1969 sutumn fruit-sat and tho summer and sutumn frult-sets (1970)
gerved thase purposen. Measurenents ware carried out at tha tise othar owules
andfor seeds were sampled for pressrvation and anatomic studies.

T.2:.4 Miorotechnigue

1.2.4,7 Embodding and Eiur_qt.m sactigning. The dehydration method of

Zirkle (Gray, 1954) was followed, end the material wes embedded in Lissuemat
{melting point * 61°C). At thes absolute athanol : tertiary butanol change, crysta
of erythrosin dye were added to render identificstion easier whilst sectioning.
At this last-mentloned stage, and at the final ‘pure’' tertiary butanol and also
final wax changes, the procedures were carried out under vacuum,

Sectioning was carried out on a Cambridge rotary rocking microtome sat at
12 microna. The resulting ribbons were lald out on paper. As it wes intended tc
detect the pressnce or absence of pollen tubes, endosperm and embryo, the selecti
of sections of ribbon ware carrled out ae follows., Sealected wax sactions wers ot
out at intervals from the ribbons, placed on a slide, end melted onto the elide
over & meéthylated spirits flase. The melted ssctions were thon guickly observed
under ths microscope before the wax re-crystallized end solidified. By this mett
it wes possible to converge onto those regions of the ovules or seeds which were
most likely te contsin pollen tube, endosperm and/or embryo tisesue,

Although this staga of the procedurs was timg@-consuming, it was deemed more
efficient and economical in terms of time and materials in tha staining procedur:
An altarnative would have been to make very many sliden to snsure coverage of the

tissues concarned. BOut for the later, normal seed development, this elaborate
eathod of examining melted wax sections wae not followad.

Finally, free-hand and cylinder hand microtome sectlonings were also carriec
out on preserved but non-embedded seeds.

1.2.4.2 Staining of microtomed sectlons. Some of the material was stained

according to the Carazzi haematoxylin methed (Gray, 1954), but most of it was
stalned with either Heidenhsins agueous lron-alum heemaloxylin method (Johansen,
1940), or with a modified ethanolic variant of this method. In the latter, the
athanolic content of any one stage was never below 50%. This method was Tound
more reliable than the squeous method on such delicate tissues as embryos and fre
nuclear endosperm. The latter often floated off the slidas during the change to
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Johansen's (1940) fast green counter-stein was also incorporated and the
procees finiehed off in absolute ethanol fand not in xylene). The cover slips

wara mounted in euparel.

1.2.4.3 Clearing procodura. A clearing technique developed by Harr {1371)

for the study of megagamotophyte and ovule development in enoioeperms was extend
here for the ovule end eerly sesd developmoil studies. The clearing fluld used
by Herr consisted of lactic acid (B85%}, chloral hydrgtu, phenol; clove olil and
xylene — (LCPCX) — in the proportions 2323 2:23: 1 , by mass.

In prder to get tha constituents to dissolve and remain in a stsble homo-
genized suspengion, it wes found necessary to add the constituents im that order
viz. L; Cy Py Cy X. Based on thse densities of thesa respective constituents, th

above Formulation wes approximated as Tollows:i-

Lactit acid @ E R EE e ED ml :
chloral hydrate . 60 g 3

phenol crystals .. 60 g (previously kapt in a dark-coloured
bottle);

clove oil siesses 56 ml § and

K?thE " EEEEEEE T 35 ml "

The resultant Fluid was kept in a cupboard, away From light when not being used.
(The fluid turned s rather dark colour when left exposed to light.)

With this procedure, ovules and young seeds were removed from their preser-
vative and transferred directly intp a vial with LCPCX fluid. After 12 to 24
hours they were ready for examination, The ovulee and young seeds were alsc

preservable in this fluid for at lesst two weeks (maybe mors) without undesirab)
effectls.

By means of a large (wide-tipped) pipette, several whole owules/young seeds
were brensferred with some of the fluid into a cavity (depression) slide. Tha

cavity was then Filled with the fluid and & cover slip carefully placed so as nc
to trap any eir bubbles.

1.2,4,4 Uss of microscope with cleared whole ovules and seeds., 1In Herr's
(1971) work, the material studied was no more than sbout ten cell layers (appro:

mately 150K) up to the focal plane of intorest. He was thus able to use an oil
immarsion objective and also phase contrast optics. The Carica papaye L. ovula:
snd seeds were considarably thicker, and their focal planes of intersst beyoend |
working distance of the oil immersion ob jective.
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Howsver, using an ohjective of 40 x (Olympus microscope) with a working
distence of 500 to 600k , the outlinea of nuclei within the embryo sac were
theoretically resclvsblo (Barer, 1559). But resolutlon without contrast is of
little uss. Also, the use of phass contrast microscopy with en objective of 40w

did not prove satisfactory with these ovules/soeds, slides or fluid,

Instesd, aftar adjusting ths microscope according to the principles of
KohlBr illumination, the subztage iris disphragm wae closed down further, and
the fine focus re-edjusted sccording to the recommendestions of Barer (1959).

In addition, use was made of a grey filter.

Althpugh a bit of & strain on the eyes, this technique proved satisfactory
in rendering the pollen tube, endosperm; egg end synergid nuclei wvigilble; in
addition to the cell welle of the nucellus and integuments. Plate Gc shows
Carica paspaya L. ovules at tha mature megagametophyte stage as seen in econven-
tignally microtome sectioned, steined etg. procedures, and in Plate 3a for com-

parison, as seen in unstained, cleared whole ovules with this technigque.

Details of, and within, individual cells comprising the erstwhile egg and
synergids after fertilization proved more difficult to resolue. Endospermic
development however, remaingd detectable. Plates Ta, 6a and 3b contrast the two

technigues for free nuclear endosperm,

Nevertheless, the sheath outlining tha developing pro-embryo usually con-
trasted enough with the surrounding tissue mass of erstwhile synergids, pollen
tube tip and adjecent free nuclear endospecm (Plates 3c, Th).

1.2.4.5 5Steining of cleared material. At the time of Herr's (1971) work,
no suitable staining procedures hed yet been devised in conjunction with the
LCPCX fluid. In the present studies attempts werse made to stein the materiel
efter it had been clearad in the fluid. Heematoxylin, aniline blue, safrannin O,
toluedine blue, bismark brown, crystal violet and fast green FCF - all of thase,

singly and in combinations, were tried according to the schedules mentioned by
Morley (1949) for cleared metorial.

It was found that ethanolic staining schedules were successful In imparting
the desired stalns, but unfortunately the tissues tended to shrink (a phenomanon

also noticed with conventionally microtome sectioned snd stained material).

Acetane as a stain solvent also ceused tissue shrinkege. Disselving the
stains in the clearing fluid itself did not result in discernably better contrast

and in additlon tha etain itseif clearsd sway in the L.CPCX fluid overnight.
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Following up the success Flsher (1970) hsd by first staining his material,
dehydrating with methyl cellesoivs (which also reduces shrinkege), end then
clearing with clove ofil, varicus staining schedules were modified and tried.

Basfically thase wers modifications of the following:-

{a) tanniec acid-Perric chloride-safrannin 0 (Sass, 1958);

{b) Heidenhain's aqueous iron-alum (ferric chloride) haematoxylin (Johansan,
1940); and

(c) the previous with Johansen's fast grean FCF incorporated as a counterstaln.

A general feature of all these schadules is that it is required that the sthano-
lically preserved whole ovulos and seeds be gradually hydrated, followsed by tha

spplication of sgueous stains, After differentiation of the staining ( judged on
external sppearance of the ogvules/seeds), the matsrial was dehydrated in methyl

tellosolve and then cleared in LCPCX fluid.

OFf the schedules tried, the following appeared to bo the besti=

Plecental piece with ovules/seeds attaoched Fixed in

Crafs (viz. Rendolph's fluids, Brooks gt al., 1950);
'Eiﬂ ethanol (preservative, until ready to procead further);
2N sthendl ..issenisssssssssbisisivrnsvsnnsinnsisrreass U5 Rinutasg
distilled waLBr ..ccecscscisrsncsssesninsnnssnansansnsasse A5 Binutes)
lﬂ aquegus Terric chloride .icesesssssssssssssasnssanss @& hourss
two changes: distlliled water ...cssssssssnsssssssssnssass O Hinutas sachy
U.IE:I aguecus haematoxylin ..eesesssssssasssssassssissasss 28 hoursj
two changes in distilled waler ..sssssssssssssssssssssnses 5 minutes sach;
3% egueous Terric chloride = until blue/black;
nqu appearance of cvules/soeds take on greyer sppearancas 10- 15 minutes}

sevaral changes in distilled water until no more (yellow)
farric chlaride diffuses out of tha maturialj

“ml E-IIQIHIUI I AR R R ] 5-12 hﬂ.l!lt

LEPLX  ssssssasnsasassnssintssnisnsntnisnisinsaddsnsnsasnase B=12 hoursaj

tranafer individual ovules/poeds to cavity slides for examination in the fluid
as previounly deseribad for cleared, unstainod materiml.
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Although the stained ovules/sesds were certainly distinguishable from
unastained ones, the differences were not photographically important enough to
warrant the trouble of the staining procedurs, It was therefors discontinued

in tha routine esxaminetions of these studies.

1.2.4.6 Maasurement of tissues, celle, wholae seeds and Truits. Measureman

were carried out on the nucellus and the embryn sacs of cleared whole ovules/ses
gs seen in the medisn longitudinel focel plana. A graticule divided into 100
divisions was used in the eyeplece. WNoting an adjustive magnifiecation on the
bhody tubm, and magnifications of the objectives used, eyepleces and substaga
condenser, it was poesibla to celibrate the graticule maasurements against a
specially graduated slide. Cross-sectional areas of these tissues (above) wers

estimated from an approximating formula, viz. that of an ellipse.

With regard to the estimation of the cross-sectional aress of individual
cells of the various Lissue Ltypes, the formulas usad ware those for the rectangl
and the ellipse. The number of measuremants taken per cell type per sampling
parlod varied. It depended partially on the pumber of 'whole' calls seen in a
microtome section for a given tissue: for thea Integumentary or teatal tissues,
about 10 cells per ssed for esch of the epidermises, and from &0 to 150 for tho
other tissuss. About 100 cellular endosperm cells ware measured per seed, whils
the numbar of cells For nucellus and embryo depanded on tha size of these tissus
With regard ta tha number of seeds, since approximately average sized seeds had
bean salected for preservation, only three to six were used per sampling period

for measuring the cell typas.

Most of the seeds were sectioned along tha longitudinal plena, and the meas
ments wers taken from sections lying approximately along the median 1/s. The
idea of taking cell messuraments only occurred after the sectionling had been don
Examination of those transverse sectlions that had been made reveal that the
transverse dimension of cells not reprasented in the langisections is quite ofte

e major dimension, particularly in some of the tastsl tisaues.

Thus the results only apply to the medien longitudinal plane, and call
volumas may not necessarily be well correlated with the longitudinal cross-
sectional areas computed. MNeverthasless, within the plane examined, compariscns
can be made between developmantal periocds and betwsen various cell types. Anoth

aim was to compare the growth or size of cells of individual tissues Tound in
normally developing seeds and thet Found 1in sbortive ones.

With regard to whole seeds snd fruit growth, measurements of length, braadt
and fTrash mass {hﬂfarc removal of seeds) wore determined for all samplod fruits.
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The author had previously Found thet the Fotrmula for the volume of a sphare, viz.
in thoe form -E B* , whare B is the mean fruit dismeter, is a satisfactory approxi-
mation for the volume of fruits of the clene ‘Honey Gold' (Pereira, 1968),

With regard to tha 1969 autumn-get, 4E fruite wers set aside for fruilt growt
i.0. these were not semplad from for tho anatomlical studies. OF these 48, only
18 survived to fruit ripening, the others sbacissing. Measurements teshken fort-
nightly provided & continucus record on this sub-set.

Measuromants of whole seed growth in the 1969 autumn-set ware taken as follo
from the 15th week's sample phwards, S0 {nnrn]ﬂ_lly developing) seeds were removad
from each of the 8 -C (carpellary mergin) and b-c (placentery edge) regions,
rospectively. The mean seed (fresh) mass for each of these regions, and thelr
combinad mean, wera determined. In addition, length and diemeter measuremants
ware taken on a fucther five (normally developing) seeds from esch of the above
gub=reglons. This sompla size of five wns caloculated to give a semple estimate c
the maan with a margin of error of 10%. The calculation, based on standard error
data, is Trom Cochran (1964). The messurements were made by means of either a
microscopa fitted with the calibrated graticule or else a ecrew=-mlcromster.
Finally, the pame smmpling and measuring procedures were carried out on the owvule
and smads of the 1970 summer- ond autumn—-snts.

Volumes of seeds of @ wide range in slze were datermined by paraffin dis-
placoment (the sewds floating in water, but sinking in pareffin). Of the wverious
ospproximating forms trled, it wes found that the formula of the volume of a prole
spharold gave & good fit, The latter geomstric form is obtained by rotating an
ellipee mbout its major exis, and the Tormula for the volume is % nab® , whare
a8 and b ara the major and minor axes respectively (Hale, 1965). As applied to
these meeds, the malor and minor axes were the length and diameter respectively.

In fitting the curves to the various dates from the seed and fruit anatomic
and growth studies, the method of “freshend smoothing” for curvilinear relations
as oxplained by Czekiel and Fox (1959) was used. The method entails grouping se!
of data into sppropriante groups to ebtein group sverages; then drowing in a emoc
free-hand curve which passes near ell the group esverages end spproximately throu
the middle of the original data. The process is reposted afresh seversl times,
&nd an average curve selected from theso. In addition, the curves should be
sub ject to certain logical limitations as regards shspe, sign of slope, prosence
or abaence of inflexion pointa, atc. Provious fruit growth studies on papaya
(Kuhne & Allan, 1970) suggested a simple cigmoid curve Tor the frults, and famil.
arity and inspection of the data suggestad the aame for the wholo seed growth
curves as well. The curvos for the individual cell types were often mors comple:
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and it wam sssunsd that grow:h curves were nevor negative, and that the response
wore 'smooth'. The letter, of course, was probably unlikely for any individual
sopd. Nevertholess, the smooth curvos are mesnt o suggest the population mgan
responas type. Othearuise, the fTorm of the curves were judged from the data
available. DOnly a few tissues proved problematic.

1.3 RESULTS AND DISCUSSIONS

1.3.17 Dvule end sarly seed davelopment: Autumn

1.3.7.1 HNucsllus and intaguments befors fertiliration. Ovules were at
different stages of megagamsatophytic dovelopment et tha time of anthesis, as als

found by Foster (1943). In thosa in which the magagame tophyte had reached ths
mature form (Plate Ba), the Inpar and outer Integumants both consisted of about
five layers each, as also found by Foster (1943).

All the ouules had differentlated a vasouler buncdle in the Funiculus and in
parts of the inner portion of the outer integument. Table 1 shows tha percantag
of ovules which had already difforentisted the vascular bundle inte the chalaza.

TABLE 1 Percentage of ovules/useds with vascular bundle
differentisted at chalazal reglon, for fruit
set In autumn, 1971. Sample sizs squal to 50
for sach fruit sub-region for sach sampling

pariod
it SAWPLING PERIODD
AN At anthesis Mouk 2 ook 4
A 66 100 100
" 16 72 92
B 90 100 100
b D a4 Be
C B2 B 100
£ 2z 22 100
D &8 68 100
d 18 Not exaninad a8
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Relfarcing now only to the ovules at anthenis, it is evident that those along

the c.m. ridge (sub-teglons A, &, C, D) wers more advanced in this respect than
those along the p.e. edge mlong the furrows {sub-ragions a, b, ¢, d). The asutho:
has alsn made observations on unopened Tlower buds at various stages of develop-
mont, and it is evident that the First ovules to be initisted are in the c.m.
ridge region. This halpa to explaln why vascular bundle development is more
sdvanced along the c.m. ridgo. These ovules are also closar to the underlying
ventral bundle (Figs. 1 and 2Z) from which gll]l the ovules receive their vescular
connactions.

Figure 4 shows tho cross-sectional area of nucellar tissue as seen in the
longitudinal focal plane. AL the time of snthesis, the ovules of A, B, C and
D aleng the c.m. ridge reglon hed more nucellar tissue than those nearer the
furrows (p.@.y 8, b, oy d).

1.3.7.2 Magaosmetophyte. It has been sald that ovules were at various

ategos of magagamotophyte dovelopment at anthesis. Plate 5a shows an ovule uhas
mpgagamotophyte wom at the four-nucleate stage. At the focal plene photographad
ona of the tws nuclel al the micropylar end ie in focus, and the othar two can b
saen 1ln the centre of the megugametophyts. In Plate Sb, at & slightly different
focal plane, the othar micropylar nucleus is in focus, whereee the three other
ruelel are slightly out of focus. Plates 5¢ is & photomicrograph of what was an
eight-nucleate megagametophyte. Three of the four micropylar nuclei are in focu
the innermoat one being the micropylar poler nucleus. At the chalazal end, only
the other polar nuclous im in focus; the three antipodals are out of facus and
wera very faint,

Pletes 6c and 3a show mogsgametophytes at tha mature staga. As can ba sean
the synergid vacuoles in focus are guite prominent. Tha filiform spparatus
{(not shown hera) was not doetected in cleared material.

In over thirteen hundred ovules sxamined - with the excepticn of four owvule
pollan tubes were not ssen to be penetrating into nucellus tissue of owvules lack.
ing mature megagemetophytes. In the four exceptions, tha pollen tubes penetrate
into what sppeared to have been esbryo sace devold of contents, ms seen in secon
and fourth week samples. There were a few other owulos in which pallen tubes ha
entered the micropyle, but not the nucellus, of ovules with ismature mogegameto-
phytes.

There were also the occasional "oddities"., A few ovulss showsd more than
ong pollen tube. Plate 5d shows an cvule that was focused at & plane to show
that one pollen tube had entered into the nucellus, whilst a second had doubled
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back in the micropylar region of the innur integument. No owiles, howsver,
wera seen with more than one pollen tubm in the smbryn sac.

An interssting festure of the four exceptions mentioned sarlier was that
tha pallen tube appeoared to have ponetrated m pood doal further into the ambrye
sac than usual. In spite of the coutlon mado by Maheahwarl (1950) sgainst the
view that the synerglids necosecarily control the antrance of tha pollen tube,
this could well ba the case in Carice papaya L. Bhatnagar and Johri (1972)
have reviewed more recent work which supports the role of the aynergids,
although they also echo Maheshwarl's caution.

Flgure 5 depiots the proportion of ovulee In the varlous plecental sub-
regions which had mature msegagametophytes. It is evident that the ovules nesar:
the c¢.m., ridges (A, 8, C, D) were more advanced in this respect in comparison
to ovules nesrer the Turrows (s, b, c, d) at anthesis. This is also barne out
by the X analysas of Appendix Table 2.1 which shows that whereas no significar
differences axisted within A, B, C, D or a, b, c, d respectively, differences
wera certainly present when both thesa ware taken together.

fFigure 5 furthar ohows that by the second week after anthesis, the diffor
botwesn the ridge sand furrow ovules had bean narrowed considersbly.

It may seem surprising that the sub-regions along the c.m. ridge had a
lowar proportion of maturs megagamstophytes al the second week aftar anthasis.
If ono recalls that although the sesple size of ovules per placental sub-regios
was relatively high, that of the flowsrs/fruits was small., The discrepancy

than wan probably within tha limits of natural variabllity between tha Flouwers,
fruito.

Table 2 shous the percentage of ovules in the various placental sub-regios
which had not yet developed an embryo sac (and therefore no megagametophyte,
#.q. Plate 4a). In comparing the sample st enthesis with that at the second
week, it is agein evident that there was & generally lower level of developmen
in the second week's gample. Notwithatasnding the above, the follewing can be
smen. At the anthesis sample, the owules nearer the furrows (a, b, c, d) appe
od to be less advenced (i.e. fewer ovules with esbryc sace) than those nearsr
the c.m. ridge (A, B, C, D). In the subsequent samples, thess differences
between "ridge" and "furrouw" ovules bacame less clesr-cut. A possible reason .
that after anthesio the differontiation of new ovules probably cessed, and tho
that were already present tendod to go on to dovelop an embryc sac (and mega-
gamatophyts),

It was difficult to know definitively what proporticn of owvules eventuall
developed mature megagametophytes. This is becauses after the second wesk, the
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TABLE 2 Percantage of pwulas/seeds without ssbryonic sacs For
fruit get in sutumn, 1971. Sampleo =ize egual to 53
for pach frult sub-region for each sampling period

i SAMPLING PERTIOD
sub-ragion | .o oothesis | Week 2 | Week & | week &

A 4 10 2 4
a [ 14 (1] B
B 2 14 2 2
b a (] 2 2
C 2 12 4 2
[ Z 12 G 1
] 1] 10 4 2

B ] 2 z

pragsence of poellen tubes In ovules resulted in, or elsa uas assoclated with,
collapsed synergids and other changes in the ambrys sac. This obscurad the
status of tha magagamatophytea. Orfe possible way to Find the answer would be
to examine megagametaphyte developmant In protected, unpollinated flowers/fruit
One would have to ensurs that these fruits did not sbsciss too soon.

1.3:.1.3 PBlacental d;gtr;bqt;gn af pollen tuba penatration. Figure 6 illu
trates the pattorn af pollen tube penetration into ovules, If one looks at the
histogram at the second week after anthesis, it appears that the owvules closar
to tha atigma and have a greatsr likelihood of receiving the sarlisr penstratio
Thera also appears to be an obvious difference betwean avules cleser to the c.m
ricdges at A, 8 as opposed to Lhose adjacent ovulss closar to the furrows a, b,
auan although thay ware virtually enquidistant from the atigma. It may ba re-
called that pollen tubes only appeared to penetrate sn ombryo sac if the mege—
gametophyte weas mature, and that the general pattern of distribution of megage-
motophyte maturlty (Fig. 5) probsbly carried over into the following week or so
Pollen tubes were mora likely to have entersd first the owulss with mature mega
gamatophytes closest to tha stigma end, and then those ovules with mature mega-
gamatophytas in the next closest sub-regions.

Tablo 3 is a X’ analysis of the pattern of pollen tubs panetration. Consi
ing the period bwtwoen snthesis and the second week, all the regions except fer
tha basal guerter (D/d) and (c) Purrow recsived pollen tube penetrations at a
(statistically) significent lovel. The largest penctrations were along the c.m
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TABLE 3 ‘.I'L' differences [df = 1) for the proportion of owules penotratad by
pollen tubes betweon successivo sampllng periods for a givan
Frult sub-region

FRULT BETWEEN BETWEEN BETWEEN
SUB-REGIDN ANTHESIS ARD WEEK 2 WEEK 2 AND WEEK 4 | WEEK 4 AND WEEK G
Set in : Signif Lcance X Significsnce; 2 Significance
Autumn, 1971 " lovel level level
[ 46,314 wow 8,680 L 0,177 NS
a 19,580 e 34, 462 i 0,488 NS
B 48,529 L 1,920 RS 0,074 NS
b 5,530 * 26,042 bkl 1,240 NS
C 21,053 " 10, 343 w 0,493 NS
bo
- 45
o panetration 32448 0,365 NS
D 1,575 NS 9,357 e 12,965 L
- .. win "
d penatration 11,458 10,583
Set in Probability significance levels
Summar, 1970
N5 p> 0,05
) B4, 946 L ® p<0,05
a 71,971 " = p<D,MN
e 38,077 waw =¥ p < 0,001

rioge (8, A, C) and tha first guarter furrow (a) next to the stigma end. Betw
the second and Tourth weeks, all the sub-reglons with the exception of the
second quarter along the ridge (B) received sdditicnal pollen tube panstratlon
ot significant lewels. The lacgest increases ware Tor the Lhrea upper Turrow
reglons (&, ¢, and b). Betwsen the fourth end sixth weeks, only the lousr cua
(D/d) received significant agditional penetrations.

This snalysis suggests further confirmotion of the idea that pallen tubos
tend towards the neareet svailsble ovules with mature megagamatophyles; ot an

rate towards sub-reglons with such megagamgtophytes. Such regions may have be
producing more chemotropic subaotance(e).

For the histograms covaring the Ffourth and sixth weeks after anthosls In
Figure b6y cartein additiona hove been drewn in. Thess are ¢ppreeantad &s hrok
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iines, and the sub-regions concerned ere B, c; D, d Tor the fourth weak, and
C, D in the pixth week's sample. The additionsl ovules represented here had
bean panetroted by pollen tubes, but no changeo had been affectad in the maga-
gamgatophyten. Either the pollen tubes had just arrived, or else poosibly by
that time those pollen tubes no longer contained potent male gametas.

1.5 1.4 Nucal LEB af E.arlg.r paid cdevelapmant. Following fertilization, cel
divisionas wera cccurring in the nucallus. At first the divisions occurred
throughaut the tissus, whilst later [about ths eighth week) they sppearsd to be
confined to the pariphary. Cell enlargement proceedsd throughout this perlod.
The cells at the periphery tended to be smaller, partially because more divislios
werte oceurcing thare.

Plate 3d shows a young developing ssed in which 'tannin' was just beginnin
to be deponited in the chalazal region, and Plats 4b shows ons at a stage prior
to this. Plate dc shows one in which several layers had already besen depositod
giving rise to the disc seen in cleared whole seeds. This disc ocours just mbo
tho hypostase idontified by Singh (1960) and shown in Plate Te, d, He did not
mention tannin deposition, nor did Foster (1943). But in Singh's furthar accou
and drawings he shows & regicn of celle four to six layers abutting upan the
hypostase (embryo sac side) which look like the tannin disc region ssen here, |
said they became "thick-walled". (The contents of the cells of this 'disc' loo
like that of the inner spidermis of the inner integument, called 'tennin' by
Foster, 1943.) '

Table 4 shows the proportion of owules/seeds in the various placental sub-
regions in which the tanninized disc had hecoms evident. [t appears that the
process began batwsen the second and fourth week after anthesis. Again, the
procoss was mora prongunced in ovules/seeds nearer the c.m. ridga.

Figure 4 shows the mean cross-sectional areass of nucellar tissusz as seen i
the median longitudinel focal plane. Ninaty-five per cent confidence intervals
have been drawn in and thess were ostimated as tuice the standerd errors of the
means (Ezekisl & Fox, 1959), The differences betwsen ovules along the c.m.
ridoges and p.e. furrows at _anthesig hove already been pointed out. In the wesk
that followsd, the relative size of the expending tisgus sesms to have been a
function of ite relative size at anthasis on the one hand, snd on the other of
the ovulo's/seed's position relstive to the temporal pattern of pollsn tuba
penatration. In other words, the carller m placental sub-region received polle
tube penstrations, the larger was the sverage size of the nucallus.

Finally, Figure 7 shows tha cross-sectional aceas of tha uhr-_.-n gaco alana

e mmieh e oo R e Fe Ak - . i e i B = r 3



TRELE 4 Parcentage of ouules/seeds with tanninlized disc of
cells edjacent to the hypostoss region for fruit
gat in autumn, 1971. Sample aize equal to 50 for
each FPruit sub-region for each sempling perlod

SARMPLING PERIODD
FRUTT
SUB=-REGION
At anthesis Weak 2 heak 4 Waok 6
[ o o 100 b
0 o 1] E 1] g0
2] (1] 2 100 HE
b 1] a 78 a2
L 1] a 88 an
G o 1] 72 b4
0 0 a TE Ba
d 0 ] A48 e
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from intre=fruit sub-regions during sarly growth, sutumn, 19571. 'I' indicates 95% confidence
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generally the samo as that of Lha nugellus. OF Interest sleo is that embryo sac
growth was quite slow until sbout the fourth weak.

1.3.1.5 Endnspgrm. Endospern growth was relatively rapid (unlike the embn
snd oany to follow with the LCPCX closrlng method. Development was only free
nuclesr during the varly seed development (six to oight wesks) looked at with ti
method, and the endosperm sppeared in strands as shown in Platem Ta and Sa. The
nuclel tended to ba mors concentrated at tha micropylar ond chalazal endas than
in the mid-region, ss wes also Tound by Foster (1943) and Singh (1950).

From Appendix 2, Taeble 2.2, it is evident that differences existed betwsan
intra-fruilt sub-regions in respect of the propertion of ovules/soeds with norma
developing endosparm. Four weske of ter anthesis thers wuas o geadiant dawn bath
the carpellary mavgin and the placental owules/seeds. Along both mejor sub-
reglons, thls proportion was greater tha closer the sub-ragion was to the stigm
and. This no doubt was due to the earlier and grmater concentration of pollaen
tube penetrations at tha top of the fruit ss compared with the bottom of the Ffr

han cerpellary margin and placental edge sub-reagions are comparead togetho)
for within the top half or bottom half of the fruit respectively, mignificant
differences only existed within the bottom half. Thia indicatea a groater fall
off in the proportion of seeds showing developmant in the lowsr half. This wil
be exsmined further in Chapter 2.

Figure B depicts the percentage of just those ouules which had baen pane=
trated by pollen tubes (end presumebly fertilized) which showed normally develo
ing endosperm. (MNon-noraally developing endosperm usually appeared "Flimey", o
else markedly diffTerent in some other way from that of the appearance of norcmal
developing endosparm.) In terms of this judgement, the percentege of fertilize
saads shouing normally developing endosperm at the fourth week ranged from Just
below BO¥ to just below 100% for the verious sub-regions. However, at the cixtl
ueek, sub-region 'd' had a markedly lower percentage (sbout 50) than the rest o
the fruit (over 80%). This lowsred percentsge will be discussed further in
Chaptar 2 on seed abartion.

For tha present purposea it is interesting to note that whilst intra-fruit
differances existed in the proportion of the totel ovules/seods showing endospe
devalopment (Appendix 2, Table 2.2), little difference existad betusan sub—

regions when only fertilized seeds are considered (the exception being sub-regi
'd' at the sixth ueak).
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1.3.1.6 Pro-pmhryo. Embryo developmant was very slow - never getting
beyond the globular pro-embryo stage. Becouse the individusl cells wera
reletively small, and because of tha closs proximity of the pollen tube tip and
surrounding free nuclasr endosperm, it wes usually difficult to distinguish
features of the pro-embryo when uvasing the clearing method. MNeither did the
authar have much success with the conventionel technigue, i.e. with microtome
sgctionling, etc. Apart from loging pro-ambryos during the pre-stalning procedur
staining itself provided further difficulties.

Plates 7h and 6d are of the same seed (eight weeks after anthesis) with a
two-gelled pro-embryo. It was enshesthed (&s also found by Foster, 1943) and
there was quite a bit of mucilagenous-like material around it. Tha fres nuclesr
endosperm neerby, es well as the pollan tuba tip are heavily stained. This
heavy stalning is apparently a common difficulty put down to the relesase of
certain substancas in the interaction betuesn pollen tube and synergids
(Maheshwari, 1950). One consequence of the above difficultiss is that the authr
was not able to check this material for irregular esrly embryo cell divisions
(cf. Fostar, 1943; Singh, 1960).

Plates 3c and Bb show ypoung pro-embryos st six weeks after enthesis as sear
through the clearing fluid. These Plates - 3c, 7b, 6b and d - weveal how close
the free nuclear endosperm strands lay to the pro-embryo. Foster (1943) claimes
that there is no contact. Whatever contact thers might be is wvery slight, as b
presesing lightly on the coverslip, the endosperm strends gave way. But ultra-
atructural analyses would have to be usad to really know what the relationship
is during the early stages.

Turning agein to Figure B, BD to 95% of all fertilized seeds showed appare
normally developing embryos at the fourth and sixth wesks, bar one exception.
That exception was again at sub-reglon 'd', (a&s for endosperm), which had about
75% and 60% at the fourth and sixth weeks respectively.

1.3.1.7 Tissues derived from the outer ihtequmEEE. By the sighth week af

anthesie, l.e. at the end of this study, the tissues derived fFrom the outsr
integument had differentiated into five or six cell types. FPFlate 8b, c shows
part of these as seen in longisection. The tissue betwsen the oputer end inner
epidermises had increasad by cell division and enlargement and was differentist
into two tissums destined to become part of the endotesta of the mature seed

coat, viz, the e(s) end e{L) tissues, Cell divisions near the tep of the lalte
tissue, e{L), can be smen in Plale Bc.
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In many regions of tha devsloping seed coat, the e(s) and e(L) formed a
continuous double "layer", except in the furrows. BHewveral large cells Tilled
the latter. The outermost is the continuation of the outer epidermis, Tecogniz
able by ite thickenad outer wall. The layet immadiately below it as shoun in
Plate Bb, ¢ was derived from the outar espidarmis by periclinal divislons. Thas
large-callad derivatives, together with the outer epidermis, were daestined to

bacome the sarcotesta of the maturs sped.

The interpretation of the innermost laver of large cells in the fFurcow, i.
immediately abowve e(s), as seen in Plate Bb, c, has besn controversial {liters-
ture review). Kretzer (1918) and, eppsrently, Fostar (1943), regarded it as
epidermal in arigin. Singh (1960) contended that it is part of the outersost
laysr of the els)/e{L) tissue. The present author is inclined to concur with
Singh's (1960) view., Examination of Plate Bb, ¢ (and of other matarial) shouws
thet the layer of large cells in guestion is continuous with that of ths outer-
mast layer of the e(s)/e(L) tissue. (This point will be Further discugsed unde
the later seed development section.) The point at issus hers has bean whethar
the seed structures of Caricacese and Cucurbltaceas are similar, I7 this bottc
layer is derived From the epidermis, than appacently they are similar (Singh,

1953), otharwise not (Singh, 1960, who also advanced additional reasons).

The final tissue of the endotesta to be referred to is the inner epidermi:

These cells hed begun to expand, both redially end tangentislly, by the sighth
waak aftear anthesis.

1.3.1.8 Tissuens derived from the inner integument. By the end of the
sighth wesk, these tissues contributed sbout eight layers: an inner and outer
gpidermis plue sbout six lavers in between. The outer epidermis had elongated
tangantislly to a considerable extent. The undarlying five or six layers had
Blso expanded tengentislly,; but to a much more limited extent: The innar epi=
doermis had enlarged somewhat, and tannin deposition was often seen at the micr

pylaer end nf the layer.

1.3.1.8 Growth of mature ovules not penetrated by pollen tubes. Measure
ments were also carried out on mature ovules net penetrated by pollen tubes to
sea what their comparative paltern of growth waes after anthesla. Figurse 9

depicts nucellar growth for three classes of owvules or seedsi-
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(1) ovulas with wmature megagametophytes whieh had not yot been penc—

trated by & pollan tubaoj

(ii) young seed which appoared to have normally developing free nuclesr

endeaperm; and

(iii) for the € (c.m. ridgs) sub-region at the fourth week, young seeds

whose endosperm appearsd Lo be disintegrating.

It ie svident that all the mean values incressed over the four weaks, 1.8
irrespective of the cless of pwule/seed or of plecental sub-region, A1l had
produced mora nucellus. With the exception of the developing sseds in ths D/d
sub-regions at the fourth week, thers ware aleo evident differences betwesn
owules/eeads along the ridges (c.m.) versus those next to the furrows (p.e.).
In the 0O/d sub-regions at ths fourth week, the largar standard errorc with
correspondingly larger confldence intervals preclude one From sayving whether th

ohsarved means were different from their neighbouring sub-regions.

For any given sempling period, the young eeeds were larger then their
unpenetrated {but mature) owvule counterparts in the same placental sub-region.
Tha exception was in the D sub-region of the fourth week. Apert from ite laroe
confidence intervals, & furthar reason for the lack of definite diffarence migh
have bean that fertilization occcurred relatively late in this region {as

previously discussed} and the difference had not become pstablished.

With regard to the ovules/seeds in sub-reglon C at the Fourth week, it is
intaresting to note the following. Those samds that had been penetrated by
pollen tubes but whose endosperm was not developing “"normelly" had no more
nugellus than their mature but unpenetrated ovule counterparts. Both thasa
letter two classes had less nucellus thaon those seeds which esppeared to have
normally developing endosperm.

Examinlng Figure 9 with regard to mature but unpenetrated ovules only, it
appears that such ouvules that werea in sub-reglione of earlisr and more wide-spre
endospermic development were themselves producing more nucellus. Taking sub-
regions ¢, D and d as an illustration, the mature but unpenstrated ovules of D
hed more nucellus than those of o and d over the first two weeks. But with the
subsequent penatration of pollen tubes and the grestsr concentration of develo;
ing seeds in sub-regions above D/d, the gap betusen the confidence intervals of
the c and D sub-regions had narrowad by the fourth week, By that time too, thi

unpenetrated cvules in c hed also mere nucellus than their counterparts in d.

Figure 10 shows cross-sectional aress of the embryo sec of the samo ovule:

apads cdepicted Iln Figure 9 and diocuseed sbove. The general patterns are the
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the same, but the eonfidence intervals ate semewhat larger. Thus the malure
but unpenetrated ovules of {c) did not cleerly have largar embryo ssce than
thair countarparts in the (d) sub-region at the fourth week.

1.23.2 Ovule and sarly =acd development; Summer

As previgusly montioned in tha methods and materials section,
the ovule and early sesd devalopmant Trom Trult set in pusmer wes not axeslned
in detail. WNevertheless the main difference botween the summor= and autusn-po!
ovisles/seade was that the rate of development of various Features was of ten

mora rapld in the former. A feu exomples follow.

Tho firet is in regard to vaescular bundle differentistion at the chalaza
(Tahle 5). Tn compering autumn and sumser sets at enthesis, It s clear that

TABLE 5 Percentage of owvules/seeds with vascular bundle
differentiated at chalazal region, for fruit
sat in summar, 1970. Sssple asize egual to 50
for sach fruit sub-region indicatod, for sach
gampl ing pericd

FRUTT SAMPLING PERIDD
SLB-RE0IN At anthesis Weak 2
A 20 100
& 6 100
B B4 -
b 2 .
C B6 -
- i 100
1] B4 -
d (1] -

a similar pattern existed in bath, viz. the ovules along the c.m. ridge werw
more advanced. Comparison betwesn the two sets (Tsbles 7 and 5) suggests that
the autumn set ae & whole were slightly shead of the summsr set, except that
quite a number of owules (not shown here) in all sub-regicns of the lattar had
vary nearly differsntiated the vasculasr bundle at the chalaza, The limitad
comparipon at tha second ueek after anthesis In sumser shows that a1l the
ovules/seeds in muon thp third-quarter furrow region (c) had already difforen-
tiated the vasculsr bundle at the chalexe. This was not the case in the
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furrow sub-roglons of the sutuan cat. With rogard to the propertlion of owvulea
without megagasstophytes or esbryo sacs (Tables 2 and 6), little difference
exislad boteoon the two sots.

TABLE 6 Parcentsge of ovules/seeds without embryonic sace
for fruit gat in susmer, 1570, Sonple size
equal to B0 for each fruit sub-region indicatad,
for sach sampling pariod

r FRUTT SAMPLING PERTIOD
SUB-~REC1OM At sntheszis Weak 2

f 8 4
a a

[ [ -
b & s
C -] -
G & (1
(1] 2 -
d 12 -

Figura 5 (proportion of ocvules with mature megagametophytes) shows that at
anthesis the summar pattern wes much the same as that of the autumn seat. The
exception was that the summer ovules nwarar the furrow (&, b, o, d) were mare
advanced than thelr autumn counterparte. The W nnalyses of Appendix 2, Table
2.3, are in the same direckion as that Tor the sutumn set (Appendix 2, Table
2.1), elthough less pronounced.

With regard to the pattorn of pollen tube penstrationa (Fig. 6) tha scores
For the A, 8 end c sub-regions &t the sscond week were noticeably higher in
the summer than in the sutumn sets. AL thst saspling period, the proportions
in both the ridge and furrow sub-reglens of the top-end quarter (A/a) were much
more alike in eummer than weas the cese in sutumn, In the lstter case, similari
was only cbsarved st the sample teken two wasks later. It Is llkely of course,
that in the sumsar set, the ridge sub-region (A) received more of the serlier
pollen tube penstrations then the furrow sub-region (@) before the sample was
taken at the end of the second week. The roason for saying this is that initi-

ally there was = grester proportion of mature megagametophytes in the ridgs sub
region (cf. Fig. S5 and previous discussion),
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As far =a the anatomicsl dovelgpmant of the sunmer owules/sends were con-
cerned, the pattarn was essentially the same as that for the sutusn pnes. The
main difference was that tho developments reached after eight weeks in tha
sutumn set had already been reached after thtes or four wesks in the summer seti.
(Comparing Tables 4 end 7 ab the segond weok, this difference wna not yet markec
There alss appested to be mors layers in the e(L)/e(s) tissus in the young

sumner-set seads.

TABLE 7 Percentage of ovules/sseds with tanninized disc
of cells adjacent to thes hypostase region For
frulit set in summer, 1970. Sample size ogual
to 60 for each fruit sub-region indicated,
for each sampling period

L SAMPLING PERIDD
i At anthesis Woak 2

A 0

it o

3] 1] -

b 0 .

C 0 -

c (1] 1]

D o -

d 0 -

Finally, & relationship tested in some of the young summer seeds (but mot
in the sutumn ones) was the degree of assoclatlon betwsen the number of frea
nuclear endosperm nuclei in a seed and that soed's size. The correlation co-
efficlent (r) betwsen these twe parsseters of seeds Trom selected placental sub
raglons at the second wesk ranged batweon + 0,52 and +0,84, all significant
beyond the 1% level (Appendix 1, Teble 1.1). This would seem to imply that the
davalopments in tha embryo sac (largely sndospermic at that stage) and the over
all oarly seed devalopment, ware interrelated.

1.3:3 Neormal seed developmant: Susmar

1.3.3.17 Mucellus. Right from the carly phases; evan whilet the endospers
was otill free muclear, the inner sutface of the nucellar tissue adjacent Lo th

pndogoerm waes chersctarized bv a sucilaaoncoun=1ilka sheakh deoictesd 4 PlslbAas 7w
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and 4d. This sheath appeors tu Lo a broshiven by-product of tha nucellus as it
ies utilized by thn endosparm (Strssburger, 1965). Until the timn that the ando
sperm had surrounded the developing emuryo, l.e. after the onset of cellulari-
zation, the embrye itself wsa In contact with the nucellasr tissue. Here, toeo,
a8 breskdown sheath was alsoc poen o dnuulﬁp at the embryo/mucellus interfacs.

With regard to cell eize, Figura 11 relstes changas in the mean cross-
eectional ares of indlvidual nucellar calla. This msan pize Increassd at a
rapid rate, (although diminishing after the fourth week) until & meximus mean
size was reached at about tha 17th week. After this, the mean size dropped.
Tha explanation for this is not that the cells began to shrink but that tha
larger cells were digasted by the adlacent, expanding endospers and ambryo
tissuas. More specifically, this drop in mesn nucellar cell size was correlate
with the period of rapid embryo growth rate and the filling up of the central
vaguols with cellular sndosparm,

An examination of the tissuee also revealed that cell divisions wers cccur
ring in samplss taken up to the 13th week (but then no longer from the 16th wec
pnuards). Cell divisions wera sore freqguent in the pecripheral layers. This
probsbly explaine the observation that cell sizes were generally smaller in the
poripheral layers. Tha ceasation of cell divisions coincided spproximately wit
the period of maximal rate of embryo growth.

An intarssting festure of the periphersl nucellus was that it was usually
still nucleated and contained cytoplasm oven at the tims of fruit ripeaing. Th
was not the case with tha nucellus in the "speclalized" region at the chalazal
end. These latter nucellar cells lost their contents after the 33rd week sampl
during the Final seed maturation phase. On the other hand, many of the larger
nucellar calls interior to the peripharal layers were seen to be without conten
by about the time of endosperm cellularization. This mppesred to be the cese
gven when their walls had not broken down. Howsver, the explenation for the
latter might be that the depth of the microtome sections (12y) was smaller than

the depth of these cells, resulting in some cells appearing to bp "empty™, yet
intact.

The four sub-regions of the nucellus at the chalazal end (me discussed in
the literature review) were found in the materlal examined, Plate 8d (and 7c)
shows their rolative positions. After the endosparm becams cellular, the two
inner regions, i.s. the finger-like cells (originally nearest ta the endosperm)
and tha adjacent dense-staining region were apparently digested by the endosper

leaving cnly the "dise™ and hypostsss reglons. This sequonce of events wes ale
raportad by Sinoh (1960).
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Up to the 20th weak, tha thickening of the walls of the “disc™ region
{Plate 9a) sppears to hawe buean of the ssew typn as depicted in Singh's (1960)
drawinges, Houwsvar, in scosn socods spapled ufter this period, a tannin depositi
into tha centre of the cells (rather than clong the walls) was also sasn
(Plate 8h). Thess coses resewbled tho central depociticn of tannin into the
{nner opidermis of tha inner tmstal tissuee (erstwhile inner integument). In
the lettor tissue type, this kind of doposition was slready occurring before
the 13th week. Of further Interast, the thickening of the disc region nucalls
cell walles mentioned above alse appears to have been due te a depasition of
tannin, The explanstion for thess two differont ways of tannin deposition is
not cleer to the author,

Aftar the 33rd week, the celle of the hypostase region adjacent to thoe
"disc" region alse sterted to thicken their walls (Plste %), and this occurce
whilst tha cells aof this tissue were still nucleated. Interestingly, the oyto:
plasm in the cells of tha hypostasa could alresdy be seen to be lined up egaln
the walls (Plate 9d) as early ss the seventh wesk. Thickening of the walle of
the few remaining cells of the “dense-stalning® sub=reglon Intorior to the die
was also seen. This also occurred in the period prior to final sesd maturatio:

1.3.3.2 Endospers., Both frec-hand and microtoms sectioning of sesads up '
the seventh week revealed only free nuclear endosperm. In the 10th week sampl
however, cellularization of the ondosperm hed begun in some seeds. This trans
itional phase was found in seeds sampled up to the 13th weak. Fostar'a (1943)
seads, developed in a greenhouse (conditions not stated), reached this endospe
trensition phase at sbout 11- 12 weeks after pollination. Cellularization in
the present author's material wes seen to proceed from the micropylar raglon
and progress towards the chalazsl end, as shown in Plate 10a, b. This was alo

the sequence reported by Foster (1943). In addition, howsver, some seeds did
show that cellularization had begun st the chalazel end first.

In gensral the free nuclear esndosperm wes saen to be sproad out alaong the
periphory of the embryo sac, cleose to disintegrating nucellar tlssue. Tha
central region w=s presumably & large wvacuole, judging from the wuay tha fres
nuclear endcsparm strands moved when pressure wes opplied to LCPCX-oclesared see

The development of nucleated cytoplasmic nodules as reported by Singh (1561)
was nol ssen in this material.

During the Lransition phase cell walls were formed around the existing
nuclei., At that stage the central vacuole still accounted for a large proport
of the esbiryo sac volume. There then Tollowsd a period during which nuclear
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divisions were assoclated with cytekinmsis, Tha cell divisions appesved most
noticesbla on the outer surfoce of the sndosperm, naxt to the nucallus and
especially at the micropylar and chalazal ends, as shown in Plates 10z, d snd
12a respectively. Cellular endosparm formztinn thus progressed inwards from
the periphery towards the central vacusla. However, cell divisions were also
gsen to be occurring in some colls further within the endosperm mass, as can he

agen in Plate 12b.

By tha 19th week eoms sesds had virtually filled up the central region wif
cellular endosperm. In athers, this was the case by the 23rd week. After the
central wvacuole had been filled, further cell divislions were still seen to ba
accurring, particularly in the chalazal end micropylar regions. Howewver, tha
extent of this further cell division was not much. Table B, although based on
only a small number of soads, also suggests that cell divisions tailed off afte
the 23rd wesk (there being little difference in the cell number counted aftler

that period).

Maturation of seeds is seccompanied by dahydration which im turn is apparen
in such signs es the formation of many smaller vacunles and the depoeition of
cytoplasmic conatituents (Guilliermond, 1941). In these (summer fruit-set) see
"maturation" as depieted in Plata 11a waz sean to start ococurring in some af th
gageds af tha 23rd and 27th week samples. Prior bo this phasa of development;
the cells of the endosparm eppeared comparstively well filled, only slightly
wvacuolated and the nuclel were quite prominent (as ssen in Plate 11h}. Fram th
33rd week onuwards the dehydration process had begun in all the sesds exemined.
Plates 13a, b, o show that the nuclel were no longar distinguishable amongst th
maess of deposited cytoplesm. In those seeds wvhich appesared to have developed
notimally, the storege form seems to have been aleurcne grains, and its structur
was amorphous, without crystalloids or globolds. According to Foster (1943},
mature seeds conteined sleurone grains end oll; but no starch. This appears
{enatomically) to have been the case here oo, although it would nesd te be cor
firmed by histo-chemical methods.

Mention has alresdy besn mads of the apparent nutritive relationship at th
endosperm/nucellus intarfaca and that this wes slready noticeable during the
early phases of fres nuclear endosperm development. In contrast to that, a
mucilagenous shealh crly developed at tha EﬁduEnErmemhrxﬂ intarface during the
dehydration (maturation) phass. Plates 17¢ (16th week) and 11b (27th week) shc
sseds which had not sterted any noticeable dohydration of the endosperm, where:
Plates 11a (23rd week) and 13b (42nd weak) show dehydesting seeds. Only the
latter two cases show the brsakdown shooth, and it sppears that it was ths pnde

sparm that had been breaking down. This assoclation was aleo ofien sasn in the
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centra of the embryo sac along rather disarganized cellular endosperm tlssus
next to tha tips of the cotyledons, A will be aseen from the discussion of the
sped coat tissues that is to Tollow, the popaage of nutrients From the rast of
the plent or fruit through the teste (vie the chalaza and/or micropyle) would
sppear to have been blocked off during the sead maturation phase. The embryo
may thus come to depand more hesvily on the endosperm at about the maturation

phoga,.

Figure 12 deplects the mean cross-sectional ares of individual cellular end
sperm colls. The growth of thase cells sppears to have followsd & simple sigmo
form, #s noted previouasly, cellulsrization set in at sbout the 10th wesk. BAs
aetimated from thase free-hand curves, the maximzl rata of cell expanzion was
reached at about the 26th wesk. A diminishing rate appears to have set In afts
the 33rd week, i.s. et spproximetaly the time the maturation process had bean

geen in some cells aof gll seeds examinod.

1.3.3.3 Embryo. During the period of the trensition ol endosperm Ffram t
free nuclear to the cellular state (10th to 13th week), the embryo was seen to
be of the globular shape (Plate 11d). B8y the 16th week, the haart-shape had
become evident, as shown In Plate 12c. The lattar also shows a psrsistent poll
tubs tip, From the 19th week's sample onwards, embryos had reached tha fimal
ehepe, i.e. the dicotyledanous or torpedo shape, as shown in Plate 12d, althouc
not their Final size (Figs. 13 and 14). By contrast, the embryos in Foster's
{1943) study hed resched the Final torpedo shepe (but net the Final size) by tt
i1th = 12th week, at the time the endosperm wss undergoing transition to the
callular stata.

Tho apparent dehydration and maturation of embryo cells sppears to hava
been clossly assoclated with that of the cellular endosperm cells already
described., Plates 1ib end 138, by ¢ referred to during the discussion on celll
endosperm, show the visible signs of this sssocistion. However, some embryo

calls in some of the seads examined did =till hawve nuclei which could he dis-

tinguished, sven during the final maturation phass.

In the discussion of the endosperm, reference has besn made to the possib!
nutritive relationship between the andosparm and the embryo during the later
stages., Prior to theee stages, the embryo might have been utilizing the nucel
or else heve been nourished through the devaloping testal tigsues. Foster {19
has previously suggested that a persictent pellen bubs tip might have an
hauetoriel function linking the embryo to the developing testal tlssues. Plat
13d shows a mature sesd (44th week) with a persistent pollen tube tip. Howove:
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in the latter the connection wiih the tesbts] tissuess sppuars to ba practicslly
oblitecatad by heavy tennin depasition. In some seeds this obliteration sppear
to have occurred much parliet, whersea in othars, es shown in Plata V4a, the
pollen tubm tip still extends through the tasnnin layer Lowards the mlcropyla.

Flgure 13 shows ths grouth curve of expension of cells found within tha
protodorm layers of theo potyledone. Masximal rate of expsngion occurred at asbou
the 24th weak, and tha rate bagan to docline after sbout tha 30th week. Froe
spproximately tha 35th week onwarde, such embryo cells showed little expansion.
As mentionad befpre, in refarence to tho discussion on the endosperm, most
embryo and sndpsparm cellm had entared tha maturation phase by the 33rd woek
sampla,

Figura 14 deplcts tha growth in length of the esbryo os measured from the
base of tha hypocotyl reglon ta the tip of tha cotyledans. The initial growth
af the embryc wes delayed (as mentioned also by Foatar, 1943), and only became
marked from about the seventh week. Tho maximal rats appears to have been roac
ed by the 18th weak, with a diminishing rate setting in after sbout the 22nd
week, Final length seema to have been reachod by about the 35th week, i.s.
during the Tinal maturation. 2

In comparing Figures 12, 13 and 25}, k , it appears that the maximel rate
call expansicn in the embryc cotyledona and the sndosperm was reached at about
the sam= tise (24th and 26th weeka). The embryo length (Fig. 14), on the other
hand, reachad its maximal rate bafore the above doscribed cell expansions, i.o.
by the 18th week. Ouring the phose of rapid growth of the embryo, most of this
growth occurred in the cotyledons. This suggeate, than, that the process of ce
division was contributing more to embryo growth before the 20th week, and that
thereafter embryo cell expension was more importent. This relative contributio
from cell division alsc sppears to be conficvmed by the data in Teble 8. Tha

latter shows that the number of cells along the protoderm had virtually reached
ite maximum by the 23rd week.

1.3.3.4 Teetel tissuss derived frEm outer E“tﬂ!ﬂ"t

(a) Duter spidermis

Fram the fourth wesk, i.e. beginning of this study, the rate of coll expan
aion of epldermal cells sbous the endotestal ridges was doclining slightly
(Fig. 15). This changed into an sccelsrsting rate by shout the 11th wesk, reac
ing ite maximal rate at about the 22nd week, whereupon it again started to
decelerate. The latier maxlmal rate occurred slightly alter that of the undar-
lying large-celled endotestal e(L) cells (19th week, Figs. 15, 16 and 25a, d).
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The epidermal cells sltustad bstwsen Lhe sndotestsal ridges started off at
accelerating rate, reaching tholr maximal rate after about 15 weeks (Flg. 17),
i.e. slightly shoad of that of tha e(lL) tissua. The rate of expansion of api-
darmal colls batween the ridges only began te decline from about the Jdlh wesk
(Fig. 17), i.s, at tha onost of sesd maturation. The epidermal cells sbovs the
ridges, on tha other hand, had slroady begun to enter & marked declire in
expansion by shout tha 29th week (Fig. 15). From Figures 15 and 17 it ls clear
that the epidermal cells situsted botusen Che endotestal ridges ware largsr tha
those situsted sbove these ridges. This im in agresment with Singh's (1960)
report. Finally, during the Tinal maturation phass (after 34 weeke), the celis
af the epldermal layer wara stlll seen to romain nuclasted.

{b) Sub—epldermal sarcotestal tissues

The sercotestal component below the outer epidermis conmiabted of two Yo
three layers, =s reparted by Singh (1960). There was o substentiasl depoaition
of mucilage intc thesa layers after the fourth week. This was particularly the
cage in the Ind layer, as coen be seen in Plats 14b, Howsver, from the i6th wee
onwards these cells appearsd to have less mucilage. Whether this was because
the celle hed expended with little or no further mucilagenous deposits, or whet
the seads staried to utilize some of this, was not sscertained,

MNigures 18 and i5c show the cell expanaion of tha uppermoat layar of this
tissue. The form of this growth curve resembles that of the spidermal cells
ebove the encdolestal ridges, with the accelerating period setting in st about
tha 17th week. The maximal rate was resched at sbout tha 27th week, followed b
a declinlng rate, tending towards a plateau from sbout the J4th wesk.

From after the 33rd week's sample until fruit ripening, the sarcotestal
tissues (including the outer epidermis) wers virtuslly tha enly testal tissues
ratain nuclai. The exceptions seen were in some cells asscciated wulth the vesc
lar bundle running through tha inner endotestal tissue a(s). This persistenca
of nuclei in the sarcotestal tissues during seed maturation is interesting from
tho point-of-view of the celouration of seeds. From Singh's (1960) repart, It
appaara that the colour of maturs seeds is due to tha thickenad ondotestal tiss
undarlying the sarocotesta. This would sppaar to have been the case here too
{Platen 16a and b):. Howsver, the mature norsally develcped seads wers slthar
dark groy or black in colour. When fruits were kept in s deep freszer, the dar
grey seede took on en oclive green-sppusrance, whateas the black seeds remalnad
bleck. On thauwing out, the "greon™ seeds reverted to & grey colour. On remova
of the sarcotestol tissues from the grey and blsck seeds, differences could be
spen in the colouration of these tissues themsaluves, Therefore coma of the
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Finally, a comment on the derivation of the sarcotestal tissve. In tha
discusaion on ovule mnd sarly seed development, Singh's (1560) contentlon that
the bottom layer was dorived from the endatesta rather than the outer epidermis
was supported. Plates 14c, d =nd 153 wvould appear to support this claim ps wel
It is, houmver, understand=hls that this layer has been thought of as being
derived from the epidermis, since its Meslures resesble that of the overlylng
parcotesatsl layers. Furthcrmore, tho upper portion of this single layer dries
off with, or is removeble with the rest of ths eplidermally derived sarcoteoata.

(c) Lorpe-celled endotastsl tissue e(L)

Apart from increasing in cell area during saed developmant, the (L) and
the underlying small-celled e(s) endotestal tissues sharad the feature of being
the only teatal tissugs to increase in musber of layers perpendicular to the
longitudinal axis. Periclinzl cell diviaions occurred at guits a steep but
diminishing rate during the early part of seed devolopment. Figure 19 shouwa th
these cell divisions finally ceased from sbout tha 20th week onwards, with tha
final number of layers being sbout 28, It wes by means of these cell divisions
and expsneion that the a(L) produced the sead's charactaristic ridged cost (as
spen in the dried state).

With regard to cell expansion, Figure 16 shows that this growth was of a
simple aigmoid form, The maxisal rate of Increese occurred at about the 19th
wner. Ceoll expansion tanded to ceass after about the 35th week.

Montion was mado abova of the ridged sppesrance of dried seeds. During
developmant, however, and in the freshly cut ripe fruit, the seeds have & rathe
smooth appearance. From an examinaticn of Figures 25b, ¢ and d it may be
appreciated that Lhe Increases and decroases in growth rate of tha sarcotestal
tissués betwsen the o(L) ridges dovetalled sufflciently with that of the growth
pattern of the e(L) tissue.

The "gqualltative" featurus of e(L) development were as follows. At about
the tise of onset of endosperm cellularization (10th week), the first appearanc
of a "buckling” of e(L) cell walls becams evident (Plate 15b). This condition
persisted until about the 23rd week (l.o0. after the maximsl rate of cell expans
ond also cell division stages), and some secds sven showsd this condition at th
27th wenk, When the o(L) cell wells bagan to thicken considerably after the
27th weak, the bueckling dissppeered in normally developing seeds. Plate 15¢
shows o(L) cells, still nucleatad, but having bagun ta thicken end lose their
bucklod-wall appearance. Tha buekling might have heen the result of the micro-
toma poctioning or dehydration procemsas, but thon that would suggest a conditi
of woaknoos o sipcoptihilivy pver tho peried concerned.
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At the 3cd weesk the o{L) tlssun of most sesds exsmined were still nucloat
gd, Seods varled es to how much of this tisgcue hod bagun to thicken. Thickarn—
ings oppoared to atert from the base of Lthis tissue, i.s. in the layers ad jacen
to the e{s) tissue. Correlated to this, seeds in which thickening had just
begun still showed buckling of wells nearsrt the tips of the endotestz]l ridges.
Tha thickenings of tha cell walls begen &t the corners, as shown in Plate 152z,
and me ceparted by Singh (1960).

During the final maturntivn phese the e{L) cell walls hed thickened con-
siderably {(Plates 16a, b) and darkened. At the Inception of the latter, fresh
papus obtllY sppeored white, but thesa colourad up in the followlng wesaks. The
colpur end thickenlng of thesa cell walles no doubt contcibute to the charac—-
tarlotic colour of oried (whole) mature seeds.

(d) Small-celled endoteatal tissue o(s)

Perliclinal cell divislons peccurred in this tlssue, as mentlonad in tha
previous section. From Figucam 20 it is evident that this sctivity followad thea
sama pattarn (and virtuaslly the same finol number of layers, about 29} as that
af the e(L). Thare vas greater varisbility in tho counte on this tismsue as com
pared to that of the e(L), so that the time the cell divisions ceased is less
clenr, From Figure 20 Lt seoms that coll divisicns ceasad by about the 23cd
vank, l.w. posnibly a 1{ttle later than thet of the a(L) tissue.

Flgure 21 dapicts the pattern of coll expansion in afs) tissus. From ths
start call sxpanalon procweded at an accelarating rate, the maximal rate baing
reachoc at about tha ABth weak. Unlike the outarmost tissuns already discussed,
a period in which further call expanslon ceased to ocour took place, starting e
about the 20th woek and lasting until sbout tha 26th weak, Thereafter there ws
again an accelerating rate, reaching & second maximal rate at about the 30th
wask, A marked slowing down had set in by about the 35th wealk.

The "gualltative™ features of development were as Tollows. At about the
tise this tissus wes roaching its firat maximal rate of expansion (11th week),
call walle were relotively thin, aa shown In Plats 1Ba. With the start of the
sacond spurt of growth (27th week) these cells were larger, but etill relativel
thin-walleo (Flate 17a). The buckled condition of the e(L) tissue did not oceu
in thia tipsue, ss cen be asen in Plate 15b.

Soon aftar this bath ofs) and a(L) cnlle began to thicken their walls,
although still nucleated in the wey shown in Plats 'S¢, After the 33rd week,
most of the seads examined had a(s) cells with no muclei. In such seeds, the
walls were beninning to develop pitted, thickenud walls (Plate 17b). At this
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time, thase m appoorod light beown, allhough the whole (frosh) seeds were
still white In appearance. Hut svan st Lthis time {33zd woek), a fow coods had
a(s) tissua in which cell walls were only slightly thickensd, were not pitted,
and had not begun to colour brown. (Incidentally, the difference LIn time to
fruit maturity of fruita sot ot the sama time in thie study ranged over about
four woeks.) Some cells wers even nuclwetad. But flnally, at the time of &
fruit ripening, e{e) calls locked cytoplmsmic content, wore very thick-wualled
and black, as can be ssen in Platea Y6m ond b.

(e} Inner epidermin

This Innetmost layer adjecent to the a(s) also had a pettern of cell exper
slon 1ike that of the o(e) tissue (Figs. 22 and 25f, »). The first maximal rat
was reached at sbout the fifth week; a short period during which cell expanaic
ceasad acocurred betwoen tha ﬂ'th and Eth woeks; tha second maximal rate of
axpansion ocourrad st about the ,‘g!nt.h wank, and by Lhe 35th weaek onuards, the r:
of cell expanslon was alowlng down., As can be sesn from Figuros 25F, e, tho ke
saquences just enumerated cccurred a good deal earlier in this epidersal Layer
than in the adjacant e{s) tissua, and tha period of quiescence in cell exponsic
was much shortar.

The "gualitative" festures in the davelopmant of this layer were as follow
At wbout the time of ondosperm cellularization (10th week), calcium oxalete
crystals bogan to appear in thess cells (Plate 19c). Even in cells in which &
cryatal had not yet appmarad tha eytoplasm wam oftan seen to arrange itself
around (presumably) a vacuals which itself had the shape of laoter crystals
(Plate 1Ba). Several weeks later, when cellular endosperm had virtually fillec
the centre of the smbryo soc, calcium oxelate crystals hed started to bocome
conspicuous (Plate 1Bb). Plate 20e of a LCPCX-cloared segmant of & soed at &
latar stage than above shows the extent of cryatal deposition at the micropyla:
end of the sesd. Houwaver, soms seadn as late as the 23rd woek's semple showed
no crystal formation. The otcurrence of conditions conducive to crystal formaet
had prosumably not occurred or were not present in these least-mentioned sonds.

This spresd in tha time teken ta reach this developmental sequonce was
surprising to the author. The fact that cessatlons in coll expsnoion grewth
occutred in this tissue and the tisoues inmediately adjecent to it on either o

during this period (10th to 23rd ueeks) might poamibly contain & clue to this
phanomanan.

B
F-ul-uii;ﬁb- the time at which this tissus resched ite mecond maximal rate
axpansion I'.%!th wook), its innar wall wes seen to ba rathar thicker (Plate 18c
Although not shown hore, this ticsue wos still nucleated. Cuen by tho 33rd wed
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present in soms cells. By the time the fruits were ripe, the crystals virtusll

filled these largs, thick-walled colle (Flates 13d and 16c, d).

1.3.3.5 Tastal tissues derived From the inner integument

{a) QDuter epidermis

Figurea 23 depicta the width or depth of the outer epidermis as sgen in
longitudinal sections. The croes-sectlonal areas have not been shown because i
was aftan difficult to find the tepering croes walls of thesa greatly elongated
cells. Due to this shepe, the cross-sectionsl areas of these cells wsre mostly
a function of their longitudinal {tangential) sxis, so thet it was unfortunate
that this major dimension could not be measured in most of the tissus examined.
Howswver, in those cells in which it was possibla, tha pattern of expansion grou
ss expresssd by the celculsted cross-sectional esreas (not shown here) sppears i

fit in with the pattern of growih in the width of this layer.

From Figure 25g it sppears that aftar an initisl phase of growth in this
dimension, a period of guiescence set in at sbout ths 10th week (the time of
endosparm ¢511ularizatinn}, and & second phasa of growth only commenced at atiow
the 19th week, although it might have boen later (see Fig. 23), i.s. 8 period c
O to 13 weeks. OF mll the testal tissuee examined, this tissue's pariod of

guiegcence was the longest.

The maximal rate of growth in width of this leyer occcurred at sbout Lhe
Zth wesk. What was ouite marked is that virtually 70% of the growth in width
was made in the period feollowing its guiescance (Fig. 25g).

The "qualitativa™ features follow. Plate 19¢ of tha 10th wesk shows this
lsyer as 8 rather narrow one, whilst Plote 17c of the 23rd week shows & conside
ably widar layer with spmewhat thickened longitudinal waelle. Cytoplasm was sti
avidant, Plate 15d of tha 27th wesk showe the eppearance pf this tissue in the
reglon of the micropyle, with nuclei still having been guite promiment.

Flates 1Bo; d taken of other more advanced seeds of the 2Z7Lh week show walle a:
having becoma thicker and pitted. A tapering croes-wall can be seen in Plate
Plete 17d gives soma impression of the thlckening as seen in seeds taken at fri
ripening (44th week). As Singh (1960) put it, this layesr forms ths main mechar
cal layer of the mature sesd coat. In Further reference toe the literaturs, th.
tigaue Bs found in this study appesared wore like that described by Winton and

Winton (1935), i.e, longitudinally elongated fibres. However, in the regiuns
the micropyle it was more liks that described by Foster (1943} and Singh (1960
viz. stone ocells. Perhaps thees differsnt interpretations wore due te either

looking at and describing cells taken from either the central versus micropyle:
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regions (or chalszal) — or possibly from longltudinal versus tronsversa eectlon

Furtharsores, this study waz confined te one clone, i.s. thers may be clonal
diffaroences.

{b) Inter-spidermal tissus

Mith regerd to the tissues lying betwsen the two epldermises, it appears
that another twn to three layers were leid down during seed developmant. The
Final number of layers sean thus varied betwsen Tour and eix. Figure 24 indica
that the individual! cells reached their finel cross-sectional slzo oo early as
tha 12th tp 16th weeks.

Plate 19c shows the relative thinneas of the call walls at ths 10th weck,
whereas in Plate 17c (23rd week) the cells of the outer layors had begun to
thicken. Plates 18g, d (27th week) show further aduvancement in this, although
tha cellswere still nucleatad. By the 33rd week, theoir wuslls wore yet thicker,
ghowing asome pitting, and they no longar had nuclei. Plate 16c aof the 4dth wae
shows thea degrea of thickening seen in this tissus in seeds of cipa fruit.

{¢) Jones eoidermis

Figure 24 indieates that the longitudinal erceo-ssctional arma of this lay
ingreased rapidly but at a declining rate during the first halfl of seed develop
menl, Finel cross-sectional size vas reached batueen tha 20Lh and 25th wesks.

Plate 19a (Sth week)} shows that in & section of this layer near the chalaz
end thare hed bean no tannin deposition, whoreas Plate 190 of the samp aspd sho
tannin deposition in some cells nearer the micropylar end. Thoreafter, tannin
deposition followed a variety of forms. In some seeds the deposition mppeare t
have occurred in the centre of the cell, resulting in a smooth dapoait which
followed closely the shape of the cell (Plate 18c). Some were not so seooth,
having irreqular edges (Plate 19c). The colour of the deposit also varied:
from a light, yallowish-brown %o dark brown to reddish-brown, sometimem even in
the same seed. In some seeds the deposition sppesred to have started glong the
cell walls rather than in the centre of tha cell (Plate 19d). Thesa two types
of depoeition, viz. along the walls or else into the centre of tha cell, have
already besn noted during the discussion of the disc region of the nucellar
tissue. Tha inner epidermal layor often oppearsd compressed indicating that th
tannin depositlon was fairly plisbhle under the pressure of aither the expanded
inner tissues (eepscially Lhs endosperm), or of the force of the microtome

sectioning (ar of both). Plata 160 shows the compressed condition of this laye
in a saed Prom & ripe Frult.
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1.5, 3.6 \Mascular suppiy. The limil to which the vascular bundle or
usbralla extended was sbout that shown In Plata 20b. IT ome regacrds the regian
whars tha Inner epidermis of the Inner intaguesnt meets the "di=zc"™ (shown in the
above Plate and dlpcussed in the section on the nucellus) as the trangition zone
batween the inner integumsnt and the chaloza, then the vescular supply did not
gitend inta tha inner Intogumont. Singh (1960) stated this to bs the case
whoreas Foster (1943) implied (it seems) that the vascular supply did enter the
Innar Intagument.

1.3.4 Ceomparative normal sesd developments Autumn

Anatomicelly, tha mature normslly developed seeds Trom frudt set
in sautusn wore idanticsl in oppearances to those sat in summer as just describen,
Microtome-cectionod, as wall as additlonal hand-sectiored materisl from both
autumn and summer—set frults st the time their respective endosperms becsme
cellular revealed that all the!r testal tissues were at cosparshls stages of
davelopment. At nther periods, the correlation botween various tissues within a
particular saed sppaared such like that of seeds Froo sumser-set fruit.

The dif ferencan betwsen tha setz sppaar to hava bsen in terms of the time
patitern at which various stages were reachad. For example, whilst it took seeds
from the 1970 sumser set (early February) 10 wesks For the endosperm to become
cellular, sands from the carpallary sargin of frults set in April, 1965, took
18 wesks, thosa slong the placentary edge of the same fruits, sbout 23 weeks.
Seeds from fruits set in the last week of April, First week of May (asutumn), 197
took on the avarage 15 weeks. Those From Fruit set in the zacond weak of Ray
(sutusn}, 1971, tock sbout 23 weeks. whilst the post-endospers—cellularization
phases were spread over 30 weaks in the summer set, these same phases were
relatively compressed into 15 to 20 weeks in the autumsn sets (depending cn the
time tgken for endosperm cellularization, and fruit ripening).

In the 1970 summar zat, the onset of endosperw cellularization was sccurrin
virtually at the time the 1970 sutumn Fruits were baoing set (end of April,
beginning of May}, and ths further developments of the foreer wers spraad out
through the wintar months end finally early sumsar (November). On the other han
the seeds of tha autumn sets had to ge through the winter months and even into
spring (September/Dctober) before their endosperm became ceilular, after which
their further daveloprents occurred during tha ware months (up to February/Rarch

The latter conditions help to explain why the post-endosperm—cellulsrization
phases were compressed into Fewar weeks in the autumn sets,
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With regard to the nunser of layers In the endotestal tissuses, the autuen
Prult-sot seeds sppesrod to hawo about Tive loss in each of the a(L) and e(s)
tispuas, i.e., 23 leyers sech, in compariscn to approximetely the 28's of Lthe
summar sat. This difference then, was in the order of 20%. Individusl cross-
eoctional cell sreas of oll the various tissvue types discussed bafors were abaui
BO% of the cize of the corcesponding tissves of summer fruit-set sseds when
bath werms at the cellularization of endompers atage. Again, Finel sizes in
tissues of mature secds wers in the ordar of 70 to BO% of those of the correc=
panding summar fruits' seads.

So although the sutumn fruit-sst seeds had grown for a period twice as long
ps that of the summor set by the time the endospers became cellular (and the
ambryos began their rspid growth), the sutusn-set ones had not yet caught up in
cell slzes. Naither did thay finally cateh up In slze in the remaining warmar
{elthough fewsr) monthe, Further data relsied to the sbove results will be
presanted in the section that follows.

1.3,5 Whole ssed and fruit growth

Figure 26 shows the growth In volume of seeds growing in the m.m,
and p.e. regions of fruita set in autuen, 1969. A growth curve for Frzull volume
bassed on the sub-sat of 18 Fruits is alspo deplcted. Peak frult growth rate wons
reached at about the time the c.m. seseds' endosperm began to cellularize (about
the 18th week, beginning of September), By the time the endosporm of the p.e.
seeds had cellulsrized (23rd week) and the embryos had ontered the repid growth
phase (by the 26th wesk, end of October) the Fruit volume growth rate haed begurn
to decline. The inflexion in the eigmoid form of the fruit growth ocourred
gbout halfway through the growth period (21st week, mid-September).

The sead voluse growth patterns were virtuelly parallel to that of the
fruit, with the seeds in the c.m. region remaining larger than thoss of the p.a.
Thelr inflexion points, howsver, appear ta have been a little later then that
of tha fruits. The growth pstterns of the eseds from the ¢.m. and p.e. regions
ware elso virtually parallel to each othar.

Figure 27 depicts the growth in volume of sesds from the c.m, and p.e.
raglons for both the summer and autumn sets of 1970. Within a givan Fruit-set,
the pattern of growth of c.m. and p.e. seads were again parallsl, with tha c.m,
seeds again remaining larger throughout. All four curves are sigmoid in form,

but obvious differsncos existed betussn the summer and sutumn sets.

Whilst both sets grew over 40 - 45 wesks, the seed growth of the susmer set
reached thoir meximal ratws (inflexien polint) at about the 0th wesk (mid-April
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f.0. about a qusrtsr of the dovelopmenial poricd, and also at the tise of endo-
sperm cellulaerization. In tha case of this {1970) autumn set, the inflexion
polnt was again about half-way through the developmont period (20th weok, mid-
September), and sgain during the Svensition of free nuclear to cellular endo-

SPETM,

So whilst the summer-sot soods had reached their maximal rate before the
wintar sat in, that of the sutusn set did so only after the wintaer months. At
Pruit ripening, i.e. sfter 10 monihs in both sets, p.e. seods were spproximatoly
0% the size of thair c.m. counterparts in both sets. On the whole, the autusn-
sat seeds ware about 708 the size of those of the summer set. This proportion
matches that found bebtween the cross—sectional sreas of respective individual
call typos of thesa two sats (cf. anatomy sections of this chapter). Sisilarly,
at the tims of thair respective endosperm cellularization phases (10th week,
mid-April and 20th week, mid-Septesber, sumser and sutumn sets respactively), t
sutusn-sut sseds were abput B0% the size of that of the summer set's. This wes
also the case with the individuasl cell type sizes, as would be expected.

The summer sel's ssed growth, then, doss not appear to have baen affectad
by the winter conditions, wharsas the autusn set's seed growth accelsrated only
aftar the coldest months (June/July) hed passed. These findinge (on growth in
volume) for individual norsally developing seeds parallels those Tound by Kuhne
and Allan (1970) for fruit (vclume) growth of summer snd sutumn sots.

Figure 28 shows mmongat other things, the fruit and seed growth (measursd
as fresh mass) for both the summer and autumn sets of 1970. The mean seed mass
patterns followed much the sama pattarns as those of the sean seed volumes, aa
would be uxpected. In both the summer and autumn sets the inflexion in the
growth curves of the fruits soems to have ocourred slightly before those of thed
individual seeds. Aftar the pericd at which tha Inflexlons in the growth eurve:
af both seed and frull cocurred, there were divergencies in relative growth rate
Frult growth rate appears to have proceedod at a relatively faster rats than the

af the normal geeds In the summor set, whorsas the reverso seems Lo have occourre
in tha asutusn got.

Now that normal ("F") secd development in the clone 'Honey Cold' in relatis
to ite fruit growth has beon doalt with, it will be poesible to meke 2 compars-

tive exsmination of the "douslopment® of abortive or underdeveloped ovulez and
sends in Lha Tollowing chapter,
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PLATE 1 One-fifth longitudinal portion of fruit with various complements of
seeds.
(a) Full complement of F+P+5 seeds and U ovules.
(b) P+5S seeds and U ovules.
(c) S seeds and U ovules.
"(d) U avules only.

See Abbreviatiaons and Plate 2b,
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(a)
(b)
(ed
(d)
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r
de e

Divided F1lfth lengitudinal fruit portion after seedes removed.
Two notational keys for seeds and ovules found in mature Fruits
Four of flue longlitudinal portions of frult with sesds.

Seeds sorted into type and Intra-fruit subregion.

See Abbreviatione.



PLATE 3

(a)
(b)
(c)
(d)
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&

Nad e

34

Micropylar end of mature megagametophyte (cleared, x 1880).
Centre of 6-week seed, autumn set (cleared, x 470).
Micropylar end of 6-week seed, autumn set (cleared, x 470) .

Ovule two weeks after anthesis in autumn, with tannin at
chalaza (cleared, x 470).

See Abbreviations.
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PLATE 4 ({(a) Collapsed embryo sac at anthesis, autumn {cleared, = 470).

{b) Owule tuo weeks after anthesis, sutumn, without tannin at
chalaza (clesred, x 470).

{e) UWeek=2 seed with pollen tube and tannin, autumn (cleasred, x 120

{d} Cellular endosperm bordered by nucellar sheath, 13-ueak seed,
summer sot (x 1880).

Epe fAbbreviationa.



Four—nucleate megagemetophyte, three nuclei in focus;
anthesis, sutumn [clearad, x 1680).

Samg a8 (8), different focel plana.

Eight=nucleata mapagametophyta; Ffour nuclei in focus
(cleared, = 1880).

Week-6 ssed with two pollen tubes, autumn set (x 470).

See Abbreviastionsa.

BD
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PLATE

B

(a)
(b)

(e)
(a)

Frem nuclear endosparm; week=6, autumn (cleared, x 1880).

Pro-embryo, at pollen tube tip; week-6, sutumn (cleared,
x 1680).

Matures megagametophyte, autumn (x 1880).
Ensheathed, two-called pro-embryo; waek-=8, autumn (x 1880).

Sae Abbreviationsa.



PLATE 7

{a)
{b)
{c)

(d)

bWeek-3 summer ssad,
Micropylar end; wesek=B seed, autumn.

Disc and hypostesse region at chalapal end, weak=8,
autumn sead.

As for (e), but without finger=like nucellus (fnc 4).
All (% 470). Sea Abbreviations.
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(2)

(b)
(e)
(d)

Dvule with mature meagagametophyte; antheals, sutumn
(= a70).

Weak-8 autumn seed coat (x 470).
Same as (b) (x1880).

Relative positions of spacialized nucellus =%t chaelaza

(% 470).

See Abbrevietions.
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PLATE 9

Tannin deposited along wsalls in nucellar disc ceglon.
Tannin deposited intc calls of disc reglon.

Wall thickening of hypostass cells.

Cytoplags along walls of hypostasa calls.

All (x 1860) and from week-33 susmar asceds.

Sea Abbreviatlons.

B4
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Callularization of endosperm From micropyler to chalazal
and (x120).

Soms 8 (8) (x470).

Fres nuclear endospers nesr bulbous embryo (x470).
Callular sndospera (= 120).

All from weak=131 summser sseds.

Sepfbbreviations.

BS



PLATE

11

Embryo and endospers tissus in summar sseds.

{a} ODuring marly maturation, week-=27.
(b) Prior to early maturation, week-277.
(c) AL uesk=16,
(d} Globuler esbryo, week-13.

All (x1B80). See Abbreviations.
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PLATE

12

(8) Collular formation of endosperm; weask-13, summar sesd
(xat0),

(b) As for (@), woek=19 (x 1B60).
(e} Heart-shaped mambryo, week-16, summer seed (x 470).

(d} Final torpado-shape of ambryoj week=19, summar sead
(x120}.

Sea Abbreviations.

Br



From matured seede in Tipe oummar Trulita.

Endosparm and asbryo (x 470).

Provasculer strand In cotyladon (x YB80).
Kleurone grains in endosparm (x 16880).
Peraletent pollen tube tip (x470).

Gea Abbravimtions.
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(@)
(b}

c)
(d)

Paraistent pollen tube tip, week-=156.
Mucilaga in safccteata; wesk=0.
Contiguous sndotestal layer (cs), weak=13,
Sams an (c), ciffarent sased.
All fron susmer seeds, all (x470).

Sen Abbrevistlons.

a9



Contlguous andotestal layer (ce), wesk-13,
Buckled endatestel fe(L)_/ cell walls, wesk-13,

Auckling of EE{LI;? disappearing with onset of thickening,
waak=27,

Outer eplidermis of Lnner testa (oe 2), ueak-27.
All mummer seeds, all (x 1880),

Sen Abbreviaeblons.
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PLATE 1i {a) Endotestal Etlssus (x 470).

(b)) Sams mm (@) (x 1B80).

or testa and adjacent tilssues. Both (x 1880).
All Trom seada of rips aummer Trulits.

See Abbrevlatlpns,



Inner teste and adjecent tissues, summer seeds.
{a)
(b)
(c)
(d)

desk=2T.,

Pitting of fe(s) / endotestal tissuve, wesk-33.
Tapated walls of ouler epidermis (oe 2), week-27.
Extent of general thickening, weshk-40,

All (= TBB0). See Rbbreviations.

'
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HLATE

18 Inner testa and ad jacent tinsuss, summer seeds.
(m)
(b}

(e)
and (d)

Weak=135.

Weak=27.

aak-23.

All (x 1880). Ges Abbreviatlons.



PLATE

19

Innar testal tissus,; summar seads.

(a) Same as (a), with soma tannin.

(g)] lWeek=11, with Calcium oxylate crystal in spidarmis of
outar testa (ie 1).

(d) Tannin deposition along wells of (is 2).
All (x 7880). See Abbrauiations.
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PLATE 20 (a) Calcium oxylate crystals in micropyler region, week-27.
(Whole mount, cleared; x235).

(b}

Vascular supply and specislized region of nucellus at
chalazal end, week=13 (x940).

HBoth from summer seeds. S&8 Abbreviations.




PLATE

(p)
(e)
(a)

Unfertilized owvule, eight weekz after anthesis, @utumn
(olemared, »120).

Sams kind wnd age as (a) (mectioned, =tained; x120).
Same as (b) (x 470),
Same 25 (b) (x 1880).

ses Abbraviallons.
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PLATE 22 (a) Abarted autumn "b" sasd, week-23 (x 120).
(b} Sems as {a) (x470).
(c) Endoapecm of autumn "cWL" seed, weak-23 (x 1BEOD).

{d} Endosperm and nucellus of autumn "cWs" seed, wosk-23
(= 1880).

See Abbrevisliions.
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PLRTE 23 (a) Endosparm, autumn "clis" sesed, weak-23 (x 1880).

(t) Nucellus of (a) (x1880).

(e} Unfertilized summer ovules, weak=23 (x 1203 transverse
section).

(d) Seme as (c) (x 1880).
Soe Abbreviationa.



PLATE

24

(a)
(b)
(o)
(d)

AR

Unfectilized sumsmer owule, week-23 (x120).

FEmpty cWe® summer sesd, weak-Z3 (x 120).

Chalazal reglon of (b) (x 1880).

Endotestal and sercotestal tissues of (b) (x 1BEO0).

Sam Abbreviations.
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FLATE

42

(a)

Mlcropylar end, "5" autumn seed, ueek-d44 f:1?D].

Endotestal tissum, sumer "peply chi=" seedj] week-=23

(x1880).
Sarcoteastal and endoteste]l tlssue of (a) abowe (x 1BBO).,
Samn as {(a) (x470).

Seo Abbreviationm,
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PLATE {z) Follen tube Eip, YO autumn moed, woak=d44,
{t) I1nner testal tissue of (a).
(c) Endotasts of (a).
(d) Embryo tissus af (a).

All (=18B0). So8 Abbreviations.
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PLATE 27 (a) Sarcotesta, "b" sutumn seed, week-&4 {x 1880),.
{b) Filled "cWs" summer s=ed, wesk-40 (% 120).
{c) Embryo, endosperm tissue of (b) (x1880).
(d) Epicotyl region of embryo of (b) (x 470).

Ses Abbrevliations.



103

PLATE 28

(n)
(b)
(c)
{d)

[nnar testal tlassus, Filled "cHe™ ssaed.

Endotasta of (a).
Phytin globoids, endosperm of Tilled "cWl™ seed.

Endosperm of (c).
All summer aseeds, week—40, All (x1880).

Ses Abbrevietions.



BLATE 20 (a) Embryo, Pilled susmer "cWL™ seaed, week-40 (x 470).
(b) Suspensor of embryo in (&) (x 470),
(e) Same as (b) (= 1BB0).
(d) Inner testal tissues af (a) (x 1860).

Sew Abbraviatlonm.



PLATE 30 (a)

Chalazel region, Filled "cWlL" seed (x 470).

Endoteatal tissuwe of (a) (x18B0).
Empty "oDL" seed (x 120).
Innar testel tissues of (o) (x1BBO).

All summer sseds; wook-d0. See Abbreviations.



PLATE

31

(d}

Collapsed sndotestal ridge, fllled "cUL"™ seed (x 470).

Chalazal tissue, empty "cOL" seed (x 1880).
Filled "cOL" seed (x 120).
Endosparm of (e) (x470).

All summer seeds, week-40. See Abbreviastions.
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PLATE

52

(&)
(b)
{e)

(d)

Endosperm, wmbryo; fllled summer "cOL™ seed, weak-40.
Same as (a) (x1880).
Innar testal tiesves of (=) (x 1BE8D).

Phytin globoide snd crystaloide of endosperm of (&)
(x 1880).

Seg Abbroviations.
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PLATE 23 (a) Imner testal and endotestal tissue; fllled summer "cOL"™
aeed,; wesk=40,

(b) ECndotestal tissue of (a).

(e) Contiguous layer of emdotests of (a).

(d}) Outer epldermis of outer testa of (a).
All (x1880)., See Abbreviations.
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CHAPTER 11

OUULE AND SEED ABORTION

2.1 LITEAATURE REVIEW

Both Agnew (1%48) and AlJan (1969} raport the incidence of partheno-
carpic end neer-seedless fruits in papsya. This tendency is more marked in
pistillate plants. #According to Allan (1969) there are several typas of normal
and underdeveloped (sborted) seeades, with the latter being more noticesbla in
fruits set in svtumn in the cool subtropicsl canditions of Pietermaritzburg,
Sputh Africa. He cerried ocut a preliminary enatomlical study on thesea under=—
developed ovules/seeds, comparing them with Foster's (1243) findinga on seed
develupment.

He described his findings as follows. The smplleet of these werm obovets,
white to off-white ovules, which mre found in both fertilized snd parthanocarpic
papaye fruits. In Pietarmaritzburg tha latter fruits are sometimes set an plant
carrying few fruiis in spring, when leaf cover and new vegetative grouwth are &t
8 minimum. He presumed that thase "pwules" were unfertilized. They consistad
of the outer and inner integuments; of two to four layers only, somo calls of
which had shrivelled, and the remsins of the nucellus., In terms of Fospter's
{1943) rindings, he suggasted that thess "ovules"™ had shown no further develap-

ment after anthesis.

Tha next type were amall, brown, slightly-developed "ovules" which he pra-
sumed to be tha same es the Yowvules" Fostar (1943) describad as having a gueer
"digested" sppesrance. These showed limited development of the "integuments®
such a8 8 few large cells in the reglon of the normal sarcetesta; and only sligh
ridges for the endoteata. Crystals were found in the innar epidermis of the
"outer integument" and tannin in that of the "inner inteoument". MNucellus was

Tound in some casasn.

Another group comprised small partially-daveloped "seeds" and also fairly
large, unfilled "seeds". These whitish "sesds" were found to have “progressival
greater development of the integuments, but penerally with only small pointed
ridges of the endotesta and a little sarcotsestse". Their "inteaguments" shoued ti
development raached by Foster's (1943) normal seads aftor three ta nine weeks.
Nucellus cells, some of them said to contaln deposite, ware present, and pocoesi
ally, partially daveloped embryos and frae nuclear endospersm wers Found. Allan

(1969) sugpestad that the latter uould compers with Foster's (1943) normally
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devoloping soeds betwewn tho vixth snd eloventh weeks. Fostar (1943) also stat
that she found sony eborted seods with "wall differentiated seod coats" (9th
woesk). To sum up, then, Allen'n (1969) Findings suggested that sbortion of
cvules and seeds occurred ellhar saon ofter onthesis, or alss over a pariod of
four to tuelve weeks after polllnation.

Allan (1969) considers that epart from the smell undeveloped ovules {presu
“not fertilized") and the small, brown, slightly-developed “ovules" (presumed t
be the "results of stimulativa parthenocarpy™), the cauna of the sbortions was
nnnpatit{nﬁ of tha earlier (susmer-set) fruits and less fovourable environmenta
conditions of the autumn—set Mrults. The latter two conditions were thought to
have affectad "fartilization and smbryo growth".

According to the axtensive reuvisws of Brink end Cooper (1947} and Rangaswa
(1963) endosperm development (which Is invarisbly prler to that af the embrya)
ohligatory for embryo dovelopment. Much of the smvidence for thise ia based on
hybtidization experiments. Rangaswamy's (1963) review aleo points to svidence
that impliea that endesperm davelopmant controls not only that of the embryo
{rutritionally and hormonally}, but that of the seed ccat es well. Degeneratio

of the endosperm sppesrs to leesd to poor developmant of the sesd coat.

Nevertheless, in Allan's (1968) wark, the pollen source was presumably of
compatible type, and it did lead to developmant of normal seeda. The strass
canditions of inter-fruit competition plus that of unfavourasble climste may wel
have besen major predisposing foctors. Sarves (1968) and Swost (1973) in their
work and reviews on owule development in the conifers (gymnosperms) suggast tha
apart from lack of pollination, sbortion may also result from competitive effac

In angiosperms too, leck of pollination and fertilization, and competitive
&nd environmental stresses on seod dovelopment, have all been noted, A pumbar
examplas will suffice. In Clarkia, if fertilizetion cccurs, potals abscise
shortly afterwards (40 hours). If fertilizetion does not occur, petals romain
for many days. Relsted to this, if ssbryos fail to develop, ovulary tissuss
asbecisa, whersas if the ombryos develop, the "owvulary" remalno attached until
maturity (Lewis, 1946).

Environmental stresses on seed developmsoant have beon associated with the
following: with excess tesmperature in wheet (Hoshikasws, 1962), and low tewpere
ture in apples (Hayashi, Maito, Bukovec & Sell, 1968); drought in corn (Rowe &
Andrew, 1954), and excess soil molsture in whwat (Caspboll, McBean & Grown, 19€
and deficiencies of menganese in peas (Heintze, 1956), and of boron and calcius
in psanuts (Cox & Reid, 1964; Harris & Brolmann, 1966, respactively).
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Adams (1967) has found that with Field bean (Phaseolus vuloaris} planta,
there is a "peck order" such that if the plant is exposad to environmental

stress, it will suffer abortions in the following order:-

{1} "... freshly pollineted embryss and very young pods;
(ii) wyoung fertilized awules in daveloping podsj

(iii} apen Flowsers;
{iv) wnopaned flowsrs; and

{u) rapidly developing young pods.”

Pollock and Rops (1972) state that although the "peck ordar" concept of Adams
{1967) was not supported by experimentel evidence, they feel that "... under
conditions of stress, the plant will tend ta produce & minimum number of seeds
of the highest possible wvigour, rathar than a large number of low vigour ...
this intarpretation of vigour (quality) relative to seed production (guentity)
would be compatible with maximum potentisl for survivel of a species under

unfevaueable environmantal conditions «..."

To gat back to papaya, the photogrephs of normel and sborted eeeds in fru:
shoun in Agnew {1948} and Allen (196%) could suggest that cvules closer to the
gtigma end have a greater chance ol developing into normal, mature seeds than
those st the beee of the flower/fruit. In conifers it sometimes happens that
the owvules furthar away From the apex of the strobilus ("flower") are under-
developed, snd fail to davelop eny Further during the long period regquired for
pollen tube growth and syngamy in conifers (Sweet, 1973). Thus the relative

positipn of owles in the flower or strobilus may affect tha incidence and
spatial distribution of abortion in these maternal structures.

In spplee, effective pollination and fertilization of ovules is essential
for edeguats Pruit-set (Williams, 1969). Subsequent to thia, partially develo
gd fruits may be shed at the {physiological} "June drop", & period during whic!
growth-hormons content of seeade is low, and fruite with the lowest complemant
of fertile seed are the most fraguently shed (Luckwill, 1948), The shedding o
apple fruit is aleo & competition phencmenon amongst and betwssn vegetative
shoots and fruits for metabolites (Abbot, 1960; Luckwill, 1570). The latter
author, emongst others, postulates that in this competition, hormone-directad
transport plays a major tole. "The relative strength of the hormonal stimuli

from shoot tips and seeds ... determina the general direction of matabolites..
{Luckwill, 1970).
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But how {8 thls poasibly aean na relating to ouule or ssmd abortlion? Tha:
has been somo controverey as to Lha relationship of “geed degeneration” to
abscission of imosture apple Fruit (Weinhaum & Simans, 19742). The latter
workers' histochomical and nltrestructural evaluations (1974a, b} suggest that
the "smbryo degeneration which hes besn agsociated with fruit sbhartion occurs
subsequent ta the commitment of tha fruit to abscise". Stembrldge and Gambraoll
{1972) work on peaches is also susportive of the sbowe. Tha latter authors han
suggested that if seed abortiun is fnvolued In fruit abscission, then "... it
most likely promotes frult sbsciseion actively, by ethylens relesse ... rather
than passively, by depriving the fruit of an essential hormana supply from the
sead" .,

In weinbaum and Simon's (1974 a) work, however, sbarting sead did have le
starch In tha msternal tissues [l"'un.';nulu:, intagumants and nuuauuaj B8 COMEADE
with 2= yet normally developing, larger seeds. (Both these types of smaeds war:
from "potential drop fruft".) Thare was, housuer, no evidence of atarch utill-
zation in either the embryo or thes free nuclear endosperm at this stags [tuo ti
threa weeks). This ties in with the finding that in apples, gibberellic acid,
which is inwelved in do_novo synthesis of o-amylase which in turn acts on star
(Peimg, 1960) is only detocteble after four to Tive weokeo after bloom (Luckwil.
Wesver & MacMillan, 1969). This is aleo sbout the timo the cytokinesls of the
sndosparm is sbout to begin (Murneek, 1954),

The sbove papers wars Tocused on fruit absclssion, and they seem Lo sugoe:
that endosperm and embryo abortion may not be the usual causs af apple fruit
abscission, In the context of an enquiry into seed abortion iteelf, however, .
secms that lack of metsbolites as suggested by a lower accumulatlion of resarve:
(such as starch in ths above examples) may be correlative to and furthaer pre-
disposing to sesd abortion, This will be borne in wind when attempting to

understand the occcurrence of seed aborticn in the mm L, mataprial
investigated by tha suthor.

2.2 MATERIALS AND METHODS: COMPARATIVE ANATORY AND MORPHOLOGY

2.2.1 Types af aovules and seeds

Allan's (1963) pralieinary classification of ovules sncd sseds
found in (ripe) papava Frults was:-



113

(1) undavelcpod "ocwules™;
(ii) slightly doveloped “ovules®;
(iii) partially developed “seeda™; and

{iv) fully davalopsd scada.

For the purposes of the studiss that follow, the author has labelled the above
asz (i) "™u" ; (44) ws™ 3 (iii} "P" ; and (iv) "F" types. A second,
more detailed typology related to the abave is also used. Plate 2b shows the
relationship, viz:-

(i) U=a1 3

(ii) S =b + clis §
(iii) P = clL + cOL 3 and
(iv) F=dG +d8 .

The further differentistion fs as Tollows:-

= flattensd typa of "5", small;
= uncollapsed typa of "5, white and smallj
white, larger than clls, and Lfypa of “P";

darkenad, but not black or grey, type of "P"; and
= grey and dB = black typas of "F".

a BEE.

At tha time thas author made and used this second typology, he was of the
ppinion that: 'a' were unfertilized ovules which showed no further developmant
after anthesisj; 'b' were unfertilized ovules that had developed further;
= [Us + HL + UL]' were partially developed seads ranging in size and colour
and 'd |G + E]' were fully developed seeds differing in colour. All of tha abo
were from or spplicable fully to owvules and peeds of ripe fruit.

The reason "cWs" was placed with "b" in Allen's (ii) = "S5" waa that in
many frults "b" and "cls" wera of very similar sizo, apparently differing only
in the degres of collapse of the structurs as a whole, and of the surface layer
too. (In other fruits "b" were emaller than "clls".)

The above typologies wesre of course more difficult to apply tha earlisr th
stage of fruit development. It was initially mot possible to differentiate
ovules/seads inta normally doveloping versus unfertilized or sberting ovules/
sgpds. fla the frults developed over tima, mors and more typos could be usod.
The initial classifications wera fnto "F" ('fully developed') and "U" ('undovel
sd'}. Later, "P" ('partially devoloped') and "S" {'slightly develaoped')
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entogaries were applisd, merely on size. It was only with tha gnset of frult
ripening and colouration of sesds that thoe more detailed typology could be used
{and was then initially applizd).

2:2:7 Anmtamy

Anatomic mgterlal for the different types of {ebartive) owvules
and seeds wore available from tha fruits of the autumn seta of 1971 (1.2.2.1)
and 1970 {1.2.3.2); and the susser sot of 1970 (1.2.2.2 and 9.2.3.1). Materia
was nlso aveilsbls for whole seed growth messurements (seed mess), viz. from
the sutumn sets of 1569 end 19703 end the oumser set of 1970 (1.2.3.3). The
microtechnigue and sampling procedure used was besically tha sama as that usod
on Tully develeping "F" seeds (1.2.4). One difference was that there were not

slwayr 50 owules or seeda Tor s glven type for the 'mese' measursmenta. (Tha
lowest numbar used was 15.)

Tha measursments on tha dimensions of individusl cell types (1.2.4.6) of
abortive ovules snd sepds were corried out on selected sample periods from the
1970 pummnr sat (in order to cospare these with those of the normally=developin
"F" seeds of the sama poricd - ﬁ. 3.3/)+ Peasuremants were alsc carried out an
the crops—enctional area of whole tissuss (as sean in the median longitudinel
plene) of salectad normel and sbortive sead types from the summer sat of 1970
and the autumn set cf 1971. Thess measurements were done by means of a cali-
brated Relichart visopan [prn]m:tinn lic:nlnupn].

In order to demonstrate the anatomic features of abortive ovules/secds,
photographs were Laken of slides from the summer set, 1970. Howaver, where mor

presentable slides of comparsble development were avellabla from the other sets
theass hava basn uvsed.

2:2.3 Contents of dissactad ooeds

At the end of the growth pariods of the summer and sutumn sets
of 1970, cvules and seeds of the diffevent types (2.2.1) uwere removed from the

remegining rips fruits. Thess were counted according to ovule/sead type and
intra-fruit reglonal distribution, es described in a later sectlon (2.4), A
varisble number of seeds from each of thasm types were dissected end their

internal contents examined. The presence or ebsence of endosperm, esbryo and
nucellus, togather with their spponrence, was tnbulated,



2.2.4 Methpd of presantalbion

Reference has alreedy b=en mede to typologies of sbortive ovules
or seeds in 2.2.1 and Plata ?h. Toble 9 sets out s Pramswerk by means of which
further plates on their anatomic Teatutms can be described and discusged. These
plates constitute a selection of the extsnt of seed deveslopment in various

sbortion types at four selected pariods,

The first period is the pighth week in the autusn set of 1971. This was th
latest tima at which the clesring technigue of 1.2.4.4 could be spplied to wholw
owules/sesds. (Conventional microtechnique was also used, and nearly all of thas
photoplates are from this technigue.) The eguivalent developmantal stage of

normal "F" sasds in the summer (1970) seb was about that at Pour weeks.

The second period refers to the 23rd weak of the 1971 sutumn set. This was
approximatsly the time normal "F" seedy began developing cellular andosperm in
that set. The equivalent period for the 1970 summer set was the J0th to 13th

weak .

Tha third peried refers to the 2%¢d week of the 1970 summer sat, l.s.
spproximately halfwsy threugh the grouth pericd of both summer and autumn-set
fruit. Desvelopmentally, howsuar, normal "FY-type seeds of the sutumn sets only

teachad this siege of the summer sats alter about 30 weoks.

The final period refers to the final month of both summer and sutumn sets
during whieh fruites were ripening, viz. 40— 44 wveeks after enthesis. WNormal "F'
seeds of both sets were at the sams developmental stage, if not the sams size
(Chapter I).

Soma of the anatomic festures will be described and diecussed by referrcing
to tho plates along sach row {i.e. esch period) and comparing them with feature:
referred to in normally developing "F" sesds in Chapter I. (Use will also be
made of notes taken from other slides not displayed in these plates.) Flgures
and tables slready presanted in Chapter I, but which contain information pertai
ing to this chapter,; together with some odditional Flgures; will form the basis
of 2.3.1 (anatomy)., Figures relsted to whole owule/ssed growth (2.3.2) end
tables for the contents of dissected sewds at fruit ripening (2.3.3) will compls
the first part of this chapter. They constitute throe approsches providing &

besis For comparing the extent of ths anatomic and morpholegical development of
the various ovule/seed typas.



TABLE 9 Plate numbers refarring to sbortive ovule and ssed types and thelr develcpmant
. E
Equivalant developmental ABDODRTINE OVULE /SEED TYPE
wueaks aftar anthesis m et ot
SummsL AukLmn "Empty" "Filled"
sat 1970 sets 1970/71 " B o ey aDL cOL
1
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278 28sy. b 30e, b 3to 33, ¢, d
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® Iindicates actual fruit set from which photomicrogrsphs were taken.

# for ovula/sesd typs, see Plate 2b.

gLl
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2.3 RESULTS AND DISCUSSION: COMPRRATIVE AWATOMY AND MORPHOLOGY

2.3.1 Anatomy and tissve growth

The entry in the first row of Table 9, viz. Plata 21D,
e, d rafere to an unfertilized avule =t the eighth week (autumn sst), It
spperently never dovelcped si esbryo sac, Anolher possibility ls that the embr
sac had collaspeed, judging from tha sucilagencus-l1ike region within tha nucellu
The mucilagenous teqions could also be dus to the digestion of nucellus tissue
as the rest of this ovula "tried™ to meet its ongoing metsbolic requirements,

Compared with Plates é4a (ovule definitaly with no embryo sac at snthesis)
and db (unfertilized ovule with an esbryo sac at week twc), the owule of
Plate 21h, o, d is mora lika the forsar. The owvules of Plates 4a and 21b, o, d
pleo show & loosoning and shrinking esway of the nucellus from the surrounding
integuments. The mucilagenous-like regions (within the nucellus and surroundin
ar In place of the inner intogumant) suggest the Tirst regions to have bean
digeuted away as the unfertilized ovule dsgensrated.

This ovule, and that of Plata 22, a cleared owuls from the same sample,
had not yet deposited tannin {n the "disc" reglon of the chalaza (cf. the
fartilized ovule at weck two, Plote 4c). The outer integument of the owvuls of
Plate 21d (week eight) was at about tha same stage of development as that of th
mature but unfertilized owule of Plate Ba (week two). It had not developed the
uame nusbar of layers nor differentiated the integuments as those of Plates 7o,
d end Bb of a comparable (normal) developmental asge.

The above Plates were of unfertilized owules. Reference has already been
mado In 1.3.1.5 to the proportions of (fartilized) seeds which showad normal
ondosperm and (pro-) esbryo development at the sixth week after anthesie (sutum
set, Fig. 8). Reciprocally, about 20% of all fertilized seeds in sach sub-
region (except "d") had flimsy-looking free ruclear endosperm. These would
appear to have been tha llkelisat candidates for early seed abortion. With the
exceptlion of fruit sub-reglon "d", all sub-reglone appeared to cerry the sams
proportion of potantial sarly sbortants.

From Appendix 1 it is evident that larger developing seeds tendesd ta have
& graater number of free nuclear endosperm nuclel. The suthor also tessed open
some sbortive-looking (i.e. markedly smaller) cleared seeds of samples from,
for example, the twelfth wesk after anthesis in tha autumn set. The=e often hs
free nuclear endosperm, but thle somatines appeared flimsy, or somewhat clumpsd
and flimsy; and tho numbar of nuclel wore noticeably fewer than that in thair
‘noreal' sizod counterparts. Montion has aleo heon made in 1.3.1.9 to the
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observation on Figure 9 that seeds with non-normal endosperm produced less

nucellus tissus.

Row two of Table 9 is of sborbtive seads at the time of endoeparm cellulari-

zation in normal “F" seeds. Plates 228, b sre of one ond the same "B" type of
gemd. In comparisoen with Plate 10a (an "F" coad at a compareble time, end at
the samo magnificetion as that of Plate 22a), the "b" sead showed & very limite
development of e{L) endotestal tissus, It was of course collapsed (as is typic:
for "b" seeds). The "disc" region of the chalezal nucellus was prasent — os is
the case in normal "F" seeds top. Uhatever nucellus and endosperm Lhers may
hawe bsen appears to have been reduced to sn emorphous mucilagenous mass which
has stained deeply. A globular embryo not very much smaller than that shown in
Plate 10c (same magnificatinn} and of a comparable age was also prasant. The
inner integumentary-derived part of the testa had also pulled away from the end

testal tissue al the micropylar end.

Plates 22d and 23a, b are of & nucellus snd endosperm from a likely "cus"
type sead of the 23rd week. Compered with Plates 10b, d and 12a, the nucellus
contained more mucilagenous-like material. The phytin globoids shoun in the
nucellue in Plate 23b and in the remaine of endosperm and nucellar sheath (Plat
EEE}“ﬁgg naver seon in normelly developing seeds: Thers was a close contact

between tha nucellar breekdown sheath and the deganerated endosperm (Plate 22d)

Plate 2Zc is of the free nuclesr endoaperm abt ihe cholazael snd of an
apparantly "clil" types of seed of the ssme age (23 weeks, sutumn set). It is no
clear to the author whather the rather promiment nuclei seen 1n the endosperm
is 7 sign af deganerating endosperm, as some appasrontly normal "F" seads &lso
showsd this feature. (The letter, of course, may heve been incipient shortive
geeds, too). The sppearance of thig endosperm was not quite like that of the

"nucleated cytoplasmic nodules" referrod to by Singh (1961) and mentioned in
1:3:3:.2,

In contrast with the appearanca of free nuclear andosperm still prasent in
normal "F" goeds of this sample {(e.g. Plate 10b}, this seed's (Plate 22c) endo-
sperm and its closely essociated nucellar breskdown shesth was more granulated.
Plate 23a of the previously mentioned "clis" sesd also showed this granulsted

appearancse aof the degenarating nucellar sheath, particularly at its edges.

Plate 23cy d is of a transverss sectlon through an unfertilized ouvule 23
ueesks after anthesis in spummer (row 3, Table 9). Plate 24a is of & longitudina
section through this kind of owuls too. They consisted virtually of tiesus
darived Prom the outar inteoumant and the breskdown sheath of tha nucellus
(Plato 23c, d) and the inner integumant (Plata 24a).



Theee shorted, unfertilized ouwules of Plate 2%c, d (23 wesks) sppoared
shrunken in size in comparison with the wunfertilized and sbortive ovule of
Plate 21a (equivalent to week Tour) and the Fertilized ovule of Plate 4o (week
twn) = all photographed at the sems macnification. There sppears to have bpan
a very slight differentiation of an endntesta /e{a}/e(L)_/ along the lower half
of the ovule of Plate 24s - tn ghout the same extent of that of Lthe aborted
ovule of Plate Z1b, c, d {equivalent to four weeks after anthesis). The conira:
in differentistion with normally developing "F" seeds is in Plate 8b (four weelk:
after anthesis in summer), Aborted, unfertilized ovules taken from ripe fruit
were very much like the asns shown in Plete 24s., Thus, at Fruit ripening, "L
or "a" oyulas showed wery little testal development beyond what they had com-
pleted by abput the fourth week efter enthesia., They also lost most of the
meterisl of their nucellus and innar integuments, together with some of the

material of their outer integuments.

Plates Zdb, c, d and 25b depict an "empty" "clis" typa of seed 23 waeks aft
anthesis (summer, 1970). The appoarance of its outertestal tissue (Plata 24h)
resemblus that of Plate 10a (en "F" seed at 13 weaks), although it was a good
deal smaller than the latter {(Plates 10a and 24b at ths same magnificatiun].
Apart from the nucellus of the specialized region at the chalaza, the bulk of t
nucellus had beean digested swey. The one time inner integument has pulled aAua:
from the outer testal tissue (Plate 24h). There was little tannin deposition.
The hypoetase nucellar tissue on the testal side of the "dise" reglon at the
chalaza (Plate 24b, d) sppesrs normal. Two of the endotestal tissuas
i;{anB{Lj;? and tha sarcotastal tissues of Plete 24c end 25b show a developman
stage somewhat between those of Plates 15a, b (both at week 13, the time of end
sparm cellularization). The more marked buckling of tha walls of a(L)} tissus,
and alsg the thickening at corners of the walls of thesa cells (Plate 15b) in
seeds beginning to form cellular endosperin was not present in this "cWs" saed
at week 23, The endotestal fe(s)} and e{L) / tissues of tha latter cartainly di
not have the dagree of cell wall thickening of normal "F" seeds of the same age
(Plate 15c). Thus the testal development of this "gmpty" "clis" seed at week 23
hed the davelopmental =ge of normsl "F" sseds just before endosperm cellulari-
zation (weeks 10-13). And it was noticesbly smaller than the latter. Ths
difference betwsen this "empty" "clis" seed and the flattenad, "empty"™ "b" type
saeds appeared to be the relatively greaster degree of stable rigidity of tha
testal tissues in tha "ocuws" typs.

There was no sign of pollen tube penetraticn in this "clls" seed; but by
that time remains of = pollen tube may have bean digested sway, or else lost in

the sectlioning pracess. On the other hand, pachaps thera had beon ne pollan tu
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penetratlion. Tho author suwrmises that Yaclove necessary for lestsl developuent
prior to that Ffound in seeds LGaginnding ta dévelop cellular endasperm may be
produced in tha occeslonal "seulo", or olsa these fectors may be tranaferred
through o Fovouraobly sssooisbnd vasgulas sunply of an adjascent normally develop:
ing sead, 0ul froa further dala =till tn ba presented in 2.5, (which will show
that a greater proportion of *b™ snd "cWs" seeds ocourred closer to the stigma
ond), the suthor is of the gpinleon that most "b" and “oWs" seeds owed thoir
limited dovelopmsnt to some such stimulus sa pollen tube penstration end/or som
gndosparm or embryo development, Besides, from Flgure 6 It ie evident that a
relatively high proportion of owules in hand-pollinated fruit are fertilized;
and from Figure B, that & lerge proportion of these show apparently normal endao
sparm davelopmsnt in tho First Tew weaks after that.

The fourth row of Table 9 refers to sbortad seads taken from ripa fruit.
Platas ?5a, o, @ and 26m, and Plates 26h, e, d and 27a are from a "4 type seed
Typlcally, the "embryc sac™ was sgain collapsed (Plate 25a). A perslatent poll
tube can be sesn in Plates 25d and 26e. A globular but rather disorganized
embryo is shown in Plates 25a, d end 26a, b, c. The nuclei of some cells were
still guite prominant (contrested with the dahydrated embryo cells of, say,
Plate 13a, b, c of an "F" sead of the sose age). (Othar cells wera rathar hyper
trophisd, with lsss cellular content. It is not clear whether any endoaparm or
nucellus remained, as the disorganizstion end broakdown of soma of the embryo
tigeue obscured its boundaries. The layer of tigsue adjacent to tha innar epi-
dermis of tha Lnner Integument in Plata 266 is poanibly rucellar. The innar
epidarmis of the inner integument is iteelf poorly developed, with little tanni
daposition. Tha remalning tlssuee of tha Innar inlegusent are also poorly
devalopad - contrast with, say, Plotes 16c, di 17d of "r" sead of this age.

Tha inner epldermis of the outer integumentary tissus wos hardly more
developed than that of a "F® seed at the cellularization of sndosperm (Plate 1B
It was & little thicker along tha ifnner walls. Tho e(s) cells are sbout as
hyline aa those of Plate 18a again, with regions of collapse. The a(L) tissue
is also collapeed in places. With the sxceptlon of the innar Intsgumentary
tissue snd tha innor epldermis of the ocuter “integumant™, the tissues are all
atill clearly nucleated. In "F" seed at fruit ripening, this is so only for
sarcotestal tisaus. Thers, the other tastal tisesuss lose their cellulsr conten
when the walls thicken greatly, and the nuclel of endosperm and embryo cells ar
not readily distinguishaoble smongnt the amorphous deppaition of callular conmten
in dehydrated cells. In short, differentiation and developmsent of the testa di

net appesr to have gone bayond that of "F" aped at the onset of the cellulari-
tation of endosparm.
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Plates 27b, &, d and Zile, b show a "Filled" “cwa" type of swed having a
hallf normal sized embryo with dislorled colyladons. Thers was again a consldar
able collapse of sndotastal Uipsue and development was not bayond that of “F®
sgode ol endosperm cellularization. Calcium omylste ocrystals were present in
pome of the cells of the inner epidersias of tha cuter "integumentary" tlacua.
The cellulsr endosperm and enbryo sre much sore like that of "F" seed in com-
parison with what has been described of sborted sends so far. MNoverthaless, a
gtriking feature is Lhe relastive lack of oallular content (contrast with Plate
1ie, b, g, d) of the endosperm ond embryo timsue. Theso cells appear to ba In
e dehydrating condition somewhat beyond that shoun in Plate 11a (week 23, "F"
seed), but certainly not like those of Plata 13a, b, c ("F" seed, vipe fruit).

To sum up, the endotesta wes in a collspesd form aof "F" seed st sndoapecm
cellularization (10- 13 wesks, summer set), The innar "integumentary™ tissus
was equivalant to that of "F" seed betuesn weeks 23 and 27, and the endospara
arnd ambryo developmant somewhat like that of "F" ssed betusen weoks 23 and 0.

Plates 28c, di 29; 30a, b and 31a are of a "filled" "cl™ Lype of seed
with 2 small "heart-shaped" esmbryo. (Plate 12c shows an "F" seed at that utoage
at week 16.) The embryonic suspensor is rnicaly visible in Plata 20b, c. The
sebryc cells look guits mormal, slthough not dehydrated to tha extant of "F"
saad in ripa Fruit - this smbryo {s more in tha condition of "F" embryos ol obho
woek 30 (summer sat).

Tha endosperm cells are more dehydrated., They also have lese cellular
contant, and tha form of deposition is unlike that of "F" meeds. Phytin globol
can be seen in Plate 28c,; a form of deposition net esen im “F" pesda. But apar
from the form of Lhe deposited reesrves, the endosperm and embryo developmental
phese of this “cll" sesd wan closer to that of "F" pued then those described
bafore. Tha endotesta, howover, was still not bayond that of "F" ased at endo-
sperm cellularizatlon (wonke 10-13). In Platea 30b ond 31a the buckled form
of tha e(L) celle of "F" seed at that stege can ba seen {viz, Plate 15b), The
inner "integusentary™ tissuss plus the Inner epidermls of the outer “integument
tissue (Plate 29d), however, was much like thet of "F" gead in summer fruit at
week 23 (Plate 18c, d). Tho epeclalized chalazal reglon of the nucellus
(Plate 30a) looked much like that of an "F" meed at sndosperm cellularization
(woeks 10 - 13, Plate 20b).

To sum up: this "clL"™ ssed from & ripe fruit had en endoteate of a "F"
sged at 0-13 veeks (summar); an inner "intagument” of an "F" at 23 weokej
an pmbryo of the shape of ono ot 16 weoks but with cellular contant of sbout

woek 30, Tha endospers was dehydrated like maturing "F" seed, but hed lescs
content mnd contained phyvtin aloboids.
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Plates 3c, d end 31b szo of an "ocwpty™ “cL" soed. The outar "intagu-
mantary” tissuss are relatively well developed — about that of on "F" seed at
woek 33 (summar). The e(s) tlssus shown in Plate 30d is equivalent to that of
the "F" saed at weak 33 of Plate 17b., Intercstingly enough, ths inner "intoqu=
mantary™ tissues of this "emply" seed ere rathar hyline and nucleatad, such 1iks
that af an "F" seed at wvesks 13 ts 16 (Llike Plate 18a but with calclum cxylate
crystals). Thua the presence of sndospers or esbryo sppears to affact the
development of the imner "integumant®,

The chaleszel nucellus of Flate 31b is much like that of tha "ompty™ "clis™
saed at wesk 23 In Plats 24d - and that of "F™ saed at 13 weeks. As Tor the
central (“embryo sac") caviity, all that remained was a thin nucellar breakdown
sheath, probably utilized by the developing testal tissue.

Plates 31g, d, 32 and 33 are of a "filled" "cOL" seed at fruit ripening.
The "esbryo™ was very small, and both embryo and endosparm wara dehydrated.
Bath had alsn relatively lesa cellular content than that of comparable "F" seed
This raelativaly sparsze callular content af endosparm and embryo in this and the
other sbortive seede elresdy shown is guite apparent even in dissacted wholo
seeds (section 2.3.3). The endosperm snd embryc of "F" seeds from ripe fruit &
cpague when dissected out, whareas most of the sborted sesds that have any
notliceabla amount of endosperm are trenslucant. The endosperm tesacves of this
"oOL" geed was deposited in the form of crystalleids and phytin globoids (Plate
31d; 32a, b, d). As mentionad before, this type of deposition was not sean in
F" geads.

Tha testal tissues (Plata 31c) were quite extensive in size. Tha ala)
tissue (Plete 33a) still contained cellular contents, although the process af
thickening had already begun {Plate 33a, b), particularly in the e{L) tissue.
Tha sarcotests (Plates 31cy 33d) was much like that af "F" seeds of the same a
Plate 33c shows & section of the endotests naxt to an endotestal furrow to show
the large cells contiguous with the rest of the endotasta - as demonstrated als
for “F" seeds (Plate 14b, c and the discussion inm 1.3.5.4 (b)). Overall, this
"filled" "cOL" seed had endotests comparsble te "F" sesds between weeks 23 mnd
40¢ and inner "integumentary® tissum (Plate 33a) like that betwsen wceks 23 an
27 (Plates 18d; 17cy 15d).

The foregoing accounts give one sketch of the douvelopmental detsails and
differonces of the various ovule/seed typoo es seen under tha microscope. One

can got a further view by looking at ths cell messurements of oceparate tissuas
of these owule/soed btypes.
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Figure 11 shows that the crogs-sectional aros of individual nucellar cells
af "U" and "S$" ("b" ond "ckes") Lypwe never reachad the size of "F" sseds. The
gire in "P"~type seeds, on Lho other hund, rose and Fell in Lhe same mannor os
that of "F" geeds and for similzr reascns (1.3.3.1). The presance of greatar
encdosparm developmant and quentity, spprosshing that for "FY seoda, would seom
to explain the difference betwean "P* ("clL™ and "cOL") and "U"/"5" types.

The cross-sectional eres of individual gselluler endosperm cells of "P" typ
showad & wide varistion at fruil pipening, wuhoreas it was rather similar to tha
of the "F" type soon after cellularization (Fig. 12). This is parallel (if not
necessarily causally related) to the spresd in developmantal otages of developmw
previgusly described far this tlssus.

There is likewise & wide npread in the cross-sectional arses of individual
embryo cellas for ths "P" types st fruit ripening (Fig. 13). The smallest of th
was no largar than that af "FY seed soon aftaer the rapid phase of cell enlarges
occurred in this tissue (about two months after andospecm cellularization). Th
spraad in emhryo length is sven mora marked (Fig. 14). "5" end "U" embryocs
hardly gat beyond the globular stage and thls is reflected here in thair very
limited extensiun. Tha Fact that embryos of some "P" type seads at frult cipen
ing were only at the "haart" stapge, i.e8. ot tha beginning of cotyledonary exten
gion, tiges in with this wide sproad shown inm this figure.

Turning now to Lhe teatal tissues, and firstly to that of the endotestal
tissues e(L) and e(a) (Fige. 16 and 21) thers i{s amgain a spread in "PU_typa see
This appeorse to have been correlated with the spresd in davelepmental stages
reachad by incividual "PY=Lypas seeds. Thus if a "clL" type of “P" seed conclud
its endotestal development at the lewvel reached by normal "F" seeds at the
caellularization of endosperm (weeks 10 to 13) such a ceed did not axpand the ce
and thickan the wells of its e{L) tissue as wes charscteristic of “F" seeds aft
woek 13. To illustrate this, tha lowsst typs "P" valus at frult ripening in
Figure 16 refers to & "cWl"-type seed whose (L) cells did not expand much beyc
that of "F"-types seods botween weoks 10 and 15,

Figurae 21 of cell expanaion in e(s) la interosting in that the second and
quite extenaive spurt of growth in this tissue pecurred after week 25, MNow the
spread in developmental stages reached Far "P"-type sends ranged from that at
week 17 for some "clL" soods to thoss at week 233 to othere at week 30 for "cu
and "cOL" seods, and to yet pthere at mayba week 35 in some "cOL" soeds. Furth
mere, as previously described in 1.3.3.4 (d) and svident in Figure 21, e(s)
tissue of "F" seeds had & relatively long period of guiescence starting with th
onsat of endosparm cellularization (weok 10 in the summor set). WNot surprising
then, the spread in sizas of "P'~Lype seads, end ovon "§" typas (viz. tostal
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developmont up to tho pericd of sndaspacn cellularization in "F" seeds) formad

@ narrow band at and above tha siza of "F" st weeks 10 to 15.

As previously dascribed In 1.3.3.4 (e) and 1.3.3.4 (d), cell divisions
parpandicular to the longitudinal axis in a{l) snd e{s) (Figs. 19 and 20,
respectivaly) ended sopon afler 2ll the andosperm became cellular, wiz. at aboul
uagk 20, As may be expected, the counts for “P"-type seads in Figures 19 and
20 suggast that cell division in els) and &{L) wss not affected by tha varying
ahortive srrest that eoccurred in the endotesta after week 20. "S" and "UM owvul
and sesds, on ths other hand, whose developmant did not go beyond that of "FY
at endosperm callularization {weeks 10— 13) were evidently ssverely affectad by
an asrreet of cell division in efs) end e(lL) tissve (Fige. 19 and 20). Thig,
together with the later progressiva collepse of the e(L) ridge and sven e(s)
layers in "5"-type seeds explains their “gqueer, digested appesresnce" (Foster,
194%; Allan, 1969).

Sarcotestal tiseua in "F" seeds eppeared to expand at & compensatory rete
thal ensbled such seed to meintain a relativaly semooth outer cover. [aspar
gndotestal "furrows" F1ll wp with more sarcotestal tissue, and shallower endo—
testal Ffurrows with lesa, resulting in the undulwting yet smooth eppmarance of
fresh seed (Plate ?h). Likewiss, "P"-type sseds with varying ampunts of sndo-
testel tiseue had a correspondingly varying amount of sarcotesta. This com=-
plementary correspondence could be observed in emply, uncollapsasad "clis" {rge)
sgeds a: well as in {"empty”) "eOL™ ("P") seeds, e.g. Plates 24b and 30c. The
eprogd than in tha cross—sectional aremss of individugl cells in sarcotestal
tiesuss (Figs. 15, 17 and 1B) for "P"-type seeds follows the pattern for that o
the endotestal tissuas e(L) and e{s). Intersstingly, "U" and "S" ovule/sesd
Lypas sbowed only the expension of outer epidermal cells of "F"-typa seeds

befora endosperm cellularization {week 10, Fig. 15), again consistent with thal
garlier sbortion.

In 1.3.3.4 (e) end 1.3.5.5 (&) it was pointed out that tha "F"-type grouwth
pattern of the puter epidermis of the inner integumentary tissue (Fig. 23} and
tha adjacent inner epidermis of the outer intagumentary tissus (Fig. 22) had a
similar pattern to that of the {next ad)acent) e{s) endotestal tissue {Fig. 21)
spimilerly for "P"-typa seeds. And likewlse, "U" and "S" types had cell sizes
for these tissues conaistent with those Tound in "F" seseds at the stage the

Tormar sbopped develaping.

Figure 3 of intre-integumentsry tisaues and Figure 31 of actusl “integu-
mentary" tissues From eseeds of autumn—set frult illustrate the relative gquantit
af Lhauw iisauwau for “F*, “P%, "S" and "U" types up to endosperm cellularizatic

Fram tha foarmer Plgura, at tha 23rd week, it is interesting to note that the
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PR type of seed, which would not yet hewe bed perlous testal sbortion, had tha
largant amount of nucellus., It would sppesr that Lhe greatsr guantity of endo-
spatm In "F" seeds had begun to consume sore of thelr nucallus - as would be
conaistent with the discusalen on tha slze of Individual nucallus calls of
Figure 11 in 1.3.3.1, Thers ceriainly wes gquits & change in the relative swoun
of nucellus betwesn "F" gnd "¢ sacds from the eighth to the 23rd week (autumn)

From Figure 31 it is clsor that st week 23, (the time of endosperm cellu-
larization in this set), "¥" eeeds already had more extensive endotestal tiusue
than that of "P" peeds, snd of course even more then that in "5" and "U" speds.
The extant pf endotestal tissue appeera to be correlated with the sxtent of ond
sparm and anbryo development. AL tha time of endoeperm cellularization, too,
little difference existed in thas amount of LInner "Intsgumentary" tissus betwsan
"FY gnd “P" gesds, but the latter two obviously had more than that in "S" smeds
"U" pvules had relatively iittle ofs) tissue snd virtuelly ne e{L) end inner
intapumentary tlssue - as wes provicusly fliustrated with tha photoplates,

Figure 32 shows the relative quantitios of seed tissums for various "F"
and "P"-typa seeds taken from rlpe frults of the 1970 summer set. As previousl
mentioned, tha smount of sarcotosta appevars corrmlated witn that of the e(L)
endotestal ridge tissues. The latter in turn mppears correlated with the guant
of endosperm end embryo tissue. The difference in e{s) was not marked (they ha
presumably similar nusbere of layers as shown in Figure 20, with little differe
in cell size for this semple). Tha messurament of inner "intsgumentacy" tinpue
is not very satisfoctory becsuse of the susceptibility to crushing of tha plinsb
inner spidermis. The largest differences notliceable then, were in e{L) sndo-
testal tissus on the one hand, and the guantily of endosperm and embryo tissue
an thae other.

2.3.2 whole ovule/seed growth

Figera 28, alrsady introduced In 1.3.5; shous the pattsrn that L
mass of cvules/seeds from susmer and eutumn (1970) fruits took. Again, as poin
ed out in 2.3.%, thure was a spread in the size of "P"-typs speds probably

correlated with the time and stage at which Lissua deuslopmant ceased or wau
arrcsted.

Fost of the "P" seeds measured were ectually "cWe" to "cll" seeds - as wil
ba clearor frem the sections on intra-fruit distribution of abertion in 2.5.
Similarly, the bulk of the mass of “S5" seeds was actually made up of "b" seods
rathar than an avon mixture of "b" and “cWs" sseds. This was becausa these
("™ and "cWa™) were the must shundent of tho types and there was 8 tendency Lo
sasple Troa these when the larger-sized typee were used up,
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It ia ovident that "gte" snd "4 spods showsd little guantitative growth
from betwsan the 10th and 20th weeks aftap snthesls In the sutumn set, 1.8.
bafare tha Froas nuclesr endospers of "5Y seads begen to cellulariza. From this
Figure (26) it is also evident Lhat ™cils™ and “b™ saeds only became noticeahle
when thalr siras bocame sulfTiciently differoct Trom that of "F™ seads - l.0.
when thes latlor slowly started Lo sccelerate in size after the initially slow
growth through the cold months up to July {autumn set).

The "F" poeds of the susmer ont of course, grew move repidly from the star
and sustained this even in the coldest months., Abortive types should hava been
ploked out much sarlier than they were. However, there were so few of them tha
the suthar overlooked thom, sssuming them to be the largesat of the unfertilizad
ovules, It was only whan tha highsr Preguancy of abortiens in the sutumn sob
samplas focused the attention of the author again that he began to look for and
to measure ahortive seed types in tha summar set. (Tho two sets were being

sampled from over the ceme months st thie stage.)

The suthar had firat become eware of ebortive seeds in the later half of
growth in an autumn set survey af tha previous year. Measurements begun in tha
sat ara shown in Figure 29 (eee p. 126). Tha results are confirmative of those
of the provious Tigures salready discussad.

2.3.3 Contents of disssclted soeds

Tables 10 wnd 11 show Lhe relative Prequency of various combin-
atlons of “intra-integumentary” tinsues dissscted out of different sead typoa
(Plate 2b) rrem ripe fruit. From Tehle 10 of the 1970 summer set, tha greatest
frequency of normal endosperm and embryos (row 1) wes in the "dG seads, Tollou:
by that fin the "d@" mecds. A small percentages of "cDL" seeds (13,3%) had this
"mormal" or "fully developed" comploment. Mo "cliL™ nor “ces™ seeds had this.

A mmall parcentane of tho latler tuo seed types (12 snd 8 per cent respectivaly
had the next bent category of row 2, i.e. “normal®™ opague endosperm but small
embiryos. ALL "dG" end “dB" soeds had endosperm and embrycs. The other thres
categories ("eDL", "cUl" and “cWs") had & good deal less of thess tissues, and
they also had a higher frequency of sndosperm than of embrys tissue.

The most frequent complement of the “cDL™ seedr was (surprisingly) "nucell
only", followed by that of normal, opanue endosperm and small embryns. The mos
fraquant complomant of both "elL™ and "cle®™ sesds was that of "apparently esmpty’
These are surprisingly high figures, but it must ba remambered that whataver
nucellus end ondosporm therw probahly wes during the first half of the develop—
sgntal purled; won probobly consumed by the timo of fruit ripomimg. The data
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TABLE 10 Internal conlents of dissectod sesds Trom ripe papave
Prult ast in suvemar, 1970

SEED . TYPE

INTERNAL TISSUES 1
di | o eflL | cwl | cls

Dpngun andoBparm Mo« 374 615 a0
plus - -
normal enbryo % 24,2 | S0,2 | 13,3
Opegua endozparn No. 87 67 67 35 24
plus
small embryo £ | 5,3 9,8| 22,3 11,9]| 7,9
No. T 3 1

(panue endosparm but

rne ambryo q 2,3 1,0 0,3
Translucant esndospers | No. 2 az 7 1
plus -
small embryo 4 0,5 14,0 8,2 0,3
Tranalucent endosperm L = - 0 Ll 0
but no embryo 3 5,3 5,8 3,3
Little translucent Wo. " - 2 . 12
endospares, no esbryo - 0,7 2,7 4,0
Ko endoaparm, Na. 3 1
1ittle rucallus,; - - -
small smbryo 4 1,0 0,3
No. 113 20 11
fucallus only - -
% 37,5 6,0 3,6
No. 2 180 242
Apparantly amply - -
% 0,6 | 61,4 | 80,1
Z No. 373 GBZ 301 203 302
% 100 100 100 100 100
% andosperm 100 00 | 61,9 30,6 15,8

L% embryos 100 100 | 49,6 22,1 a,5s
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TABLE 11 Internal contents of dissentod amacds from ripe papaya
fruit set in autumn, 1970

4EED TYPRE

INTERNAL TISSUES
dB el elL chdl clis

Opogue ondosparm Ho. 175
plus - - - -
notmal ombryo % 97,2
Opague andosparm Ka. 13 -]
plus = - =
amall enbryo = 17,3 20,8
No .
Opugua endospeca bukb e
no embryo v - = = =
Translucent endosperm | Ho. 61 5 13 5
plus =
pmall mr'ﬂ'ﬂ i 3113 ?.! 5‘.2 :E.!
do.
Translucent sndosperm
but no esmbryo 4 = . L i i
Ro. 1 1

Little translucent
andospare,; no sabryo %

a,2 1,1
No endosperm, No.
little nucellus, - - - - -
semall embryo %
Mo, 1 3 & 10
Nucellus only -
% 1.3 12,5 | 31,6 | 10,8
No. 7 B a2
Apparantly empty - =
. 8,3 | 42,1 | #88,2

5 100 100 100 100 100

% endosporm 98,6 | 100 70,2 | 26,3 1,1

L% owbrycs 58,6 W00 | 75,0 | 26,3 0,0
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for Ficures 4 gnd 30 at the encller developsuntal periods were alec based on a
large runber of owules/eescs, {fhese show Lhat nucellus end endospsrm wore

present. )

Teble 11 1a of the sass catsgorizabtion of the ssads of Lha auvtumn-set Trui
In comparison with ths susser sot, thers wos o considershle shift in the highes
frequency for "dB" nsods, viz. to "trsrslucent endosparm plus small embryo'.
drne "di* seed sven had nugellua alene,. #ons had 'mormal opague endesparm plus
normnl esbrye'. (It might sppesr From ths Toregoing that black seeds are
inferior o grey seeds., However, in viper fruits tha grey seeds might actually
bocoms black, Thus soms of tha 'infarior' smsller black sseds may hsve bean
‘prematurely ripensd sseds' — the wey injured Truils can ripen prematuraly.)

In contrast to the summer set again, the most frequont complemont in the
"oDL" spods was 'translucent endosperwm plus amall embryo' followed by 'normal,
opaque endosperm plus small esbryo'. Thore ware again no 'noarmal, opaqua Ando-
gparm plus normal embryo' in tha "cOL™ seeds exemined. The "cl" seeds woro ma
up af only three cstegories, viz. 'translucent endosperm plus amall embryo',
'nucegllus only' and "spparently sempty'; with an increasing freguency towards L
latter contents, The "clls™ were alsc concentrated around 'apparently empty!

and '"nucellus pnly' cetegories. ALl "b" seeds exsmined In both the sutumn ond
pummer seis were 'apparently empiy'.

Tha summer sst's "cOL" to "cila™ meeds covered a far wider spectrum of comp
ménts. In contrast, one can considar the autusn set's "cOL™ seeda to have
cantred eround 'translucant to cpegue endosperm, plus aemell asbrycs'; e guarte
of "clUl" pseds around 'trenslucent endosperm plus small esbryocs' and the rest
‘virtually empty'; and tha "culs" and *b® noeda as 'epparently smpty'. The
The sborticns in the 1970 wutumn set of "b", "clle" and (three-guertacs of') "cWl
seeds thus appear to have oceutrred in the period befors the cellularization of
fres nuolear endosperm. Thal is; the bulk of thess three types began aborting
from the end of May until the end of July, the coldest months. From Figures 6
and 8 {weeks 4 and 6) relating to the following yeor's sutumsn set, it would

sppear that only a emall propertion of ovulen/wseds would have started sborting
before the and of May.

In tha sections that follow (2.5 onuarde) more dats snd snalyses will be
presented which may Further clarvify thn tima end extent of pvule and sead sbort
in sulumn-set Fruita, snd aleo some of the posaible predisposing factors.
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2.4 MATERIALS AND METHCODS: INTHA-TRUIT DISTRIBUTION OF ABGRTION

2.4.17 Matarials

Tha following groups of frult sets wore wade use of in s detalls
gxamination end analyeis of the distribution of seed abortion within the fruit.

Thase included:=

(1} all the ovules and sceds of 14 zips whole Frults of the hand-pollinated
autumn eat, 19703

(1) 50 owules/sesds for each of eight fruit sub-regions (A, a, B, b, C, o,
D, d} of fruit sampled st the sixth week after anthesis, autumn set,
19713 and

{iii} all the ovules and seede of 24 ripa whole Pruits of tha hand-pollipated

summer oaot, 1970,

Rafarence has alrasry besn made to these sats Efi}, (i) end (iii) ahnqé?
in 4.2.3.2, 1.2.2.1 and 1.2.3.1 respoctively. In addition,

{iv) 21 ripe fruits randomly chosen from a larger number picked from the
bottom snd of Pruit stems in November, 1973, were used for this study
after beino kept in a deep~freezer. Those fruit were judged to have
gat in the early to mid-summer period of 1972/73. These had not bean
hend-pollinetad; and Finally,

{v) 15 ripe fruits, randomly choson from a larger number picked from tha
top end of fruit stems in April, 1974, were sleo usad for this study
after baelng kept in a deep-Fraszar. These wers Judgad to have set

in the previgus eutumn of 1973. They had also not bean hand=-polli=-
neted.

(Measuremants on the seed and fruit flesh mass of the above {iv and v), and alst
on the aothar fruits from thess two sots were eleo taken., Thesa were used for
correlation study presented in Chapter II1.} The fruits for (iv) and {v) wers
on trees somswhet similar in vigour and age to thosa picked for the sats of {i:
and {1ii) at their time of harvesting.,

In contrast to tha autumn and summsr sets of 1970 /Ti) and {1ii)7 sbove,
in which a1l the ovules and epads of the fruits used were removed end clessifi
sgads and ovules were remeoved Pram only some longi-portions (Plate 2c) of the

Fruite used for tha 1972/73 sumnmac- and 1973 subtumn-est groupe {iv and v aboun
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For the sumear set of 1972/73, 275 longl-portions of 21 of the frulls weis usod
far thle study.

From the sutumn set of 1973, 2/5 to &% longi-portions were used. In con—
naction with the use of only portions of frulls of the 1972/73 sets, it had
praviously been ohserved that EI."'E or gronter portions gave reesonsbla ostimales
for the pattern of seed type distribution for whole fruits. (There were a fMow
fruits in which the character of onm 2/5 povtion was quite dissieiler to that
of the other 2/5 portion of the seme fruit. The remsining 1/5 portions of tha
five-carpellate fruits were of courss, discarded bescause tha positions of so=a
of the seads ware invariably displacecd in the sct of cutting the fruit.) Furth
more, the zelection (From one of five) of the lengitudinal plans botwaen twa
ad Jacent placental edges to cut along can be considered to have besn a random
one. The resulting anmlyses on the distribution af owvuls/seed types along the
lomgitudinal placental reglona af two to four longl-porticna cen be considerad
to be ropresentative of the patterns in the whole fruits (5/5).

Once the suthor was ready to process a given fruit, he would allow it to
thaw sufficiently for it to be cut inte the dasired longil-portions. Thesa ware
then re=Frozen in tha dasp-Trooczar. The porbtiones used for the intre-Truit dis—
Eribution of abartion study were procesesd as Follows: all the sosds af Lha
types "F", "P" and "S" for soch of the sight intra-fruit sub-regions were romov
with tweezers, transferred to cardboard cups and counted (Plate Ed}. The remai
ing fruit flssh (Plates 1d, 2a) was than cut into the separate A, a, O, b, C, ©
D, d sub-ragions, and each was examined under a dimsecting microecope in order
count the "U"-type ovules. It proved important to do thls, beceuss inaccurate,
underestimated counts for these reletively tiny ovules ware obtained whan they
were counted with tho neked eye. Their smallnesa, and the relative largenmus o
ed jacent s=ed stalks of the fully devalsopad "I seeds tentded to obsoure the

prasance of quite a numbar of thom. Thay wera elno difficult to count accurate
in unfrozen, over-ripe fruit, and in ouver-thawed fruit.

In the case of ths sutusn and summer sete of 1970, all the ovules and mmed
{i.e. for the ontire fruits) wera counted, but anly relative to the Intro=fruit
quarters fa, Bby Ce, Dd and not the eight sub-regionm, viz. A, e, B, b, C, ¢,
D, d. With regard to the sempling fTor the sutumn set of 1971, thim has slresdy
bean dealt wlith In %.2.2.1,

Z.4.2 HAntionale and statiotical mathoda

Ona of the ways of sppreaching Lhe problem of owvule/seed abortio
is to mako a comparative etudy of seeds in Frults set and develaped over differ

gpgrnong. fN.0. Ipte wsiabtumss wvaEracrs =1 de sl imsmm s mis b Wi - P i e e Wi e i il i
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pattorn could be further sxseined against differences in the seasonal climatic
and physioclogical conditions sescoisted with such sets.

Another approsch can b= {s axsmine the distribution pattorn of abartion
within frults for any given sabt of Epescnal conditione. Some of the posslibla
faclors lrvolued in sbortion can ba soughl From diffesrencos present slthin tha
frulte. The offoct of differsnt leswels or methods of pollination can also be
considered. In addition, a2ll thras mentioned approaches can be combined and th
datermining factors sought in an interactional fremework.

In ordar to edvenca such & study of sbortion, more specifiec, likaly Ffactor
gontributing to soed abortion nead to be forsulated, tooather with predictions
thelr likely effects. Whan thess Factors have been messured in soms appropriat
way, the affects precicted by theory or hypothssis can be compared and, where
appropriato, statistically tested against asctual messuced dats.

Fram the 1iteraturs roviow of this chapter and from the anatomical studise
slreaandy surveaysd, a nusher af possible csuses of ovule/ssed abortion in davelop
ing peapaya Trult wers postulatad.

Firetly, ouules and secds that expasrience colder subtrooical conditiona
during tha first phases of growth are more likely to abort than those develonin

under more tropical-like conditions, such as are approached in summer. Tha
sxteonl and timing of the onset of abortions should reflect the timing ond onsaot
of tho cold conditions.

Diffarences in the maturity of ovules at enthosis and when fertilization
occcurring should be reflected in differences in abortian. Thus, if there arce
differences along the frult slem—spex axis, or else between carpellary margin
vereus placental odge regions, then such regione with greater proportions af
immature ovules should have a greatar proportion of abortions, if these immatur
ovules are Fertilized.

Tha pattern of pollen tubse panstration may be inter-relusted with the above
If iemature ovules recelve pollen tubas too early, then regions of the fruit wi
the greater likelihood of such ovents should reflect an incrense in sbortions
due to this. Conversely, those reglona furthest from the antering pollen tubes
may recaive pollen tubes too late, l.e. such ovules may start degenerating by
the time they are fertilized, resulting In an increase in the propertian of
abortions. (In connection with this postulate, it must also be borne in
mind that pollen tubea may only enter maturs ovules - sea 1,3,1.3.)

Anothar sel of differences could be attributed to differences in avail-
ability of hormones or setabolites from the reet of the plant, or ths frult it:

Thimaicz PPt ehdnd i ol e e e Pk b L itdE e P R P Y =
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supply: ovules along the carpelliary margln ore clower to the main vasculer
supply than thesa along the plecental edpgn. Similarly, within tha carpellary
or placental edge regions, those ovules closer to the basa of the Flower/fruit
may be plaser ta the incoming matorisls feom the rest of the plant. That is, a
competition for metabolites on the basio of the location of the placental voscuw

lar supply mey exiel.

Differenges in the dectwe of intte-Fruit competition of asnother sort may
alen mxist. Daveloping seers mey comprie against ssch other for the scarce sup)
of metabolites, particularly durino the stressful coldest months, and/or the
gtress of competition of other Fruits. Suvech intra=Fruit regions with the highe
degros of initial sopd growth and developmant may suffor grester rates of mbort
during such periods. Finaelly, differences may exist in definita locelized regi
af the fruit for reasons other then those already suggested. If euch definite
gub-regiono can be identified,; their locelized charactaristics cen be studied
Fucther.

In ordar to test most of the above postulates and related predictions, use
will ba made of a "bettery' or series of statistical tests. These tests are

meent to complement sach othar. They wvary from each ather

(¢) with respect to the kind of score or messurements with which

thay cen sppropristsly be used;
(ii) in the kind of prediction they can test; ond

(iii) im terms of the underlying assumptions upon which they operate.

These Lests are not physiological proofs. Rathar, they ere meant ta be logical
(atatistical) tests of inferencss based on physiclogicel assumptions and hypo-
theses, As such they may

(1) lend supportive (or a contradictory) weight to developing theorys
thay may alseo

(i1} highlight areas for further research.

It is in tha spirit of (i) and (ii) and in the light of the anatomicel and
morpholegical results already presented that these statistical tests have boen
applied. An puerview will now be given of tha tests that will be used, the

matarial and thesis sections to which they ars epplied, the hypothoses tested
end tha statistical modals aseured.
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[ The sactions haue been divlded into Len @ain parts: 2.5.1 for data Trom
pulumsn sets; ond 2.5.7, from sunser sote. Eoch of the autumn and suRmor
sections, In turn, Includss studies on hand-pollinated mnd nan-hand-polllnated
sets. Tsbulstod deta from these four socurces provide an initial fndiemtio

of tha effects of seasan end meliod of pellination en sbortion lovals and
patterny, Tnasa ssurcns of date havo beean eruserated undar 2.4.1.

Howsver, many of the slatistical spproeches af the sub-ssctlons that follo
involved chi-square tests. Thesa In turn requlired that the sxpacted fregusncis
on which the teated proportions ware based were not less than five in more than
20 per cent of the proporticns in any one chi-square teet (Cochren, 1954). Con
sequently, of the 15 fruite in the 1973 putumn set, only 11 were subjected to
further etatisticel analysia. Sisilarly, of the 21 frults of the 1972/73 oumas
set, 70 of these were wubjocted to soma tests ond only a sub-sat of five of the
te further testas, The various procedures and their rationale follow.

B. In saction 3:5:1:1 1"“ autumn antes, end :",5,2.1: for a summar set, the con-
sistency of the distribution pattarn within the fruit fTor sach of the ovuln/see

types is teastad. The null hypotheais la thet the distribution pattarn within
the fruit for oach of the ovule/seed types was one of randomnass, i.e. no
differences existad in the proportion of each type bestwsen fruit sub-regions, ¢
botwean &ny sub-region armd the total Fruit.

Tha rosearch hypothesis was that differences in proportions fTor sach owule
soed type did exist. Thase differences could have bean brought sbiout by:

(1) = differentinoted pattern of pollen tube penetration which, In turn,
led to a differentiation in the pattern of proportion af owules
fertilized. From tha latter, thore could hava bean

(1) a sufficlont differentistion in the pattern of sub-regional
intonaity of inter-sesd competition for matebolites;

(111) an inter-action betwsen the differentisted pattarn of pollen tube
penatrations and a differentiatad Intre-fruit psttern of the
lovel of maturity of ovules could alse have contributed to a
subsequont differentiation in the intra-fruit pattern of
proportion of ovule/esed types.

It waw pontulated that the net effect of (i), (ii) and (iii), erumerated sbove,
would hove bean in the same direction, i.e. (i) and (ii) would ba correletad

whilet (1) and (iii) would ba intersctional, or the product of the two pottorn:
Differences botwesn types of cuules/sesds could be due to tha spresd in time of
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development pver which shorlicne oeb in, with the more numorous typa{s) reflect
ing the time at which pesk shorlion poccurted,

The statistical mothed used For tnis section wes Lha Kandall co-efficient
of poncardonce, W. This ¥ can be uvasd Lo eeasure tho correlatlon among geveral
rankings of W ob jects or individuals. "When wa have k sete of renklngs, W
p¥prassas tha dagrea of somocimtion among k vuech verisbles.” (5iegel, 1956).

In other words, W expresswe Lha degree of essociation omong gaverpl (k)
verisbles mossured as, or tranaformed to, renks (Siegel, 1956). MImegine how .
data would look if there ware no agreement ssong several sets of rankings, and
then ... imagina how 1t would losk 4T thors weare perfect sgresmant among severa
gate, The co-efflcient of concordonca would Lhan be an indox of the diverganoo
of the sctusl egresment shown in the data Crom tha maximum possible (perfect)
agreement, .sss Roughly speaking, W is Just such & co-efficient." (8iegel, 19!
Tranalated inta the Fromework of scctions 2.5.1.1 and 2.5.2.1, sach fruit sampl
can be considered to have had renked (.. the pattarn of ..) tha proportion af o
porticulsr ovels/eeed type within that frult, e.g. the rank order fram the
highest to the lowsat proportion amongst the intra-fruit sub-regions in Lhat
Fruit, W messures the conslatency of auch a ranking of the Intra=frult sub-
regions {(wlth respect to the proportlon of a glven gug;uﬂnund thn} oVEr sevETa,
(k) fruits. In terms of tha level of weasurement required for W, thay may ba
meraly in the ordinal scele. Slegel (1956) provides tables af critical values
for testing ¥ for small samples - (N = pumbor of entitios to be renked, i.e.
numbar of intre-fruit sub-regions = 7 or lmss) and ¢ with df = N - 1 can be
used for N largaer than 7.

€. In soctions 7,5.1,2 and 2,5,2.2 for sutumn and summer sets respectively, t
differsnces in abortion rates betwesan L(ntre=frult sub=regions along the carpell

margins versus those along the placental edge nre tested. For the purposcs of
these sactions, the sbertion rate, Py o for a given intre-fruit sub-region (1)
was maasured to bo the proportion

(r P+ 5 D .

+ P+ 5/

That ls, using the cverall findings of the snetomy and morphology studies, it
vas assumed that the majority of "U" "ovulss™ wore not actually Tertilized and
80 never doveloped as scods. For practical purposes, then, tho sesd abartion r
would have boan the propartion of .{ilrttnl.lr doveloped ("P¥) plus slightly

devaloped {"S") seedg/ to the total of /Fully devoloped ("F") plus "P" plus “S"
seeds/ for & given intro-fruit sub-region, (L),
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The null hypothesia was that no differencas pxisted in abortion rates betua
tha intra-fruit sub-regicns =long the carpsllary margln and those along the
plecentzl edge. For e given fruit, the sburtion rates of both simply reflectead
the sbortion rate for the wholo Truit. Tha reosmarch hypothesis was thet differ-
ences existed by virtue of diffocences petwsan these regions in {i} maturity af
owules ot Tartilization, and (ii)} mloseness to the main plecental usscular
supply end hence accaesibility o svailable significant substrates. Both (i)

and {41) would have & similar psttern of Intra-fruit sub-regional location.

Statistically the tests on theso hypotheses involved Pinding the "total
W ror all sub=-regions Tor a givon fruit, followed by a H? "differonces" test
betwsan carpellary margin {A, B, C, D) and placental edoe (a, b, c, d} sub-
reglons 1T tha "total® 12 test wes pignificant (Fleiss, 1973). Uhen this had
besn done for each fruit, a "total" X' far tha whole saries of fruites wes done.
"Pooled" X and "heteroganaity® {ar homogensity) X’ ware then calculsted to ses
if thea probability for the "total® %' for tha uhole saries could be accopted, o
whether the fruits wers too hateropeneous with respect to individual sbortion
rates, Anticipating the latter, and as a scparate test for the whole series
from that given abave, probability ualues {corresponding to a HF value with two
degrees of freadom), viz. e X or =21n p were calouleted for each fruit
(uhera p = the probability uwalua of "totsl" HF for the given fruit and ln is th
natural leog). The combined probability value for a N} of tha whole seriss of
fruits (irrespective of a Ffinding of significant heterogeneity) was then calcu-
lated; this * being equal ta [E = 2 1In p] with twa degrees of fresdom for eac
individual fruit's EF gy leB. with total df = twice tha number of fruits in the
seriss (Rayner, 1969). (This useful overall »* test was also applisd to ather
sories of indspendent probability values, such as t-test probability wvalues on
paramators of individusl fruits of & eeries; e.0. of a particular Fruit set.
This latter ¥° test is of course mora pumbgreome than that found by simply addi
up individual e values where these tests provide the original probability valu

It is nevertheless included as a separate check.)

0. In eactions 2.5.,1.3 end 2,5.2.3 for sutumn and summer sets respectively, t
consistency of intra-fruit patterns of (i) the abortion rate, and (1i) a postu-

lated competition factor, are tested. For (i) , the sbortion rate for any intr

Frult sub-region i wes sstimeted as

(F‘+5
F+ P& B4

pg mentiongd in the previous sub-pootion C of thio sootion {2.4.2}. Far {ii},

a compotition factor,
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x, = [[r P YT 2P +58 & I,JZJ]‘l )

for each intro-frult sub-teglon, woo veed. Thip Xy based on tha proportlions of
the various ovula/sced types ("F" , ... "U") , wor tekan as an Indax of early
sned devalopmont, More epenificwlliy, this proportion, X; ¢ measurea the probeh
propartion of the totel owules/uecds por sub-ragion that were ectually fertiliz
and subsaguently underuent noraml Lo naor-narmal early saad davelopment up to
the period hefare or socn after abortion set in. It has boen sssumed that the
degreas or intensity of quontitatively mesasurabla physiclogical intar-gsed
"compatition® within a given intrs=frult sub-region will ba found to be corre-
lated with this index. By 'guantitstively measurable' is meant measurement in
tha intarval scale (Siegal, 1956)., Altarnatively, the index used here is o
mgagurea of Intor-geed competition, although, without the above postulatad corre
lation, remaining entirely at the ordinal leoval [Eilgul, 1956). ﬂThil distinct
betwsan levels aof measuremont hes & besring on the validity of wvarious signifi-
caence tests (Siogel, 1956).7

In those escilons, viz. 2,5.%.3 and 2,5.2.3, %, was taken to bm at least o
the ordinal level, and concordance (M) teste were carried out on tha pattacns,
In the soma wey of described for tha concordanco test in sub=gectlon B of 2.4.2
abova. Tha null hypotheses wers that

(1) x, velues for the & intre=fruit eub-veglons within a glven Pruit
did not differ From each other, or from that estimated Tor the
whole Truit; end simllarly

(i1} for the Py valuss amongst themselves.

Tha ressarch hypotheses worm that differences did exist dus to the pattern of
pollen tube panstrations and the other intra-fruit differences postulated ta
uffect sbortion rates enumerated in the sub-ssction of C above,

E. tigng 2.5.1.4 pnd 2.5.2.4 o nd summar asak ki L
difference in the competition factor % (defined in D asbove) between adlascent
corpallary margin and placental sub-regions ia tested, The test used was the
t-tost for paired difforences, spplied to the four pairs (A-a, B-b, C-¢,
D=d) for anch fruit. Tha S -.{E -2 1n p] » (described In sub-section C abogu

on the probability valuea (p)} for the series of fruit t-tests w=s sles epplicd
to tho serios ne & whole,

The edjacant corpellary margin and placantal edoe sub-regions were approxi
mately oquldistsnt from the point whora the pallen tubos ontered the avary.



142

Hevorthealoss, es found in 1.3.1.3, differences sxisted with regard to the axlan
of pollon tube panotrations of ovules of the vearious sub-raegions. The resaarch
hypothaeia, theralore, was that differsnces would axist in the compatition
factor %y {i.e. extont or Intenaity of eerly sesd developmont) betusen sven

ad jagont corpellary versus placenlal edoe pub-regions. Differsnces in X, wore
elso postulated or predictad on tha basis of differonces in tha saturity of awu
at anthesls (1.2.1.2), and slsec on the differencea in the mean distance of Lhe
ovule vasculsr connoctions to the =ain vescular pundle. (This fs the ventral
bundle running just undor tha surfeco through the middle of the carpellary marg
regions, Figs. Y and 2.) The null hypothaels, of coursm; was that pny differen
in X, would not be significant within any piven fruit; and tharefors not signi-
Ticant Fer the frult sets as individusl whole sarien as wall,

The valldity of the t-test probahility wslues (p) of course are subjecl to
uncertainty becausa of the, as yet, unknown correlstion betwssn the index x,
guantitatlvely messursble physiclogical differences postulated, as polnted out
in the proceding sub-ssction D sbove. Consaguently, the : ol tﬂ -21n h] pro=
bebility valus for a whole saries fs also uncertain. The results in theas
sections (2.5.1.4 end 2.5,2.4) are therefors meant to be taken provisionally.

F. n sections 2.5,1.5 and 2.5.2.5, one group sach from sutumn and summer sat
reapactively sre tected for diffsrencea in abortion rates within (i) carpellary
margin sub-regions only, and (ii] placantal edge sub=regions only. (This wan
dene to control tha effects of difforences batween carppllary margin and plocen
edge sub-regions,) In the tests in (i) and (4i) sbove, the sbortion rates Py

are also tasted in relation to tha comspetition fector x described in a previnu
sub—section (D).

By way of introduction to the statisticsal method used to toat tha above
relationship, it may be useful to recall w chl-square test used in sub-saction
viz. & chi sguare for "diffearances" bestweon tho Py of two regions. uhers mors
than two regions (or "classes™) are inuolved, » chi square ie avallable to tost
whather significant differences exist among such classss (or, here, sub-reglons
Such a chl-squars test, slthough valid, lacks ssnaitivity when the several
"osamples" (sub-regions) porsess an intrinsic ordering. Fleiss (1973} describen
a chi-gquare method of analysis for where such ordering is quantitative, i.e.
for where "8 measuresant X, 18 nalurelly sssociated with the ith samplo", He
than describes a chi-squara asnalysis (which, in terms of tha varisbles of this
sub=poction, Leats the (usual) "totsl" ¢ far the presence af differsnces in tr
propartion, Py » GVar sevaral cub-reglonms, then providos rhi-equare statistics
test (i) whother the asscclablon betwean %, and Py s lnear; wviz. "X linoar
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and (11) the signiflcance of lhe ulope oF & Yine representing such a linaar

7
ralationohip, viz. "X slopu®. These Ltoots ore epplisd to the autumn and summe
pel groups referrad to at the Baginning of this sub-ssction.

“In a thicd group, viz. from dats of tha sampls at the sixth wesk in the
1871 sutumn sot, (8 study on sarly sutumi—swot sped developmant), a similar type

off teat wos applind on twn relationshlpe. For the Tirst, it wes postulated tha
eatly mood abartion (estimatod s the proportion of pollinatod seads without
narmal ondosparm) was lineacly related to o competition fector estimated by the
mear gize of sampled ovules/esnds, i.e. by & measure of tha intanaity of scarly
sead devalapment. In tha second relationship A, waE estimated by tha porcentag
al ovwulaa in a given sub-reglon peoneiratod by pollen tubes by the sixth wesk.

The null hypothaooes In all the Luets of this sub-section (F) wes that
{1} no diffarences exieted in s within tha carpmllary margin sub-region ar
within the placental edge sub-regions; and altarnatively, (ii) if there wore a
differences thgse wera not linearly related te tha various :-ti'u. postulatad.

fgain, it should be pointed out that, with the excaption of the teat in
which 1 masaured the mesn size of owvulwe and sesds, the abhove teats are subjec
to soma uncerbleinty due to the doubt surrounding tha level of maasurament in-
valved in tha *;'8s uased,

Gis In sections 2.5.1.6 nhd 2.5.2.6 Por asiutumn and susmer sots reepectivaly,
ordared differences in abortion ratas l:pi} within the carpellary margin or the

placental edoe sub-regions wers not postulated to be neceesssrily quantitatively
related to the competition Factor ¥;+ A more ganeral hypothesis was postulated
that mbertion rote I:pi',i differences existed along the longitudinal axis of the
carpallary margin (and alss that of the placental edge) sub-regions. In this
oimplified form, it was postulzied that there was initially probably greater
competition (unmeasured) at tha apex end of the fruit (than at tha base) becaus
of tha earlior dovelopmont of tha top. It wes mlso postulated that the basal
part of the fruit, belng closer to the supply of metabolites, and other sub-

atrates from tha rest of the plant, would have an advantsge in this respsect as
wall,

Fleise (1973) describes & chi-square analysis due to Dartholomew (19594,
1959b) to test the hypothasis that @ propertions are arranged in a prespecifis
order, It can be used where it Is suspected beforshand thal a gradient in
proportions exists hecuuso of diffarent lovels of esome sesociated factor, but
for which no numerical values con bo naturally ansigned to (i.e. Fleiss is
presumably teking into account the gquestion of "layels of moasucrement™ discunss
in Siogel, 1954),
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Bartholomsu's method, to perephrsee feoa Fleiss {1973), even allows ot
slight dopartures from an hypothssized ortar. "“Suppoea the hypothesia predicta
that the ordering (in proporticons) P, = Py o }rpm ghould obtain, but thaet
depectures from bhis ordering afo obsarved. For axemple ... 1F the ardering
plib pE }'“3 P-pd waa predictad, but instead we obtalned p1-< Py s and  Ehen,
as pradicted, Py Sl PR then ueighted everages of those adjecent pro-
portions thal are out of order are taksn until, whan tha averages replace tho
original proportions, the hypothesized ordering ie ocbserved. The revised pro-
portions are denoted p” ." (The effect of this weighting of adjacent propor-
tiogns is toa lower the chi square then obtained, but leaving the hypothesized
ordering intact.) This particular (“gualitative") chi square is calculated as

Bl
= S 0 e |

W n (ps - p)
i=1

where g = {1 = p} and p is the weighted mean of ths proportions, Py » OF py and

r

pi o Special tables for testing this chi square are provided im Flelss (18973).
In tha case where the number of proportions, m , is equal to four (such as they
varn in the teats Tor thesa EUhLBEELlDﬂE, iz, 245416 and 2.5.2.6) E nnd EE 3
(tun values used in looking up ithe H tebles), are calculatad as Fnllumﬁl—

MyePa
Ly (ny + ny)n, + ng)

and

A.«0
“2 "j{ S
|'|E s rl‘.-.r. I'I3 4= nd

where Ny v Ny 4 Nq ard n, ara the tatal number {or weighting fector) on which
the proportions Py ¢ p2 i |:|:3 and p, 8re basnd.

Ta sum up then, tha hypothesized ardering for the n af the carpellary
margin sub-regiona was A > B> C>D , end for tha placental edge sub-reglons,
it was that e > b > ¢ >d . The tests of this pub-section sre basically about
the sama things es those of sub-section F, viz. in 2.5.1.5 and 2.5.2.5, but
without the uncertainty of the leawel of messurement of x.

Ha. In sub-sestion 2.5.1.7 for twug sutumn set oroups, and sub-section 2ubed.T

for @ group set in summer, the diffarences in the rates of abortinon, Ry » Wwithi

the longltudinal awls of the cerpellsry mergin eub-regions alene, end also

HitMAn tEamsma af ERe AlarnasdnT odmes sl scom il mme 058 cmes  cos ke ke T T
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betunon the tests in this sub-section and thosa of G shove is that whorsas in
gub—pockion G a daflinite grediant of diffecences slong the Mecoll beaco-apax axis
was postulated, this sub-suclion only postuiated difforences bebtuson various
groupings of sub-regions. 1t was assumod that thors were at least discrolo
sorpholonical differences helusan tha Loy ad bottom halves of a papaya Prull,
(e.n. the vesculsr supply potiern appears non-identicel betwsan tha top and
bottom halves in clesred ovarins and young fruits)., Thers could, quite likely,
ba other intrinsle differencea in the fruit tissuves, end it was postulatad that
such essumad difforancea would effect tha susceptibility of certain placentnl
areas to seeod abortion.

Fleiss {1973) describes o chi-square snalysis to test Tor differences balu
sub-groups within a larger group of samples when the goneral x test has shoun
the lerger group as having significent differences within it. "Having found th
propoertions to differ significantly, one would noxl proceed to identify the
samplos or groups of somplos that contributed to tho significant difference ...
Suppose that the m sasplos (or groups or sub-regions) are partitioned into two

groups, the firat containing ", panplos {or sub-regions) and the second By

whara 51 + 12 =m . Dafine

™

1=1
to ba tho tetal rusber of subjecte in tha first group of samples" Jor, in the
author's application to seed abortion rates, “{1] = the total number of owules/

sesdes (on which the abortion rate is basod, l.e. tha un:lqlh.nq factor) in the
first group of intra-fruit sub-regions/ "and

= n
(2) f=m41 :

n

to be the total number of subjecte in the second group. Let the propertion in
the first group be denated E,l . Hhil'-l
1
) ):“1“1
(1)

and in the sscond group bo denobed 52 {unrhnd out with its approupriete nlej'
Thean

F 1 1'111"1 - "
% ﬂiffﬂnn.—i_lﬁlm“‘-pnj '
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with ope degree of fresdom, may be wsed to test for the significance of the
difference batusan ET and F? , (Ae1=-pjf andn= Neqy + HE?}} « Tho atatis
i
2 ; %0 W
}:' E-IEDIJr\J1 i ﬁ ni{.r"i pil} ¥
=1
with m, = 1 degrees of Fresdom, moy in turn be used to test the significence of

the differancee gmonn tha m

1 proporticns in the first oroup, and the statistic

in

x* group, -éﬁ }: nilpy = B, )

i=mq+1

with M = 1 degrees of fresdom, that aomong the second group." However, if the
partitioning of the samplas into groups is suggested by the data inatead of
being planned beforehand, "... each of the %" yalues should be refarced to the
critice]l valus of ehi sguare with m - 1 dagrees of freedom, (i.9. the largest
degreas of freedom numbaer) and not to tha cfitical values of chi sguare with
14 m =1 andm, - 1 dagrees of froedam respectively." (The effect of using t
larger number of degress of fresdom is of course te render tha test more con-

egrvative, f.s. larger chi-sguars values are requlred for significance.)

Tha above ¥ gnplyeis and its related note on the parmissible nunbar of
degress of freedom was spplied to the sats of data of sub-sections 2.5.1.7 and
2s0:2:7Ts Tha purpose of these tesis wes bto statistically idepntify speeifie int
fruit sub-regions in which sbortion was more prevalent. One of the longer-tiorn
purposes of tha tests of this sub-section was to identify speecifie sub-regicns

of the fruit whieh could, in tha fulure, be subjected to & more intensive com-

parative study.

The differences betwsen the carpellsry margin and placental edge sub-ragic
suggested itealf even before examining the datay and thase were tested agains!
the one degres of fresdom chi-square value. 0Other groupings ware tested apains
the more conservative chi-equare values. Finally, = total H? over the whols
saries of similar tasts (i.e. for a whole set of fruit for any given specific

intra~frult sub-regionsl comparison) were sppliod to test for conelstency of t
diffarences aver a whole sat.

I. In sub-geclions 2.5,%1.8, 2.5,1.9 and 2.5.1.10 for an aubumn set, a multip:

reagrassion anelysis is presented to test the separsted aimultanecus effects of

compatition Factar g {extont or intensity of sarly eeed development) and a
positiovnal effect {(viz. sithar thet s sub-reglon ocourced along the carpallary

margin or wlee aleng the placental edys) on the intra~fruit abartion rate. Thi
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regrassion model veed, which ie presantad in Appendix 15 &4 waell, was

Pz I:'.Lj i h121 -+ h?ak ¥ h}HE

where p = regression Tunctiocn Tor bthe groopchion of aborbed seeds,; in the trans
formed mode of angular deqreoean. The reasan lho abortion propertions were trans
formed to angular dagress was hessusa il woas intended to test the significance

of the ragression co-efflciontsa, n1 5 b? and B angd t-tests on the latiar ar

9 H
only velid an date which, oo bthe null hypothesis, have an underlying normal dis

tribution {S5isqel, 19583 Hayner, 1969).

In the sbove modal: hD 3 h1 & I:|2 end I:n:]I gre regression constants for
g alven fruit - (that is, reqression equations were Pitted for each fruit in ar
autumn sat); X, = 8 Meummy® verisble = O for the A, B, C, D {carpellary margir
fruit sub-regionz, and Xy = 1 for the a, b, o, d {placental edge) sub-rcegions;
¥, = Ky 4 A competition factor {extent or intensity of sarly sesd developmmnb
introduced in eub-saction D); and My {ti}z « The use of o "dummy" wvariabls
(the concept and application of which is pxplained in Draper and Smith, 186%),
was mada in order to separate out tho offocte dup to the carpellary margin wore

placantal edge position within the fruit.

Baing a multiple linear regresslon model, the residuals, Ei (formed when
the reqressiaon wes applied to the data) wers examined. For tests of significar
g 1 by and by to be valid, the & = {Pi - ﬂi}
should be randomly distributed (Draper & Smith, 1966). An e, = {pi - ﬁi} = a

ori the regrassion co-efficients b

regidual value whan en estimeted ﬁi is subiracted from & given ocbaerved Pi in
the transformed mode. A ﬂi is eatimated by the regression funclbion "p" of a
given frult for & partipular f;thi fruit sub-region when appropriaste regressior

constants and the pbserwed corresponding Xy (and X, = D or 1) values ars sub-

gtituted into the regression function, p . To illustrate: if the computed
regression function for a fruit is p = 60,0 + 15,0 {n1} - 1,5 {u:} + 0,01 Exﬁj
then when %, =1 (e.g. from the b intra-fruit sub=-region), Xy = 30,0 and

Xg = 900 (i.8. x4 = x; = 30%) 3 B, for tha above substitutions is then

f, = 60,0 + 15,0 (1) - 1,56 (30,0) + 0,01 (900)

= 259 anpular deoroos.

If the gbsarved abortion rate in the transformed angular mode for that
particular {ith] sub-region Far that fruit was pi = 37 . then
By = p, -~ ﬂi =37 =-29=08 , Ifthe g; for tha eight (Ry 0 wee By d) frtre~
fruit sub-regions are randomly distributad in & narcow pavellasl band about zer
far the cange of x, values substituled, thep tha Linear modal is appropriste ti

tha date. amd teate aF siornifloamness mn e ssrnreasteon rr P8 it amde BT ik
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valid (Draper & Smith, 1966}, If the residusle Fan out, or follow an arc, or
doviate in some othar noticaable pattern, thon the model noeds to be alterad.
Thus, a hand of residuele in an arc fors sugyests that perhaps a guadratic farm
is required. The model actually prosentod For the data enalysed in Appendix 15
and sub-sections 2.5.1.8 to 2.5.1,10 oectuslly needed the quadratic tarm
Ko = {ﬁi]= :

The &, residueals ehould bs random. In terme of the Tormat of the data use

1

viz. that p, and x, values wirs sctually drswn from either Afa  B/b 5 Cfc or

b/d sub~regions, t;E regiduals had to be traced back to their sub-regional
sources to see i any non-randam patlerns persisled. One way of doing this was
to rank the e, for any given fruit In terms of their magnituda. A concordance
* (W) test was spplied to such renkinge for sll the fruit of the autumn sst in
guestion. A significant (W) or K? test would imply that the largest to smalles
devigticne From the Fitted regreesion lipe tended to concentrate in soma par-
sietent, l.a, non-random pattern, thus invalidating the regression model ueed,

and cazting doubt on the regression co-afficlents and thalr tests.

Tuo=tallad t=tests were carried cut on the regression co-efficients of eac
fruit, and tha chi-sguare taest, WK e [E - 2 1n p] g wag applied to the probabil
valuegs associated with thesse t-tests, thus giving an ovarall chi-sguers analysi
for the whole set of fruit.

This concludes the overview of tha rationale and stetistical methedology
thet is epplied to the data presented in 2.5.%1 and 2.5.2. 0Once the results and
separate Implications of each sub-eection has been presented, it will remain to
draw them all together into an overall aseessment and conclusion, end relste

this to the anatomical and morphological survey presanted in 2.3,

2.5 REGULTS AND DISCUSSION: INTAA-FRUIT DISTRIBUTINN OF ABORTION

2.5.1 Autumn sats

Table 17 presents the distribution of notmal and sborted ovuls/s
types as found in 94 ripe Fruit set in autumn, 1970. This sot had bean hand-
pollinated., The various ovule/sesd types are those referced to in Plate 24,

In Table 12 the tun typologles are set eide by side to show their eguivalenciss

From Table 12 it can be seon that, of the sum of all evules plus seeds,
(mean 1635 per frult), espproximataly 30 per cent were 'unTortilized!, (U);
approximately 35 per cent were slightly developed, (S); wery fouw "partially’

developed (P);  end approximzlely 35 per cent reached Full devalopment, (F).
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TABLE 12 Olsteibution of pormal antd shorted sseds and ovules from 14
rlpo whole popnys (ruits sat in sutumn, 1970 {hand-
pollinated)

Eun:..l;::uln Total | Rebirad - Snn:th:::uln i e g

daelgnation - par Truts dasignation per Fruit

de 219 1h 1,0
F 572 34,0

dG T 782 456 34,0

1118 T3 B a,3
p 7 0,5

eIl 32 2 0,1

clia 63 45 2,8
5 569 34,8

b T 332 bz4 32,0
u 6 825 487 29,8 u ag7 29,8
TOTAL ¢ 22 6894 i1 635 100 TOTAL: 1 635 100

Most of tho latter were 'grey' (dG) seeds. Of the slightly developed seeds (5)
the groal =ajority ware smell, Flettened (b) seeds,

Table 13 represents data of Table 12 whan divided inta the four fruit
gquarters — Aa , Bb , Cc , Dd . As & preliminary remark it may bu noted that tb
totel number of ovules and ceeds in the tup quarter, Aa , viz, 4178, ia potice
obly less than that of the other quartera, evan that of the bottom quarter Dd.
It could be axpected that Aa end Dd , with similar shapes (Plate 2a), relative
to thet of the Bb , Co sub-regions, would have had aimilar numbere. The diffe:
enco is due to a larger proportion of thas owvules In the Dd quarter not having
bean Tertilized, so that for 2 sisilar plescental (sucfece) area, the latter haq
meny mora ovules. There wers differences betwsen tha thicknoss of the fruit w
Thie diffarence In
thicknees scemed to be relatud to (i) the difference in morphological position
in the fruit; eand (ii) the proportion of ovules for the sase placental surfacs
arsa which had bLecome fully developed sneds,

bensath tha placental surface, aa nay bo sean in Plate 2a.

With regacd to the comparative distelbution of sach ovule/seed type, the
highest parcentagn of fully developed seeds (F) occurrod in the second guarter
Bb , followend by Ce , Aa and D4 .
eont,

Tha roenge was from approximately 40 Lo 28 p
With regard Lo the partisliy-devaloped seeds, tha highest perocentege wa:
iIn Ce . Tollow=d by Bh , Od end Tilnally, E&n . bubk tha actus]l proportlons wars



TABLE 13 Distribution of ceadfovule Lypes within fruft-quarters
of 14 ripe whala papoys fruit of 1970 autumn-azpt
{hand-pol 1inmiud)

! j

FRUTT EEF.EI;II'H'I.ILf. TYPE _—
SUB=-REGLON F 0 C U

Mo . 1 28BS 15 2 185 679 & 175

Ra i 0,8 &, Ad 82,6 16,3 100
Rank 3 & 1 &4

No. 7 4305 29 2 Bh3 1 023 6 035

Bb A a6, 3 0,48 42,3 17,0 100
Rank 1 2 2 3

Ne. 2 550 32 1 940 Zz 027 & 538

Ce ’ 3.3 Brﬂ 2’9'? !1’“ 1|Jﬂ
Rank 2 1 3 2

No. 1 TaAT 24 1 275 3 086 6 1456

Dd % 28,4 0,46 20,7 50,4 100
Rank ] | & 1

Total no. a 001 105 7 Oa3 6 825 22 P94

Mean no.
ger fruit 872 7 LES a7 1 836
Duarall % 34,9 045 34,08 29,8 100

Rank tefers to the % scors in & given column, i.m. for &
particul ar eeed/ovule type down tha Fruit sub-regions.

rather low, ranging from 0,49 to 0,%8 per cent, (The ranking order then, wus
not important.)

For the slightly developsd seeds (8), howsver, the ranga in parcentags was
quite mwarked, (spproxieately 53 to 21 per cent), and the order wes straight dow
the fruit guarters, viz, Aa , Bb , Ce ;, Dd . Similscly, for the unfertilizod
owules (U}, the porcentapge range was from epproximataly 16 to S0 per cent, but
with the highest proportion being at tha bottem of the fruit (Dd), the order be
the reverss of that for "5" aseds, wiz. Od , Co , Bh , Am « Thim ordar of "U"

ovulas raflects the pattern of sub-reglons wilh least Lo most penatration by
pollen tubwoa,
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On the athac hand, nince Lhara wore very low partially-doveloped seeds (P}
and mpat of tho silghtly-doveloped seudes {5) wore the flattoned "b™ type
(Teble 12}, the order for "S" seesn to reflect that of one poak sbhortion with
moet af it having occurred of Lhe top af the frult and least at the hottom., The
ordor of the Tully-developed seedsa (F) sesma to ba tha resultant of tha Lwo
opposite trends in 5" and "GN gvules/saadn, the maet advantagoous sub-regions
balng in the middla of the rult.

Tahla 14 sats out the smme kind of data as In Toable 13; but for the non-
hand-pollinated autumn sat of 1973. Although the mean number of the estimatad
sum of ell pvulss plus seeds per fruit (1579) wes similer to that of the hand-
pallinated set of 1970 (1633) tha percentage of mll oavules fertilized was
considerably lower. This can be Inferred from the finding thst spproximstaly
68 por cent of all ovules romained unfertilized in tha non-hand-pollinated sct
(compared with the epproxisate 30 por cent of the hand-pollinated set).

Cantinuing the comparison, In the non-hond-pollinated set thers were
relatlvely more portially-dovelopsd seeds (P), almost the seme smount as that o
the slightly-developed seada (5), l.0. approximately eight per eant sach. Thar
were relatively more fully-developed esads (F) then "A" and "5" types, slthough
compored to the hand-pollinatud sel, only ebout 15 per cent ae againat 35 per
cent respoctively. Howover, when, comparnd egalnst "P" and "5" poads added
together, the relative proportion of "F® seads to theose wan approximately the
sama for both gots, viz, sbout onme Lo one,

Thora was a difference in tha renking of sub-reglons for Pully-developed
saodn, althaugh the 8b sub-reglon, wgain, had the lurgest proportion of thase;
the top guartsr (Aa) was the second highest as sgainet third highest in the
hend-pollinasted set. This was In splte of the ranking of "§" and "U" seeda/
ovules belng the eame for both sets. The grastuet proportion of partially-
developed seods (P) alec occurred in As,

In comparing Tablea 13 and 14; it appears that thers wns probebly no peak
in sbortion for the non-hand-polllinatmd swt, Lthe mbortion types baing apparentl
more evenly distributed. This mey have bmen beenuss of & much lower parcentage
of owules Baing fertilized (due Lo presumsbly lower quentity of spplied pullen)
uwith a subssquent lower intor-seed compatition,

Teblo 15 ie the data of Table 14 broken down Turther inte the aight fruit
sub-regions: (A , » , 8 , b ,C, 2,0, d. From tha ranking of tha “U*
(unfertilized) ovules, It eppears that the pattern of pollen tubs ponetration
was A , 8 y 8 ,b,C, e, 0,dou-reglons., The renking of “5" seed typua
was & , A y b, c , B ,d,Candl . For the pactiolly-dovoloped sends (P)



TABLE 14 Distributieon af sesdfovuie types within lrult-guartars
From two to four longi- (1/5th) =portions of 15 papeya
Prults of 19735 autumn set (pon-hand-pollinoted)

FRULT SEEDSfOVULE TVYPE i
SUN-REGTON v P g u
No. 413 341 383 1 104 2 241
Rank 2 1 1 4
No. Ban 303 383 2 41 a 097
Bb % 20,50 9,53 9,35 &0,56 100
flank 1 2 2 3
No. 513 257 242 3 230 d 242
Cc % 12,09 6,06 5,70 76,14 1an
Rank 3 3 3 2
No. 233 132 106 2 553 3 024
Dd 1 T, 4,37 3,51 B4,42 100
Rank § & d4 1
Total No. ... 1 999 1123 1 114 9 358 13 G604
Estimated
no. pur 232 130 129 1 DOB 1 579
whole Trull
Overall £ .. 14,69 8,25 8,18 68,86 100

Renk refers to the % score in a given column, i.s. for a parti-
cular seed/owule type down tha frult sub-regions,



TRBLE 15 ODistribution eof sesdfovule types within thes B sub-
ragions frem bwo to Four longi- (1/5th) =portions of
15 papaya Trulls of 1873 autumn set (pon-hand-

pollinatad)

FRUTT SELCD/OVULE TYPE W
SUB-REGION F p 5 u

Hn . 238 147 14 JEG B&3

fi % 27,90 16,53 13,83 41,74 100
Reank 2 1 2 L]

Ka. 175 200 265 748 1 388

a 4 12,61 14,4 18,00 53,80 100
Rank & 2 1 i

Na. 510 193 109 BS0 1 662

B T 30,69 11,61 6,55 51,14 100
Fnnle L 3 5 T

Na. S 200 274 1 63 2 435

b 4 13,55 8,21 1,25 66,50 100
Rank 4 a 3 5

[[=" 336 127 K 1273 1 607

C % 18,59 7,03 3,93 70,45 100
Ranlg 3 5 7 4

Mo, 177 130 171 1 957 2 435

s ! T4 27 5,34 7,02 B0, 37 100
Rank 7 (il & 3

Mo 167 =4 24 1 061 133
Ranle ;] B B 2

No. B& Th K4 1 4892 1™

d A 3,86 i, 44 i, 50 87,20 100
Rank: a T [ 1

Total No, 7 995 1 123 1 114 9 360 13 €04

Overall % 14,69 B,25 a,19 8,06 100

Rank refars to the &% score In & piven column, l.o. for o parcti-
cular seedfovuio typa down the frult sub-vegions.




itwos & 2,8 ,0b,C,c,d,; 0. Itceems as if the prder of ahortion
incronnad the claossr a sub=-roglon wes Lo bhe stiomp-ond, or the earliar a oub-
reglon rencalved pollen btube penetzations. From the ranking of fully-developnd
eseds (F), viz. B , A , C , 4 , 0 ,a ,e,d, the carpallary margin sub-
reglons also sppsared to be move fawoursble lor a highar proportion of "F" sapd
With such a high percentage of total cvulea not being fertillzed; both the rank
ing of gub-repions with Fully-dsveloped secds, snd that of abortive typos wan
spproximatoly the some (i.e. these rankings were not mutuslly exclusive).

1f one discounts the ™U"™ owvulas &s baing a component part of sesd abortion
one i= loft with tho proportion of {P + S) seeds relotive to (F + P + 5) sonds
ps being the estimator of seed abortion. Tashle 16 presents this rate for Lthu
non=hand=pollinatad sutumn set as & wholo. The ranking of sub-reglons relative
to thie woad abortion rate wos a , d y c 4 b , A 4 8 , C , D . Conversely, of
Just those owules which (most likely) received a pollen tubs, the order of
sub=roglons to have developed the wost normal (F) seeds was D , C , B , & , b,
&€, 8, 8. That la, the gresatest frequency of sbortion ccourred ealong the
plecente] sdgn as opposed to Ltha carpellary marging and within elthar of these
two major sub-ragions, the top guarter of the fruit hoed the most abertions.

Tha sboun tabloe presented dats for whole sets of fruits. The oets uero
not necessarily homogeneous, especially that of the non-hand-pollinated autumn
eet of 1973. Tha data has tharsfore basn broken down inte that of individusl
fruits snd vsrious statisticel tests have been spplied to this body of data.

2,5,1.1 Cencordancs tast on the distribution of ovuls snd ssed types.
Appendix 3 providea Lhe results of concordance tests on the ranks of the intra-

fruit proportions of cdiffesrent avule/seed typas for the hand-pollinated set of
autuman, 1970. From Appandix 3, Tabla 3.1, it can be seen that tho owerall

ranking (for the wholes seot) of the proportion af "&" ovules to all owules ond
sveds wos significant (p <0,01). The ranking in terms of the highast to lowes
proportione of "a" unfertilized ovuloe was Od , Cc , Bb , Ra . This conforss
tho improssion formed from Teble 13 (ranking of "U" owules).

The pattorn of "b™, flottonad, slightly-developed sesds, relative to the
total number of ovules/seeds was alsc significant (p < 0,01). The overall rank
ing for the wholo sot wes Ae , b , Co , Dd , i.e. the mora of thess the cluser
the sub-rogion was to the stigms ond (Appendix 3, Table 3.2). The patterns for
"ous", "oWl™ end "cOL" seedas, howsver, were not significent (Appendix 3, Tebles
3+3y 3o4 onel 3.5 respuctivaly). It has elresdy been pointed out that the great
est proportion of “aborted seode" for this set was smonget tha "B sseds, with
only a relatively amall contribution Feom the other typee - (Toble 12). Tha



TABLE 16 Dietribution of soed typos end sepd abortion ratea
plthlin 8 sub=reglons Teom two to Tour longl-
(1/5th) =partions of 15 papaya Frults af 1973
sutumn wet [pop=heid=polllinated)
i Seed abortion
FRULT SETD TYPE “Homoda" e
SUB-REGION - E P45
d : : T s
ko, 238 141 11d 497
A £ | 47,00 | 28,37 | 23,74 100 £2,11
Rionk & 3 ] -1
[ 175 200 265 540
a £ | 27,38 | ;1,25 | 41,4 100 72,66
Rank & 2 1 1
ho. 510 193 109 B2
] % | 62,61 | 23,77 | 13,42 100 37,19
Rank 3 T B ]
Ka. 330 200 274 BO4
b % 41,04 | 24,88 | 34,08 100 58,86
Ranl: 5 5 L.} 4
No. 336 127 ™ 534
C £ | 62,92 | 23,78 | 13,30 100 37,08
Rank 2 6 7 T
No. 177 130 im™ 478
& % 7,03 | 27,20 | 35,77 100 62,97
Ranlk ] i 2 3
No. 167 56 29 252
0 £ | 6,27 | 22,22 | 11,51 00 33,73
Hark 1 B B B
WG s 66 - T 219
d % 30,14 | 34,70 | 35,16 100 69,86
Rank T 1 3 ]
Total nao, 1 999 1 123 T 114 4 735
Overall % | 47,19 | 26,51 | 26,30 100 52,81

Renk rofers to i ecorp in a given column, i.e. for a parti-

cular sead typa down the frult sub-regions.
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non-significant results for tha Yofla , BL , OL)}" egeads wes thus not surpris-

imgs

The pattecn of fully-devaloped, groy oaads was significant (p < 0,01;
Appendix 3, Tabla 3.6). The highost relative frequency wesa in the Bb sub-regio
followed in ordor by Ce , Bd , fa . Tha lowsst ranking for the top guartar,

Bs , ties in with that of the reversed (highest) renking for the “peak™ abortio
type, "b" . The oversll ranking Tor the blask, "fully-developed” seeds, d8 ,
was not significaent (Appandis 3, Table 3.7). It has slready bsen sean From
Table 12 that Lhera ware relstively very FPew such seeds,; so this result Is not

surprising.

Appendix 5 presants & similer concordance btest on the renkings of ovule/
zagd types from the non=hand=pollinsied sutumn set. This was done an the

"W P=8=U" typology of ovule/sead types.

From Appendix 5, Teble 5.1, it is clear that the overall ranking of sulb-
regions for the proportion of "U" owulee relativo to tha sum of all ovules plus
geads was significant (p < H,Dﬂ1}. The overall ranking, in tarms of highast to
lowest frequency por sub-region wss d , D , ¢ , C , b , B , 8, A. This proba

raflects tha effect of the pattarn of oolien tube penptration.

The ovarall ranking of the pattarn of "5" ssada per totsl ovules and ssads
was also significent (p < 0,001). The order from highest to lowest wes & , A ,
byge 4B ,d,C 40D . Relative to the total of ovules plus seeds, the ovaral
ranking of "P" seeds was alsg significant {p < 0,001; Appendix 5, Table 5.3).
The ordar for highast to lowsst frequercy was A , a , 8 , b , C , d , 8 ,0.

Tha top half of the fruit thus wse more susceptible to having this typa of seac

Fully-developad (F) sesds wers also significantly ranked for the wholae sat
{p =<0,001; Appendix 5, Tabla 5.4). The overall ranking was 8 , A , C , D ,
B y 838 4d . The greastest proportion of fully-=developed seeds tended to be
concentrated along tha carpellary margin, from the top of the fruit to the bott
{except that the B sub-region was higher than that of the A sub-region). The
pattern seems to reflect that of the most 1ikely pollen tube penatration.

Uhen the contribution of "U" ovules was discounted, so that the rankings c
the romaining types was relative tn cnly that of the sseds which showed signs ¢
devalopmant, the distribution of "5" seads was still significant (p < 0,001;
Appandix 5, Table 5.5). The order then was n , c g B oMl g Ry gk B«
Again, thils ovarall ranking suggests that abortions of this sesd type were more
prevalent along the placental edogs, and more at the fruit spex. The owverall

ranking of "P" sesds to total (F + P + 5) soods was ngt significant (Appendix
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Table 5.6); but that of tha "F" sseds ves significant (p < 0,001; Appendix §,
Table 5,7}« The owerall ronking of "7" Lo mll seeds was 0 , C 4 8B 4 A 4 &,

d , b, a. That is, the greatest propdvtien of fully-davelopnd saeds were alo
the catpellary mergin, from tha base of the fruit up to the spex or top guarter
The zams Lrend, Trom base bo apes, existes Tar tha placentsl sdge sub-regions,

extept for an interchanoe In order betwsea o and d sub-ragions.

The eoncardance tesks of Appandizes T and 5 were largely confirmatory wikh
respoct to the distribution of wndsveleped owules “"U" or "a", and of fully-
davelopad Eeads "FY., A differesnce betwsan tha hend- versus non=hand-pallinsted
sgts was in tha significance of the "P" sosd type (cUL plus cfiL). The failure
to find significance For this type in the hand-pollinnted set wes probably dus
to its generelly low proaporbion im this zat. Howsver; ehen "P" seads wers com-
pared against the total number of pepds (i.e. excluding owules), their distri-

bution showed non-significerce in the non-hand-pollinated set as well.

2.8.7.2 X tests op the differsnce in abortion rates betwesn carpallary
margin and plecental edoe ranions. Appendix & provides thae

besic data FProm which Purther tests wers eppliad to tha non=-hand-pellinated
sutunn set of 1972, Appendix 6, Table 6.1 presants "Total X" on the abortion
ratas Epi} for all sub=regions of each fruit of this set. The edditive Total >
of the individual fruit Total ¥ wies highly significant; 88 was the Hetero-
genelty ®¥°, so that the Pooled ¥ velus wes someuhet meaningloss. Howaver; the
chi-gquara walue EHF = [E =2 1n p]} gove another check on the whole sat, and
whilst this chi-square value [(with & greater number of degrees of freadom, and
hence more stringent test) wes lower then that of the Pooled KF. 1t was still
highly signifipant. Tha implication, then, was that there were significant
differoncae among fruit sub-regions with regard to the abortian rate Py

(Appendix &), and that those differences also occurred throughout the set ae a

wholno.

Following on from that result, Appendix 6, Table 6.2 presents “H? difFerar
tests on the sbortion rates pi batween cacpellary margin (A , B , € , D) and
placental edge {a , b , & , d) frult sub-regione. The additive Total W nalua
for the individual fruite' "% difforences” values was highly significant. The
was, anain, a highly significant Huleraganeity ﬂ?, implying that the extent of
"diffarencas" varisd fram ona fruit Lo the next., Thus the Pooled ¥ value for
the whole sat iz misleading. Howsver, the alternotive ¥ valug = [E -21n p]
was atill highly significant, This lepliss that although tha fruits of this ai
warisd appreciably in regard to the "differences" in abortion rates batwaen

garpallaty margin and placentsl edge pub-regions, these "giffersnces" were
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novertheless laorge snough thicugbout tha whole sat when conmidecing ono Frult

alftar tha othar.

Te test this in another way {Appendix 7}, a concordence toet on tho renks
of thes sbortion rates p, , Logts the cubhaisbency of tha ordor of Py roktes From
ona Truit to tha next. The result was highly significant, snd the overall
renking of abortion rates par frult sub-venlon was @ , b , d , ¢ , A , 8, C,
D . That is, abartion rates uere conslstantly higher in the placental edge
cegiona, and consistently higher Lowards the upper part of the fruit for both
placental edge snd carpellary margin sub-reglons (with tho exception that in th
placental edge sub-reqions, the basal d region tendud to have a hiohar rate tha
that of the edjsceant c region).

2.9.1.3 C[Concordanco tant E Isteibution of = cospetition facter.
Bppendix B provides a concordance test on the rankings of a cospetition factor
% of Appendix 4, viz. tha intsnaity or extent of esarly sead developmant par
fruit sut-region. The test was highly significant, lsplylng that thare was »
coneistent pattern betwesn fruits of the 1973 autumn set. The overall ranking
was (in order of highest to louest degres of early seod development) A , & , B
b ,LCL,e,0,d. This won os expscted, givan tha findinge of 1.3.1 on early
froad deovelopment in the 1971 autumn set, particularly that of the psttecn of
pollen tube penetrations (1.3.1.3, Fig. 6), viz, a pattern virtually the sema 2

tha aboue.

Zabul,4 ¥ ard t-tosts on the differenca in the competition factor Intans

betusen carnallse roin and £ « Taking t
test of Appendix B atil] further, Appendix 9 shows the overall Y [E = 2 1n p
on &8 seriss of paired t-teato. The t-tests ovaluated the associsted prohabili-
ties of getting the mesn differenco in the competition fector (oxtant or intenc
of early seed development) bobtween adjecent four pairs of cacpemllary margin
varsus placental edge sub-regions for the glven Individusl frulite. Tha asuthor
interprets theses tzat resulte to lmply that although shout hall the individual
t-tests, (with only thres degress of frecdom sech), proved inconclusive, the
overall pattern as judged by tha overall X = [t: -2 1ln p] was eignificant.
That is, even the mean value of tho four pairs of differences (A-a , B-b ,
C-c , D-d] wns likely to be significant In & given fruit.
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2.5.1,5 Quentitative X tests on tho rolation betwsgn the competition
factor gnd sbortion rates. Given tha previous results indicat-

ing differences in the extent or intensity of sarly seed development within a

fruit, Appendix 10 shouws the guantitative relationship betwsen this competition
factor and the sbortion ratas within the frult. Appendix 10, Table 10.7 shows
»’ tests for the carpallary margin (A , B , C , D) sub-regions whereas Appandix
10, Teble 10.2 shows thesa for the placentml edge (8 , b , ¢ , d) sub-regions,

Teking Appendix 10, Table 10.1 only, the additive Total ¥ on the indivi-
dusl Total X 's wes highly significant. However, the Heterogeneity X' was slsc
glgnificant, implying differences belwesn fruils with regard to the differences
in sbortion rates within fruits. Disregarding the Pooled X' for this "Total X’
then, the alternative o8 [1: - 2 1n p-] was still highly significent. That is,
differences in abortion rates withinm the carpellary sargin sub-regions existed
for the set of frult as a whole.

Testing thersafter, the relationship batwsen the competition Factor and
shartion rates, the additive Total X' on individual "X’ slope”™ wes highly signi
ficant. The Hetaerogonalty 1’ for the sams paries was just significant at the
five par cent lavel, so disregarding the significant Pooled K’, tha altarnative
¥ = [r. - 2 1n n] wes still highly significant, Although not presanted hera,
the regression relationship between the competition factor and the abortion
rates tended to be positive, This trend can be picked up by comparing the paiz
of 1 and |::.‘l values of Appendix 4, Tha implication hore was that although naal
half of tha individual tests on the regresslon co-efficient, as judged by
"X slape”, did nat reach significance, the overall trend wes significant. T}
is, gmnerally, greater sbortion rates tended to be positively associated with
greater degrees of early seed development within sny given fruit.

The additive Total X' test on the individual "X linearity" velues were
highly significant, suggeating that the relatlonship between the competition
factor and abortion rates was not linear. The Pooled ¥ for the series af "X
lineerity™ suggest that there was no significance, thua suggeeting that the
differences among fruits with regerd to the degree of linearity cancellad esach
other out when deta was pooled. Howsver, the Meterogensity ¥ for this series
was aignificant. In addition, the "significant’ alternative X - [.‘L‘ - 2 1n p]
test also suggested Lhat the relationship was not well represanted by a straigl
l1ine. Ta put it in another way, the abortion rates within tha fruits, althoug
tending to be positively sssociated with the extent of enrly seed development,
was naveriheless not well ropresentad by a single termad linssr relationship.

Appendix 10, Tabls 10.2 presenis the same analysis for the placental edgo
sub=raglorns on their own. The rosults aro tha sema 23 those Tor the carpallar
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margin sub-regions, tha differsnce being that the X velues for just about

evary test were higher For the placenti#l adpa sub-regions.

The above Appendix 10 ralated abortion rates found within ripe fruits with
the estimated intensity of sarly seed developmant for the same Fruits.
Appendlix 11 represents & similar analysis on the effect of eerly seed develop-
mant or eerly seed sbortion as observed at the sixth week after anthesis in Lhe
1971 hand-pollinated sutumn set. In Appendix 11, Tebls 11.1, the estimator far
parly seed development was the mean cross-sectlonal area of tho median longi-
tudinal plane between inner intaguments for & given fruit sub-region. The
measura for early seed abortion was tha proportion of pollinated seeds lacking
normal endosparm. A second estimator of early seed developmant was used, as
shown in Appendix 11, Table 11.2, viz. the percentage of pollen tube penetre-
tigne. The latter approximates the mesasure of early seed devalopment used on
samples from ripe Fruits, elready presented in previous appendices, viz. the

parcentage of total ovules plus seeds that were Fertilized,

[Fr+n+s ]
+ P+ 5+ Ul d
for each fruit sub-region.

Appendix 11, Teble 11.1 provides the basic data for this sample under My 3
. and Py - The rest of this tabla provides detesils of the regression asnd

x2 types of analyses {only part of which has been presented in previcus appen-
dices). Considering now gnly the X® enalysis, and taking the analysis repre-
sentad at the bottom of the tabls first, the "%* total” for the sub-regions

By 8 5 «ee 0y d was highly significant. Tha mwy? slope" was also highly signi
ficant, and negative in slope. The ¥° linearity was also significant at the

five per cent level, implying that the tested relationship was not linear.

Considering now only the carpsllary margin sub-regions, A , ... D , the
ix? total” was just significant at the five per cent lewvel. ™ slope" uas
significant at the one per cent level, and the slops was negative. "x* llinsar-
1ty" was not significant, implying that the relationship between #; and p,
(i.e. betwean the estimator of intensity of early seed development and the
measura of the abortion rate) was linear.

With regerd to the placental edgs sub-regions on their own, 1.8, & ; «s. ¢
the "X? total" was highly significant; "%* slope" was significant at the five
per cent leval, and the slope negative; whilst the "2 linsarity" was signifi-

cant at the one per cent level, implying that the relationship was not linear.
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The X' analysis of Appendix 11, Tabla 11.2 follows very closely that of
Appandix 11, Table 11.1, suggecting that the percentage of pollen tube pano-
trations wes an sccurate indax for the methodologically more appropriste (pare-
metric) measura of *y in Appendix 11, Table 11.1. Perhaps then tha index, X oy
used in the samples from ripe Frults, wiz.

e +25),

was 8 good messure of the degree or intenalty of early seed developmant.

Comparing the results of Appendicas 10 and 11 respectively, one marked
difference was that wheroas:

(L) the effect of & greater degree of esrly seed development In the hand-
pollinated autumn set of 1971 at the sixth week was assoclated with
lower propoctions of sarly seed sbortiony and

(ii} in the case of the non-hand-pollinated autumn set of 1973 st fruit
Bl ing, the effect on later and final seed abortions was positive,

(i.e. larger degrees of early seed development associated with higher
abortlon rates).

In comparing :ti and Fi data of the hand-pollinated set of Appendix 11, Table
11.2 {at the sixth waek after anthesis) with that of the nen-hand-pollinated
set of Appendix 4 (at fruit ripening), it is interesting to note that the par-
centage al pollen tube penatrations {ni} was much higher for the hand-pollinate
pot at the sixth weok,; whoreas the sbortion rates of the same hand-pollinated
sot wore much lower than those of the non-hand-pollinasted set seen st fruit

ripaning. It has already bean suggested in 2.3.2 that the bulk of sarly seed
abortion occurs after the sixth weak. This seems to be supported by the avi-
donce of lew levels of apparent seed abortion at the sixth week, and the appar-
ant opposite effect of the intensity of sarly seed development on seed abaortipn
Tha seod abortion up to the sixth week may have been related more to the late-
neas in arrival of pollen tubes. This latensss in arrival would likely have be
nagatively correlated with the percentage of pollen tube penestrations.

2:5:,1.6 teots on an ord f abortion alon

the Ffrult stem-ape + MAppendix 12, Table 12.%1 presents the

result of a gqualitative chl-gquare (X') test on an ordered distribution of seed
abortions In the carpellary margin sub-reglons. This hypothesized ordar was
A>B>C>D. This prder wan confirmed {n half the fruit (p < 0,08), end
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sbout twp-thirds had aseocisted ¥ probability levals less than 10 per cent.
{The author knows of na ouersll chi-square test applicobls to a series of thess

¥ tests.)

The results of this test on the sbortion rates of the plscental edge sub-
raglons was simllar to that of the carpellary margin sub-regions. From thess
tests it ls spparent that the majority of fruits sampled from the auvtumn sat of
1973 had a gradient of sead sbortion, incresaing from the base to the stigsa en
of tha Trult.

2.5:7.7 tant st tion af rtion within the fruit stes—
apex sxis. Appendix 13 presents & series of X* tasts on the
diffarances in abortion rates between selescted sub-regions within sither the
carpellary margin or the plecental edge for fruits set in autumn, 1973. An
additive total ¥’ was spplied to esch of these comparisons. The results were a

Tollowss=

Within the carpellary margin sub-regions

(1) there wes no slgnificant differences betwsen ABC versus D sub-regions
(Appendix 13, Table 13.1);

(ii) highly significent differences betwsen A versus BC sub-regions
(Appendix 13, Teble 13,2); and

(1ii) no significant differences between BC versus D sub-regions (Appendix 13,
Table 13.3).

With regard to the placental edge sub-regionsi-

(i) thare were significant differencea at the five per cent level for
abc versus d sub-raglons (Appendix 13, Table 13,4);

(11) there woere highly significant differences betusen = varsus bc sub-
regions (Appendix 13, Table 13.5); and

(iii) there was no significant differences betwsen bc versus d sub-regions
(Appendix 13, Table 13.6).

Since the result of Appendix 13, Teble 13,6 was not significent, the slgni
ficance betweon abe versus d sub-ragions was reslly due te the abortion ratss
of sub-region s. Thus the results of Appendix 13 indicete that thare
wers two significant sub-regions along the fruit stem-apex, viz. et A and a .
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Whan "%* differences" tests were spplied to the data of early seed abortiao
of the autumn set of 1971, at the sixth week, the results wers as Tollows

{Appendix 14):=

(i) There was a significant differenca (Five per cent) betwsen the carpellar
margin fruit sub-regions {A , B , € , D) versus the placental edge

sub-regions {(a , b , © 4 d);

(i1) there wes almost a significant difference between carpellary margin
A, B versus €, D sub=regions (i.s. top half versus bottom half of the
fruit):

(iii) there was no significent difference between the corresponding a, b vers.

e, d placental edge sub-regions; and

(iv) there was & highly significant difference betuwsen the bottom guarter
of the fruit (D, d) end the top three-quarters (A, a, B, b, C, c).

Thus even at the sixth week after anthesis, differences Exiﬂﬁﬁd betwean i
carpellary margin and the placental edge regions. The differance at the lowss!
guerter would appear to be dus to the lateness in arrival of the pollen tubes
inta thls sub-reglon. Again; the component of abortion that appears to have
taken place ms early as the sixth week probably only formed a small part of the

fimnal abortion rates.

2:9.1.8 Multiple regression eguations on intra-fruit abartion ratas.
Multiple linear regression eguations were fitted to data of Appendix &, and th

model used is ogutlined in Appendix 15, A dummy variable was used to represaent
the location of a sub-region 28 being along tha carpellary margin {x1 = ) o
along the placental edge {31 = 1). It was assumed that a sub-region being alor
the placental edge would have been mora subject to seaed abortian, and thus thi.
region was assigned the dummy variable of one; a% opposed to that of zero
essigned tp the carpellary margin. The other independent varisble was the deg
of early sesd development, Xy of Appendix 4. UWhen regression equetions werae
fitted using just these two independent variables, and even after using the
angular degree transformatiocn of abortion proportions, the residual Egi} still
remained patterned in an arc. The sgquare of “i y Wiz {xijz was then introduc
88 an additional term, and the residusle tended to ba mare randaomly spread aro

the regression lines. (This latter trend is dealt with again in 2.5.1.10.)

Appendix 15, Table 15.1 presents the regression constants of weighted
gguations aof mach of elaven fruits of tho autumn set of 7973. The reason for
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them being weighted was becauss on the null hypothesis the abortion rate or
preportion wes taken to be the seme throughout all the frult sub-regions in a
given frult, Any deviations from the fruit's ssed abortion rate, {or 2/5th or
4/8th portion depending on the amount used), was assumed to ba due to "arrar”.
However, since the total numbar of seeds (F + P + 5}, on which the abortion
rates wers based, varied from sub-region to sub-region, those sub-regions with
the greater number of thess (2.g. B/b to C/c sub-regions) could ba thought of
as providing a more accurate estimate of the whole Fruit sbortion rate than thao
of tha naturally smaller sub-regions (A/a , D/d). Thus, on the null hypothesis
the regression equations were weighted, i.e. each sst of Py {11 » Xy “E}i
ware weinhted by the factor Uy of Appendix 4, (Weighted regression equations
to estimete proportions were also used in 2.5.1.5 after the computational metho
of Fleiss, 1973.)

fippendix 16, Tabla 15.1 presents the equations together with thair multipl
caorrelation co-efficients. (These weighted regression egquations also provided
slightly better fits, with slightly higher multiple correletion co-efficients
than unweighted equations.) The multipls correlation co-efficlients ranged from
0,718 to 0,945. The oo-efficient of multiple determination which i1s the squara
of the correlation co-efficient, (Ezekiel & Fox, 195%), thus ranged from 51 to
B9 par cent. That is, these regression eguations accounted for 51 to 89 per
cant of the veriation in the deta.

Concerning tha regression conatante themselves, only h1 (the dummy veriabl
had a consistent sign, viz. it wes positive for all fruits. The hi and i:l3 5
which indicated the amount of effect on the abortion rate caused by the intensi
of sarly sead davalopment as a competition fector, changed signe ralative to ea
pther; i.e. one was always positive and the other negative, {uith the excaptio
of fruit No. 15, whara both were positivae). The tuo {bi and h3} ware really a
division of this total "seed competition” effect into linear and guadratic com-
ponente. For some fruit tha beat combination to fit the daets was & negative
linear together with a positive quadratic; in others the best combination was
positive linsar tuéﬁthar with a negative guadratic. The hu value alsg veried
in sign From fruit to fruit, depending on the data and tha other 'fitted' re-

grassion constanis.

The meaning of these regression co—esfficients were es follows, using Frult
Mp. 1 as an illustretion. In a given intra-fruit sub-region, one positive unit
change in X, was caleuleted to be acocompanied by plus 15,059 units of p , the
proportion of aborted seeds, whosa unit was angular degrees. One positive unit
change in %, ues equivalant to shifting from the carpellary margin to tha

placentsl edge sub-regions. The calculakbsd affect on abortion in & oiven
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intre-fruit sub-region dus to chenges in e of Appandizx 4, i.e. dus to changes
in tha index of seed compatition, had & more complex expression. A positive unif
changa In this factor was calculoted to be accospanied by & negative component
{ﬁ] of 1,044 angular degrees, snd 2 positive componsnt h‘; of 0,0172 times

"the sguare of the changa in tha cospetition index", also as angulasr degrees of
sead abortion. '

Thus for a change of "':l"' = +1,0 per cent, the nett effect on sbortion
would have been a decreass of 1,027 angular degreas. A maximum decreasa in
abortion would have been reached for & positive change in ""::i' close to +30 per
cent chenge, i.8. close to -15,84 anoular dagrees. With greater incraases in
change in “ni" the sbortion rete would have started to increase so that with a
positive change of "11" = 61 par cent, tha natt changa in abortion would have bas
+0,317 angular degreas. The hl] co-afficiont = 47,90 msans that irrespective of
changes in either x, or "x " i',:l2 » %) 5 3 basal walue of +47,959 angular degrses
would have had ta have been allowed for.

And so on for all the other fruits. What would have been the effect of jus
changing “xi' y tha compatition Tactor? The estimsiss differ for each fruit, am
for different ampunts of changa In this factor. But when consideread From zero
up to those changes required te increasa 'ui' to 60 per cent for each sub-repion
tha natt effect averagped over all those fruits remained closa to zero. The

possibility of this result was suspected on just examining the hi and h! values
for the whole series (MAppendix Tebla 15.1).

2.5.1.9 x' and t-tests on regression co-efficients. Appendix 15, Tahle 15
provides the probability walues of t-tests cerried out on the h1 4 |.-.2 and b
regression co-efficients for each of the elsven fruits. A ¥° = [I: -21n p} tes
wes carried out on theee t-test (p) values for sach of these regression co-
afficiants to datermine their significence for the whole set of Trults. This
latter overall test was highly significant far the i:n,l co-efficient, but not sign
ficant for the b, and b, co-efficients. That is, slthough the regression eguati
(Appendix Table 15.1) gave reasonably close fits to the data, and the b, co-affi
cient was consistently and accurately estimated, not much store can be given to
the values of the b, and b, co-efficisnts. Their real values mey have actually

3
bean close to zsro. It seems that the “intensity of early seed development®

(as measured here) was not a major factor in seed abortion.
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2.5.1.10 Concordanca check taslts on ths distribution of the regression

equation residuala, Appendix 15, Table 15.3 presents a con-
cordance test on the ranks of the residuals {Ei} formed whem the obsarved asst o

Xg o0 12 and x%_ values of a particular fruit were substituted imto the computed

3
regression equation of such a Fruit {Appendix 15, Table 15.1) and the resultant
ﬂi compared with the observed P Repeeting this substitution for each of tho

i fruit sub-regions provided a sat of o, residuals, and thase were ranked accor

ing to magnituds, with the largest pnsiiiua reaidual in the first renk and the
largest negative residual in the eighth rank. This ranking was carried out for
each of the fruit, with ranks identified to the particuler {ith} sub-regicn
from which tha [xT v Koo xj}i arosn, The concordance test on the whole set of
Fruit was W = 0,126 or 9,727 , with an associated probability of p = 0,204
This implies that the set of regression eguations did not heve a significant
pettern of residusls (at the five per cent level). The latter finding would ha
invalidated the regression model used. When the guadratic term {uaj was not

usad, ihis test was significant.

Neverthelsss, this p velue of 00,2046 is not too far off significance.
Interestingly enough, the overall ranking {which would not normally be useful t
present with a nonsignificant concordance test) shows that the lsrgest residual

tended to occur et the Afa fruit sub-regions.

Thus the regression model and measurements used gave Feirly closa 'Fitg!
to the data, but failed to provide either coneistent or accurete measures of th
"intensity of seed development" competition sffect. Furthermore, it left
unexplained an almost significant deviation of the deta from the fitted regress

lines in the region of the top quarter of the Fruit.

2:59:.2 BSummer sets

Table 17 presents the distribution of normal and sborted ovuls/
seed types found in 24 ripe fruit set in summer, 1970. 1t can be compared with
that of the 1970 autumn set (2.5.1 and Table 12). Both were hand-pollinatad.
The mean number of total owules plus seeds wes 2016 (versus 1635 of the autur
set). Approximstely twelve per cent were unfertilized (U}, (30 per sent in
autumn set); about seven per cent (versus 35) were slightly developad (5);
#lght-and-a~helfl per cent reached pertiasl deveolopment (P); and nearly seventy-
thres per cent reached full development (F), UF the latter neacly nine per cer
ware of the di {'black') type. In comparison, very few autumn set seede were ¢
the partislly-developed type (P); and 35 per cent (nearly all dG, “orey")
reached full developmont.
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TABLE 17 Distribution of normal and azborted seeds and ovules from 24 ripe
whols papaya fruits set in summer, 1570 (hand-pollinated)

E“g:::ul' Total Masn no. " 5“:‘;::"1' Maan no. 5
Frufh
deaignation W per Trult dasignation s
di 4 107 1™ 8,5
F 1 462 72,5
di 50 588 1 28 Ea,0
cOL 2 D24 B4 4,2
2 172 a.5
chiL 2 103 Ba 4,4
cils 2 75 113 5,6
g 133 6,6
b 472 a0 1,0
] 5 978 249 12,4 U 2449 12,4
TOTAL 48 387 2 D6 100 TOTAL 2 e 100

In comparing the subdivisions of the slightly-developed (8) category, only
a omall proportinn were of the 'b' (flattensd) type, the rest baing the unflatt
ed, slightly larger 'cls' type. In the sutumn sat (Table 12), nearly all seads
of (5) type wers of the 'h' sub-category. In the pertially-developed (P) categ
the summer-set seads were svenly divided batween 'cl' snd 'cOL' types.

8o, there was a mora evaen spread of sesd types smong the sub-categories of
tho pummar pet than in the sutumn set. Seed sbortion would mppear, than, to
have bean more evenly ‘spread out' in time of occurrence. Thare were, of cours

many more eseds reaching full development in the summer set; and correspondingl
fewsr ovules remeining unfertilized.

No table corresponding to that of Table 13 for the autumn set, giving a
breakdown of the ovuls/seed type categorles according to fruit sub-regions, is
available, At the time of making the ovule/sesed countm, the summar-set fruits
had been cut longitudinally inta 1/5th portions, but mot further subdivided.
From the data gathered there, it was seen that the verietion From one (Fifth)
portion to anothar, in s fruit, was seldom great, thus allowing Por tha use of
two- to four-Fifth portiens to estimate whole frult patterns in subseguent stud

Table 18 sets out the data for ovule/seed type relativs te fruit sub-regio
found in 21 fruits of the non-hand-pollinated summer set of 1972/73. (This is
also comparsble with that of the 1973 autusn-sat data set out in Table 14.) As



TABLE 18 Olstribution of seed/owvule types within fruit guarters
from 2/5th lengl-porticns of 21 papeys fruils of
1872/73 summer set (non-hand-pollinated)
p— SEED/OVULE TVYPE -
SUB-REGION F o 5 u
Nos 1 BB 154 &0 428 2 225
Az % 7 ,2| 6,9 2,70 19,2 100
Rank 1 1 1 ]
Nao. 3 D95 274 119 & 4 4§72
Bh % 69,2 | 2,66 22,0 100
Rank z 2 2 3
Nao. 2 T2 215 T3 1 673 4 5663
Ce b4 58,0 4,6 1,57 35,9 100
Rank 3 . | 3 2
No. 1 612 147 53 2 180 3 992
Dd p 4 40,4 3,7 1,33 54,6 100
Rank A ] 4 1
Totel no. B 892 190 305 5 265 15 352
Estimated no.
per whole 1 124 a9 36 658 1 918
frult
Ovarall £ 58,6 8,2 2,0 34,3 100

Rank refars to the X score in a given column, i.e. for a parti-
cular seed/ovule type down the frult sub-regione.
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was found with the two compmrable aulumn sets, the estimated maan number of tot
ovules plus seeds for hand-pollinated versus non-hand-pollineted fruits was wvar:
nearly the same, viz. 2016 wversus 1919 respectively (end 1633 wversus 1579 in
the raspsctive autumn sets)., #And again, many more ovules remained unfertilized
in the non-hand-pollinated summer set (34 versus 12 per cent). There wers, of

course, many more unfertilized owvules in the twp sutumn sets (69 and 30 par cen

for non- versus hand-pollinated sets respectively).

Teble 19 is the data of Tabla 1B breken down Further into the eight Fruit
sub-regions, just as Tabla 15 1s the more detailed wversion of Table 14 (2,571}
for the comperable autumn set. From the renkings of the "U" (unfertilized)
ovules the llkely pattern of early pollen tube penetration of owules would have
been tha reverss of this, wviz. B, A, &, €, b, c, O, d (A, B, &, by Cy c, O, d
for the sutumn set, Table 15)., Apart from reversals in the first and second,
gnd fourth end Tiftl. rankings respectively, the summer- and autumn-sets orderin

gre identicel.

The rankings for the "S" spad type, viz. a, b, d, C, B, o, A, O compares w
that of a, A, b, &, B, d, C, D of the autumn set. Both sets had the same sub-
regions for the first; Fifth and last ranks; and in both of the First Four rank
ings: three were from the placental-sdoge sub=reglons. In both of thesa non=
hand-poellinated sets, the overall level of abortion was low. The gquestion of
significance of the ordering the "8" types in the susmar set is dealt with in
2,5,2,1,

Tha order for the partislly-developed seeds, (P), in the summer sat was
ay, by Ay By Cy ¢, d, D a8 against A, a, B, b, C, &, dy, D of the sutumn set
{Table 15). These were identical for the bottom half of the fruit. The only
difference in the top half was that in the summer set, the placental edge regls
witre apparently more suaceptible to sbortions of the "P" type than the carpella
margin sub-reglons. Otherwisee the orderinge were the same for both seasons. T
top guarter wes more susceptible than the secend quarter. All in all, it seems
that the patterns of sead abortion in summer and autumn sets share many similar
ties, differing mostly in the deogree of abortion and tha more detailed distri-
bution within sub-categories.

Tha rankings for the fully-developed "F" seeds in the summer set was B, A,
C: &, b, &, D, d &8 against that of B, &, C, b, D, &, o, d of the avtumn sat
(Table 15), The orderinn was identical for the first three, and last, places.
For the remaining {fourth to seventh) places, viz. &, b, ¢, D for summar and
by Oy &, © for autumn, the order was more regular down the placental adges in

gummer. In the autumn sel, whare relatively greatsr levels of abortlons ocour:



TABLE 19 Disteibution of seed/ovule types within tha B sub-
regions from 2/Sth longi-portions of 21 papays
fruits of 1972/73 summer sat (non-hand-pollinated)

FRUIT SEED/JOVYULE TYPE -
SUB-RCGION r p g "

Mo. 675 57 12 122 B6E

A 4 77,9 6,6 1,3 14,1 100
Hank z 3 T '

Nao, 208 g7 48 3D& 1 358

8 % 66,8 T,1 3,53 22,5 100
Rank 4 1 1 G

N . 1 515 104 29 24T 1 895

B % 80,0 5.5 1,53 13,0 100
R ank 1 & 5 B

Ny 1 580 170 g0 737 2 517

b b ] 61,3 i 3,49 28,6 100
Rarl <] 2 2 g

No . 1 418 a9 35 479 2 029

C % 69,9 4,9 1,63 23,6 100
Rani 3 5 & i}

No. 1 28B4 116 a0 1 184 2 634

c % 48,8 4,4 1,52 45,3 100
Rank 6 & 2] 3

No . 817 59 15 818 1 709

D 4 47,8 3,5 0,88 47,9 100
Rank 7T 1] B 2

Na . 7495 1] 38 1 362 2 283

d 4 34,8 3,9 1,66 59,7 100
Rank ;] T 3 1

Total no. E 992 T80 305 5 265 15 352

Dvarall % 58,6 5,2 2,0 34,3 100

Rank refers to the % score in o given colusn, i.e. for a

particular seed/ovule type down the fruit sub-rogions.
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in tha top guarter placental edge sub-region (a), and also earlier pollen tube
penotrations into D (relative to tha nearby placental edge regions), there was .
glight displacement in the ordering relative ta that of the summer sat.

Table 20 presents the seed sbortion rate festimated by [%—5]_? for th
1972/73 non=hand-pollinated summer set as a whole. The renk order of abortion
wag b, @; d, ¢, A, C, D, B as compared to a, d, ¢, b, A, B, C, D of the autumn
sat (Table 16). /Tn both, abortion wes greatest in the placental edge sub-regio
The overall level (10,86 per cent) in the suemer set was much lowsr than that
in tha autumn set (52,81 par cent)./ So, although thara were some changes withi
the ordar of both placental edge and cerpellary margin sub-regions respectively
the seed abortion rates within these groups were so closa that perhaps the only

striking feature was that tha a/A gquarter again had tha highest rates.

Considering the "5 componant of total seed sbortion for the non-hand-
pollinated susmer set (Table 20), the renk ordering was b, a, d, c, C, B, D, A
compared to a, c, d, b, A, 8, Cy, D of the corresponding autumn sat. But; ths
overall seed sbortion rate for this component ("5") was so low (3,02 per cent
compared to 26,30 per cent for the sutumn set) that, again, the only relevent
fuature is the grestar susceptibility of the placental odge sub-reglons.

Far the "P" component the susmer set rank ordering was d, b, a, ¢, A, D, C
8 compared to d, a, A, ¢; b, C, B, D in the corresponding autumn sat. Tha
overall asbortion rate for this component was 7,8 par cent for the summer saet
compared to 26,5 per cent for the autumn set. Again, given the low sbortion ra
and relatively narrow renge, about the most that can be said is that the placen
wdge wom, again, more susceptible to abortion.

The rank ordering of the percentage of fully-developed sesds ("F") relativ
to all sveds (excluding "unfertilized owules”) was 8, O, C, A, &, d, &, b for
the summer set (Table 20). The comparstive ranking for the autumn sat was
0, C, 8, A, b, ¢, d, a. The overall percentage of "F" sesds wus 89,1 per cent,
ranging from mbout B6 to 52 per cent (overall 47,2 per cent, range about 27 to
66 per cent in tha sutusn set). The striking foatures, then, wers the relative
high overall percentage, plus the narrow ranga of the summer set, and that the
carpellary margin sub-regions had more developed "F" sseds than ths placental
sub=regions,

Tha previous tables represented the pooled data of the summor cets. As we
done with tho data of tho sutumn seta, series of otatisticel tests were also

spplied to individusl Fruits and whole sets (where applicable). The results of
thess follow.



TRELE 20 Distributien of secd types and seed pbortion rates within
B sub-regions from 2/5th longl-portions of 21 papaya
fruits of 1972/73 suemar sot (non=hand-pollinated)
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" " Saed sbortion
FRUIT SEED  TYRES Seeds A aw
SUB-REGIDN E g g E iP + 8) %
(F + P+ 5)
No. av5 a7 12 Tad
b} 1 an,73 7,66 1,61 100 9,27
Rank i B B 5
Mo 006 87 4h 1 053
a 4 B6,23 9,21 4,56 100 13,77
Rank 7 - 2 2
Mao. 1 515 104 29 1 G648
B p ! 91,93 6,1 1,76 100 8,07
Rank 1 3] i a
Mo, 1 580 170 50 1 Ba&p
b ! Bs .87 0,24 4,89 100 14,13
Rank B 2 1 1
Ho. 1 41B 5g 33 1 550
C % 91,48 6,39 2,43 100 8,52
Rank 3 T 5 (]
Mo s 1 284 116 40 1 4&0
e % 89,17 B,06 2,78 100 10,83
Rank 5 4 & &
No. B17 549 15 B9
1] | 91,69 6,62 1,68 100 B,Mm
Rank 2 il T T
No. 785 =1 a8 831
d % 86,32 9,55 4,13 100 13,60
Rank B 1 3 3
Tatal no. B 992 780 305 10 oa?
Overall £ 89,14 7,83 3,02 10,86

Rank refers to the ¥ score in a given column, {.8. for a partlicular
se8d type down the frult sub-regions.
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?2.5.2.1 Concordence tests on bhe distribution of avule and sead types,

Appendix 17 presents tha results of concordance tests applied to the data
derived from Appendix 16. Thesa Appandix tables correspond to those of Appen-

dices 5 and 5, respectively,; of sn sutumn set,

From Appendix 17, Table 17.1, it is clear that the overall ranking of sub-
regions with regerd to the proportion of unfartilized ovules ("U") to totsl
puules and seeds was significent (p < 0,001). This ranking order was d, D, o,
by, C, 2y A, B. That of the corresponding sutumn set wes d, D, o, C, b, B, &,
A. That of the bottom gquertsr {the Furthest from the stigma end} was ths same
for both sets, but tha remaining rankings differed just a little, thera being

some minor displacements.

Fram Appendix 17, Table 17.2 ranking of slightly-developed seeds (ns") to
total ovules plus sesds was significant at five per cent level {cf. p < 0,001
for the autumn set, Appendix 5, Table 5.2). The overall ranking was a, b, C, B
and ¢, d, Ay, O {cf. &, A, b, c, B, d, C, D of the autumn set, Appendix 5,

Table 5.2). There was sven g slight variastion betwsen the overall renking of
Appendix 17; Table 17.2 and that of the pooled data in Table 19, but the aborii

rates were =o low and cloee to each other that these varistione ara not importas

The concordance test on the ranking of the proportion of partially-desvelop
seede ("P") tp total owvules plus seeds wss not significant (Rppendix 17, Table
17.3). The corresponding test on the autumn set had baen highly significant
{Appendix 3, Table 5.3). This non-significance finding for the "P" seeds was |
epite of the fact that there were about twice as many "P" seads as "S" ssads

{whase rank ordering was Just significant).

The rank ordering of the proportion of fully-developed seeds ("F") to tota
ovules plus seeds of the summer set wes significant (Appendix 17, Tabla 17.4);
the overall ranking having been B, A, C, @, b, &, O, d (cf. B, A, C, D, b, &,
gy d of the autumn set, Appendix 5, Teble 5.4), The major difference betwssn
the tuo sets was that the bottom quarter carpellary margin sub-region (D) cams
a good deal further down tha ranking in the summer sat. This ppssibly implies
that the pollen tubes entered and promoted normal development earlier and more

fully in the upper placental sub-regions in the summer set period.

When the unfertilized ovulss ("U") were excluded from the calculasticns and
£, "P" and "5" seeds were considered on thelr gun, relative to the total numb
of seeds, than bath "S" and "P" seeds had non-significant rank orderings
(Appendix 17, Tables 17.5 and 17.6), 1In contrast, the ranking of the "S5" saeds

of the sutumn set had been significent. The non-significance of tha "S" and
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"p" saads was partlially dus to the rathor low frequencies of Lhese two in ths

summar set.

The ranking of the "F" seed proportions to total seeds still remained sign
ficant in the summer set (Appendix 17, Tabla 17.7). The overall ranking was
g, A, D, Cy c, d, &, b (ef. Dy L, By, A, c, dy by, a in sutumn set, Appendix 5,
Table 5.7). 1In both sets thers was an apparently groater proportion of Fulliy-
developed seads in the carpellary margin sub-regions. The ranking of the top
guarter sub-region (A), i.e. second, appears to have reflected a greater capaci
for sustained development of "F" sepads in this sub-region when compered with
that in the autumn set, i.e. fourth. And, of course, the proportion of ceeds

reaching full, normal development was much higher in the summer sat.

2.5,.2.2 32 tests on tha differance in abortion rates betwesen carpellary
margin and placentsl edge regions. Appendiz 18 presents ¥ tes
an the above differances In abortion rates for & sub-set of Five of the summer-

gat fruit, Only these Five had & sufficient number of sborted seeds in &ll
sub-regions to allow For ¥ tests to be applied. Appendix 18, Table 1B.1
presents a "total X" or the sbortion rates for sll the intra-fruit sub-regione
This teble follows the formet of that of Appendix &, Table 6.7 for the sutumn
st and the results were all significant, as theay were for the sutumn set

(2.5.7.2). That is, there were differences among the eight sub-regions with
regard to the abortion rates.

Appendix 18, Table 18,2 presents the results of a "¢ differences" test
between the carpellary margin (A, 8, C, D) and placental edge (a, b, e, d) sub-
regions, for the summer set. The Toetal Additive ¥ on the individusl total *°
was highly significant, whilst tha Heterogeneity ¥2 uas not gignificant, imply-
ing that the Pooled ¥ for these Flve fruit (which was highly significant) wee
8 valld measurs For this sub-set. The alternstive Qverall ¥ = f: - 2 1n p] i
aleo highly significsnt. Fer this sub-set, then, Jjust as for the autumn set a:
a whole, differences existed in the abortion rate between the &, B, C, D versu:

8y, b, c, d sub-regions.

Appendix 19, Table 19.% presents a concordance end %X test on the ranks of
the eight intra-fruit sub-regions with regerd to seed abortion rates for each
of the twenty summar-set fruite. The X test was significant for this whole
sat, (as had been the case, at a greater level of gignificence, with tha autumr
set, Appendix 7, Table 7). The ouverall ranking was b, a, d, ¢, O, G, A, B
(cf. a;, b, d, e, &, B, C, D Por the autumn sat, Appendiz 7, Teble 7)., Appendi;
19, Table 19.2 presents the same snolysis on the sub-set of five fruits intra=-

duced in Appondix 1By Table 18. Even althounh there were only Fiwve fruits,
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the rankings wers still coneintent enough to resch significance. However, tha
pverall ranking wsst a, A, b, B, d, ¢, O, C - somewhat different from that of
the largor set. The frult of this sub-set seem tu have been more susceptible
to seed sbortion in the top half of the fruit rather than primarily along the
placental odge.

2.5.2.3 Concordance tost on the distribution of a competition Factor.
Appendlix 20, Table 20.7 pressnts this test on the distribution of a competitior

factor {;u.i of Appendix 16 = "intensity of eerly oeed development™). Ths rankir

af the magnltude of this "Factor" was highly significant, isplying a regular
pattern from Pruit to fruit. The renking order wes B, A, a, C, b, c, D, d.
Appandix 20, Table 20.2 pressnts the sams analysis for the subset of five, whic
was agaln significant, with the overall ranking having been 8, A, a, L, b, o, L
d - identical te that of the larger common set. In comparison to the two above
summar sets, the autusn set's rank ordering was a straight A, a, 8, b, C, e, D,
d (Appendix B), In the summer sst thers wes a displacement between A and 8,
{and therefore 'a' as well); and betwsen b and C. The general tendency was
still for greater eerly development in sub-regions closer to the stigma end.

2.5.2.4 X _and t-tests on the difference in the compotition Factor inten:
Setwsen carpsllary margin ang placentpl edgg regions. Appendi:

Table 2%.1 furthar shows that there wers significent differences sven batween
adjacent peirs of sub-regions along tha fruit stem-spex-axis. An overall

a2 = [E - 1n p] on the probability values of a series of t—tests on paired diff
ences was highly significent. Thess tasts uere of the sama type ss thone
presented in Appendix 9 for the sutumn set (also highly significant). Appendi
21, Table 21.2 presents the same analysis on the subset of five fFruit of tha
summer sat. The oversll ¥ = [I -2 1n p] was just significant alt the flve pe:
cent level. That fs, there were also significant differences in the extent or
intensity of early seed developmert between adjecent carpellary margin and pla
tal adge sub-regions along the whole frult stem-apex-axis for this sub-set.

2.5.2.5 Quantitative ?f tests on the relatlon betwssn the competition fac
and abortion rates. Following on from the estsblishmant of
differences in the competition Factor betusen carpellary margin and placental
wdge sub-reglons, and of differences betwsen these regions in regard to sbarti

rates as well, guentitative %! were tried on the relation betwssn the competit

Factor and abortion rates within gach of these longitudinally placed sub-regior

en thelr own,
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Appendix 22, Table 22.1 presents ¥ total, X! slope and X* linearity ana—
lysas of the sub-set of five summar-sat fruit for the carpallary margin sub-
region. . Thase are the same kind of analyses as those of Appendix 10 fur thae
autumn set (2.5.1.5). For these five fruit, the sdditive Total X' for individu
total ¥ uas significant at tha five por cent leval. The hateroQenalty ¥ fror
this same X* was elmost signpificent, suggesting that these five were perbaps no
homoganeous enough to bo pooled tegether fer one common set. (If ono accepts
them es being homogenespus, then tha pooled ¥ was vory nearly significant at
tha five per cent level.) Although only one of the fruit showed a significant
total x¥, the slternative oversll ¥ = tl: -2 1n p] suggests that the trend was
significant; i.e. the data as a wvhole, togethar with the four overall chi
squeres, pointed topuards there being differences in the abortlon rates within
the carpellary margin sub-regions. The 2 slope, on tha other hand, was not
gignificant. That is, the null hypothesis that the slope was zoro was not
nagated. The series of overall chi sguares on the linearity was significant,
suggasting that whatsver differences there were within the carpellary marglin
sub=regions, these could mot be represented Oy a linsar line relating the
sbortion rate to differences in the competition factor, x

i
Appendix 22, Tsble 22.2 presents a similar ¥* analysis of the relation
between the compatition factor and ssed abortion rates within the placental edg

sub-regions on their own. There wers far more significant indications of
differences within thase sub-regions (X total analysis), Thare wers also sign
ficant results in the 2 slope analysis, and the slopes was Interproted to be
positive, i.s. higher values of the competition factor wers related to highar
values of the sbortion rete. The ¥ linesrity analysis wes not quite signifi-
cant, suggesting that a linear line gave e satisfactory description of tha
relationship between the competition faector (intensity or extent of esarly seed
development) and the seed sbortion rate.

Thus, to sum up, whereas in the sutumn set 8 positive, non-linear relation
ship appeared to have existed betwean the Intensity of early sesd development
and seed sbortion rates for both the carpellary margin end placental edge sub-
rogions, this was not the case in the summer set. In the latter, a significant
(linear) relationship only seemed to exist in the placental edge sub-regione.

2,5.2.6 Qualitstive X tests on an ordersd distribution of shartion along

the fruit stem-spex axis, Chi-sguere tests of the seme kind as

ware applied to a postulated ordering of sbortion within carpallary maragln and

placental edge reglons, respectively, for an autumn set (Appendix 12; 2.5.1.8)
wers also applieod to the subget of Trult of the 1972/73 non=hand-pollinated
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summer set. In Appendix 23, Table 2%.1, two out of the five frult showed X
probability values less than tan par cent cn the postulated ordaring of
A>B>C>D for seed abortion rates (cf. seven out of eleven fruit of the
autumn set), In the plecental edge sub-reglons, howsver, Tour out of flve frui
had 3 probability veluss less than ten por cent on tha postulated abortion rat
ordering of a> b > c> d (cf. sevan out of elsven frult ln tha corresponding
autumn set, Appendix 12; 2.5.1.6). Thus in the subset of the summer set, at
leest the placental edge sub-regions showsd & susceptibility to sesd abortion
increasing in extant from the base of the frult towards the apox.

2.5.2.7 ;’ tests on the distribution of sbortion within tha fruit stem-
gpex _axis, Appendix 24 presents the results of chi-square ana=-

lyses on the distribution of seed abortion within the frult stem-apex axls of
the 1972/73 summer set, viz. betwsen R versus BC (Appendix 24, Table 24,1);
BC versus D (Appendix 24, Table 24.2); within the carpmllary margin reglon; o
between 3 versus bc (Appendix 24, Table 24.3) and bc versus d (Appandix 24,
Table 24,4) regions of the placentsl sdgs. Of all thess tests, only that of
& versus bo sub-ragions was significent (Appendix 24, Table 24.3). The autumn
set, In comparison, showed significant tests for A versus BC; abg versus d
and 3 wvarsus bc respectively, the last sentloned being the greatest. 5o, for a
least both the sutumn and summer sets, significant differences in seed abortion
rotes were detected between ths top guarter snd middle half of the fruit aleng
the placsntal edge sub-regions.

2.6 GENERAL DISCUSSION

Tsken =3 a whole, tha results presented in 2.5 point towards the
general finding that differences existed in the seed abortion rates betwsen the
placental adge and carpellary margin sub-regions. This was soc as sarly as the
sixth week after anthasis In the autumn-set frult. Another general finding waes
thet in fruits examined at frult ripening, a difference existad in tha sced
abortion rates between the top (apical) quarter of the fruit when compared with
that of the rest of the frult. In contrast to that, the bottom (basal) quarter
of fruits at the sixth week after snthasis in an putumn sat had significantly
more sged sbortion tham in the remainder of the fruit. At thet stage, however,
abortion rates were still relatively low, suggesting that the major phase(s) of
abortlon gccurred after that peried. Turning sgain to the abortlon rates found
at fruit ripening, the differences were in the seme direction but much more
marked in the fruits sat in autumn as compared %o thome et in sumser.
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Differences also exiated batuwsen tha sub=-reglons of the cearpellary margin
varsus those of the placontal edge in regard to the postulated comoetition Tact
viz. the extent or intensity of early seed development. This was so even balus
adjacent {latitudinel) peirs. These differences existsd in fruits set in autum

and in summar.

That this postuleted competition factor was actuaslly a contributory factor
to the sbortion rates remains less clear. The deviationa From linearity in the
models used to guantitatively relate the competition factor and ebortion rates
casts doubts on soma of the results which suggested such & relationship. A

more parametric sst of measurements may finally clear this issue.

Again, whether the apparent gradient in sbortion rates along the fruit
stem—apex sxis wes due to differences in the distance of owvules/seeds from the
gtalk of the fruit or else to & coincidentally greater susceptibility of the

top guarter of the fruit remeins to be cleared.

Ancther sebt of Findings was that hlgher levels of owvule fFertilization

pccurred when fruits were hand=pollinated, in both avtumn and summer sets. In
F+P 4+ 5

+ P+ 5+ U
pec cent for the hand-ppollinated set (from Table 12) and 31,1 per cent for the

tha avtumn sets the lavels of overall fartilization

were 70,2

non—hand-pellinated set {from Table 16). In the summer sets the respective

contrasting levels were 87,6 and 65,7 per cent (from Tables 17 snd 20).

In the autumn sets the higher ovule Fertilization levels had no apparent

affect on the overall level of seed shortion rate as measured by [F E ; i 5] .
For example, in the hand-pollinsted sat this sbortion rete was 50,2 per cent
{from Table 12) and the contrasting level in the non-hend-pollinated set was

52,8 {Table 16).

In the summar sets tha levels of sesd abortion wers 17,3 and 10,9 per cent
for the hand-pollinated versus non-hand-pollinated sets respactively. MNeverthe
less, this spparent difference does not appear important by wvirtue of the
general low levels of abortion in summar-set fFrults.

The ebove results thus create a further resarvation in tha mind of the
author with regard to the postulate that higher lovels of early seed davelopmer
are a major factor in seed sbortion. [t seems instead that if there was &
compatitive effect leading to seed abortion this was only s secendary FPactor.
Again, as regards the sarliest signs of seed abartion (sixth week in autumn),

high levels of early sead development did not sppear to increese seed abertian.

Turning to the types of sesd abortion or their time of occurrence, the mo:

concentrated and distinctly patterned distribution was that for the slightly-

o o o oy mL o o P R L O LT T o I T T P e 1 T R TR . " Py



173

occurred over the coldest monthe of the year for Pietermaritzburg (June te
August), Another possible caontributory factor to this peak in abortion may havs
been a general lack of assimilates. Extensive leaf abscission often occurs owves
this period at the Ukulinga Resesarch Station. This possible relationship could
ba looked inta in tha future. The relationship betwsen seed growth and fruit
growth will be sxomined further im Chapter III.



PLATE 234 {H} Summer set papaya Fruit at the bottom, and autumn =set
fruits and flowsrs at the top, clone 'Honey Gold'.

{(b) Leaf cenopy in summer of young plant grown from a
cutting.

Ses Abbreviations.
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Moasurlng main leaf veln lengths as Index of leaf area.

Hand-pollination of platillate flowse with pollen af a
steminate flowar.

S5ee Abbreviations,

181
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PLATE 36 (a) Stem with fruit set at different timas in autumn.

(b) Fruit set on tha sams day in autumsn, with larger one
having contalned more Fertilized and developed seeds.
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-

PLATE 27 Apical end of week-=1 summar fFruit after hand-=pollination.
Throad=1ike mass on placental sutface above and betwaen
ovules ere pollen tubes stained with aniline blus

(magnification spproximetely x 400).
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CHAPTER III

CORRELATION AND REGRESSION STUDIES ON
SEED AND FRUIT GHOWTH

3.1 LITERATURC REVIEW

Crane (1964) and Nitsch {1965) have provided surveys on the extensive
ressarch on the effect of seeds on fruit size and shape. Allan (1968), in
the coursa of reporting on studies of the effect of seeds on fruit mass In
Carica papaya noted & number of observations on the findings and conclusions
from the above reviews and Ffurther litersture. The following short review is
moant merely to recap and illustrate soma of these and other findings in order

to set the stage for the studies that follow.

In poma Trults Schander (1955) found a significent correlation betwesn
(a) the number of seeds per fruit and fruit mass; and (b) betwsen ssed mass
arnd frult masa. Nitsch {TEEEJ had praviously concluded that the ultimate size
of a frult e proportional to the number of well developed ovules and not to
the total number of seed-like structures. Kobel (1954), however, concluded
that "empty" seeds influenced fruit mass to virtually the same extent as sesds
with normal embryos because in his view seeds have thair strongest influence
on frulit mass In tha early stagem of davelopment before the embryos abnrt;
Denne's (1963) finding that a better correlation existed betwsen apple fruit
mass and samd number when aborted sesds were inoluded appears to support
Kobal's (1954) conclusion. Agaln, in regard to apple frults, Abbott (1959)
found that thelr growth was only depeandent on the presence of seeds in the
early stages of growth. In Allan's (1969) work on papays, it sppears that the
impelusion of the numbaer of aborted seeds with that of the number of normal
saeds would improve tha fit of the regression of fruit mess on seed number.
In contrast to tha above findingms Nitsch t1=5uj showed that in the strowberry
tha removal of achenes even a short time before maturity stopped further
growth of tha receptacle.

Nitsch (1950) also showsd that the shape of the strewberry receptacle
could be markedly Influsnced by the removal of some of the achenes. The
affect of the distribution of seeds on frult shape (and hence locallzed intra-
fruit growth) can also ba seen in tha paar. If this fruit has seeds on only
oné plde, that side of the fruit develops preferentially, resulting in a
distorted asysmetrical fruit (Luckwill, 1959).

In all the above cases the relation botwoen seed and fruit mess is con=-

e N MR RN T - a - aE B -
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curve, such as in the peach, the period of suspended fruit flesh growth is the
same @s that for maximum growth of the seed (Tukay, 1933)., From such cases

it sppeers that there may be a competitive intersction betwesn seed and fruit
growth, This possibility wass aleo implicit in some of the llterature reviewed
in Chapter I1. GCenerally than, in those fruits in which a strong correlation
existe betwsen seede and fruit mass (not all fruits have this), the "soeds”™
gppear to provide an influence ranging from the strongly promotive to the
inhibitory, depending upon the stage of fruit growth measured (Leocpold &
Krisdemann, 1975). This of coursa can have soms bearing on how {mpartant
ovule fertilization is, and on whether seed sbortion is a doloterious, noutral
or desirsble event for the size and shape of the fruit, depending on when it
occurs and on the fruit in guestion.

A number of plant hormones have been correlated with the growth of certaln
fruits, In some cases a particular horsona has been correlated with a frult's
growth at 8 given stsge but not st other stsges; in other fruits the regulatio
may bs the result of the interactions of multiple hormones {Leopold & Kriedeman
1975). In some fruits the hormones have been fTound to be produced in one or
othar tissue of the fruit itself, in others the richest source has bean found
to be in ovule or seed tissues. Then agein in frults which have shown thaelr
richest source in the seeds, parthenocarpic or seedless varietiss of some of
these species seem to compensate for the missing seada by syntheaising the
hormones in fruit tissues instead (Leopold & Kriedemann, 1975).

The basls then for the oft reported correlations between seeds and fruits
is generally thought to be due to the complementary productlen of hormones in
the fruits' ovules or seeds (Crane, 1965; Jackson, 1968). Allan (1968) has
spoculated that underdsveloped (or sborted sseds) also influence frult growth
by producing hormones in certain tissues.

As the studies in this chapter focus on the seed/fruit correlations of a
clone in Carica papaya, the rest of this revisw likewise focuses on studies
and reports on this frult. Firstly, Agnew (1548) stated that the mess and size
of thess frults wes roughly proportional to the number of sseds set, varylng
with seasonal conditions at the time of flowering, and the individuality of the
tree (seadlings). Some trees may even bear seedless or nearly sesdless fruits,
with the ovules being shrivelled and shrunken even in the bud stage of the
flower. He considered this to be a heritable character.

Since papaya Fruits can centain up to 2000 seeds per fruit, as opposed to
the few Found in poms fruits and grapes, Allan [1969) considered this fruit
would provide a good example on which to carry out a more detailed study on
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the sesd/fruit correletion. He also wished to check the effect of season of
maturity on the correlstion to see whethor greater competition betwsen fruits
at certain periods affected results. This was done in the bellef thet average
mass of fruits decresses the lsrger the crop that is borne by e tree, Potter
(1927) for example, had Found & high negative correlation between mass of fruit

par tree and mean Frult mass in spples.

Accordingly Rllan (1969) picked all the Fruits from a first crop of female
sgedl ing trees according to three pariods:

(a) from late Octobar ta lats Decesber (‘*spring' fruits)s
(8) during pesk production in February ('summer' fruite); and
(e} Ffrom March to early June ('autuen' frults).

The abowve groups of frults were judged to have set (after open pollination)
during (a) mid- to late summer; (b) late susmer to sarly autumn; and

{c) mid- to late autumn respectively, in the preceding nine Lo eloven montha.
From tha above one may surmise that individual fruits varied with respect to
their associated climatic conditions not only 'betweean seasons' but also
'within sessons' as well. The significance of tha extent of this "within

saason' variation is unknown to the authar.

Allan (1969) found that the correlations betwsen seed number, and seed
mass, with that of fruit mess were highly significent for esach of the above
periods of maturity or setting. The correlstions varied from +0,5643 to +0,B867,
wuch larger than many correlations reported in other Fruits up to that time.
The correlation between seed mass aend fruit mass was highar than that between
sead number (of fully developed seeds) and fruit mass for all periods tested.
In the fruits set in autumn, a proportion of frults hed many underdevelopad
{aborted) seeds, and the correlations batwsen the number and mase of well
devaloped seeds with that of Frult mass From thess Truits wers lower than that
found in fruits with relatively few underdeveloped seads. (Correlations that
included fully- plus underdeveloped seeds were not colculsted.) The corre-
lations betwsen seed and Frult mass in the autumn set frults (which were also
smaller sized) were higher than those of tha summer set. This seemed to suppor
Denne (1963) who had previously quoted other workers who found a better corrs-
lation with the ssaller Fruits on a tree.

The regression coefficients for fruit mase on somd number or sopd mass wa:
significantly higher for fruits maturing in spring (esed number only) and
autumn than for fruits saturing in summer wheon the pesk crop was harvested.
Thus a smaller mass of frult was 'produced' per unit rumber or mass of Tully
devaloped seeds ln the susser-clponing frulta whieh hed had to compate wilh
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lerge numbers of other frults over thair entire period of dovelopment. The
spring- and sutumn tipening fruits on the other hand experienced shortar
periodes of intense competition end produced a greater mass of fruit per unit
af sesds. As previously quoted, Allan (1969) also found that the inclusion of
the number of aborted seeds with that of the nusber of normal seads appesred to
improve the fit of tha regression of frult mass on seed number.

Taking all thase findings together, Allen (1969) suggested that harmaonas
influencing fruit growth may be produced in the intaguments and nucallus, as
woll as tha endosperm and embryo, and that seeds affect fruit growth in the
papaya fruite not only In their early stages but throughout their whole period
of development. He also stated (Allan, 1958) that from oheervatlon the influ-
ance of tho poods "... is greatest on the adjacent fruit tissue, ceusing
thicker flesh and better frult development Iin that region...."

With regard to the effect of crop load on the mnumber of seads set, Allen
(1958) reports o trial In which ... sn average 4,5 fruits per stem were remove
from 13 trees or side branches of ... 'stripped' trees in March {(early autumn)
while on nine ‘control' trees or side brenches, from which no fruils were
removed, an average of four fruits wore left per stem. After this an avarage
of five new fruits per stem set on both tha 'control' and 'stripped' troes.

The avaragas numbar of fully developed ssods par new fruit was 628 on tha
'stripped' troes compared with only 371 on tha 'control' trees". A conclusion
from this and other triasle (Allsn, 1967 b) was that by removing fruits that
sst before March (up to sarly sutumn) allows the frults that set later to be
sub joct to less competition, resulting in grester owvule fartilization and fruit
devalopssnt and ultinmate slze:. However; from the peculiarly econocmic or
marketing point of view, one drawbisck in increasing fruit size by this method
is that those fruits that set after the stripping (of competing fruite) mature
somowhat more rapidly. This tends to defeat the ob jective of producing a latar
crop in the cut-of-sesson pericd (Allan, 1967 b, 1976).

Allan (1958) alsc made a preliminary comparison of the effects of hand
versus open pollinaticn on the nunber of seeds eet and the size of fruits. He
used on aversge of sbout five (comporetive) pairs per period sampled, the
range being from eleven (during peak flowering in January) to two pairs in
June = July (winter) respectively, Frults that were pollinated from mid-
Decomber to mid-January (start of flowering oeason) had significently mora
spods end were of greater mass than corresponding naturally pollinated fruits.
Thare wes a comparatively large number of empty testas in these early fruits
(thera being relatively more of these in the open pollinated fruits than in
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those hand=pollinated with stored pollen). Allan (1958) suggested that this
polnted to embryo sbortion hrought about by fruit competition (of the previous
crop not yet harvested). Tha ovaries of the early set fruits were alsoc small
with perhaps fewer well-developed owules.

Subsequently, in thosa Fruits set in mid-summer, the hand-pollinatad ones
had sven more seeds and larger fruits then neturslly pollinated fruits, and
the sepd numbare snd frult sizes were grester than thgse of the early summar
gat. There were also far Tewer 'testas' (aborted seeds) in both.

Howevar, from March until May (autumn}, hand-pollination appeared to have
no beneficial effect on fruit mass or (normal) seed number. But there wers
more empty testas in the hand-pollinsted fruits, from which Allan (1958) sur-
mised that competition from frultis that had already set prevented more than a
certaln number of seeds Trom developing.

Houwever, with the last few pistillate flowers Tormed Iin early wintor,
hand=pollinated ones in June and July had 2 grester seed number than naturally
pollinated ones, slthough very few seeds were formed in both. Allan (1958)
conasldered that the difference was due to reduced inesect activity brought about
by the colder woather. Tha frulis wore also much smaller. The small numbar
of eeeds per fruit in both natural and hand=pollinations was ascribed to
(a) competition betwsen fruits already setjy (b) poor pellen viability and
pollen tube growth; and (c) small overies and possibly poorly developed ovules

Free (1975) has reported that (in the 'winter' months) in Jameice, hand
pollination does not increase frult set in pistillate flousrs of papaya. He
did, however, refer to literature which indiceted that unfertilized flowers can
produce fruits when those are borne on vigorous trees in a favourabhle season.
In Frea's study 55 per cent of all pistillate flowers labslled three wseks
previously (at anthesis) had 'set', there being little difference beatween hand-
pellinated, lnessct=pollinated and bagged Flousrs.

Although it is Fairly well known that mature papaya plants are fairly
drought reslstent, a few woeks of dry weather can ceuse blossom drop. Under
Floride (U.5.A.) conditions it is often possible to double productien by irri-
gation, snd In South Africe both larger and better crops, and better leef cover
which reduces the incidence of sunburn, are cbtaired with irrigation (Allan,
1974}, Similarily, in Quesnaland (Australim) irrigation during dry spring
months can Induce llowsring In eerly summer. In Hawsii too, plants in high
irrigation plots grow more repidly during summer and autumn than those in low
irrigetion plots. The driest monthe in Pietarmaritzburg are from June to
August/September (wintar to sarly epring) with wide snd rapid fluctustions
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between absolute maximums and minimums in August end September {Allan, 19583).
Hot 'Berg winds are ®slso cheracteristic for this latter peried. Although not
noted in the litersturs by the present suthor, it is conceiveble that prolonged
dry weather, 'Berg winds and rapid wide Fluctuations in temperatures ceculd
stress pepeys plants sufficlently te affect seed development end abortion as
well,

3.2 RATIONALE, METHODS AND MATERIALS

3.2.1 Inter-fruit studies

The studies undar this section were undertaken in order to test
further the seed mass/fruit mass correletion in papayas when certain conditions
and co-variables were sllowed for. Thus in Allan's work (1958, 1969) seedlings
wara usad, whereas these studies ware based an fruits growing on rooted cutting
of the clone Honey Gold « These comprised 102 stems From six rows of & block

gt the Univarsity of Natal resesarch farm, Ukulinga.

Az it was of intersst to heve an indication of the leaf area and fruit
competition at diffarent times of the yesr, occasional records wera taken of
the number of leaves and fruit per plant stem (Plate 34a, b) during autumn,
spring and summar over the period May 1969 to April 1971. Estimates of the
mean leaf area of these 102 plant stems were also determined. This waa done
by sampling ten leaves from sach row, ranging from the oldest, lowesst-most leaf
ta the top of the second tiesr or tuft or whorl of leaves. The latter is sbout

the youngest expanded leaf (Plate 34b) and subtends & flower close to its
tima of anthesis.

Since the papaya leaf does not present a simple pattern nor uniformly
thick tissue for determining leaf ares, tha petiole and mid-ribs (Plate 34b)
were cut out, and the leef ares was determined on the remaining leaf blads
tissue. For each leaf, the mass of the remaining leaf blade was detarmined
{A), then tha mass (B) of representative sectlons of the former of determined
area (C). The latter wae found by using a dot-grid method (Benjemin, Freeman
& Brown, 1958) which on these papaya leavos gave an estimate to within thres
per cent. The latter comparss favourably with a method using an sir-suction
davice which only estimated leaf area means to within ten per cent, because

air was sucked through the laaf tissue with that method (particularly on clder
leavas).

In April 1971 the lengthe of sll the leaf veins of 31 lesves were wessurec

and the leaf areas detarinined as befors. Correletions and reoressions werc
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maasurad, and tha leal mroan determined as before. Correlslions and regression
were caleulated betwsen thoue lemaf vein longths and the lesf aress. Looking
down an tha upper surfece of the leaf, with the peticle end away from one, as
In the lower loaf of Plate 34b and tha leaf in Plate 35a; the lealf wveins were
numbhered clockeise, ths shortsst vaina belng number one and ten or eleven, and
the longest being numbars Tive, six and soven. OF the individual wveins, the
central number six turned out to Le the longest and alsoc had the best corro-
lation, viz. +0,678. Measuring in cm (X), the regression of

Y (leaf ares, co' ) = =2079 + 114,2% .

Summing up vein lengths numbers flve, silx and seven provided an even better
corralation; as will be reportsd later. 5o In April 1971 the total summad
length of these three veins for all the lsaves from the oldest to the top-most
lsaf of the second tier for sach plant stem having a labslled frult uss deter-
mined. K repid way of doing this was to extend string from a roll along vein
number five, pass it on, extend & further sectlon of string along veln numbar
slx, pass that on, than onta veln number sevon, than valn numbar Five of the
next lsaf, etc., until all the expanded lesves of that plent etem had bean
dealt with. The accusulated string was then measurad in cm, end this recorded
as an indax of total expanded leaf area for that plant stem at that timae.

In 1969 & record was alsa kept of the sbscission of frult of a set of 48
fruits hand=-pollinated in the autumn (April) of that year. Messuroments of
fruit dismeter were also carried out on these fruits, as depicted in Figure 26
and already reported on in Chapter I.

As painted out in the literature review, Allan (1958, 1969) used ripe
fruit that had set over extended periods. 5Sinece it i{s highly likely that both
soed mass and fruit mass are both ecorrelated with temparatures during grouth,
frults and seeds growing together over a warmer perlod could ba larger than
those growing over a cooler section of time, even il set over the ssme ssason.
A correlatlon based on tha combined set of such fruit could be 'inflated' by
the affect of the different temperature regimes experisnced by individual
frults, assuming these regimes were significantly different from ssch other.

An attempt was made to contraol for this effect in the late summser/early
autumn study (March 1971). Fruite were set in four successive weekly batches
ovar that month af March. Half the fruit of each btatch was harvested sxactly
thres monthe after setting (i.e. over the four weoks of June), whilst the
other half was harvested exactly sevon months after fruit set (i.e. over four
woaks in Septembec/October). Each of the pistillate Flowers wers hand=-pell ins
by brushing on the pollen of three stamens (Flate 35b) picked et the malse
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Daily temperature data for tho periods preceding snthesis and tha periods
of Pruit growth wers available from a thermograph instrument situated in en
adJacent block. An objective of the above procedurs was to check for the
affect of temperature differences over tha four temperature regimes that were

expected to result (corresponding to the four succeeding weeke of Fruit set).

The objective of splitting tha batches into the three and saven manth
periods was to check firstly the correlation at the onset of the coldest period
i.e. after three months, over June (and about the time the first major sead
abortions would occur). This would also have been the period leading up to or
ingluding the onset of endosperm cellularization. Secondly, to check the
correletion et seven months, in spring, after most of the seed asbortions would
have occurred, and seed growth would have started to slow down, and at a tima
of increasing temperatures. To heve delayed the harvest further could hava led
to 8 greater confounding of effects; since the last batches which initiaslly
graw through assumably the colder periods end up growing through warmer final

periods.

P way of accounting for the heat effect wes somewhat problematic. The
author wished to use a heat unit measure, but it was not clear what the minimum
temperature for seed or fruit growth in papaya is. According to Kuhne and
Allan (1970) temperatures below 19°C asdversely affect cell division in the
fruits during the first few months of growth, but subseguently growth of fruits
by cell enlargement continues even between 11% and 19°C., Examination of Kuhne
and Allan's figures, however, show that the rate of fruit velume grouth was
§till positive during the coldest month of June when the mean was betwsan 139
end 14°C., Young papaya seedling growth has bsen messured to just occur betwesr
4° and 12°C (Lange, 1961). Allan {1958) also observed that the minimum tempere

ture Tor papaya Flowsr growth was sbout 12°C. Thus & base of 12°C was chosen
for this study, although tha true base was unknown.

The formulas used to measure tha heat effect were ss follows. In the
ceses whera the minimum temperaturs (w°C) for a 24-hour period was sbove the

base temperature (t = 12°C), then the degree-day for that period wae calculatec

a8

(,,,-t;+':l_;_ﬂ] .

whare h was the maximum temperature for that period. Uheres the minimum droppec
below 12°C, the formule used wes

(h = t)?
2(h - w) °
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For a given period of grouwth then, the messure of 'effective heat' was the

summation of degree-days (base 129C).

Fruit diemeters of all labelled fruit were taeken et the time of hand=-
pollination. The length of leaf veins numbars five, six and seven for each of
the subtending leaves of these labelled fruit were alep measured with B ruler
at this time (Plate 35a). Finally, et harvesting (after thres and seven
months) the seed mass and fruit flesh mass (i.e. excluding seeds) for each
fruit was determined. /Tn Allan'e work (1969) the correlations were betwesn
sead mass and fFrult plus seed mass. Since that sntailed an inflated correlatiol

saad and fruit flesh mass were separested for this studr;?

The veriables then for the three end seven month growth studies were:-—

(i) The sum of degree-days (zbove 12°C) for the 40 days preceding anthesis

{(i.e. over the major portion of Flower bud growth);

(ii) sum of depres-deys (ebove 12°C) for the three days prior to anthesis,
a possibly critical period for the relstion betwesn mean temperatures
then and the subsegquent germination of fresh pollen, and their tube
grouth, as indicated by studies of Allan (1963);

(iil) s=sum of degree-days (abowve 12°C) for the period from anthesis until
tha 12th week of growth, i.e. June, For tha three month study, and
until the 15th wesk, in July, for the seven month study;

{iv) fruit diasmster at anthesis (mm);
{v) the leaf ares index of the subtending lsaf (cm);

(vi) the total aveilable leaf area index for April, calculated ss the sum
of the lengths of veins number five, six and seven of all expandmd
leaves on & plent stem divided by the number of fruit om that stem
at the end of April (em per fruit);

(vii) seed mass after three or seven months growth (g); and

(viii) fruit flesh mass after three or seven months growths (g).

Sums of degree-deys aftar 15 weeks, from the end of July and cnuerda, wWere
not considered for the seven month growth study beceuse tempereturss were on
the incraase then, with the later sat batches always belng just slightly warmer
Also, since Kuhne and Allan (1970) had shown in & sessonsl trial that whan
tneir pair of clones were set in March in Pietermaritzburg, it wes the initial

12 to 16 weeks respectively of growth that was crucisl to the ultimate size of
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thelr fruites. The comparative tims to maturity of the clone 'Honay Gold' used
in the present studiss falls botween those of the clones reported on by Kuhne
and Allan (1970). Thus it was conaidored that the temperature data up to the
15th week in July would give & roasonable measure of the Ilnitial 'temparature’
effact.

Total or simple correletions were calculated between fruit flesh mass and
sach of the other varlables within sach of the three and seven manth growth
studies reospectively. A stepwiss regression procedure described by Draper and
Smith (1966) was then applied to the dats, exesmining the partial correlations,
the residuals and the effect of the varlables incorporated into the model at
sach stage of the procedurs.

1:.2.2 Intre=fruit studies

In the summer of 1973, 21 fruite which had set during the
provious sumsar of 1972/73 and were just beginning to ripen were picked and sst
aside for an intre-fruit seed/frult correlation study. Similarly, in the
autumn of 1974, 17 fruits which hed set in late sutumn of the previous year
(1973) were also set gside for similer reasons. These two batches of Ffruit had
been left to open pollination, not hand-pollinated. In both batches, tha tep
(stigma) end of the fruits just to the plene whars the interior (seed) cevity
begins was cut off. A similar parallel cut wes made st the base of the Truit
po that what was left was the Truit flesh immediately adjacent Lo the seeds of
the Am to Dd intra-fruit seed subregions (see Flgure 3 for these subraglons).
The discarded portions sveraged 15 per cent of the original total fruit flesh
mass (excluding seeds). A longitudinal cut from the apex to base along one
dorsal bundle and its cpposite ventral bundle (Figures 1 end 2} wes mede. This
gnaurad that the blede of the knife passed between the seed aress of two
adjacent placental regions, but the opposite placental region was cut, dislodgi
poma of those seeds. This placental reglon was discarded, laaving four—-fifths
af the fruit entact. Such four-fifth longitudinal sections wera used in the
autumn set study, but in the (esrlier) sumser set, only two-fifth portions were
used. Tha longitudinal portions wers further cut into guerters to provide
As, Bb, Cc and Dd subregions (Figure 1). The corresponding seed mass and fruit
flesh mass (excluding seeds) for each subregion for each fruit was determined.

In Five of the autumn set Fruits, the fruit wes further subdivided into
the four 1/5th longitudinal sectiona, and from each of these Four lengitudinal
sections, the total mass of all sesds (fully to slightly developed) was
determined for each of the eight intra-frult subregions (A, &, +.., D, d;

Fig. 3) respactively. In one other fruit thres 1/5th longitudinal fruit
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gactions were used, and in two DINETE Lhres 1/5th longitudinal ssetions.

For each of the abouve intra-fruit subregions, lenath and breadth maeasure—
mante of o sample of ten unfertilized ovules were mede using & graticuls placed
in the eyespipce of a microscope. The product of these two measurements was
used as en index of the ovule volumes. Tha mean indax of unfertillized ovula
voluma formed one variable. The other veriable, a messura of the relative
concentration of sesd mass, wes arrived at by dividing the summed mess of
F +P + 5 seeds by the total number of seeds and ovules (F + P + 5 + U). The

carralation betweean thess two varlables was determined.

The purpose of all the detarminations in this section wes to tast for
whethar the correlations between seed mass and Frult mass reported In inter=
fruit studies slsoc held et more localized regions, i.s. within the fruit. It
was also intended to test formally Allan's (1958) aesertion thet in pepaya,
ggede influence the growth of immadiately adjecent fruit Flesh.

3:2:3 Further seed growth, sbortion and Fruit slze studies

These studies in this section focus on the correlaticns betwsan
saed numbers (corresponding to the types of seeds of Chapter I1), seed mase ,
fruit mess (inclusive end exclusive of seed mess) and seed sbortion rates.
The data was drawn from the following Fruit sets;=

{s) Eighteen frult set in Aprll 1969 (autumn), meturing in February 19703

(b) Ffourteen fruit set late in April 1970 (awtumn), maturing serly March
10743 and

(e) twenty-four fruit set in early February 1970 (summer), maturing late
Nowvambar 1870.

All the above had bmen hand-pollinated. 1In addition comperative data was
available From twenty-ona fruits set over the summer of 1972/73 and seventeen
fruit set over the autumn of 1973, slready described in 3.2.2. The latter two

sets were open pollinated (not hand-pollinated).

In the cases of (b) and (c), whole Fruits with their total complements
of seeds were used. For the case of the open pollinated sets (3,2.2), compars-
tive whole fruit mean velues were derived by multiplying the measured values
by 5/4 or 5/2 etc., depending on whathar 4/5th or 2/Sth etc. longitudinal
portions had been used. In addition, the Fruit flesh mass was Further multli-
plied by a factor of 1,15 to compensate for the fruit Flesh previously cut
away and discerded (3.2.2).
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The data from (a), the sutumn 1969 sot presented a peculiar probles.
These eighteen fruits were part of a larger set (40 fruits) whose diameters
and lengths were recorded at Frequent intervals throughout their growth.

Some of these frults sbscissed (3.2.1). Some were harvested snd sold
before the author *saved' tho balance of eightsen. The mass of these fruits
{including thelr seeds) were determined at tha time of harvest. Sead masses
wore not determined, As & proliminary survey, the author had also made saed
counts an the 1/5th longitudinal portion that ssemed te have the most typical
amount and distribution of sseds for the whole fruit in guestion. WUhere a
fruit sppeared to vary more widely than usual batween 1/5th longitudinal
portipns, thes whole fruit's seeds were counted. Overall then, estimates were
doerived Tor total fruit seed counts. On tha basis of this survay, tha author
decided to carry out more detailed seed count studies (Chepter I1). It was
than not his intantion to imcluda in addition the szeed counts af the 12659
study, Howsver, in the light of the eamalysis of other results, end sven in
tha course of having this thasias typed; it suddenly dauwned on the author that
tha (correlationally) uvnanalysed data of the 1969 set could, in Fact, supply
extra information.

Fortunately when the author had done tha seed counts on the 1970 summar
pot (24 fruits) he had cut the fruits inte five 1/5th longitudinal portions
as before, identified egain what sppeared to be the most typlecal 1/5th portion,
and then counted all seeds for each of the five 1/5th portions ssparately.
An examination of that data has since revealed that the f{dentified 'typleal'
1/5th estimated the whole fruit's fully developed (F) seed count to within
14 par cent, and the fully plus partislly plus slightly devalopad seed counts
(F + P+ S) to a similar degres. Being summer set fruits, L.e. with relativel;
few (P) and (5) seeds, the (P + 5) seed counts on thelr ocwn were only sstimater
to within 23 per cent. The estimates for the totsl seed plus ovule counts

(F+ P4+ 5 4+ U) ranged between five and fifteen per cent of those of wholeo
fruit counts.

Now the correlations between the estimated (F) seed count (and also that
of the (F + P + §) counts), and that of fruit flesh mass was less than ten
par cant differant from that of the correlation based on the total frult's
ssed counts, In the case of the (P + 5) seeds alone the differonce was
greatar, nearly 20 per cent. But this was understandable in terss of the
relatively few (P 4 5) seeds and because of that, ths very low corralation
tha (P + 5) seed count alone had with fruit flesh mass. In the light of the
otherwise resasonably close correlatlions, and alsc because in tha sutumn ssts
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there wes 8 far greater propartion of (P + §) seeds, it was decided to analyss
the sstimates dorived from the 1969 subtumn sat. Heturally the results and
concluaions from that study must be made with due regard for sargins of error.

Tha resson for wanting to use the above deta was that For sach of those
18 fruits with their estimated somd-typs counts there wes a record of thair
dismeter and lenglh growth from anthesis to maturity. It bocame & point of
interest then to correlate the differant sead-typa counts (and thair cosbina-
tions) with fruit volume threughout fruit development, thereby possibly isalat-
ing tha pariods during which seeds affect fruit growth.

3:2.,4 BSupplementary survey on pollen tube growth

In the autumn (April) end winter (June) of 1971 and the susmer
{February) of 1972, sets of unopened pistillate flowers were bagged. At
anthesis these were debegged and hand-pollinated with the stamens of thres male
Flowers of with stored pellen {winter). Starting from the second or third day
aftor pollination, and then every two days thereafter, twe to three flowers
were picked per sampling period to messure pollen tube growth. The flowers/
fruits were cut longitudinally and a few drops of aniline blue were poured
into the ovarian cavity. Then efter & minute the stain wes gently weshed out.
Tha stained pollen tubes (Plate 37) were then messured, from their entrance
into the ovarian cavity (Aa intre-frult subregion) to the tips of the further-
most pollen tubes. The length of the ovariesn cavities uere also messurTed.

Maximum and minimum temperatures {within the row of plants used above) were
also racorded.

In tha May of 1972 maximum and minimum temparatures wers kept within &

plastic cover structure placed over some papaya planta. Temperatures were
alsas recorded ln uncovered plants in the same Fouw.

The purpose of this survey wes to see how pollen tube growth is affected
by prevailing temperatures in the different seasons of frult set, and to sea

to what extant plastic or polythenes cover structures influance embient tespera-
tures.

3.3 RESULTS

3.3.17 Inter-fruit correlations and regressions

Two of the Factors expected to influence the Fruit/sced corre-
lation were loaf area and tha numbar of competing Pruit. Both of these varied
over the seasons as Fruit end leaf abscissions, fruit harvest, and the emergenc
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Figure 33 glves the rate of fruit sbscission for tha fruit set in autumn,
1969, The hlghest recorded interim rate (0,17) occurred early in ﬁ’m sight
weels after anthesis. The second largest rate, (0,06) wes in early Jweed a
month before. No fruit ebsclssions occurred after dctober (late spring, six
months after anthesis). Thus tha fruit sbecissions were more or less conf ined
to tha cold spells of mid-winter and the dry ('Berg wind) conditions of spring.
The accumulated proportion of fruit stecissod was spproximately a third of that
priginally set, [n comparison Frea (1975) found an abascission of 35 per cent
thrase weaks after snthesis in winter in Jasaics, wharess In thase atudlies only
ten par cent had abacissed in that initial period. The paried during which
the major proportion of fruits sbscissed in the autumn set frults corresponded
guits well with tha period ower which most of the seed abortions occurred.

The latter can be fllustrated in Figures 28 and 2§ where tha earliest recorded
gborted-seed messuremants and the cessatlon Iin growth of the largest shorted
sgopds covers the sems pariod, if.o. mostly between June and Dctobar.

Table 271 provides estimates of mean loal arsas and number of fruit on tha
102 fruit stema sampled from during a two-year period. Tha largest moan
individual leaf sreas were reccrded during the autumns, at the and of the prouw-
ing saason and before the major rates of frult and leaf absciesions occurred.

TABLE 21 Estimated leafl areas and number of fruit of 102 papayn stams at
different times during a two-year period

Fezn leaf | Mean number | Mean number H‘:nﬂt:“:
Saazon area of leaves af frult s :' Lt

Iﬂﬂ'} per stam per &t area par Tru
{en® )
May '69 autumn 3 538 25,2 25,4 1 518

Oct. "69 spring 1 650 - - -

May '70 sutumn 3 291 19,6 25,2 ? 600
Oct. '70 spring 28 10,1 23,6 186
Feb. "71 summer 2 873 13,6 6,5 & 011
April '71 sutusn 3 173 23,5 14,7 5 072

Leal abscissions appeared to occur throughout the year, but were more pronounc

during wintar and early spring., (Unfortunately no leaf erea messurements wers
made during the winter menthe.)
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Thers appearsd to be & decline in tha mean leaf arees of autumn over this
pariod. This may have bean dus to a decline in vigour of the elder plants
(four of the six rows), slthough two rous wore Just coming into full productlion
The sbove trend cen also ba seen in the mean number of leaves par stem over
this period. It was highest in eutumn 1969 (25,2), fell to 15,8 in 1970, and
then increased again in 1971 (23,5) when thes younger plants were becoming
larger.

The spring mean individual leaf aress were the smallest. This was aftsr
many of the cldest and largest leaves had abscissed, often leaving only a tuft
of smaller leaves at the top. This is {llustrated by the small nusbar of
leaves (10,1) for spring 1970. Tha only recorded sumser Figures shows that the
maan individual leaf areas and number of leaves par stem lay between thosa of
spring 1970 end autumn 1971 figures, in the middle of the active growth period.

Tha mean number of Trult per abtem For the aubtumns of 1969 and 1970, and
also the spring of 1570, wers very such tha same (23,6 to 25,4). Tha peak
crop wes rather sarly in the susser of 1970/71, end when the 1971 summer counte
were mede there were only an aversge 6,5 frult per stem. Flowering and fruit
sot after that was not as high as usually recorded, and only an average 14,7
fruits had set by April, 1971 (about the time of tha correlstional and
ragressional growth studies that follow).

The lesst column of Table 21 ghows what the petimated total stem leal area
was per frult. It is quite apparent that it was thes number of leaves to
nuaber of fruit ratio that largely corrssponded with this flgure. It can be
soen that in the spring of 1970, when there were very few leaves but most of
the crop was still on the stems, each fruit on average could only draw on the
assimilates produced by 356 cm® of leaf tissus. MAgain, although ths maan
individual leaf area of the sutumn 1969 was larger than that In autumn of 1571,
becauss of the much smaller crap in 1971, thara was & grester avallable leaf
atea per frult per stem in April 1971 (5072 ce®) than in Mey 1969 (3S18ce ).

What was rather peculiar to 1971 was that the available total leafl area
par fruit in sarly February 1971 (6011 um‘] was greater than that in April 1971
(5072 cm® ). Ouite often there has etill been a late crop on the trees in sarly
February such that summer set fruits usually start off competing with a large
land of other fruit (=e described by Allan, 1989},

At the time the correlationzl and regressional studies ware undertaken in
March 1971, leaf area was correlated with and regressed on the summad length
of the thras longast leaf veins (Appendix Table 25). Since this correlation
of 0,509 was highly sionificant and gave a coefficient of c=termination of
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82,7 per cent, it was decided to use the leaf vein length measurements as an
index of leaf area in those studies. Hence two of the conditions thought to
be of importance in Trult growth and seed/fruit correlations, viz. leaf area
and relative leaf to fruit competition,; were messured using this leaf araa

index. (It should be pointed out that the regression equation based on that
data could only be used there and net again with different years, differant
trees, ste. Different studips reguire their own regressions if leaf areas

pet se are neaded. )

3.3.1.1 Three month growih study. Appendix Table 26 provides multiple

correlation and regression informetion on the fruit grown for three months
after setting over the month of Maerch, 1971. OF tha variables enumerated in
3.2.1, the stepuwise regression procedure selected (i) seed mass; (ii) the
index for available leaf area per fruit; and (ifi) the sum of degres-days
above 17°C for the three deys preceding esnthesis. Tha partial regression

coafficiants a, 4 &, and By corresponding te (1), (1i) and (1ii) above were

8, = 6,75 (very highly significant);
a, = 0,258 (significant); and
By = 1,47 [nearly significant at the flve per cent level),

The coefficient of multiple correlation R = 94,4 par cant was very highly
aignificant.

Of the individual wariablesz themselves, the mean of the index of available
lepaf area per frult of 183,2 cm was squivalent te 5701 en’ par fruit, using the
regression of Appendix Table 25. The mean of the third variable, sum of degres—
day for the three days preceding anthesis, 27,7 , corresponded to the mean
temperature of 21,2°C. The range in values corresponded to the delily mean rangs
of 1790 to 259C, Hut note that this variasble took on only four values. The
regression coefficients are all therefore limited by the fact that this last

variable effectively took on only four veluss. (It is however a 'continuous®
type of variasble.)

With regard to the totel correletion coefficients, note the very high
corralation of 0,926 betwsen seed mass and fruit flesh maess after 12 weeks growtl
Of the other total correlations,; the heat variasble for the period preceding
anthesls was correlated with both Pruit flesh mase (0,541) and seed mass (0,457),

Two selected pertisl correlatipns are given. That for Piy,23 * viz.
'
tha correlation batwesan seed mass and Fruit flesh mass after first allowing for

the apparent assocletions of both the aveilabls leal area per fruit {sz and thae
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sum of degres days sbove 129C for the three days precesding anthosis I_’I:} with
both the seed and frult flash masses EH1 and ¥Y) was 0,9199, highly significant.
That fac r2h13 was 0,3898 , significent at thes five per cent lovel. That is,
after first allowing For the apparant affects of seed mass {11} and tha tempera-
ture varisble [:3] , available leaf ares per Trult was still Ffound to have a

significant positive association with frult fleash masa.

Another way of expressing some of the apparent relationships in the data
is in the form of Figure A of Appandix 26. Obsmrved frult flosh masnsss have
been plotted ageinst their respective sead masses, and » regression eguation
y = 66,96 + 7,083 Xy s representad by the black lirna, has been fitted to this
data. This last mentioned equation was for all the data, irrespective of
variastiona in “2 and Ks « The simple or total correlation r, = 0,9257 (or

Ty
0,93) "corresponds” to this regreasion.

The coloured lines (blus, gteen and red) agaln represent almpls linear
regressions of fruit flesh sess (Y) on seed mass (X,) but this time taking
soparate levels of lz s the availsble leaf area per fruit varisble, into account.
Thus the bilue 1ine represents only thoss frults (with li!'llil.' raspactive amad
masses) which had values of JL‘, graater than 190. The respective regresslons
and their corresponding simple or total correlations cen be found on the figure.
Finally, the geometric symbols around each assoclated fruit flesh mass (Y) and
seed mass (X,) point represent the various levels of Xy 4 the temperaturs

variable used.

From this figure it is apparent that the ragression of Y on .‘.t,. was steepar
for higher lovels of l? + More particularly, at ths lowest level of IE thare
was an apparently diminished effectivensss of sead mass on fruit Fflesh mass.
That is, the apparent influence of seed msass on frult Flesh mass over tha Firat
thres months of growth wes limited by the relative smount of avallable leaf area
par fruit. Another apparent palr of relationships was that batusen 13 s tha
tempacrature varlable, positive with both Xy (seed mass) and ¥ (Pruit flesh mass).

Far the record, the verliables not accepted into the regression equation were
(a) the sum of degree-days for the 40 deys prior to anthesis (hardly any
differences between sub-sete); (b) fruit dismeter at anthesis (range 14 to
20 mm); (c) the index of the leal srss of the subtending lsaf (range 106 to
148 cm, mean 133,4 cm, the latter eguivalent to 3322 co’ loaf tissue); and
(d) the sum of degres-days for the periocd from anthesis to harvesting at 12

wooks (the range for which, in terms of mean dsily temporatures was egquivalant
to 16,2°C to 18,3°C).
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3.3.1.2 Seven month growth study. Appendix Table 27 provides the firast

cholce multiple linear regression equatisn when Following strictly the stepwise
procedure of Draper and Smith (1966). The First variable accepted was that of
sood mass. Than in order to correct fer a non—random trend in the arror residual:
the second variasble wee derived Trom the firat, wiz. lts square. (That is,

'sped mase' was mxpressad by two terme in the lineer equation.) This had not beer
necessary {n the three month study.

The third variables accepted by tha procadurs was the sum of degres-days
abovae 12°C for the forty-day period preceding anthasls. Tha author fesls this
wos & somawhat ‘spurlous' cholce as this veriable, when converted to mean tempara-
tures for that perlod, had only the range of 20,4°C to 20,7°C. (It aleso took on
only four values.) In terms of the procedure for fitting variables, after some
of the varlation in fruit flesh mass had been accounted for by the sesd masa
variables, that which remained unaccounted for uas beat Titted with tha above
tamporaturns varlesbles, l.e. batter fitted than by the varistions in the aothar
remaining varisblas. Whather this soquence of fitting would ooccur in a separate
study remains open to testing. An alternatlive regresslon model will be pressnted
after this one, using a different temperature variable.

The fourth varlable accepted into this present modul was the Indax of total
available lsaf area per fruit during April. The range wam 112 om to 370 om with
a mean of 192 cm (equivalent to sbout 6000 gn® lsaf tlssue par fruit), slightly
higher than that for thas three month growth batch (5700 com® ) during April.

The mean for fruit fleeh mass after seven months growth was 779 grams. If
these March-set fruits had been allowed to grow to maturity (at sbout ten montha),
their mean fruit flesh mass would have been sbout 1100 grams. This would have

been between the means of the hand-pollinated susmar (Februaty) and autumn
(April/may) sets of 1970, es would be expected.

The wvarisbles not acocepted by the procedurs were (1) the diameter of the
fruit st anthesis (range 14 to 20 mm); (ii) sum of degree-days sbove 12°C from
anthesis until the 15th week (which wes used in the alternative regression to
follow); and (iii) the index of the subtending leaf's area (range 98 to 157 om,
mgan 133,5 cm, the latter equivalent to about 3400 e’ ).

In terms of the simple or total correlations with fruit flesh mass, the
highest was with seed mass, 0,777 , sagain highly significant. This was apparentl)
less than that for the three month study (0,526). On transforming these into z
values, the 'u value' of their difference (Kendall, 1048) was 2,184 , significent
al the Five per cent level. This result could be interpreted as a chance result,
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with a very small probability that the high carrelalion of the threa manth study
would be repeated again. Other hypotheses are also possible. It could be that
the period af seed influence on fruit flesh mass for fruits set in March in this
locality lasts for less than seven months, and that certain amounts of seed and
Fruit flesh mass growth putside of the effective period is less or uncorrelaled.

Hence a lowered total correlation. Thesa hypotheses need to be tested, though.

The partial correlation between seed and fruit flesh masses after firat
allowing for the epparent effects of the temperature and 'leaf area' variables,
viz, t1y,3ﬂ = 0,B235 was sctually highar than the simple correlation. The partia
correlation betuean the index of svailsble leal per fruit during April and fruit
flash mass (after first allowing for the apperent associstions with seed mass and

the tempsrature variable), viz. r = 0,3249 was only significant at the ten

per cant level. If a more thnnd:E';:aaurﬂmﬂnt of the leaf area variable had bes
underteken throughout the course of growth, the unmeasured effects of leaf
gbscission may have been sccounted for and & leaf area wvarisble could wsll be mor
Important. That much was apparent in the discuseion of the Appendix 26 Figure A.
That leaf ares varisble was most likely more edeguaetsly representative in the
three month growbh study.

In an alternative regression model (Appendix 28), the sum of degree-days
from anthesis until the 15th week was substituted as the third varisble in plece
of the degres-days bafore anthesis (Appendix 27). The averaged mean daily
temperatures corresponding to these degree-days values ranged from 15,9°C to
17,6°C with an overall mean of 16,B9C; slightly lowar than that for the thres
month period's range of 16,2°C to 18,3°C (presumably because of cooler conditions
im duly). The range was again very restricted, and of course there were only fou
walues. If a wider range and & greater number of values were represented, the
suthor Feels & more significant regression co-efficient would be obteined. Simpl
comparisons between the data of autumn and summer sets ln this thesis, and ths
studies of Kuhne and Allan (1970) suggest temperaturs related conditions ere
important for both sead and fruit growth.

In comparison to the model of Appendix 27, this one had only & very slightly
lowsr multiple correlation co-efficient (0,B8813 versus 0,B8867). The veriables
chosen, howsver, were in reality probably more importasnt. The partisl corre-
lation t1Fr5ﬁ = 00,8258 waes sven alightly higher here than in Appendix Table 27.
That of rdy,1] = 0,3208 was again only significant at the ten per cent. level,
with the sama qualifying comments made in the discussion of Appendix 27.

Ag the simple correlation batween esed mass and avallable leaf ares per

fruit was -0,2205 , and seed mo=zs was significantly correlatod with the
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temperature variable Er:,l:li = 0,5286), the partial correlation Tia.3 * l.8. batunen
r

gegd mass and the leaf srea varishle after first allowing for the associations

with the tempersture voristions, was checked (-0,2408). This was not significant

As was done in 3.3.1.1 for the three sonth study, the relation betwsen sesd
mass and fruit flesh mess given associated megsurements of the leaf ares and
temparature variables is shown graphically in ons way in Figure A of Appendix 28.
A number of features will be briefly pointed out.

Firstly tha pattern of the data points around tha simple regression line
{s0lid black) was the reason for introducing the guadretic term “'.E] which effect
wvaly broke up this pattern in the residuale (not shown here). Secondly the
regression line most similar to thosa of the thres month study (3.3.1.1) was that
for those fruits with the highest level of availsble leaf ares per fruit (blus).
Without accurate informstion on leaf abscission it is hazardous to maka any-
inforences on this. It can be suggested of courss that the relation of esed end
Fruit flesh mese is dependent on the amount of available lesaf area. This also
fite in with expectations. The ectual relationships however, nead more rigorous
testing., Thirdly, twelve of the Fifteen lergest seed masses were associated with
temperatures in the upper half of their (sdmittedly restricted) range. (This was
the cese for only eight of the fifteen largest fruits.) The fifteen smsllest
fruits seem to have boen more sensitive to lack of eeed mass than to the other
variables. [t seems to the suthor that these smaller fruits may heva suffered
from a greatar lack of viabls pollen [pnnnihl'; too Iimmaturs when hand-picked) wit
prosumably lower proportions of fertilized ovules.

In summery then, the results of this section {3.3.1} segem to ba that
(i) seed mass was an important veriable, even when allowance was made far the
other covaeriebles, given the limitations of thoir messurement; (ii) fruit com-
petition for availsble leaf area (and presumably assimilates) as measured by tho
index of available leaf area per fruit may have restricted the size of Ffruits
even when thers was adequate seed mass; and (1ii1) lack of visble pollen for
fertilizing ovules may have led to the restricted size of the smallast frults.
Tha parvasive sffect cf tempersture on seed mass, fruilt mass and leaf area

{end abscission) wes not adequately meassured in these studies and needs further
attention.
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3.3.2 Intre=fruit correlations

3.3.2:1 Intrae=frult lﬂﬂdﬂ[ggit correlations. Appendix Table 29 refers to
apan pollinated fruits set in the autumn of 1973. The rows across tha tahle

refor to individual frults, with tha Final column providing summed totals for
ppod and Fruit flesh mass respectively For the four intra-fruit subregions.

{Tha frufit flesh mass excluded the apicel and basal bits previously cut off,

as explaolned In 3.2.2. The sead and Lruncated fruit flesh masses were estimated
from 4/5th longitudinal portions.) Each of the columns provides means and
spad/frult correlations for the particular intre-fruit subreglon{e) acrosa the
17 fruite.

The four seapd mans moans for the intra-fruit eubregions Aa to Dd were 5,49 ,
8,93 , 5,B3 and 2,14 grams rospectively. In terms of surface (placental) area
thea Bb and Cc regions, being rectangular, were approximately equal in size and
lorgar than the mors trisngular Aa and Dd subregione. That the Bb subreglon had
a larger moan peoad masu than that of the Cc subregion expressed a difference due
to a greater proportion of ovules being fertilized In the Bb subregion in the
autumn sat (Chopter 11}, The much emaller mean sead mase for the Dd subregion

pleo illustroates the low Intensity of pollen tube penetration Inte that subreglon
in sutumn,

Tha corresponding four fruit flesh mass mesrs wers 107,60 , 120,21 , 93,19
and 57,95 grams respactlvely, Tha Bb subregion wams mgain greatar than that of
Ce, due to a thlcker mesocarp. Even tha placentally smaller Aa subreglon had a
largar mean fruit flesh mass than that of the Cc subregion, dues again to lta
greater thicknessa.

The four carresponding seed mass/fruit flesh mass correlations were 0,591 ,
0,617 , 0,635 and 0,658 respectively., The first (for Aa) was significent at the
five per cent level, the remaining all being significent at the one par cent
level. That for the four subregions summed together ('whole fruit'), viz. 0,623
was also significant at the one per cent level,

Tha overall ratio of the fruit Flesh mass to sead mass for this set of fruit
was considerably grestsr at the apical and basal ends, even after the snd bits
had bean cut off. This mey reflect an inherent characteristic of the papaya
fruit, i.e. that its flesh thicksns at the ends irrespactive of the further offec
of seeda. Tt wes because It was suspected that the Ffruite have such an inherent
intra-fruit morphological difference that thesa corralatlons were within Aa's,
Bb's, etc. rather than within, say, mixtures of Ra's and Bb's, etc.
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The eppendix figures of fippendix 29 (viz. Flgures A to E) 1llustrate the
gimple regressions corresponding to the dete of the five 'column' sets of the
corralation table of Appendix 25%. The regression eguation of fruit flesh mass
on seed mass (¥ on X) appears in each figure, teogether with standard errors of:
the estimate of ¥ on X (Sy. x)}; of the regression coefficient of X {5‘}i and
of the intercept on the ¥ axis {Eu]. The corresponding correlation coefficients

(r) are also provided.

If the standerd errors are taken into account,; there was much owverlapping
betwsen the same coefficients for all four subregions, with the exception of the
intercept for Figure D. Greater replication would be needed to test whether
there were differences. Using the present data, as a matter of interest, it can
be shoun by simple arithmetic that the regression cosfficient of ¥ on X for the
‘whole' fruit (Fig. E) was nearly equal to the average of ths sems coefficient
for the four intra=fruit subregions, and similarly for the standard errors of

this coefficient, This was also the case for the correlation coefficienta.

On the other hand; the intercept on the Y axis for the regression of the
whole fruit (Fig. E)} was nearly equal to the sum of the values of the same intar-
cept on the four subregions. All the shove results were closer if weiphted
eccording to the everage relative sizes of the four subregions. Whather thesa
relationships do exist will only be found with further replication. Assuming
they did seemz to suggest that the 'effect’ of the seeds on fruit flesh mess wes
both localized {and thus also dependent on the amount of seed mass in each
subregion) end yet fairly similar on a per seed gram basis for all subregions.

The 'effect' over the whole frult could be an average of all the localized effaci

The intercept values on the ¥ axis could be interpreted as the resultant of
other factors, part of which could be inherent morphological factors, othar fact
could be the condition of the trees etc. The relative contributions of factors
is » more complex matier, es hinted at in 3.3.:1: But in order to reach maximum
Fruit sizes, given the other conditions during fruit set and growth, it would

still bs desirable to ensura a high degree of ovule fertilization and seed growt!

8imilarly Appendix 3] refers to an open pollinated set of fruit set in the
summar of 1972/73. But in this case the sstimates were from randomly chosen
2/5th truncated longitudinal fruit porticns (53.2.2).

An inspection of this Appendix shows that the seed and fruit mass means wer
considerasbly larger than those of the autumn set, The ratio betwsen the highest

subregion (Bb) and the lowsst (Dd) was alse much narrowsr, reflecting a more eve
end higher level of owvule fertilization.
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With regerd to tha correlations, apart from the Od subreglon thase were
lguar than those in the autumn set. This may in part have been dus to tha uce
of anly 2/5th longitudinal portions. Thus tho disregarded 3/5th portions
(used only for the seed count studies in Chapter II) may have exerted some
influence on nalghbouring regions, 'distorting' the correlation and probably
lowering it relative to m study using all five longltudinal partions.

Again the highest celculated correlations were for the lowar half of the
fruit, where there was less sead masas. And again the apical and basal portions,
Aa and Dd, had a greater fruit flesh masa to seed mass ratio relative to the
gentral portions, But the ratios ware generally lower than that of the asutumn
sat; with the overall "whole' Frult ratio lll:l:;udl._ng cut portions) baeing 7,53
as opposad to 16,55 in the sutumn set. When seed masges were included with tha
fruit flesh masses (as In Allan, 1969) than the respectlve ratles were 8,51 and
17,95 for the summer and autumn truncabted Truits respectively. Thass wers of
the same order as Allan's (1969) ratios of 11,4 ¢ and betwesn 17,4 and 22,1 ,
for untruncated summer and autumn set fruits respectively. More ls sald of such
ratios in 3.3.3.4.

The regressions of fruit flesh =mass on seed mass Tor thse summar aat of
1972/73 have not been illustrated here. Generally the intercept an tha ¥ axis
is much higher and the regression coefficients for Y on X were lower. For the
‘whole' fruit the regression was ¥ = 611,25 * 133,63 + [E.Eﬂ + 1,1]3‘21! « More
accurate astimates would probably have been found if all flue longltudinal
portions of sach fruit hed been used. But these sstimates 1llustrate agaln that
the regreszicn coefficient of frult mass on seed mass for summer set fruite may
be lower than that of autuen set fruits, ss it slso appeared in Allen's (1965)
data. [n othsr respects the regressions in this section (3.3.2.1) are not

comparable to either Allan's (1968) or those of 3.3.1 because we have been deal=
ing here with parits of Frulta only.
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3.3.2.2 Intra-fruit sepd/non—-fertilized ovule size correlations. In the

reports and discussion on avule and early seed growth in Chapter I, it uwas
noted that thers was a pattern of growih initislly related to the location of
the ovules and thair proximity to the aplcal end of the flower/fruit. MNote was
alsn made that unfertilized ovules in cloee proximity to a concentration of
developing seeds were larger than similar ovules in less developing subregions
(1.3.1.9).

Appendix Table 31 associates relative concentrations of seed mess (co-
variable x) for each of the eight intra=fruit subregions with the mesan size of
unfertilized ovules ([coverigble y) for thess subregions, all measured at Fruit
maturitv. In the body of this table every pair of Ffigures in a given column
carresponds to the covarisbles x end y associated with a specific subregion
(rows). FEach column in turn refers to a given 1/5th longitudinsl portion. The
avereges in the 'MEAN' column refer to the mean values for x and y for 8 epecif:
intra=-fruit subregion for the whole set of 1/5th longltudinal portions. The
"HANE'"' column refers te the ordering of the above = end v méan values respect-

ively.

From these rankings it can be seen that with regard teo the x variable
{concentration of seed mass)}, on the sverage the 'A' subregion had the highast
concentration, the 'd' subregion the lowest. Similarly, with regard to the
y variable (volume index) the largest unfertilized ovules were in the 'B' sub-
ragion, the smallmst in 'd'. Overall thes ordering for x was A, B, C, &, 0, b,

cy, d and for ¥ it wes B, R; C; &, by Dy B8y d Ll.8:. & rather slmilar ordering.

Appendix Teble 32 tests the above apparent asscciastion. To illustrate, th
*/y pairs of a given column in Appendix Teble 31 (correspending there to =
given fruit 1/5th longitudinal portion) have been correleted, the results for
gll such columng appearing in the rows of the column under L, in Rppandix
Table 37, Esch of these correlations have been transformed (Z column) in order
to cerry out the test of homogenisty. This X° [with 26 degrees of freedom) of
1,333 was not significant, implying that m common, average correlation coaffi-
ciant ecould be pressnted. Its detransformed value was r = 0,753 , = closs
asspciation. Ewen when using only & conservative six dsgress of freedom
(based on N = B for each fruit subregion, that is disreparding a possible
larger contribution to degrees of freedaom from the 27 portions) this corralatio
was still significant at the five per cent level.

Thus the influence of developing seeds on neighbouring unfertilized ovulss
alroady measurabls between the second and fourth week after anthasis (1.3.1.9)

wag still apparent at fruit maturity. If one recalls that unfertilized ovules
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are genetically maternal tissue, i.e. genotically identical te the fruit (but

not the fertilized sesds), thsn these results are snothor way of illustrating
the 'seed'/'fruit’ correlation in papays st the intra-frult level,

3.3.3 Further sesd growth, abortion end fruit size correlations

3.3.3.1 Autumn 1970 Fruit set study. Appendix Table 33 sets out corre-
lations end selected partisl corrolations of several seed measuras, frult grouwt
sged abortion and fruit competition. The varisbhle Xy » B8 MEasure of tha aarly
sead deuvelopment intensity, was used in intre-fruit atudies in Chapter I1. IL
has bean used hare for the whole fruit, and s & check on its relation to abort
rates when tested between fruits. ({In Chapter Il it was unclear whethar aborti
rates were really related to intra-frult ssed competition.) This X, wes Bleo
incleded hers to compare it with the variable Xy 9 the sum of fully developed,
partially and slightly developed seads, which im turn can be related to Allan's
(1969} correlations between seed number, seed mass and fruit mass (including

gapds ) .

The reason for transforming %, {and oy 4 tha abortlen rate for the whole
fruit) to angular degrees wes sgein to be able to attach probability statemsnte
to corralations involving these variables. The H! and "y variablaes wara seed
count measures in contrast to the corresponding mass measures of Xg and Xe
respectively, Allan (1969) used principally the Xy 3 % 8nd x. msasures, The
variable ¥  frult mase, excluded eped mass in order to avold tha effect of
pulf=-correlation. The variable X, was intended to provide some index of fruit
competition during the early part of fruit growth. The varisble Xy was intende
as anothar index of the relative competitive advantage/disadvantage of a given

Fruit in terms of the ratio of leaves per fruit gn the stem during sutumn.

L t nt

The varisblas X and X, uere highly correlated (0,868) gs could be expect:
from tha way they wors derived. Each of thair respective correlations with the
other variobles ware also aimilar, with the X, being generally better correlat:
especially with y , fruit Tlesh mass (0,727 versus 0,560). MNeither of them wa:
significantly carrelated with seed abortion (0,022 and 0,019 respectively).
[The reason xy {and not :4] had been used in the intra-fruit studies of Chapte:
was becousa the subreglons A, &, «.+ D, d differed markedly with respect to
placental srea and the darivation x, sought to allow for this there. This was
nol consigered to have the pmsme relovance between whole rTUItﬂi?
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The Fact of non-correlation with the nssd abortion rate supports tha
tentative conclusion of Chaptar 11 studiss that the sxtant of early seed
development wes not related to seed abortien (2.5.1.B). A conclusion now is
that boosting the proportion of ovules that are fertilized by means of hand-
pollination does not by itself induce seed abortion. In tha Chaptar II study
with open pallination, the average proportion of ovules fertillized was about
31 per cent (Tabla 14). In tha present hand-pollinated study, the proportisn
of total pvules fertilized varised from 38 to 86 par cent; with a maan of 70
per ceant, yet there was no correletion with seed abortion. Tha sead abartion
rate was alsa not significantly correlated with fruit competition as measured
sither by x, , number of competing Fruit {-0,089) aor xg » leaf to fruit ratie
(=0,272). MWevertheless the corralation measured between seed abortion and the
laal arsa per fruit [rza}. i.8. 'fruit competition', was higher than that
between seed abortion and esed competition {ri-ﬁ}'

Seed abortion was correlated with g 9 the sum of fully developed seads
(=0,584), with %z ¢ Mase of fully developed seed (-0,605) and %e o Mmass of all
seads (=0,590), all significant at the five per cent level. This was bacause,
glven the relatively high propartion of avules originally fertilized in this
fruit set, the higher the sbortion rate, the fewer the likely number of fully
daveloped seeds (and hence seed mass), The sbortion rate per se howsver, was
not correlated with Fruit flesh mass (0,038). A possible explanation for that
le presontad later in this discuseion of results.

1n regard to the uzfuﬁ comparison (F seed count and mess respectivaly), tt
fact that their correletion wes not unity pointed to some variation in the
avorage sead mass of individual F seeds between Fruits. It should slso bo
obvious that the correlation between x, and x. Ir13 = 0,676) would hsva bheen
greater then that betwsen %y and e tr15 = 0,623) becauss x, and Xy 8re both
"count' measures whilst X WES & 'mass' measure. Similarly for Tyq VETSUS T,
and Feg VOTSUS Tye o

Howevar, with regard to y (fruit flesh mass), X (F sead mass) had a
higher correlation (0,661) than xq y F zeed count, (0,520), the latter being
non-significant, Allan (1969) alsa found & higher correletion for F seed mass
than for F seed count. This probably has to do with the {mpartance of mean
individual seed mass in different fruits, not accountsd for in F seed counts.
With regard to the frult competition variables x., and %g » %g (F seed mass)
again had & higher correlation (-0,208 and 0,491 versus -0,162 and 0,441
respectively) than %, (F seed count), although none of these were significant.
Allon (1969) had found that stripping off fruits (lowering fruit compatition)
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appeared to Increase the number of well doveloped seeds. These present Findings
are in the gams direction, with ths ratio of leaves to fruit being moce importar
than merely the numbar aof Fruits.

Tha variables x, {sum of F, P and 5 seeds) and X (mass of all seeds)
provided interesting informatlon. In reletion to seed asbortion, X (mass of
all seseds) was significantly corralated (-0,590) by virtue of the component of
F seed mass which was affected by seed sbortions. In contrast x, was not corre-
lated (D,019). But with regard to y , fruit flesh mass, N (F + P4+ 5 count)
had a greater correlation (0,727} than %g » mass of all esads, (0,670). Both
wara significant. One possibla reason for this was that before the (P + S)
seeds sborted, all (F + P + 5) ware affecting fruit flesh mass growth, but afte:
abortion, the continued growth of F sesds wes not much correleted with further
fruit growth. Another way to state this is to say that if the mass of (F + P +
seads wers taken nearer te the time of sesd abartions, than e (eeed mass)
would more likely have been more correlated, That is what sppears to have bean
the cese in the thres and saven month studies in 3.3.1. Thls sspact is axamine
again in further analysis of this and other frult sets that aro to follow.

Because of the similarity betwsen x. (magse of F seeds alone) and X (moes
of all seeds), Toy {0,661) and Tey (0,670) were very similar. As found by
Allan (1969), the inclusion of the mass of the smaller (P + 5) seeda increased
the correlation. In contrast, with the seed count measures 4 and oy (which
were more different than x, and x. were from sach othar), Tay {0,727) was marke
higher than ry (0,520). Again it points ta the (P + ) sseds having contribut
to the seed/fruit flesh interaction. And hence a possible reason why abortion

rates ware not correlated with frult sass.

Finally, with regard to tha fruit competition varisblas *y mnd X o
although none were significant, xg (lealf to frult ratlo) wes more correlated to
the seed varisbles x; to x; than =, (nusber of competing frult). But with
regerd to fruit flesh mass, x had a higher correlation (-0,425 versus 0,360).
It may be that eeeds were more sensitive to leal arsa than wers the Frults.
Interestingly the correlations between 8 and the seed varisbles were highar
{and positive) in this study than that of the comparsble sveilableo leaf ares
index of the three and seven month studies of 3.3.1. In thoss studies the
spparently (slight) negative effect of lesf arsa on seed growth was rather
puzzling. This aspect needs further clacification.

In summary, the conclusione from the analyeis of tha tatal correlation
matrix were as Ffollowsi=
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(1) The axtent of seed fertilizstion per se did not affect seed abortion
roten.

(11) There was some tendency {not significant) for an on—stem compstitive
factor involving leaf area to fruit-lpad te increase sead abortion
ratas and lower seed mass (through a lowering of the number of fully
developed seeds).

(111} There was also a tendency {not significant) for on-stem Fruit com-
petition to lower frult Tlesh mass.

{iv) Sesd sbortion lowered seed mass (by reducing the number of F seeds)
but had no significant effect lteelf on fruit flesh mass, beceuse
nborted sseds thamsalves apparently contributed to the latter.

octod Firet Order Pactlal C ti

A number of these wero aleo caleulsted in order to further sesess some of
the mond/frult correlations once the effects of seed abortion and fruit com—
potltion had bean mccounted for. '

Tho partial correlstions between sead abortion {::E} and x, 4 the number
af (F + P + 5) seads {t”r? or r!i,ﬂl' although greater than their correspond-
ing aimplea correlations, remained non-significant when the affects of fruit
competition l::u:T ar ::E]I were accounted Por. The parallel correlstions Taq,7
and rﬂ.ﬂ were also not slgnificantly affected. The correlation :I:EE'_,4 = ={}, 302
Implied that when possible intre-fruit seed compatition was accounted for,
on=atem loaf/fruit competition factors showed a slightly stronger association

with seed obortion, but this was not significant; similarly for Cap g
|

Tha correlstion between thae sum of F seede and fruit flesch mass
“3-; = 0,520) increased when the affects of sesd sbortion on both were slimi-
nated {rh.l = 0,666), belng significant at tha five per cent lauel. B8y
contrast, eliminating the effects of x, depressed the rh {r.'.lf.ﬂ = 0,431),
polnting to tho posaible isportance of xg to both *q and y .

Unlike the offect on Xq {number of F seeds alone), sliminating the effect
of seed abortion rate an "".I" had no affect {E*h? = ﬂ,TE'J"_I. But In tha cese of
g (eass of F seads) and g {mass of nll seeds), eliminating the effects of
sbortion incroesed th and Eﬁy from 0,661 and 0,670 te 0,550 and 0,858 respect-
ively., The effect was undouhtedly through Xy {nusber of F seeds). The apparan
relation between F sseds and fruit flesh mase (08 seasured by the total corre—
lations) was represented in a distorted way if (P + 5) seeds wers also affect-
ing fruit growth = hance eliainating this source (as in :33,2 A rﬁr,i and
r, .) Increaced the strength of those sssoclalions with frult Flosh mass.
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Thus ona can conclude thet seed ahortion 'masks' or "hides' the full extent Lo
which F sced is associated with fruit flesh mass. Hence Allan's [1969) find-
ings that in fruits with relatively more under-developed seeds, the correlation

betwean Fully developed seeds and Pruit mass was Jowsr.

With regard to eliminating tha effects of x, and x the latter had tha

L}
araatar (depressive) effact on all threa h-lr » ISr undﬁrﬁr]. Since X was
better correlated with fruit flesh mass and the seed measures, aliminating thie
commgn co—verisble brought down seed/fruit correlations. In fack, only the
partial correlstion betwsen the number of (F + P + S) seeds and Fruit flesh mas
remained significant. This puts the sead-leaf area-fruit competition complax
intg some perspective., A tentative formulation from this study is that the
total svailable leaf area per fruit on a stem is important to both fruit and
seed growth, nevertheless the early pert of seed growth (up to seod abortlon)

itself has a sufficiently delermining effect on final Fruit size.

Appendix 34 is & closer analysis of the seed count correlations of tha
1970 autumn set (Appendix 33). Spacifically, one can ask about whal happens
correlationally when each category of seed is added to a provious sore devialopa
type or types. For convenience, the seed type distributions axamined in
Chapter IT for this set have been recorded here. Over tho whole set F soeds
cosprised 0,345 of all seeds and ovules}; P seeds (comprialng cTL and cMl -
see glossary) only 0,005 3 S eseds 0,340 of which chs was 0,028 and the

smallest slightly developad seeds, b, 0,320 ; and unfertilized ovules the
ramaining 0,298 .

The correlation botusen sum of F seeds and fruit flesh mass wes 0,520
{not significent) = already discussed for 'ky' in Appendix 33, The correlation
of tha sum of (F + P) sseds was slightly less, at 0,516 . But that of
[F + P& [ﬁhjl] seeds was 0,611 , significant at five per cent. It appears
that even though the ciéda portion only averaged 0,03 , it was an important
anough component to incroase tha correlation. Fimally, whan tho more NuBSBrous
b seeds in this sol were added [:‘} y the correlation was 0,727 , significant
at tha one per cent level. Adding the unfartilized owules, although of sbout
the sama nusber as b seeds, reduced tho correlation to 0,506.

Thus from tha study of these distributions, it ls clesr that for a contri-
bution to have boen important it had to ropresent not only a sizeabls 'count!'
proportion, but that it at least represented a phase or phezses of seed cavelop-
mont., To relate this to a possible physiological baee, if the major influance
of oeede on pepaya fPruit growth is indeed hormonal, then the likely guantitatiy
messures could be the smount(s) of tha effective hormone(s) preduced. At the
criticel pericd(s) of effectiveness, fully developing seeds (F), being lsrger,
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may well be producing a greatar guantity per seed than abortive types, and
perhaps for 8 longer period. MNevertheless a sizsable proportion of less

developed seeds could s5till concelvably produce effective guantities, thus
influancing corralations based purely on seed counts., Unfertilized ovules

would appear to provide little effect, limited es they ere in tha amount of

relevant tissues, whichaver thesa arae.

Ona - final note on this set. The owverall ratio of fruit flesh mass ta
send mass was 14,67, When soed mass was included, s in Allan's (1969) studies
this retio increased by unity to 15,61. Allan's autumn set fruita' ratios

gveraged betwsen 17 and 22 grams. The sats are thus guite comparabla.

3.3.3.2 Summer 1970 fruit set study. As & comparison Appendixz Table 35

gats out anly the simple {total) correlations of certain seed count combinatlon
with Fruit flesh mass and seed ebprtion in the 1970 summer set. In this set
the ovarall ratio of fruit flesh mass to seed mess was 9,38 , and 10,38 when
saed mass was included with fruit mass. The latter compares closely to Allan's
(1969) summer set fruit (11,4 grams). HAgein these summer set ratios are con-

siderably smaller than the corresponding sautumn set ratios.

The overall seed type ratios For this summer set were: F seed 0,725
{far more then in the autumn set}; P seed 0,086 (agsin more than in the
autumn set); S eeed 0,065 (made up of cWs 0,056 and b 0,009), much less than
in the sutumn set; and 0,124 for the U ovules.

The simple {total) correlations with fruit flesh mass were 0,509 (signifi-
cant at five per cent) for the number of F seed; 0,557 for (F + P) seads,
0,538 for [F + P + {EWE}} seeds, and 0,523 for (F + P + all 5) seeds, the
latter all significant at the ons per cent level. The total number of seeds
and ovules were not significantly correlated (0,321) with fruit flesh mess, &8s
was also the case wlth the 1970 autumn set,. Total seed mass was significantly
correlated with fruit flesh mass at the one per cent level (D0,552).

From the sbove it ls apparent that with the greater relative proportion of
P seeds (cf. avtumn set, Appendix 34), the (F + P} seed count correlation
beceme the largest. The (F + P + 5) correlation, by contrast, was less, indige
tive of the smeller contribution the fewer, smaller abarted sseds mede towards
fruit flesh growth. Since all types wers summed togather without differentist-
ing Por size perhaps s distortion in the correlation occurred. DOr ta put it ir
snother way, ths effect of seeds probably covered = period beyond the abortion
times of the fewsr and smaller aborted seeds, so that these received an inflatc

relative weight in the correlation. The seed mass to Fruit Flesh mass
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correlation on the other hand was wery closs te the (F + P) correlation bacausa

Lthe ssed mass was just about made up by that component in this set.

Aboartion rates were negatively releted with fruit flesh mass, but tha
correlation (-0,248) was not significant; ss was alse found in the 1970 autuma
sat. And again, the lewvel of ovule Ffertilization (intra-fruit 'seed competitios
%, # which was guite high in the summer sat (mean of B7,6 per cent) was not
correlated with levels of abortion (-D,125). In fect the mean overall sbartion
rate was only 0,158, This adds weight to the sccumulative svidance of Lhis
thesiys that intra-fruit seed competition es messured purely by sead numbor was

not a factor in seed abartion.

3.3.3.3 Autumn 1969 fruit set study. A group of frult sat in tha autumn

of 1969 as described in 3,2.3 provided further information on seed counb corra=
lationzs, These fruilk were set on three different classes of plant stem. Type
{a), the smaliest and youngest, and generally a side stem, bore only fruit that
had set that sulumn {Appendix Teble 36)., Type (b) slso bore fruit that had

set & Few months previously in summer (Plate 36a), and type (c) stems in
addition were still bearing some ripening Fruits from the previous late autumn
set. The latter stems bore the most fruit (25,39) , but this was not dus to a
large numbar of ripening previous autumn sst fruit but because they wara the

main stems of the plants. They were more vigorous, and they aslso had the mpost
loavas (25,24),

In terms of mean individual leaf areas, the order of magnitude wes
c~ b~ a stems, viz, 3538, 1882 and 1 434 em® in May respactively and 1650,
1155 and 1063 em® in Dctober. The same order of ranking occurred with regard
to the number of leaves per stem and the number of Frult per stem at the time
of frult set. Howewver, From observation during the course of winter the
relative mean leaf area ratios appear to have beacome cloeer when the oldest,
largest lepaves abscissed. This narrowing of bthe retios wes reflected in the

regulting relative ratios of the October messursments,

In May 1969 the mean total stem leaf erea per fruit wes much greater for
a - stems (5241 cn® per fruit), whilet there was little difference between b-
and c-stems (3658 and 3518 cm® per fruit) respectively., However, the apparent
greater advantage of a-stems was probably nullified by them baing the 'weskest'

stams, and the c-stems probably had the greatest apicsl dominance.

Appandix 37 sels out the correlational analyses of thisz met, using basic-
ally the seamp set of variables s in Appandix Tables 34 and 36. The differancs

were that there was no variable for seed mass (not directly measured) and
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fruit mass included that of the seeds. In sddition an index of Fruit voluma,
based on the volume formula for a prolate sphearoid, (4/371b? |, where 1 and

b ware the lengths and diameters of the fruit respectively) was calculated for
gach of the 18 fruit throughout growth. The initial and final fruit volume

indicas are included im this appendix.

Appendix Table 37.1 sets out the data, the meens for the fruit of a-,
b- and c-stems (described in Appendix Tabls 38) and overall means faor the 1B
Fruits. From mere imspectlion there appeared to be little difference betusen
Frults of the diffarant stems in all the variables except perhaps Xy 1 Bg y
y and z (sum of seeds and ovules, fruit volume at anthesis, and final fruit
volume and mass respectively). There was wvirtually no differance in abortion
rates ixsj between stems. MNeverthaless t-tests were carried out end these are

reported on after the followling paragraph.

The mean ratios of seed types for the whole set were 0,371 for F sesds,
G,1682 for P seeds, 0,066 for 5 seads and 0,381 for unfertilized ovules respact-
ively., The major differences between these and the autumn set of 1970
{Appendix 34) was that thers was a greater proportion of P sesds relative to
5 seeds In this 1969 autusn set {0,182 versus 0,005) and thet the combined
(P + 5) seed proportion was less in 1969 than in 1970 (0,248 versus 0,353).
There ware also more unfertilized ovulee (0,381} in autumn 1969 than in
autumn 1970 (0,298).

Appendix Table 37.2 sets out t-tests on the diffsrences betwsan Frult
ptem types for the various variables. The only significant differences ocourre
in Xy {total rumber of seeds and ovules per fruit) and e (frult velums at

anthesis).

Of the t-tests for the x; varfable the largest difference was that betumen

a= and c-atems, and betusen a- and b- versus c-stems for the e variable.

The similasrity in thess two could be expected in that lerger flowers at
anthesis would tend to have & larger rumber of total ovules. What is interesti
is that these differences in size of flower between stems did not persist in
the fruits. Obvipusly the extent of the variation in ovula fertilizetion and
saepd davelopment after pollination nullified the differences between stems sp

that these were no longer significant.

Nevertheless the fruits from the more vigorous stems were on the average
larger. Also, becausa of the relatively few number of Fruita in each stem
cless, Just one poorly fertilized fruil in the c-typs effectively reduced the

mean size of that whole subset, These would otherwise have probably been
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significantly greater. Thus one can conclude by saying that

(1) wigour of stem probebly was important; wmnd

{(ii) the effect of that could novartheless be nullified by the extent of
pwule fertilizetion, itsalf dependent on pollination, conditions for
pollen garmination and pollen tube growth.

Since it was known from correlation studies on other fruit sets that tha
x, and x. varlables uere nat strongly correleted with final fruit mass (and
therefore wvolume), Lt was declided te pool the subsets togother and calculate
correlation coofficlents booed on all 18 fruite.

Appendlx Table 37.3 sets out the matrix of total (simple) correlations
betwoan the variables, plus a few selected first order partial correlations. Tha
sum of F seed {11} wos obviously highly correlated with x, and x, (0,848 and
0,B821) becausa they aharsd common alesments. Interestingly x, was naot slgnifi-
cantly correleted with x, , the total number of ovules and seeds (0,242). This
was because there was on the whole a sizeeble proportion of ovules not fertilized
in gplite of uvelng hand-pollination. (Of couree the level of fertilization wae
higher than in the cpen pollination of the 1973 sutumn set.) Thus the poteantial
impliod in flowers having & large number of ovules remains dependent on adequate
pollination and fertilization and seed development.

The nusber of fully developed F seeds IIH..',I was correlated with the rate of
soed abortion (-0,454) at the tan per cent level. In other words abertion tended

to affect tha distribution of the number of fully developed seeds per fruit in
tho set.

The correlation of 0,289 bltillﬂlﬂ1 and %g frult velume at anthesis was
not significant, Just as in the cesa of Ky o tha potential implied in larger
flowers {s dependent on adequate pollination and subsequent fertilizetion. The
numbar of fully developed seeds [:‘] was highly correlated with both y (fruit
volume at Truit ripening, 0,748) and z (fruit mass, including seeds, 0,765).
(Plate 36b shows two lasbelled fruits of this set: the difference in fruit size
was paralleled by their difference in quantity of developed ssed.) The tuo
varlablas y and z were highly correlated (0,989), showing the usefulness of the
formula used. Pereira (1968) had previously shown that fruit diameter in this
clons was & gocd If not porfect estimator of frult veluma throughout growth, but
this formula had an even higher correlation (0,989 versus 0,558). The clasar
correlation botwsen x, and fruit mass z (as compared to %, end y) was partially

becausa of the Inclusion of seed mass in 2. The relation of X4 and z s 11lue-
trated in Figure & of this Appendix.

With regsrd Lo the x, varishle (F + P seed count), the high correlation

with X, waa agein obvious - a high proportior of shared elemenkts., The law
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“EIKE correlation {0,046) wes because seed aborition levels affected F and P
seed counts in reletively balanced oppositea directions in this set. With
regard to y and =2 , Ko and these wars more highly correlated (0,794 and 0,831
respectively) than in the case of %y {F seads slane). This was the case again
for x, (F+ P+ 5 seeds) and y (0,793}, although the latter did not inorease
over that of Xy o The correlation . also did not increase over that of T, =
In this sat, in contrast to the 1570 autumn set, there wes & greater differsn—

tial between x, end x, than between x. and x In other words, the P:: §

.E L]
ratio was grester in the 1969 autumn set. Hence the relatively greater

influance of P seads on the correlations in the latter set. 1In the 1970 set,
the influence of S seeds, particularly the more numerous b seeds; WBTDE MGTE

important. (The relatipn of x, and z is shown in Figure B of this Appendix.)

3
The volume of fruits at anthesis Exﬁj was correlated {0,514} with Xy
the total number of ovules and seeds; at the five per cent level. Obviously

larger flowers had more ovules,.

Considering the selected first order partial correlations, ell of these
ware improved by the elimination of the affect of seesd abortion rates. OF
these seed count variables, Kq (gum of F seeds) was tha most improved relative
to its total corralation with z (and obwiously v). This was becauss xy Was
the most influenced by abortion rates and because sborted seeds themselues were
probebly influencing fruit growth. That is the abortive seeds masked or hid
the greater degree of assoclatlon between the number of fully developing sesds
and fruit growth, as suggested in the discussion on the 1970 autumn set. This
influencea of sbortive seeds in thie 1269 eet is dealt with mora directly in
i T TR T N

Tha partisl correlatlons presonted here (0,B30 to 0,B45) were all highly
gignificant. Both Fully doveloped soeds, and these plus sborted sesds, had an
apparently larga influence on fruit growth. Their influence as measured by
these correlations may have besn overestimated by virtus of using the perti-
cular 1/5th longitudinal portion estimates (3.2.3), But the total correlation
betwesen F seed count and fruit (plus seeds) mess of 0,765 lay betwssn the
correlations of 0,867 and 0,643 found by Allan (1968) for the same measure and
season of set. Examining the column of figures for x1hfhﬁ3;a freguency distri-
bution appesrs 'normal') shows an average spread of about 42 per fruit. Since
the 1/5th longitudinal portions usad can be expecied to have estimated the
whole fruit F seed counts to within 1% per cent (3.2.3}, and sincae 0,15 of
the mean of x, (558) is sbout B4, the order or rank of these fruits, in terms

of tha number of F seeds, could have besn displaced by up to two positions,

up or down, for each frult. The suthor has randomly changed the ¥y valuss by
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0,15, up and down, so as to maintain the same maan, ond then correlated the new
sories with the priginal z values. From ten such ests tha lowsst correlatian
wae 0,61 (significant at one per cent) end the meen was 0,71, This wveristion
in the pstimetes of the F seed count cerrelation was of the same order as that
for the 1970 summer set (3.2.3). The (P + 5) seed count in this sutumn set

wes of course higher than that of the 1970 summer set, and so the autumn =at
correlation sstimates for (P + 5) seeds can be expected to be much closer than
those of the summer set. The results thus sppear relisble, and they also

approximated the results of previous independent studies already discussed.

3.3.3.4 Comparative and concluding correlastion studies. Appendix 3B
provides comparative date and results drawn or extrected from Appendices 34,

35 and 37. Thase refer to the hand=-pollinated autumn sets of 1969 and 1870,
and tha 1570 summar set. The new extracted walues are for the numbar of P ssad
alone, and (P + 5) on their own. The purpose of this was to tast their signifi

cance when separated frem tha sum of F seeds.

Fruit flesh mass (y) and Fruit flesh plus seed mass ([z) were both used

beceuse in thz sutumn set of 1969 the former (y) wes not available, and Allan
{1969) also worked with {z).

Appendix Table 38.1 sets out the mean velues of selected variables for the
threg sets. The two avtumn zets bhad similar F sesed counts {xTJ whareas that
of the summer set wes about two and a half times larger (1462). The latter

summar set's fruit plus seed mass (1 550 grams} was about tun times greater

then that of the autumn sets.

Although the ratio betwsen tha summar and the autumn sets with regard to
the F seed count (x,) was about Eb@ » that for sasd mess {xEJ for the 1970 sats
was threa. It was the additional, relatively large P seeds of the summar amt,
together with the larger individual F sesds in summer (Fioure 28, Chapter I)

that accounted for the lncreased ratio for X relativa to Xy betueen these tus
zete.

Coneidering just the total correlations with fruit flesh mass (y, Appendix
Table 38.2), for the summer and autumn saets of 1970, then it can be ssen that
tha F seed correlations, Fyy v WEFE quite similar (0,509 and 0,520 respectively
But the correlstion with (P + §) seeds alone {”3} was & good deal higher for
the autumn set (0,557 versus -0,154)., This was probably because the complemant
(P + 58) relative tp %y was higher in the autumn {Appendix Table 38,1);
similarly For the raz|r correlations. With regard to total seed mass to Frult
flesh mass correlation, the higher sutumn set correlation {0,670 versus D,552)

wAs again evident. HBut bacsuso of the bigher ohortion rates in the sutunn sk,
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Ay
Appendix Teble 38.3, using fruit mass that included the sescs, snables one
to compare thres sets., Comparing Appendix Tables 38.3 top 38.2, the effect of
including the seed mess in that of the frult mass was to increase all the
correlations except ane {EEI for sutumn 1970). Otherwiss the pattern betusen

the summer and autumn sets of 1970 For r? wera virtually repeated with Ty

In comparing the two autumn sets, the (P + 5) seed count {HE} was less in
1968 (373 versus 576), =s was the P (0,478 varsus 0,526). But in 19689 thers

was an average & sizeabls P seed count (273) so that r,_ reached 0,320 , sven

2z
if not significent,

Examining the first order partisl correlations with v ; Fruit Flesh mass;
in Appandix Teble 3B.4 relative to Appendix Teble 38,2 shows thaet For the 1970

susmer seat the largest positive change in r, was when the affects of Xy {the

sum of P seeds alone) were pliminated. Tha1:nrralatlnn went up from 0,509 to
0,545 , incresassing in its level of significapce. Similarly, Ty, ¥as also most
affacted whan the effects of % {sum of F seeds alone) was eliminated, the
correlation betwesn P ssed count and frult Flesh mass increasing from 0,143
to 0,266 ., This points to the importance of the P seed complement in the 1970

summar set.

In the cese of the 1970 sutumn set there were very few P seeds so that
this correlation was not esven considered. But note the lncreass of r1y from
0,520 to 0,566 , another level of significence, with the elimination of tha

effects of e (P + 5 seads).

The same pattern of Appendix Teble 3B.4 is repeated in Appendix Teble
38,5 for tha 1970 autumn and summer sats, except that the correlations were
higher because of the inclusion of seed mess in fruit mess. In the case of
tha 1969 autumn sat, the most marked changes involved gy {sum of P seeds).
Thus Fig increased from 0,573 (Appendix Table 38.3) to 0,818 {r1zl2} whan
%, was eliminated, and r, Aincressed from 0,320 to 0,533 {r21r1} when the affec
of %, were eliminated. Tha mean sum of P seeds {xﬂ = 273) was of course quite

high in relation to tha mean sum of F seeds [31 = 558) in this sat.

Ona perhaps obvious conclusion from the above Findings iz that the relativ
contribution of the 7, P and 5 seeds to fruit growth depends cn their relative
ratics to the sum of F + P + 5 seads. What about the individual sizes of
thess sesds? In the 1970 autumn set there were approximately 500 (P + 5) seeds
per fruit, mostly 5 sesds. Eliminating the effects of (P + 5) seeds increasad
Tyg by about eight per gent. In the 1969 sutumn set, sliminating the effects

of just P seads (averago of about 270 per fruit) increased Py by about sawvon
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per cent. In the 1970 summer set, eliminating the effect of about 170 P seads
increased r1= by about five per cont. MAnother way of putting this is that by
eliminating

(i) S5 seeds of 1970 autumn set increased Fqp BY 0,016 per cent par § seed;
{ii) P seeds of 1969 autumn eet incroased T, by 0,025 par cant par P seed;

{111} P sesds of 1970 summer set increased 1',12 by 0,029 par cent per P seed.

That is, the lerger the asborted sead, the greater was its effect on ths

seed/fruit correlations.

Figure 34 provides a graphic illustretion of how the various seed count
correlations in the 1969 gutumn set varied over time. Three sete of sead

counts for sach of 18 fruits, wiz.

(i) the sum of F eeeds alone:
{ii) the sum of (P + 5) sesds alone; and

{1ii) the sum of (F + P + §) sesds togather

were correlated with their corresponding Pruit volume (indices) throughout the
courze of frult development,. In addition the fruit volumes of each of the
fruits at any given sampling {messuring) period were correlated with the fruit
volumes af those same Ffruits at the time of fruit ripening, whan the saeds warae
counted. @Of course at the latter time, forty to forty-three wseks aftar
anthesis, these volumes colncided eo that the correlstion was unity. In con—
trast bto this, Figure 34 shows for exemple correlations between the sum of
aborted seeds (P + 5) with fruit volumes at two weeks after anthesis before
these seeds had actually aborted. One could visw them as potentially abortiue
seeds at that stege. Because (F), (P + 5) and (F + P + 5) seeds in this autumn
gt on sverage Formed relatively large and relatively balanced componants

(558, 373 and 931 respectively), one could expect them ta have had noticeabls

effects on Fruit growth, and this should have been reflected in changes In thei
raspective correlatlons over time.

All the correlations started off at reletively low levels. Of thesse, that
batwean fruit wolume at anthesis and that st fruit ripening was the h_1_g|'|m:t.II
0,418, In the course of growth the subsequent Frult volumes became more and
mare corralated with their finel wvolumes. This increasa was rapid over the
First six wesks of growth (May, June), followed by a less repid phase of

incresse up to the 18th weak {September) snd then & final more gradual phase
up to unity at fruit ripening, wesk &3 (March).

Tha correlation betwean the number of Fully develeped seads (F) alone and

fruit volume at a given pericd developed in two mein phases. The first phase
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until just before fruit ripening (0,748). An apparant decline et ebout the
15th week (Rugust) could have bean meraly due to insccurate meassuring or record-

ing of fruit dimansions at that time.

Correlation between tha sum of sborted sesds alane (P + 5) developed in
three phases. Tha first phase sppeared to last about Five weeks (May, June),
passibly before the abortions actually sst in. This was followed by & slowar
increase to sbout 0,49 st the 13th weak {August, when 5 seeds would have alrsad:
abortad and the more numerous P sascds were beginning to) and this level was
apparently maintainad until sbout tha 20th week {September, by which tims most
of these P seeds would also have aborted). Thereafter there was a slight drop

in this correlation (to 0,40).

The correlation for the sum of fully developed, partially and slightly
devaeloped seeds (F + P + 5) also had three phases. 1t was higher than the (F)}
ot (P + §) correlations, and appeared to reflect & resultant of the two letter

curves, anding Fimally at about 0,79.

Looking at Figure 34 as a whole, 1t can be zsen that the correlation curve
for fruit volume during fruit growth incressed and diverged sway from Lhat of
the three seed count correlestions, particularly From August onwards. This
would seem to imply that factors other than seeds were influesncing the indivi-
dual fruits in tha later stages.

Figure 35 shows the three seed count correlations pver time with the
ingrements in fruit volume growth. The "curves™ are much sharper than those
of Figure 34. The F seed curve seams to hauve risen more sharply than that of
the (P + S) curve. Pechaps (P + 5) seeds, i.e. the ones thet finally aborted,
ware seads that started to develop more slouly, or later (dus to delayed
Fartilizetion) or becesuse of less potent pollen tubes. Tha (P + 5) curve also
seems to have peaked after that of the (F) seeds' (August versus June/July).
It would mppear that the (P + 5) seeds contributed to increments of fruit
volume until abput the 15th week (August), but with abortions having set in
(approximastely eighth to 15th wesk, July/August) thers was a tapid decline in
thair effectivensess after this. The growth of abortad eeeds themsselyes had
also ceassd from that time (Chapter 11).

Tha (F) sesds seem to have contributed positively and significantly, (even
if st a declining rate aftar the first eight weeks) until about the time ths
endosperm of all seeds had cellulsrized and the embryos had antered the repid
phase of growth. This was by the 27th week in Movember of the 1969 set {1.3.5)
This was also the most likely time according to the F seed deta on Figure 35

that Lhe F curve went lower than the 0,46 correlation lawvel, the five per cent
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loval of significsnce. The leler rise in the graph at week 32 is puzzling.

Wes it dua to messuring, recording or random errors, or was there actuslly a
late sood influsnes on Lnoremsnts of frult growih associakted with tha lata
tenltn]l developmente of F secd prior to final thickening of these tissums? Tha
author im inclined to bemlieve it was & spurlous effect, but these results reall:
nead further chacking, and of course ueing more accurate whole frult seed count:

The correlation curve Tor the (F + P + §) seed counts again gensrally
rofleoct a resultant of the subsete (F) and (P + 5), as in Figure 34, All seed
affects were negligible in the later third to half of frult develeopmant. Uhy
than, wnre the corrmlation curves at a high level over this pariod in Figure 34°
Murtinlly becouse the sccumulatlve effects on increments of fruit growth for
tha flret half ensured o high total correlation at that stage., At that stage
(wank 20) the fruit volumes were to be highly correlated with their final fruit
valumes (0,90 , Flgure 34). Since the eell divieion phase of frult growth
{whigh determines the number of cells avallable Par further enlargement) occurs
in the Flrel third te half of growth, sccording to season of frult eet (Kuhna
& Allen, 1970) the ntrong correlation was underatandable. Thase results also
indicate thouph that the seeds had little or no effect on the process of cell
enlargamont im the lest half af frult growth.

What was surprising was that tha later increments im growth were poorly
correlated with the frults' previously achisved volume (Figure 35). This again
agama Lo polnt to otheor unmpasured on=ttee or mite factora influencing the
later cell enlargemant phase. Such pospible Tactors could have been soil
molsture, and leal to frult retics, during the spring and summar months
(September onwards).

Ona Tinal point sbout Figures 34 and 35, They were based on the madian
1/5th longitudinal fruit portion emtimatea, and the correlatlions st Fruit ripen
ing may have bopn overestimated by tem per cent or mso. But thes genearal
character of the curves themselves (rather than the sctual height or level of
correlation) has been the point of this presentation. In the suthor's opinion
tha curve types, and the spproximate times during development at which the seed
type/fruit mass sssoclations increased or diminished were probably relisble
reprasantations. Assuming their relisbility suggests an explanation for
observed differences in correlations of the other studias in this thasis and in
Allan's studies (1958, 1969)., Thet is that both fully developing and abortive
saads influence fruit growth positively. Fully devaloping soeds do so to a
greater incdividual extent and for a longer peried. The ponitive effect of
ahortive seeds is limited by thair individual wize mnd to tha time before thei:

abortion, This explaina why in the comparison betweon sutumn and summer sot
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correlatione, both here and in Allen's work, sllowance needs to be made for

tha presence of sborted seeds in autumn sets (especially). 1t alsa offars an
explanation as to why the soed mass/fruit mass correlstions appeared

higher after 12 weeke then after 28 weeks in the studies in 3.3.1. Furthar
growth in seed and fruit flesh messes after the onset of the cellularizetion

of endosperm and rapid growth of embryns could have been uncorrelated, thus
leading to & lowering of the correlation in the later sampled fruits. Similarl
the more protracted early phases of seed development in autumn sets (about

22 weeks) provided s greaster opportunity for influencing final fruit size than
in summer sets with 12 weaka teo endosperm cellularization. Henca the higher

sutumn correlations.

Finelly, Table 22 provides a comparative display of several seed/frult
measures From Five of the fruit sets looked at in this thesis. In order to
render these more comparable, frult mass here includes seed mass, and the esti-
mated fruit mass of the apiecsl and basal fruit portions cut off in the 1972/73

gummar and 1973 autumn sets have also been Included.

TRELE 22 Ratios of tvpes of seeds and of frult plus seed mass to

sond mass and counts in several sets of papaya fruits

8 EAR DN  fFE FRUITT OCBET

Summer Bubomn Autumrn Summar At umn

1870 1965 1970 1972/73 1973

Typa of pollination Hand Hand Hamd Opan Opan
Number of fruit 24 18 14 21 17

Mean ratio of

FiPsE seate B3:10: 7002 29+ 17|50+ 459|892 B 34T 26 26

Mean sum of all F,

B gt -t 1767 031 1148 1 261 401
Mean seed mass (g) 140, 4 - 46,4 125,2 22,4
Py |7 ik gilon 1550 713 725 1240 470

seed mass (g}

Retioc of fruit plus

geed mazs to seed 10,4 - 15,6 0,9 21,0

mass
Ratio of fruit plus

gasd maszs to sum

of F, P and § 0,88 0,77 0,63 0,58 0,96

spEds




With regard to the mean Ft P : 5 seed count ratios, the two summer ssts
{ane hand-pollineted, the other open) had similar ratios (83:10: 7 end
B9 : B:3 respectively). The three autumn sets differed. The one hand-polli-
nated autumn set (1969) had a similar ratio relation es that of the summer
aatn, viz. that F> P> 5 , Otherwise this autumn sat had & relatively smaller
F seed proportion: &0 per cent as against the BD per cent plus of the summer
sats. The other hand-pollinated sutumn set {1970) had nearly sll its sborted
geada in the form of § , end the proportlion between F and 5 sesds was nearly
aqual. The open-pollinated autumn set (1973) elso hed en epproximate sven
proportion between fully developed and aborted seeds, but in this case the

aborted seeds were evenly distributed between P and 5 sesds.

The relative sead type ratios was one thing. The mean total sum of F, P
and 5 seeds together was something else. The hand=pollinated esummar set ([1570)
had the lasrgest mean number (1767), followed et & good deal lowsr level by the
cpen—-pollinated 1972/73% summer set (1261). This was follouwed closely by the
hand-pellineted autumn set of 1970 (1 148) and then by the other hand-pollinats
autumn set of 19589 {931). Much lower down was the open-pollinated 1973 autumn
set (only 491). Thres of the interesting points here were that firstly hand-
pollination to the extent used greatly increesed the total number of fertilizec
ogvules in the autumn sets, almost to the level of the open-pollinated summer
ggt, This was; however,; astill Far below that of the hand=-pollinated summer
get, Secondly, that although the relative ratips of the two summer sote' saed
Lypes were similar, hand=pollinetion had increased the total number of owules
fartilized. Thils wes also apparent In the flgures for Allan's (1558) summar
end late autumn sets. Thirdly, temperature (during ssason of set and early
development) was a crucial factor influencing both the totel number of ovules
fertilized and also the relslive ratio of fully developed seeds. Thus hand-
pollinated fruite set in summer hed the grestest number of owvules Fertilized

and also the greatest number of fully developed seeds.

The highest measured mean seed masses per frult were In the summer ests,
with the hand-pollinated 1970 set being the highest (149 versus 125 grams
raspectively). The relative difference between the two was not as great as foi
the sum of F, P and 5 seeds. This was in part due to the slightly higher ratic
of Fully developed seeds in the open pollinated 1972/73 summer eet. The
autumn sets on tha othar hand had mugh lower mean seed masess, with the hand-
pollinated 1970 sat in turn having approximately twice the mean seed mass of
the 1973 set (46 versus 22 grems respectively). The large difference belwsen
Lthe oper—pollinated 1972/73 summer set and the hand-pollinated 1970 autumn sst.

even though thay hed similer mean total (F + P + S) seed counts was due to
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(i} the higher F seed ratio in the summer sat; and (ii) the larger size of

individual F seads found in summer sets (e.g. Figure 28).

The rank of the mean fruit masses {including sesds) was Firstly the hand-
pollinated summer set (1550 arams), followed by the open-pollinated summer
sat f1?dﬂ grams), then the two hand-pollinsted autumn sets (724 and 713 grams)
and lestly, the open-pollinated autumn set (470 grams). In terms of the ratio
of fruit plus seed mass to sped mass, the two summer sets were similar (10,4
and 9,9). The two asutumn sets measured aversged higher raties (15,6 and E1,ﬂj,
with the latter open-pollineted eet's being nearly twice as great as the summer
sets', In Allan's (1969) deta the autumn sst Fruits also averaged a higher
ratioc than the summer set Ffruit. This might appear to indicate the presence
af soma genaral competition betwesn seeds and fruit tissue for substrates,

resulting in a diminishing ratio as the totel seed mess increases.

Howsver, when the ratio involving fruit plus seed mase was expressad
relative to the number of (F + P + §) sesds, the resultant ratios were much
closer. The open-pollinated summer and sutumn sets had the highest estimatad
ratios (0,98 and 0,96 respectively). This wss followed by the hand-pollinated
summar set (0,88) and then the two hand-pollinated autumn sets (0,77 and 0,563).
The difference in the two latter autumn sets seems to lia in their different
relative proportions of 5 seeds, the 1970 sutumn set with the more numerous

5 seeds having the lowest frult mess to seed count ratlo.

The latter results ssem to suggest thet aven if seeds did compets to somne
extent with fruit flesh for available substrates, the larger P sseds nevertha=-
lass contributed more to fruit Flesh growth then 5 seeds. P seeds that abortec
at the time of endosperm cellularizetion (Chapter II) could have contributed

for as long es F eeeds, even if not to the same individual guantltative axtent.

J«3.84 Supplementary survey on pollen tube growth

Table 23 shows that pollen tube growth at different ssasons of
fruit set was gquite markedly influenced by prevailing temperatures. In the
time (seven days) that it took pollen tubes to first reach the mid-point af
flowers pollinated in autumn (April 1971), their counterparts in summer had
nearly reasched the bssal-most cwules. In the latter sesson, pollen tubes had
already reached the mid-point of the flowers after four days. The mean temper:

tures for the avtumn-sel batch was 17 to 17,590, whereas that of the summer
sat was 229,

On the other hand in the time it tpok pollen tubes to reech the basa of

Flowers in the above autumn set, their counterparts in flowars pollinatad in

PR SR SRR LT TRCRNSR TR T 1 -
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TRELE 23 Timeps taken for pollen tubos to reech mid=-point and basa of
papaya frults whan pollinested in April (sutumn), June

(winter) and February {summar)

Number of days Mpan temperatura

to firet reach
basal ovules of d”riEgtﬁfﬂhth

0d subregion

Humber of days
to First reach
Cc subragion

Date of
hand=pollination

17 April, 1971 7 14 17,0
2% April, 1971 7 13 17,5

Not reachad
1 Juna, 1971 12 after 24 days 13,1

Not reached
=l ey Y 19 aftar 28 days 14,3

B February, 1972 | 4 g 22,0

flowers the pollen tubes never resched the base. Prevalling mean temparatures
there ware betwsen 13,1 and 14,3°C.

The above Findings corroborate with those of the pollen tube growth and
owule Pertilizalion studies in Chapter I (1.3.1.3). Together they indicate the
importance of prevailing tamperature for the speed and extent of ovule FPertili-
zation, Together with the type of fertilization (hand- versus open-pollinatior
and sgurce of pollen), it appaarﬁ to determine to & large extent the guantity
and quality of further seed davelopment, which in turn haa been shoun to be wel

corralated with Fruit grouwth.

Table 24 gives some indication of how much prevailino temperstures cen be

influenced by using & plastic or polythene cover structure. In a rather warm

TRELE 24 Mean temperaturss in uncovered papaya trees
vaersus trees undar a plestiec structure owver

a twelve-day period in May 1972 (autumn)

MEAN TEMPERATUHRES: ©oCc
Miax Lmwem Ouerall maan Fimimum
Covared
i 349 23,0 11,1
Uneoverad
it 27 ;0 19,6 12,3
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period in May, 1972 {sutumn) ths prevailing mean tempsrature in a row of
papaya trees for 8 12-dey poriod was 19,6°C. In trees of the same row covered
with the structure the mean temperature for the same period was 23,0°C. The
latter temperatura compares with the sumper (February, 1972) mean of 22°C in
Table 23, Tha poosibility thus exists for raising prevailing temparatures in
marginal climatic areas to ensure a more tapld and more extensive fertili-
zation of ovules, However, it should be noted thet the minimum temperastures
ware hardly affected (in fact recorded lowsr) under the plastic structure.

If low temperatures in some wey promote growih inhibitive factors then such
plastic structures (e.g. cloches) may not be a sufficient means for improwving
ovule fertilization, seed and fruit develppment. This spsect needs Ffurther
study.
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GENERAL DISCUSSION AND CONCLUSIONS

The anatomicel studiess of tha first chepter have provided a baeis For
comparing the development of sesds in the clone Honey Gold with that of
papaya seads reported in the literature. No striking diffarences were sean.
The development of nucleated cytaplasmic nodules in the endesperm reported by
Singh {1961} to occur in plents from cold regions was not ssen. HBut Singh's
(1960 ) contention that the bottom leyer of the 'sarcotasta' at tha basa of
the testal Furrows was derived From the endotesta and not from the outer epi-
dermis has been supported in these studies. The outer epidermis of the innar
testa (integument) in this clone looked more like longitudinally elongated
fibres {Winton & Winton, 1935) than stone cells (Foster, 1943; Singh, 1960).
But this interpretation may depend on the orlentation of exemination,; es dis-
cuassed in 1,3.3,5 {a). The vascular supply was not seen to entar the inner
intequment, which supports Simgh's (1960) finding over against tha apparent
implication that it does (Foster, 1943).

The measurement of growth of all seed tissues, which had not been report-
ed in tha literature before, togethar with the description of their 'corre-
lative' developments formed & wseful besis for comparing seeds of fruits set
In summer and auvtumn. The above was also useful For estimating the develop=

mental periocds et which seed sbortions occurred.

Seed development in fruits hand-pollinated in February (late summer),
during peak flowering in Pietermeritzburg, can be placed into five phasas {see
also SUMMARY and ¥V in ABBREVIATIDNS). The firet phase lassted sbout ten
weeks, from anthesls and pollination in February (late summer) to mid-April
(mid-putwumn), This was & period charecterized by rapid increase in free nuclea
andosperm bubt wvery litlle embryo development. GSeed size during this period
wag well correlated with the number of Free nuclear endosperm nuclei. There
was also a rapid increase in the amount of nucellus tissue, sven though some
of 1t was being consumed by the endosperm. The latter was inferred from the
anatomical appesrance of the nucellus close to the endosperm and from the fact
that seeds which had just started to abort at thaz end of this phase had less
endosparm but more nucellus than normally developing seade, whereas both of
these typos had far more endosperm and nucellus than seeds which had abortad
earlier on {2.3.1).

The second phasa coversd roughly the next ten weeks, from mid-april to
mid-June {mid-autumn to mid-winter respectively). It was characterized in the

beginning by tha transition of endasperm From the free nuclear to the cellular
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state. It was a period during which the embryo began to develop repidly, with
the final shape (but not size) being attained by the end of this phase. Calcium
oxylete crystals began to Form in tha inner epidermis of the outer testa, and
for a short period in this phase this spidermis virtually ceased to grow. The
gd jecent outer spidermis of tha inner testa virtually ceased growing throughout
this phase. The adjacent inter-gpidermal tissues of the inner testa reached
their Tinal sizes during this phase. During this phase too, the cell walls of
the endotestal ridges took on & buckled appearance; which lastad through to the
fourth phase and provided one of the tell-tales for estimating abartion times.
Thus in this phase cruclal developeantal changes in thes state of tha endosperm
ard the ambryo werse corralated with sbrupt slowing down In growth or changes in
the testal tissues. MNucellus tissue stopped dividing end began to slow down in
expansion, all the while being consumed by the endoaperm.

The third phase lasted about sight weoks, from mid-June to mid-August (mic-
to late winter). Throughout this phase the innerscet band of the endotesta
virtually ceased to grow, but the previously guisscent outer epidermias of the
ad jacent inner testsa guickened much in growth. The outer testel tissuea bayond
the guisscent band of the endotesta also reached maximsal rates of cell sxpanslon,
although cell divisions had ceased at the beginning of this phase. At approxi-
mately similar times the esbryo and cellular sndosperm stopped dividing and then
reached maximal rates of cell expansion, in the middle of this phase (July).

Tha fourth phase of development looted about a month, betwsen mid-August

and mid-September (late wintar to sarly spring). It was charscterized by a
quickening of growth of the ilnner band of the endotesta, consumption of the inner
most surface of the cellular endosperm by the embryo, then a general slowing down
of cell expansions in all tissues still growing. Testal tlssues were thickening
considerably, with wall pittings becoming evident in ths innar bend of the endo-
tests and testal tissues within this band. With the thickening of testal walls
in general, the buckled sppearanca of the endotestal ridge cell wells dissppeared

Tha fifth and final phase of meed development began in mid-September (early
spring) and was characterized by a general matursation of tissues and the tailing
off of growth. AL first numerous vacucles formed in the endosperm and embryo,
followed by general amorphous cytoplosmic depositions. In normal seeds resarve
materials were deposited in the form of eleurone grains. The thickening of
the testal tissues togother with cytoplaemic depositions in the sarcotesta
contributed to the darkening and colouring of normal seeds during this phase.
Adjacent Fruit tissus slso began to colour up in this phase.
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When sead develepment in the summer ent was compared to that of fruit
development, it was found that the seeds reached the stage of andosparm tran-
gition (phase two) snd maximal rate of whole seed (volume) growth in the period
that fruits reesched their mexirum rate of growth. Both of these occocurred
within thres months of fruit =zet, in the periand late summer to mid-autumn.

Most af the other major seed developmenis (and maximel rates of seed caell
gnlargements) occurred only after this atage, in the remaining six to seven
months growth during winter end spring. This was also the period of later,
contlnuing cell enlargement of fruit (mesocarp) tissues. Although cell division
in several seed tissues carried on bayvond the inflexion point of the whole seed
grovth curve, the maximal retes of cell division in the endotestas, and thea
fastest expansion of the embryo sac occurred neasr the inflexion point, hence

the position of this inflaxion.

The soeds of autumn st frults went through similer tissue and phase
correlated stages of development. Bubt the inflexion point of both the ssed and
Fruit growth curves cccurred only about half way through the total developmenta
period. Thus the first phase of sead development {free nuclear endosperm
davelopment)} end the cell division stage in the fruit growth wes dragged out
over nearly five months, from April/May to mid-September, October (late sutumn,
winter and spring). The remaining four phases of seed development and continu-
img cell enlargement in frult tissue was compressed into the remaining five

months {(spring, summer, sarly autumn}.

From tha above account it is evident that the cell division stage in fruit
tissue growth, whether tha fruits sat in summer or autumn, covers approximately
the period of rapid increase in fres nuclear endosperm nuclei and the most
rapid stages of cell division in the nucellus and testal tissues of normally
devaloping seeds. The cell division stage in the (frult) mesocarp is Important
for laylng one limit to the potential of the FPruits' size, as later growth caen
only be by further enlargement of the existing cells. Tha latter process is
less affected by cold weather than the cell division process (Kuhrme & Allan,
1970), hence the larger summer set fruits, even though both sets recaive
similar ampunts of total heat units. By geiting the mesocarp cell division
stage ovar before ths winter sets in, the summer set fruite produce @ larger
number of cells in a shorter time than their sutumn set counterparts. Similar]
the seeds of the summer set fruits had botn a larger number of cells and bigge:
individual cells at the inflexion point of the growth curves compared to their
eutumn countarparts. Ae will be discuesed later, the fruits set in summer

had in addition & larger number of normally developing seeds throughout this
crucial Tirst stags.
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The differences in the bime teken For endosperm to begin cellularizing in
these studias, and in comparison to Fpetaz's (1943) studles, are no doubt
reglated to differances in climatic conditions, particularly temporatures. Hut
apart from that, what triggers the tranaition? Why doss it ocecur when it does?

This could be an interesting developmental guastion to pursus.

Using & recently formulated clearing fluid enabled the author to make a
detailed survey of tha positional pattern of ovule develpopment at the time of
anthesis, of the pattern of pollen tube penetrations snd Fertilizetions, end
the subsequant early eeed growth in relation to position within tha fruit. Tao
the suthor's knowledge this has not bsan done in this detail with papaya before.
A brief sketch of the results of these and more conventionel anestomic and
digssection studies cen be Found in tha SUMMARY. One of the maln Features there
was the more rapld and more extensive development in the frults set in summer
versus those set in autumn. Another main Festure in both subtumn and summer saeke
was the tendancy for pollen tubes to anter only mature avules. One can surmise
from these studies +&e that the last seeds to start developing did so either
bacause as ovules they were late to mature; or elss they only received the late
to arrive or slow to grow pollen tubes, or both sets of reasons epplied. These
gould be the most likely seeds to abort.

The enaotomicel studies on sborted seeds revesled that the approximete perir
at which a sead aborted could be Jjudged by comparing the developmental phase
that the various seed tissuss had reached relative to the developmental saquenoct
of normal seeds. The measurements of cell sizes and whole aborted seeds
corroborated such estimates. The studies on the contantes of dissected seeds al:
helped Lo indicate Lhe general extent of intra-testasl development. The studies
on the relatlve Freguenpcy of each of the seed abortent types provided fFurthor
information for inferring when the bulk of the asbortions occcurred inm various

sgasons of set. The Following general plcture emargad.

Those ovules that were not Fertllized hardly grew larger than Fertilized
seads at the second week after anthesis in summer or tha fourth week after
anthesis in autumn. Within this period thelr amount of nucellus hed increased.
Tha further differentiation of the integuments into testal tissues sasmed ta
have required fertilization and subsequent endosperm/embryo development. In
only a few cases of those examined were thore testal develcopments without signs
of previous endosperm. Bub even in thoss cases it may have happensd that the
last traces of endosperm had bean consumed in the course of testal development.
However, there is also the further possibility that in some cases deavelopment

in ad}acent seeds may have stimulated testal development. The branches in the
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vascular connections of edjscont ovule and ssed Funicula or stalks coan be

quite close, as seen through the clearing Fluid.

Referring now Just to seed abortione in fruits set in summer, the 1itkle
abortion that did occur (sverage of ten per cent of fectilized owulaes) only
began tp do so in March (early autumn), about Flve weeks after anthesis. These
wera mostly of the cks type, with a few of the earlier and smaller b typo
also oceourring. Tha last abortioms In summer fruits occcurted about 30 weoaks
after anthesis {end of August, late winter). The 'freguency distribution' in
tarms of time to abort was fairly svenly spread betusen sarly autumn and late

wintar.

The seeds of the top {apical) quarter of the fruit were more prone to
ahortion than those of the lower three-guarters. Comparing the frequencies
glong a different spatial location, sesds closer to the placentary edges wers

also more prone to abort then those closer to the cerpellary margins.

Examination of the contents and developmant of aborted seeds af the
autumn zets revealed that most of these occurred before the trensitiom phase of
gndosperm develapment (before phase two). The major period of abortion was
from the end of May until the end of July, the coldest pericd in Pistermaritz-
burg. Most of the remainder sborted between August and October (late winter to
mid=spring)}. Ewen though in one year (1969} the seed abortant types were more
efqually represented, the majority of abortions still occurred before the endo-

sperm began to cellularize.

The very sarliest signs of abortion (in May) were more concentrated in
the basal {stalk) end of the fruit, implying perhaps that such seeds and/or the
pollen tubee were too old or degenerating at the time of fertilization. But
in fruits losoked st after harvesting the greatest proportlons were again in
the epical guarter, and alsoc gensrally greater nearer the placentary edges,
e in summer set Fruits, Ewven the earliest signs of abortlon in May were more
prevalent near Lha plecantary edges. Seed abortion rates uwere much higher in
autumn set fruits (50 psr cent of owules that were fertilized, whether by
hand= or open pollination}.

What were the most likely reasons for seed abortion? Hgw would these
axplain the times at which abortion occurred and the positionel patterns within
the fruits? In Chapter II it was argued that although the ppsitional patterns
of concentration of early seed growth in open pollinated fruits were like that
of the patterns for concentration of ssed abortions, it was doubtful whather
there was @ causal link betwsen the twn. If there was, then one could expact

that in camparing fruits set and groun at the somo time, Fruits with ouerall
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higher proportions af early sced dewelapmant should also have had overall
higher ambortion rates. When Lthis was examined in Chaptar III, it was found
not to be the casa, Sead competition therefore is not considersd to have been
a ceuon of seed sbortion. Tha two patterns were merely coincidental. [t was
in fact more likely that fruit competition affectead seed abartion rates
(3.3.3.1). Allan's (1958) data had also suggested that fruit competition may
increase sond abortion levels:. Howewer, this trend in the present studies did
not reach etatistical significance.

Anpther postulated cause of seed abortion had been that adverse climatic
conditions in spring, in the form of repid and steep fluctuations in available
molature would have brought on abortions. Furthermore, the seeds at the
spical end, and those nearer the placentary edges along the whole longitudinal
axis, belng presumably at & positional disadvantage in the vascular network,
should have beon subject to the greatest stress. There may well have been
moisture and nutritional stresses during the spring months, but these did nol
rosult in the predicted positional pattern of sbortions in the seads that ashort
during that period (2.5.1.1). The pattern at that time was random. In additio
relatively little abortion occurred in this period in both summer and autumn
pot fruita., Since tha bulk of the abortions cccurred earlier, during late
autumn and wintar months, a more likely factor was low temperatures. How could
this then have affected the striking positionsl patterna?

The postulated explenation is as follows. At sntheeis the ovules nearer
the carpallary margins are sore mature than those nearer the placentary edoes.
The first and most vigorously growing pollen tubes (Allan, 1961) are drawn
chamotropically in the present suthor's ocpinion by the more mature ovules,
entering such ovules nearar the stigma end Tirst, but continuilng on touards the
'D' subreglon. The lower gquarter, 'Dd' , but particularly the placentary edge
'd' subreglon received the last of the longer growing pollen tubes. In the
autumn sets this was occurring even four wooks after pollination. Thus the
first abortions tended to occur thare In the autumn sats but not the summer set
Pellen tubes resched the base of frults by the second week in tha latter sets.

Between the second and fourth weeks In the autumn sets pollen tubes were
still entering the owvules along tha whole length of the placentary edges. This
pattern of later entrances into these subreglons sleo pocurred in the summaer
sel fruits, but these wore stlll much marlisr than in the autumn seta. Thus
the postulate is that it wes the late to start ceeds that were the most likely
to abort, S5lzes of sosdas in the esarlier pact of phase ond werea corralated with
the number of free nuclear endosperm nuclei, and the sarlier developing seeds
were also larger. When oclder seeds (twelvo wonks after pellination in autumn)
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were teased open and examined in the clearing fluid, the smaller, abartive
seads had far less endospermic nuclei and the endospermic strands were flimsier

in comparison with those of larger, normal sseds.

The above explanetion seems to account for the pattarn of abortion batwesn
the placentary and carpellary margins in both summer and sutumn sats, and far
the pattern at the base of ths fruits in autumn sets. But what about the upper
guarter? An explanation ceould be thst the pollen which was slowest to germinat
and made the slowest growth {es correlated by Allan, 19563) could only penetrate
as far as the top guarter. Presumably, ovules fertilized from such a sourca

develop for a limited period only. This needs further study.

The above explanetions could account for the petterns of the bulk of
sbprtions. On thie basis the differences between autumn and summer sets are
due to differences in temperstures st the time of pollinetion and Fertilizetion
Low temperatures not only reduce the number of mature ovules, but reduce
germination and pollen tube growth, leading to reduced fertilizations and
greatar abortion. It can sven happen then thebt hand-pollinetion does nob

increase frult size, as found in one batch by Allan (15958).

One motivating reason for these studies on normal and sbortive sead develco
mant derived from Allan's (1969) report of high correlations between seed
number/mass and fruit mass. If these correlations still held when other con-
comitant factors were sllowsd for, then the importance of pollination, ssed
development end seed abortion for fruit growth werranted further asesssmant.
Using veostatively propagated matarial, setting some Fruits together so as to
have similar conditione of growth, measuring initial sizes as wel]l =s leaf ares
and fruit competition = the resulting analyses etlll showsd that seeds uwere
highly correlated with fruit growth. The effect could even be measured in the

fruit tissus beneath the Eéads for all subregions along the Fruite' longltudine
axis.

Tempereture was importent not only for leaf abscission and seed abortion.
It was important too, for seed end fruit growth, as could be infarred from the
growth graphs for individual seeds and fruits set in sutumn and summer, and
as also shoun for fruit growth by Kuhne and Allan, (7970). Fruits and seads
that started their growth im summer achieved a greater eize than thoee startine

in autumn,

In the studies on fruit set over Merch (early autumn) in 3.3.1.2, it was
folt that the temperature range used wes too limitsd to make a proper assessmar

between tempsrature, seed and fruit mass. In the study on 32 fruits grown for
2B weeks the simple correlations betwesn
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(L) seed mass;
{(ii) sum of degree-days durlng Tlower bud development bafore anthesis; and

(1ii) sum of degroe-days for the 15 wesks after anthesis with that of fruit
flesh mase wera

(1) 0,777 ;3 (ii) -D,2083 ., and (iii) 0,208 respectively.

Only that bmtusen sesd mass and Truit flesh mass was significant. Tha partial
correlations involving Just those four varisbles taken together (not given in
3,3.1.2) were (a) 0,809 § (b)D,785 ; ond (c) -0,21595 betusen

{a) sond mansj
(b} the 'temperatures' before snthesis; and
{e) ‘'temperatures' after anthesis with fruit flesh mass respectively.

Again only thm meed mass partinl correlation was significent. The partial
correlation betusen the temperature varisble after anthesis and seed mass
{0,3317) was nearly significant.

But the suthor also has further data not presented here on fruits set late:
In April and May of that sams year. These were set In a separate papaya block,
sbout 50 metres fram the ona usad in the studies reported in 3.3.1.2. No leaf
area measurament or Ilmitisl fruit sizes and frult competition data had baon
taken on thase and on some of them various strangtha of a boric acid solution
had been applied to the stigma before hand-pollination. Therefors the data fror
this had not been included with that of 3.3.1.2. However, In thes llght of the
limited temparature range used in the March settings, and the suspected import-
anca of temparature, all the data has since been pooled together (54 frults as
egainst 32 in 3.3.1.2) and the following comparative correlations wers obtalnaed.

Aftar 28 weeks growth the simple corralstions For

(i) seed mass;
(ii) sum of degree-days during flowsr bud development before anthosia; and

(fii) sum of degree-days for 15 weeks after anthesis JF' (i) = {111) lhnun_?
with that of fruit Flesh mass wers

(i) 0,919 ; (11) 0,829 ; and (ili) 0,785 respectively; all highly signif.
cant. Thess figures shou that when seed snd fruit mass correlations were calcu
lated from fruits set st different times within one season (early to late sutum
the correlations increased bacause of the correlstions with temporatures, as
previously suspected. This cen also be seen from partiasl correlations involwvim
just thess four varisbles, viz. (a) 0,725 ; (b) D,472 ; end (c) =0,186 for
(a) seedmass; (b) 'temperatures' before anthesis; and (c) 'temperstures’
after enthesis with fruit flesh mass respectively.
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The first tuo were [highly) significent; but the partial correlation
between the third, 'temperatures' after anthesis and seed msss (D,550) was also
highly significant. That for the temperatures before anthesis and seed mass

wag not significant.

L]
The above results appear to support the results reported in 3,.3.1.2. That

is, that when temperetures were taken into account, the correlation between
sesd mass and fruit flesh maes, although dropping, wes still highly significant.
Neverthaless tha temperaturs veriasbles wers still lese extensively sampled than
the seed variable, and the low "temperaturs aftear anthesis" to "fruit mass"
corralation may have been due to thie. Since sesd mess seams to hava been an
important wvariable in its own right, and alse qulte spnsitiva to temperatures
after anthesls; and because of the nature of the sempling used, some of the
apparent seed-effact could still have been s temperature effect disguised (by
the partial correlation and regression Erucadurau} in the sesd=-Truit mass asscc]
ations., On the other hand, the apparent effect of temperature conditions after
anthesis on fruit growth could come in (et least) two Forms: one directly on
physiological processes inm the fruit flesh itself,; end ancther through seed
mediated or localized processes affecting fruit growth which could themselves

be temperature sensitive.

Kuhne and Allan (1970) have found that Fruits set in summer make relativel)
rapid growth, reaching tha inflexion point in the sigmoid growth curve about
a third of the way through development and befors the cold winter conditions sef
in. Inm such fruits eell anlargemant during the coldest monthe is not adversely
affected. Frults set in sutumn; however; have to go through winter and half
way through development, before they complate the earlier phase encompassing
cell division. The call division period is edveresly effected during the

eoldast months.

From the sbove discussions it could be that part of the critical temperstu;
gffect on the frulits' cell divisions could be through the temperaturs effect on
gvule fertilization, early sead growth and physiological processes localized in
these seads.

The correlation analyses of 3.3.3 also suggestad that the seed effect on
fruit growth could ba limited to thes perind up to the inflexion point, i.s. tha
paripd of fruit cell divisions. This appeared to be supported by the compariso
betwesn seed/fruit mass correlations after 12 and 28 weeks growth {3.3.1).

This howsver needs Further testing. Seeds that sborted slso appeared to influ-
ence frult growth, thelir pestulated positive influence being limited by tha

tima of their abortion end their relative size. The apparently better corrcelat
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batuaan the numbor of Fullv dovoloped cends and Frult mass In autumn compared
to sunmer sat fruits, and tha higher Frult per sasd mass regressions could

be dum to the postulated maro prolonged offect of seeda in autumn sete, and
sometimes to the unaccounted affacts of sborted seeds (whare the numbors of
fully developed ond aborted seeds are poesitively correlated).

It is not clear whether oeeds affect the relatively little Fruit cell
enlargement that occcurs before the inflexlion point. The specific effects of
seods on frult cell divieions and cell enlargement could be partially tested by
anatomically comparing frults with many and few speds at tha inflexion point

and again at maturity. (Even beotter would be sppropriate physiclogical in-
vestigations. )

Kuhne (19G67) made a praliminacy limited triel on the effects of 2,4,5-T ,
GA, NAR, Kinmatin and IAA on pspaya fruit growth, Of these 2,4,5-T appeared to
hove ollghtly increoased frult volume and masa throughout growth for frults set
in gummer, sutumn and spring. The other substances, except For IAA, for an
initinl poriod on frults set in winter had no effects, although only ane lovel
of each of the substances was used. The greater effectlveness of tha 2,4,5-T
sprays may have bean dum to a greater and quicker abeorption of the chemical.
There appeared to bam no effect on cell number, (although tha number of repli-
cates used was low) so that tha effect of 2,4,5-T appoars ta have been on call
anlargement and not eall division. These substances had toxic esnd distorting
afTocts on the leoaves,

Tha possibla basls, then, for tha effect of seeds on frult growth during
the first stage of fruit growth remains unclesr. Aesay for growth substances,
particularly during specific pheses of seed growth could prove guite useful.

It would ba of Intersst to test abortive seeds (generally the smallor sesede
after three to four weeks growth) es well. The anatomy sections of this thesis
should prove useful as a guide with regard to the times to test testal and
Intra-testal tissues. It would also be usaful ta assay the fruit flesh itself.

Apart from the posslbility of finding some particulsr substasnces, or a
ssquence of substances promotive of fruit growth at different times during
development, what elss cen ba sald abeut boosting fruit size in frults maturing
out of season? What can be done with the inferences made from thess studies?
There is little doubt that hand-pollination increases the proportion of owules
that are sventually fertilized. The dala presented has suggested that flowsr
buds developing in warmer (summar-like) conditions not only have more ovules,
but that a greater number of these are mature at the time of pollination and
soon after. Large proportiona of such sarly maturing ovules could be
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fortilized if good pollen wers usad and conditions for pollen tube growth over
the First twn to three weeks were more summear=like. irﬁ:k of temperatura would
appesr to heve led to little response from hand-pollination trisls {e.g. Allan,
19531;? Tha above would insurea & moro axtensive, sven and rapid developmant
af thosa ovules that were fertilized. IF warmar conditions were maintained
during the winter months {June to August) as well, the greeter proportion of
fully developing sesds could ba more effective and for a longer period than
abortive sesds. This could result in a larger number of fruit cells which coult
be aveilable for enlargement even once the seeds presumably ceased to have
furthar effact.

Adequate irripgetion and soil fertility could also help in the later stages
as could batter leaf cover. The two would go together. Allan and De Jager (19
have found that under conditions of water atrﬂaﬂfuilting} the assimilation of
EDE ceeses, and messureshle photosynthesis only begins about three days aftar
irrigation. In that study Bllan also found that net photosynthesis decreassd
rapidly at flux densities below sbout 300 We™®, It could be advantageous, then
to ensure firstly that papaye plants do not wilt; and secondly, that leaf cove:
be increased to the point whers average flux densities did not go below 300 Wm™
The elane Honey Gold in Fact is inclined to lose much of its leaf cover over
winter, a characteristic apparently inherited through Hgortus Gold. The latter
I1s the chief genetic source of papayes 1n South Africs hence this problem could
be guite general in South Africa (Allan, 1979).

Until the first crope are harvested in spring (October onuards in
Pigtermaritzburg) the plants are carrying peak crop loads with minimal leaf
cover. This is a critical period for fruit growth when seeds ere apparently

losing their effect on fruit growth. The regressions of 3.3.%1 also suggested
that lack of leaf cover could be a limiting factor.

There is a need therefore for finding & way of retaining leaves by same
chemical means (such as cytokinins) or For breeding for leaf retentiaon. Better

lsaf cousr at maturity slse ensurss susster, better flavoured fruits (Allan,
1977).

To whet extent could these various measures increase the size of Fruits se
in late autumn in cool sub-tropical conditions such as at Pietermaritzburg?
Somg ldea can ba estimated from making the following comparisona. Allan (1958)
quoted long term mean temperstures in Pistarmaritzburg, for exampls February
{21,4°C); mMarch {20,2°C); April (19,0°C); May (17,2°C); June (14,1°C);

July (14,7°C); August (15,0°C); Septembor (16,B°C); and Dctober {18,8°C).

Since plastic or polythene cover structures (e.g. cloches) might lncrease the
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mean tempearatures about 15 per cent (3.3.4), the mean tesperatures could bacome
April (21,9°C); May (19,8°C); June (16,2°C); July (156,9°C); August (18,2°C);
September (19,39C); and October (21,6°C). The mean temperatures for tha first
critical four months of uncovered Truits set in February (late sumser) would

be sbout 19,5°C. That for fruits set in March (uncovered), 17,6°C. That for
fruits set in cloches in May could be about 17,8°C, l.s. comparable to frults
set without covering in March. Howsver, the affect of low minisus temparatures
still attalned under cloches still needs to be tasted.

Now tha fruits set over the month of March (3.3.1.2) would probably have
sveraged 1180 g to 1240 g (including seed mass) if allowed to grow to maturity
[9} to 10 months respectively) the next February. So although Allan (1976 a)
felt that the use of 'tunnels' may only be of practical use in areas with waces
wintars than Fiutnrnnrlt:hurg, ha wes refarring specifically to flower and
fruit set through winter, not the growth of fruits set in lete autumn.

Thus using hand-pollination in April/May and cleches for the pericd late
March (for flower, bud and ovule developmant) to August, could well result in
a mean frult mass of about 1200 g in Februery/March during the ocut-of-seascn
period the following year. GBetter leaf retention, and reduced fruit competitios
{(by stripping some aof the recently sat summar frults to ensure better flower
production for autumn frult setting and also te increass the total leaf area
per fruit ratio) could incresse this still further. Limiting tha time under
covers to the coldeat period could help to limit the hastening of frult matu-
rity brought about by warmer temperatures. It could also limit the occasion
for deleterious effecte of high temperatures on photosynthesis. Allan and
De Jager (1978) have found that from 319C to 41°C the net rate of photosynthesi
drops to half its maximum I.'Il'il'-

An average of 1200g For fruits ripening In February/March in Pletermarits.
burg is considarsbly largar than that of frults left to cpen pollination and
no covering. The latter average between 400 g to 500g. In fact, fruits sat in
summar with open pollination only average asbout 1200g to 1300 g themsalvas.

Allan's (1958) data suggest that fruits set in early spring in Pistermarit
burg have significant rates of meed abortion. The same may apply to the
Transvanl lowvold arses. Thus in thess arsas, the use of pellen from a good
source which has bean stored in @ refrigerator over winter (Allan, 1963),
together with cloches during flower bud dovolopment over winter and in the
first month or two in epring, may also lead to increased fruit sizes in fruits
also dustined to maturs during the out-of=geason period. Housver, care would
have to be taken that temparatures did not rime too high during these later
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manths, as it is the mawimum temperatures that are induced to rise the most,

and not the minimum temperaturea [(Allan, 1976 a).

These studies, together with Allan's (1958, 1963, 1962) on pollen, seeds
end fruits; and Kuhne and Allan's (1970) on temperature and Ffruit growth, have
helped tp crystallize the major probable sources of the small fruit problem
mantioned in the introduction. The probless seam to revolve around low tempara-
tures leeding to limited pollsn and owuls guality and development; slow and
low rates of ovule Fertilizetion and early seed development; incressed leaf
abacission; and slow rates of fruit development during the cell division stage
of the letter.

The means for overcaoming these deficiencies in cool regione or seasons
could bs by using sufficient and timely applications of good pollen {i.e. from
one to three staminata buds at the belloon stage, per pistillate flowar at
enthesis); and providing that temperatures during the pre-snthesis to fruit
cell division stage of development were increased sufficiently. Given sufficiean
leef cover, this is predicted to result in a greater number of larger; normally

developing seeds and larger fruits,

Thase idess warrant testing, including an economic assessment of the worth
of such practices. Included hare could be an assessmant of tha beat haight for
plents and the cost of cloches for theses. (Plastic growth tunnels would probabl
be too expensive.) Prospects could be good in the cooler sub-troplcal areas
(if the minimum temperatures do not prove problematic), perticularly over tha
first few yoars if vegetatively propsgated plante ere used. These bear their
first crop low down on the stem. Thought would also naed to be given for the

best time for starting such cuttings.

rcis To put parts of this thasis Into a nutshell then, it has supported tha
idn;fthat there exisl gignificent positive correlations betwusen seed numbar
{and mass) and fruit flesh mess in Carica papaye. It hes been sugogested that
increasing ths proportion of owulee fertilized does not incraass the rate of
seed sbortion (with the possible exception of the case of using inferior pollen)
whereas such o practice could increese fruit eize. ODue to the significant seed
number (end mass) - fruit flesh mess correlations, sesd abeortion can be con-
sidered to be deleterious to the extent that abortion curtails the duration of
time, and the guantitative intensity, of the apparent effect of seeds on Fruit
prowth. Low temperatures during esrly seed growth has been considered to be

one of the main factors retarding pollen tube growth, owule fertilization and

increesing seed sbortion. The relstive ratic of total leaf area to fruit Crap



242h

lpad, and prevalling tompersturas, heve alepo beesn considered to be important
factors affecting seed and frulit growth. The thesis has alse dreswn attention

to & number of peossible research topics, nne of which could '‘practically'! solvo
the (put-gf-sesson) small-frult problem.
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SUMMARY

In cool subtropical arees the frults of Carica papays |. that set in
autumn mature in the out-of-sesson period the following late summer and auvtumn.
These, howaver, are usually mich emaller than those set in summer and matured
during peak production, The fpllowing is & oummary of studies on the relaestion
of ovule and seed development to fruit growth, with the out-of-ssason small
fruit problem in mind. These studies were condugted in Pistermocitzburg on
clonel meteriel of & recently named cultivar, Honey Gold, developed from the
variety Hortus Gold.

A special clearing Ffluid enabled an extensive whale mount examination of
ovule and sparly seed development. At apthesis the ovules nearer the carpellary
margina had more advencad megagametophytes, lerger integuments and & more axter

sive vesoular system than those nearer the placentary sdges.

After hand-pollination in sutumn the initisel pattern of pollen tube pane-
tration was into the closest mature ovules,; predominamtly those nearer the
carpellary margins. Up to the sacond week pollen tubes appeared to enter only
ovules with mature megagametophytes. AL this time sll but the basal gquarter
of the frult had received appreciable numbers of penstrations. Hetwean the
gecond and fourth weeks more ovules were penetrated, particularly those closer
to the placentary edges. It wes evident that by the fourth week some pollen
tube penetretions hed not stimulated FPurther embryo zac developments. AFtar
the fourth wesk only the ovules in the basal gquarter received significant
edditional penetrations.

Following fertilizetion cell divisions occurred throughout the nucellus
but after eight weeks this was confined to the periphery. Over tha first six
wigeks it was evident that the earlier a seed was fertilized, the greater wera
its amountes of nucellus and endosperm. Four weeks efter pollination in autumn
more Lhan B0 per cent of those owules thet were fertilized sppeared to have
normally developing endosperm, but by the sixth week this dropped to 50 per
cent in seeds at the basa of the fruit, particularly those nearar the placenta;
edges. In these initial weeks embryo development wes very slow in comparison

to that of the free nuclear endosperm.

Tannin wes depoeited into a reglon above tha hypostase batueen the second
and fourth weaks in autumn pollineted fruits; the process occurring first in
ovules and seods closer to the cerpellery marginas. Ouer tha first elght wasks
the puter integument had incressed in size through cell division and enlarge-

mant and had differantisted inte six cell typas, which included sarcotestal an
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gndotestal tissuves. Tha mpparent innermeont tissue of the sorcotests at the
bottom of the furrows betwesn endotestal ridgos was actually derived From tha
endotesta.,

In this initial poriod the numbgr of leyors bLetwsen the epldermisen of Lha
inner integument incrossed tp mix, the finsl number. Tannin was being deposita
into the lnnersost epidermis.

The size of unfartilized but maturs cvulas slso increased over the Firet
gix wesks aftar anthesis in autumn. These also had increasing smounts of
niueallus, having as much nucellus as ssods with defective endosparm, but wers
smaller, with less nucellua, than sesds with normally developing endosparm,
The largest unfartilized but mature ovules cama from Intra-frult subraglons
with the greatest amounts of seed developmant.

A brief comparative study on eerly sesd development in & summer sobl was
also made using the clearing technigue. Tha proportion of matures ovulas at
gnthesis was higher than that in sutumn, with a similar, but less pronounced,
diffarance betwean carpallary margin and placental sdge ovules. Tho initlal
rate of development was also Taster in susmer; the sizes and davelopment roach
pd after pight weeke in autusn agt frulis being reached in three to Tour uweeks
in summer fruits. There were more leyers in the endotesta of summar Fruit ssed
at this stage.

Carrelations ranging from 0,62 to 0,84 were found between the numbsr of
free nuclear endosperm nuclei and seed size within s given intre-fruit subregio
tuo wesks after pollination.

Normal seed development bayond the fourth week in summer set frults was
studied with standerd sectioning and staining technigques. Seed development
could for convenience be gl:nupnd inte fiva major phases. The First lasted tuwo
to three manths, from the time of enthesis in late summer until mid-sutumn. It
wan characterized by rapid increases in the amgunt of free nuclear endosperm
and nucellus, end by cell divisions in the integumentary tissues.

Tha second phase lasted about two monthe, from mid-autumn until mid-winter
It boegan with the transition of free nuclear endosperm into the cellular form,
and by the end nearly all of the central vecuole had been replaced with colluls
endosperm. During this phase the previously slow growing embryo underwent

rapld chenges, reaching its final shape but not slze. Soms testal tissues
virtually slopped growing.

The third phose lasted sbout two montha, from mid- to late winter. Cell
divisions ceased in the endotestn, smbryo end endosparm, followed by maximal
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ratee of cell enlargements in thess snd other testal tissues. Slowing douwn

or increaeing rebtee of growlh cccurred in some testal tissueas,

The fourth phase lasted four to six weeks, from late winter to early sprin
Final spurts of growth pccurrod in somg testal tissues, and the process of cell

wall thickaning becama prominent,

Tha fimel phase, From sarly spring until Frult ripening lasted another
four to six weeke. Ouring this phese final testal cell well thickenings occurr

and general maturation of the endosperm and embryo took place.

In terms of specific tissuss, the kay featuree were as Follows: From the
beginning; nucellus tissue was broken down and utilized by both the embryo and
gvan more extensively the endosperm. Caell divisions in the nucellus stopped
gparly in phasa two, follouwsd soon after by maximum cross-sectional areas end

then rapid consumption by the ondosparm.

Four specialired subregions of the nucellus at the chalaral end, as
described by previous workers, were also found in this material. Tannin deposi
tion was along cell walls (although ocecasionally inte the centre of cells) in
ane of thess subregions. Tha cell wells of the hypostase tissue thickenad in
the final phase.

Tha formetion of eelluler endosperm in the second phase progressed inwards
from the periphery. Cell expansion followed a siomold pattern, the inflexion
ooourring in phase thres., Alesurone grains were deposited in the final phasa.

Soma endosperm breakdown occurred at thea embryo interface during the final phas

At the onset of endosperm cellularlzation (phase two)} Lhe embryo wes still
amall snd globular, then became hesrt-shaped and fimally torpedo or cotvledonar
shaped {but net full sized} at the end of this phass. Rate of length growth we
elow during phase one, then spesded up and resched & maximum at the end of
phase two. All divisions ceassed sarly in phase three, followsd shartly by
maximum rate of cell expansion. Cell expansion virtually stopped during the
final phase,

With regard to the testal tissuss derived from the putar intagument, the
outar epidermal cells abowe the endotestal ridges resched maximum rates of cell
expansion in phasa thres, just after that of the ridge cells. The outer spi-
dermal eslls belween the ridges reached maximum rates of cell expanslon in
phase two, before the ridge cells. The sub-spidermal cells of the sarcotesta
in the testal Furrows reached waximum rates of cell expansion at the end of
phase thres. The colour of seeds in ripe fruit was partly due to the cellular
depositions imte this tissue during the Final phase, and partly dua te Lha

genersl thickenine P cell waxll=s af the laskal blecomes i tmm Fha Fimnd Fiom
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In the lerge-celled tissue of the ondetasts, which forms the ridges,
periclinal divisions coasod aarly in phasa thres; resulting in sbout 28 layers
in summer fFruit seeds. Moximum retes of cell expansion occurred at shout the
sama time, finally ceasing during the Fifth phase. Cell walle took on & buckle:
eppearence at the beginning of phass teo, and the buckling disappearod with the
onset of cell wall thickening st the beginning of phase four. Wall thickening
began in tha corners. The proceas began Flret in tissue adjacent to the inner
band of endotesta, and lastly at tha crest of the ridges.

Pariclinal divisiona In tha small-cellad; inner band tissue of tha ondo-
testa ceased early in phass three, resulting In sbout 29 layere in tha seeds of
symmgr fruibts. Cell expansion in this tissue followed a double sigmoid form.
Apparent cessation in cell expansion lasted for virtually the whole of the thim
phasa. The second growth peried waa limited to the fourth phase. Cell walle
began thickening and forming pits during their second growth period.

Tha inner epidermis of the outer testa alseo had a double sigmoid Form of
cell expansion. Its period of gquiescence was shorter, occurring in the middle
aof phase two, that is ahead of that of the ad)acent inner band of the endotesta
Calcium pxylale crystals began to sppear at the beginning of phase two, were
conspicuous by the end of this phese, and & crystal filled wach of the cells of
this epidermis at maturity. The inner walle began thickening at the end of
phase three.

With regard to the testal tissues derived from tha ilnner Integument, the
dapth of the outer spidermis, edjacent to the outer testa, also underwent a
double sigmoid pattern of growth. The period of quiescence lasted the second
phase of seed developmant. This was the first and innermost of the testal
tissups with this pattern to enter guisscence. The order of entrance into
guiescence was from the innermgst to the outermost of thess thres jJuxtaposed
tissues. Virtually 70 per cent of growth in depth in this epidersis occurced
during its second period of growth. These longitudinally elongated fibres
became thick-walled and pitted, and were the main mechanical layer of the seed
coat. They resembled stone cells near the micropyle.

The inter-epidermal tissue of the inner testa resched a final number of
four to slx layers in phase one and final cross-sectional areas were roached by

the middle of phase two. Cell walls began thickening only in the middle of
phase thres, flrally becoming pitted.

The inmnar spidermls of the innar tesla reached final cross-sectional call
slze esrly in phase threa. Tannin deposition, ususlly into the centre but some

times slong cull walle, followsd a varieiy o ghapes. Tha tannin oppaared qull
alimtili.
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The vascular supply inlo the zeeds sppeored confined to the chalaza, not
gntering into the inner integument. Normal developmant of eseds in Fruits sat
in sutumn was not followsd Lo the same datalled extent after the cellulari-
zation of endosperm (phase two}. Cursory examinations indicalsd that the co-
prdinstion of tissue dovelopments inm the Tinal three pheses were similar to
that of the summer seeds. Differances lay mainly in the time to reach major
phases, Whilst it took two to thres months for seeds in summar set fruit to
begin endosparm csllularization, tha seeds in autumn fruits took four to seix

months. The approximate timings of the last three phases was not ascertained.

The number of layers in the ridge and inner band of the esndotesta were
gbout 23 sach, that is, less than in the summer sesda., WMean individuasl cell
crosg=sectional areass in all tiesues wera about 80 per cont of those in summer

seatds.

When whole seed and fruit volumes were memsured, peak fruit growth rates
ware redached at the time the endosperm became cellular in the most advanced
soeds, thosa slong the carpellary margins. In sutumn set fruits this ocourred
after about 16 weeks, wheress in summer set fruits it took only sbout 10 weeks.
Individual sepd volume growth patterns virtually peralleled that of frult volum
growth, both being sigmoid. Seeds nesrer the carpellary marging always remaine
larger than those nearer the placentary sdges, the latter attaining asbout 90 pe
gent the volume of the Former. At fruit ripening, normal individual seads in
autumn set Frults were about 70 per cent the size of those in summer set fruit.
Rate of growth of summer seeds was not affected by winter conditions, bubt seads
in sutumn set fruits only esccelerated in growth after the coldest months in
mid-winter. GSeeds and fruits set in summer took nine-and-s<half to ten months

to develop to maturity, whilst their counterparts in autumn sets took ten to
eleven months.

Testal dovelopment of unfertilized ovules did not proceed beyond that of
fortilized seeds at the Fourth or eighth week after pellination in summer ar
autumn raspactively. Such ovules also lost most of their nucellus, inner integ
mentary and part of their outer intagumentary tissues in the course of fruit
growth.

The smell, 'emplty', slightly developed white 'cWe' seeds had & relatively
more rigid endotesta than the similar or slightly smeller, flattaned 'b' saeds.
Six months after anthesis in summer the testal development of empty 'clis' seads
was simllar to that of normal seeds at the beginning of endosperm cellulari-
zation, phase two, three months after anthesis. The size, however, of such

'cs' seede after six months was smaller thar that of normel eseds at threa

T, R e
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Soma 'h' and 'cle' seads had received no pollen, elthough most had. A
few unfertilized ovules reached the teatsl development, bult not size, of normal
geede at the beginning of phase two. Endosparm and embryo tissue, when still
prasent in 'b' and 'cWls' essds at fruit ripening, was rather distorted snd

disorganized.

There was a ranga of cdovelopments in the 'filled clWe' te the darkened,
partially developad 'filled cOL' seads. In ganaral there was & closer associ-
ation betwsan the degras of sndosperm end embryo tissuve development with that ol
cell development of the inner testal tissues than with the cell devalopment of
the endotestal tissues. The size of the endotestal tissues, however, wes azsoci
ated with the guentity of endosperm. The difference between the smaller slightl
developed § sseds (b end cWs) and the larger, partially developed P seeds
{cWL and eDOL) lay largely in the differences in quantity of endosperm. Growth
in size, but not necessarily cell develppment or degensraticn, generally ceased
at the time of abortion.

At the beginning of phase two, with the transition of the Fform of the
endogsperm, P seeds actually hed more nucellus than normelly or fully devaloplng
F esads. The latter had mpore endosperm which was consuming more nucellus. At
this time, teo, F seeds had larger amounts of endotesta than P seeds. Both F
and P seeds had greater amounts of endosperm, nucellus and endotesta than 5
seads at this tima.

Tha endosperm and ambrya tissue Tound in P seeds at fruit ripening had les:
content than thet of F sesda. Cytoplasmic deposition in the final phase was in
tha form of phytin globoids and crystaloids and not elsurone grains. The

embryos were small, often distorted and had often failed to complete all the
normal changes in shape.

In in the apparently normally developad F saeds, some of the black seeds
in this clone were defective with regard to endosperm and embryo development.

All ths as yat grey seeds appeared normal, although some embryos were asmall.

Mlost of the sbortions in one sutumn set occurred before the cellularizatior
of the endosperm (phase two), the major period of abortion being from tha end aof
May until the end of July, the coldest two months of the year. Most of the
remaindsr to abort did so between August and Detebsr (spring). In another
autumn set there was = more even spread in sbortion pariod, but the peak time ar
ma jor proportion was agein before phase two., In a cummer set most abortions
occurred at a later stage in davelopment than in the autumn eets, and tha sprea
in the time to abort was more avenly represented, However, summer fruits had

sot earlier, so that nearly all abortions had occurred before the end of winter
{ August),



2489

With regard to the positional pattarn of abortion, in sutumn set fruits,
this uwas already mora eviden! ncarer the plaocental edges in general, end the
basal quarter of tha frulte, six weseks after anthesis. In ripe fruits, however,
the greatest proportions occurred nearer ths apical end, in both Iurr:l-— and open-
pollinated fruite. Abortions wers still more freguent nearer the placental
edgas than nearer the carpellary margins.

A greater proportion (0,7} of owules were Fertilized with hand-pollination
in autumn than with open-pollination (0,3). OF those fertilized, sbout 50 per
cent aborted, in both hand- and open-pollinated fruits.

The pattarn for the concentration of early seed development Ffollowed that
gl sarly pollen tubs pematraticon. It appeared Trom patterns in ripe fruoits
{but not six-week-old frults) that thers had been a positive essociation betueer
the concentration of sarly sssd develocpment and abartion rates for intra—Ffruit
pubregions in o given fruit. This relationship was not consistent. A closer
gxomination of the data against the statistical models used, suggested that
it was doubtful that seed cospetition caused abortion.

Examination of fruits set in summer showed that these had a greater totsl
numbar of ovules than autumn set fruits (2000 versus 1600). In a hand-polli-
nated sat noarly 90 par cent of summer owules were fertilized, as against 65
par cant in an open=pollinatad summer sat. Abortion rates in summer fruits war
much lower than In sutusn fruits (10 per cent versus S0 per cent). Positional
patterns within the frults, however, were similar. Althgugh there were
higher levels of early seed development in aummer fruits, the positional
patterns were again similar. In spite of higher concentrations of early seed
doevalopment, shortion rates slong tha carpellary margins were not related to
tha postulated seed competition. As in sutumn, hand- versus open-pollination i
susmar when uslng basicelly the sams pallen source had no apparent affect on
abortion rates. '

A third of the leaves that subtended fruits set in autumn abecissed cver
winter and spring, peak abscission ocourring over mid-winter. This corresponde:
with the periods of seed abortion. Largest mean leaf sress ware recorded in
sutumn, at the end of fruit setting, Smallest mean leaf arees were recorded
in spring. Leal area avallable to the fruite slso depended on the number of
fruits. This ratip was smallest In spring bofaore the first harvests and before
new leaves had grown out. Leaf area was highly correlated (0,9) with the lengt
of the Lhree longest leaf velns. The lalter was used as an index of leaf arca.

Rultiple regressional and correlatlionul analyses ware carried out batween

frult flosh mass and waven other covariables for fruit set at waakly Intervals

i s e N L ek L D - il el i e A e i L R = e e Y T =&
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a low and restricted ranga of initial grewth temperstures for the four batchas,
the thres mest importent covorisbles ps mnasured for the three-month growth

(1) oeed mass;
(ii) awvailable lesf area per fruit}; and
(iii) =um of effective heat units in th» three days preceding
anthesia.

After sevon months growth the most important caveriasbles had been

(i) sesd mass;
{ii) available leal arca per fruit; aend

(iii) sum of effective heat units from anthesia until the
158h waek .

Covarisbles not finally included in the models were

(i) diameter of fruit at snthesisj
(ii) area of the leaf subtending the labelled fruit; and

(111} a restricted rance of effective heat units over the period
of Flowser bud development.

Later suvidanca suggested that this iast covariable could in fact be important.
Total and partial correlational coefficients for esed and fruit flesh massas
wara highly significant after thfee and seven months growth. Thare was, hounver
@ signilficant drop in these correlations Trom tha third to the seventh manthe.

Seed mass was correlated with temperatures for at least the Tirst 15 weeks after
pollination.

The seed mass/frult mass correlation held at the Intra-fruit level in both
autumn and summer sat fruits. Tha aize of unfartilized ocvules Trom fntre=Fruit
subregions in ripe fruits was also correlated with the relative amount of esed

from the same subreglons. Similar results hed been Tound after only two and
four woeks growth,

In a further inter-fruit correlation study on fruits set with hand-pelli-
nation in autumsn, the extent of owvule fertilization and early seed development
was not correlated with seed abortion rates. There was some tendency (but not
significant) for an on-stem competition factor involving leaf area ta fruit-loatd
to increase seed abortion rates. There wes also & tendency (not significant) fo
on—atem Fruit cospetition to lower fruit flesh mass. The sum of Tully developec
and aborted seoeds was sore highly correlated with fruit flesh mass (0,727) than
the mass of all (F+P+5+0) seads (0,670). Seed abortion lowsred sesd mass by
reducing the mnumber of fully developed seeds but had no significant sfTect on
fruit flooh mass beceouse aborted sseds contributed to the latter to some sxtent.
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A basically sisiler eabt of resulls was Found for fruit set with hand-
pollination in summer. Tho sead/fruit correlations wers lowesr (but still signi
ficant) when compared with those oot in oputumn, The axtent of sarly seed
development ond presumably sepd competition wes again not correlated with sead
sbortion ratea.

In yet another hand-pallinaoted sutumn set (1569) thers wes virtually no
difference &n abortion rates In frults from stems of different vigour. An inde
of fruit volume was highly correloted with fruit mass (0,99). Owvary volume at
anthesis was correlated with tho total number of ovules (0,51} Tha number of
all fertilized soeds was again more highly correlated with fruit mass than just
the number of fully develeped seeds (0,B3 versue 0,77). Seed sbortion mesked
and lowersd the amctual correlation betwsen thm number of fully developed seeds
and frult mass in autumn sets.

Comperison of results for various frult sets Indicated that the larger anc
more advanced an shorted seed was the more it had influenced fruit grouth. An
oxamination wes made of the correlations betwesn the estimated numbera of
various combinations of seeds and the increments in Frult volums growth from
anthesis until maturity In one autumn set. Tentatlive conclusione were as
follows. All seed Influence was negligible In the latter third to helf of grow
of fruite set in sutumn. Fully developing eoeds had a poaitive influence on
frult growth fron fertilizetion until the phase of endosperm cellularization
{Dctober), but in subsequent phases of seed developmant their influence dimin-
ished to zero. Their peak influence in sutumn fruits was over the fTirst sight
woaks. HRbortive seeds had & slower and smaller positive influence, lasting

sbout 15 weeke (until August), but when most abortions had set in by then, thei
influence cessed.

The spparent lnfll.lﬂﬂl. of seeds coincided spproximately with phase one of
sapd dovelopment and the coll division phase of frult growth, but not with the
following phase comprising only frult cell enlargement. It seems that other
factors affected increments in fruit growth in the later stages. The higher
peed/fruit correlations of sutumn versus summer sets wss probably dus to the
proportionately more protracted phase ona of seed development and fruit esll
divisions in sutumn sots (22 out of 42 weeks), in cosparison to summer sets
(12 out of 30 weeka).

Further comparicone between fruits of different seasons of satting shouwed
thot hand=pollination incressed ths proportion of total owvules fertilized in
comparison ta ocpen pollination. Tha warmer the season of fruit set and initia)
grouth the greater tha total numbar of owvules fertilized and alsg the greater
the proportion of seeds that reached full dsvelopment,
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Supplementary surveys on pallon tubo growth within frults during summar,
sutumn and winter indicated thst such growth was markedly influenced by pre-
vailing temperatures. Plecing s plastlc tunnel over plants in autumn raisad
the mpan tempersture to that found in uncovered plants in late summer.

An pversll inference was that low tomporatures in the wintar months was &
major cause of seed sbortion In Frulte set in susmar and autumn. Seoeds in
autumn sats, particulerly lats satarters, having made less growth and developmant
before the onset of winter, were thought to have been more suscoptible. Poar
davelopmant and lower potency of some pollen was thought to ba a contributory
factor. The latter, slow to germinate snd grow, was thought to contribute to
the abortions that occurred in tha upper guartsr of the fruit.

It was suggested that further trials be undertaken in which clochea be
placed over young cuttings from a period extending from pne month before actual
anthesis in late sutumn until the end of winter, in order to increase tempora-
tures during this period. It was further suggastaed that if the flouwers opaning
in late autumn under such cloches are hand-pollinated with good pollen, and that
if the developing fruits have an sdaguate leaf cover, snd also 1f minimum
temperatures attained are not inhibitive, then it was predicted that the rasult-
ing wean size of such out-of-seasson Fruits would be the same a&s that of open
pollinated uncovered fruits set during the summer period. The latter, howsver,
ere harvested during pesk production. Using closer epacing and genetlcally
superior plants propegatsd from cuttings, which bear their first crop lousr
down the stem, may minimire the relative costs sssocisted with using clocham ant
hand-pollination. Removing some of the Frults that might set in summer may
ansure both a larger set of Trults in lata autumn and a better leef to Fruit
ratio.
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APPENDIX 2

INTRA-FRUIT OIFFEACHCES 1IN PROPDRTION OF OVULES
WITH PFATURE MSECAGARETOPHYTES AND YDUNG SEEDS
WITH NDRMAL ENDODSPERM

TRBLE 2.1 ‘H.' tests on proportion of ovules with mature megagsmeto-
phytes at anthesis, nutusn frult-sst, 1979

i Fruit/flower = p

sub-region i i

1 A 50 0,92

F a S0 0,42

3 B &0 0,9

i b 50 0,28

5 C 50 0,54

-] [ S0 0,40

) S0 0,86

L S0 0,44

-
Sub-regionn Total X Dogrees of freedom | Probability
—

Ay By C, D only 5y B04 3 ]

a, by, g, d anly 3,273 3 NS
Ay 85 4053 Dy O 130,886 ) < 0,00001

i= .1."""I sub-reglon, corresponding with fruil sub-regions.
ng = number of owules examined in l‘."'hl sub=region.
ll1 = proportion of ".i. with mature megagametophytes.



APPENDIX 2 (contd.)
2
TABLE 2.2 X tasts on proportion of owvules/sseds with normal
gocondary endosperm four weeks after anthasis,
autumn-sat, 1571
Fruit
p
{ sub-region ' i
1 A 50 0,86
2 o 50 0,82
3 B 50 0,78
4 b 50 0,64
5 C 50 0,66
6 o 50 0,44
7 D 50 0,32
B d 50 0,20
Sub-regions Total '.ﬁ.: Degrees of fresdom | Probability
A, B, C, D 37,093 k. < 0,00001 T
a, b, g, d 42,727 3 < 0,00001
Ay 8y sosy D, BE, 151 7 < 0,00001
hy B, By, b 7,HE5 T NS
Cy c; D, d 23,965 7 0,001
th i
i=1sub-region, corresponding with fruit sub-reglona.
- number of ovules/seeds examined in .'i."rl sub=ceglon.
P, = proportion of n

ary endospers.

with spparently norsally daveloping socond—

Al
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?
TABLE 2.3 X tests on proportion of owules with mature megagamato-

phytes at anthasis, susmar fruit-set, 1970

Fruit/rflower

i sub=ragion g pl

1 A 50 0,84

2 s 50 0,56

3 8 50 n,82

4 b 50 0,58

5 C 50 0,88

& € 50 0,64

7 1] 50 0,86

B 50 0,56
Sub-regions Total ¥ Degress of fresdom | Probability

A, B, C, D only 0,784 3 NS

e, b, ¢, d only 0,B86 ME
s 8y wavy B @ 36,200 7 < 0,00001

th
i=1"" sub-region, corrrsponding with fruit sub-reglons.

“1 = rumber of ovules oxgminad in ith

Fi = praportion aof ny with mature megagamatophytes.

sub-raglon.
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RPPCNDIX 3

DATA AND CONCORDAKCE (W) TESTS OM RANKS OF THE INTRA-
FRUIT PROPORTION OF OIFFCRENT OVULE/SEED TYPES FOA
FAUIT HAND-POLLINATED AND SET IN AUTUMN, 1970

ROTATLOM

i= ith sub-region being ranked.

j= jt'h fruit providing the rankings.

P = proportion of ovule/sead typa baing tested relative to total number of
-
owules/seade in the .i.th sub=ragion of the J h fruit.

B pank of 4 For the 37" Fruks,

Rj = sum of tha ranks assignad to tha ith sub=region by the k fruits.

Eendall *s co—afficient of concordanca: W .
= 3 =
'Ek!{n: -n) - HE_T
T
TR 2
- __.1)
" EGJ n

k = nusber of sats of rankings, viz. number of fruits providing thas rankings.

n = mumber of sub-regions ranked, viz. for Appendix 3 n= 4 .

¥ o ihi=3) 91; L) _ correction Pactor for tied renks.

t = numbar of obzarvatlons in a group tled For a given rank £ hera directe one
to sum over all groups of ties within any one of the k rankings.

L

< directs one to sum the values of T for all the k rankings.

For owule/seed types o, b, chis, cll, cOL, dG and di, ses Plata 2(b).



APPENDIX 3 (contd.)

265

TRBLE 3.1 Test on "a" owules in proportion to total owules/seeds por
fruit sub=region
SUB-REGION
FRUTT
he Bb Ce Dd Proportlion
of "a® for
i 1 2 3 4 whole fruit
No .
] p R P R P R P R
14 1| 0,108 4 | 0,165 3|0,35| 2| 0,640 1 0,358
37 2| o,089 4 | 0,102 3 | 0,727 2] 0,266 1 0,146
2 3 | 0,098 4 | D114 3 | 0,183 2 | 0,354 1 0,168
28 | 4| 0,276 | 3 |D,176| 4 (0,%1 | 2| 0,53 1 0,339
% | 5| 0,702| 4| D,102| 30,199 | 2| 0,377 1 0,189
26 5| 0,139 4 | 0,173 3 |0,8405 | 2 | 0,898 1 0,557
27 7| 0,152 4 | 0,229 3 | 0,397 2 | 0,448 1 0,318
54 8| 0,051 4 | 0,186 3 | 0,267 1| 0,218 2 0,198
55 9| 0,119 4 | D,149 3 | 0,199 2 | 0,303 1 0,197
94 10 | 0,251 3| 0,196 4 | 0,323 2 | 0,557 1 0,338
65 | 11 | o,7e0 | 4 |0,183 | 3 |0,348 | 2 | D,4% 1 0,305
40 | 12 | 0,526 3 | 0,419 4 | 0,561 2 | o,8B3 1 0,624
58 | 13 | 0,167 4 | 0,181 3|0, | 2| 0,606 1 0,345
13 14 | D125 3| 0,076 4 | D,154 2| 0,216 1 0,142
H1 52 &5 27 15
u"::::} a 3 2 1
W =0,892 ,

e = 874,16 (p <0,01) ,
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APPENDIX 3 (contd. )
TABLE 3.2 Tast on "b" owule/seeds In proportion to total owules/sseds
par Fruit sub-region
EUB-REGION
FRULT
RAa Bb Cc Dd Proportion
of *hb™ for

i 1 2 3 4 whole fruit
No.

J P R P R P R P R
14| 1| 0,468 | 1 |n,384 | 2| 0,192 3| 0,022 4 0,265
37 2 | 0,442 1 0,384 2 0,355 3 | 0,282 & 0,366

2| 3o, | 1 |o,290 | 2| o,996]| 3| 0,141 4 0,248

28 | 4 (0,591 | 2 |o,602 | 1| 0,280 3| 0,275] 4 0,440
% | 50,577 | 1 |o,466 | 2 | 0,352| 3| 0,208 & 0, 405
26 | 6 (0,384 | 1 |o,214| 2| 0,152 | 3| o0 4 0,129
27 T | 0,444 1 o,338 2 0,145 4 | 0,207 3 0,269
54 | a |o,588 | 1 |o,401 | 2 {0,333 | 3| o0,313]| 4 0,396
25 g8 | 0,490 1 0,436 2 0,309 = | Dy2956 d 0,374
g4 |0 |0,39 | 1 |o,279 | 2 | 0,258 | 3| 0,199 4 0,258
65 | 11 |o,673 | 1 |o,555 | 2 |o,483 | 3 |o,338 | & 0,480
40 | 12 |o,788 | 2 |o,208 | 1|0,120| 3| o0,013] 4 0,117
58 | 13 0,631 | 1 |o,417 | 2 | 0,220 3| 0,100 | a 0,318
13 | 14 | 0,612 1 | 0,496 2 | 0,334 3 | 0,246 il 0,405

n—:r 16 26 43 55
u"ﬁ::i'l 1 2 3 4

W = 0,524 ,
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TABLE 3.2 fTost on "cWs™ sseds in proportion to total ovules/sepds per
Fruit sub-rTegion
SUB-REGION
FRUTT
Ao fb Cc Dd Proportion
of "cis™ for
1 1 2 3 4 whole fruit
Ko,
J P R P R P R P G
14 1 {0,130 1| 0,062 3 | 0,103 2 | 0,016 a 0,072
37 2 | 0,019 4 | 0,026 2 | 0,038 1| 0,020 3 0,026
2 3 |o,012 2 | 0,004 4 | 0,019 1| 0,007 3 0,011
28 4 | 0,042 3 | 0,066 2 | 0,079 1) 0,037 a 0,055
16 5 | D,058 1| 0,043 2 | D,028 4 | 0,034 3 0,041
26 & | 0,020 3| 0,022 4 | 0,051 1| 0,010 [ 0,025
27 7 | 0,058 2 | 0,040 3 | 0,077 11 0,029 a 0,052
54 8 | o,ma 2 | 0,032 1 | 0,010 4 | 0,074 3 0,019
55 9 | 0,007 2 | 0,006 3 | 0,004 4 | 0,010 1 0,006
894 | 70 | 0,023 2 | D,042 1| 0,020 3| 0,013 4 0,025
65 | 11 | 0,027 2 | 0,020 3 | 0,011 4 | 0,034 1 0,023
40 | 12 | 0,009 1 | 0,006 4 | 0,007 2 | 0,007 3 0,007
58 | 13 | o0,024 1| 0,019 2 | 0,015 3| n,014 a 0,017
13 | 14 | 0,011 1 | 0,008 3 | 0,000 4 | 0,010 2 0,007
ﬂ} 27 35 35 43
We=0,13 .,

s = 128,00 (NS).
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TAELE 3.4 Test on "clL" seads in proportion to total ovules/sseds per fruit
sub-region
SUB-REGION
FRUIT

[ F: Bb Cec Dd Proportion

of "cWlL™ for

i 1 2 3 ] whole Truit

Mo
J p R P R P R P R
14 1 0,000 | 3,5 | 0,002 2 0,000 | 3,5 | 0,004 1 0,002
37 - - - - - - = - - 0,000
2 | - - - - - - - - - 0,000
28 2 0,000 | 3,5 | 0,002 2 0,000 | 3,5 | 0,003 1 0,001
% | - - - - - - - - - 0,000
26 3 | 0,000 4 0,009 1 oc,009 2 0,002 3 0,005
27 | - - - - - - - - - 0,000
54 | - - - - - - - - - 0,000
58 | - - - - - - - - - 0,000
94 4 | 0,003 i 0,005 3 0,012 1 0,009 2 0,008
65 5 0,004 2 o,b00 | 3,5 | 0,000 | 3,5 | O,009 1 D,003
40 b 0,000 3 0,000 3 0,002 1 0,000 3 0,001
S8 | - - - = - - - - - 0,000
13 | = - - - - - - - - 0,000
R 20 14,5 14,5 1
W= 0,231 .

s = 35,95 (NS).
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TABLE 3.5 Test on "cOL" seeds in proportion to total ovules/seeds par fruit
sub=raglon
SUB-REGION
FRULT

Rha Bb Ec Dd Propaortion

of "cDL" for

i 1 2 3 4 whole frult

i .
j P R p R P R B R
14 | 1 o,000 | 3,5 | 0,002 2 0,014 1 | 0,000 | 3,5 0,005
LY - - - - - - - - - 0,000
2 2 0,000 3 0,000 3 0,002 1 | 0,000 3 0,001
20 3 0,000 3 0,000 3 0,003 1 0,000 3 0,001
'lﬁ - = - - —_ - - — - u'ﬂun
26 a4 0,007 3 0,035 1 0,014 2 | 0,002 4 0,012
a7 - - - - - - - = - D000
5 | - - - - - - - - - 0,000
94 b 0,040 1 0,020 o 0,008 4 | 0,03 2 0,023
65 7 0,000 3 0,000 3 0,000 3 | 0,002 1 0,001
&40 B 0,000 3 0,000 3 0,002 1 0,000 3 0,001
58 g5 0,004 1 b, 000 3,5 | 0,002 2 | 0,000 | 3,6 0,001
13 w - - - = - - - = D,000
Ry 23,5 22,5 18 26

W = 0,083 ,
= 25,31 (N8).
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TABLE 3.6 Test on "dG" seeds in proportion to total ovules/sesds per
fruit sub=region
SUB-REGION
FRUIT
Aa b Ce Dd Proportion
of *dE"™ for
i 1 2 "] ] whole fruit
No.
J F R P R P fi P R
14 1 | 0,289 3 | 0,30 1| 0,31 2 | 0,215 ) 0,293
ar 2 | 0,426 3 | 0,069 1 | 0,457 2 | 0,413 ) D, 445
s 3 | 0,489 4 | 0,590 2 | 0,599 1| 0,454 3 0, 550
28 4 | 0,091 4 | 0,754 2 | 0,269 1| 0,151 3 0,164
16 5 | 0,242 4 | 0,368 3 | G,416 1| 0,386 2 0,352
26 & | 0,457 2 | 0,538 1 | 0,247 3 | 0,070 &) 0,256
27 7 | 0,340 3 | 0,387 1]0,3M 2 | 0,312 ] 0,357
B4 8 | 0,300 4 | 0,379 3 | 0,380 2 | D,A55 1 0,385
-1 9 | 0,384 4 | 0,408 2 | 0,488 1] 0,39 3 0,423
94 | 10 | 0,326 3 | 0,415 11 0,333 2 | 0,157 4 0,307
65 | 11 [ D,%40 4 | 0,241 1 | 0,66 3]0,172 2 0,180
a4p | 12 | D,274 3 | 0,361 1 | 0,306 2 | 0,097 4 0,248
58 13 o171 4 | 0,369 1 0,365 i 0,226 3 0,301
13 | 14 | 0,246 4 | 0,420 3 | 0,50 2 | 0,528 1 0,445
—
“j_ 49 23 26 42
- a 1 2 3
W= 0,480 ,

a = 470,00 (p <0,01).
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APPENDTX 3 (contd,)

TABLE 3.7 Test on "dB" secds in proportion to total ovuleos/sesds per fruit

sub-region
SUBA-REEGIDON
FRUIT
fla gb Ce Dd Proportion
of "d@"™ for
i i 2 3 4 whole fruit
No.
j P R p n P R P R
14 1 | 0,010 2 | 0,014 1 0,006 3 | 0,004 4 0,008
37 2 | 0,093 4 | 0,020 1 0,014 3 | 0,020 2 0,017
2| 3s|oo06 | 1|0002]| 3 |O002| 4| D008 2 0,003
28 | - = - - - - - - - 0,000
% | 4 |o,022 | 1|o0020| 2 |D,008 | 3| D000 4 6,012
26 | s|o03 | 1|o0,009| 3 |00% | 2| 0,003]| 4 0,015
27 | « |o,006 | 2 |o,007| 1 |o,002 | 4| D,008] 3 0,008
54 | 7 |o003 | 1+ | 0,000 | 5,5| 0,002 | 2| 0,000 3,8 0,001
55 | - - - - - - - - - 0,000
o4 | & o0 | 3 |omo82 )| 2 |0,051 | 1| D034 & 0,042
65 | 9 |o,06 | 1 |o,000| & Jo,00m | 2] o007 | 3 0,008
40 {10 |o008 | 2 |o,009] ¢ |o0002| 3| 0,000 & 0,004
58 | 11 | 0,004 4 | D04 3 0,021 2 | D024 1 0,017
13 |12 | o007 | v | 0,000 | 3,5 {0,002 | 2| 0,000 | 3,5 6,002
HJ 23 28 | 38

H = u11EH!
B = 11E|Du IHS}i
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APPERDIY 4

ABORTION AND RELATED DATA DF FRUIT ORIGINALLY 5ET
WITHOUT HAND-POLLINATION IN AUTUMN, 1973

TABLE 4.1 Data for 2/Sth portion of frudt No. 1

i Frutt W x P
sub-raglon i i :

1 f a2 61,76 0,5476
z a 42 42,86 0,56180
3 B 32 a4, 44 0, 4063
4 b 25 27,17 0,4000
5 C 18 21,95 0,2778
[ c 15 11,72 o,7333
7 O 6 7,59 0,3333
8 d B 9,09 0,7500

Lh '
i =1 sub=reagion corrasponding to Fruit sub-

region.

w, = waighting factor = (F + P+ 5) seeds in i .

x, = competition factor = [{f+P+5},f{I‘+ P+ 5+u}1 1 %,
index of early seed devolopment intensity.

pl u proportion of seeds aborted In 1= E+5

+F+51
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TABLE 4,2 Data for 2/5th portion of fruit No. 2
Fruit

: sub=region o g | Py

1 A 25 69,44 0,2800
o a 38 39,58 0,0947
3 B 27 43,55 0,1852
4 b 44 36,36 0,3636
5 C 21 25,00 0,0476
& £ 30 am 0,2333
7 D 15 20,00 0,1333
B d 13 17,11 0,1538

Notetion as Tor Appandix Teble 4.1
TABLE 4.3 Data for 2/5th portion of fruit No. 3
i Fruit " "
sub=reglian L L Pi

1 A 23 62,16 0,3043
2 o 34 58,62 0,7647
3 1] af 57,50 0,3478
A b 37 43,53 0,513
5 C 28 29,17 0,2500
6 e 27 18,75 0, 4815
T (n} 14 17,95 0, 4286
B d 5 5,81 0,5000

tiotatlon os for Appondix Table 4,1

273
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TABLE 4.4 Data for 2/5th portion of Pruit No. &

A u.:ht:-:;:un Wy %y Py

1 [ ] a5 69,23 0,8556
2 s 62 | 64,58 | 71,0000
3 B a1 | ss,29 | o,7aa7
4 b 76 | e7,86 | 41,0000
5 c s1 | s7,95 | 0,540
6 . 76 | s2,78 | o0,9868
7 D 19 | 8,722 | 0,5263
8 d 39 | as,e2 | o0,0887

Motation se For Appendix Teble 4.1

TABLE 4.5 Data for 2/5th portion of fTruit No. 7

i uﬂ::::;:nn vy " Py

1 A 29 76,32 0,5862
2 E n 74,00 0,8919
3 B 43 B, 31 0,628
4 b 52 55,91 0,7308
5 c 45 54,22 0,1333
5 ¢ 34 25,95 0,5000
7 i 20 35,71 0,0500
G d 8 9,41 0,2500

Notabtlon as for Appondix Table 4,1
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TABLE 4.6 Data for 3/5th portion of fruit Ho. O

s mfﬂ:nn vy "y Py

1 A 23 | s7,50 | 0,652
2 n a0 | 38,83 | 0,7250
3 B & | 36,88 | 0,333
4 I 20 | 18,46 | 0,6897
5 C 22 | 17,74 | 0,386
6 e 17 | 12,23 | 0,5294
7 D w | 18,52 | 0,4000
8 u 15 | 23,01 | D,6667

MNotation as Tor Appendix Tabls 4.1

TABLE 4,7 Deta Tor 4/5th portion of frult Mo. 10

i Frult . e b
pub=region i i L

1 A 52 81,25 0, 3046
2 a 67 54,03 0,4328
3 B o8 67,12 0,2653
4 b 86 32,70 0,3372
- C a1 40965 0,1975
] e 61 22,18 D,3279
T 4] 52 34,44 0,2308
f o 40 14,23 0, 5000

Wotatlorn an for Appendix Table 4.1



APPENDIX 4 (contd.)

TABLE 4.8 Data for 4/5th portion of fruit No. 12

. Iuhii:;;un 5 5 Py

1 A 34 | 48,57 | 0,64M
2 a 7 | 29,60 | 0,949
3 B 65 | 41,67 | o,8000
a b 50 20,16 0,6600
5 C 63 | 35,20 | 0,574
6 & 36 | 18,36 | 0,6944
7 D 25 | 21,93 | 0,5600
B d 23 | 20,00 | 0,9130

Hotation as for Appendix Table 4.1

TABLE 4.9 Data for 4/5th portion of fruit No. 13

—
i Fruit & : n
sub=Teqgion i i i
1 A 22 50, 45 0,6818
2 a 21 45,10 0,8261
3 B 23 26,74 0,6957
i b a4 39,29 0,B636
5 C 15 18,52 0,B667
& c 28 28,87 0,8571
7 D 7T 14,00 0,7143
B e 11 22,00 1,0000

Motation ss for Appendix Teble 4.1



APPENDIX & (contd,)

TAELE 4.70 Data Tor 4/5th portion of fruit No. 14

¢ | womatagi] st Pi

1 A 29 45,31 0,8621
2 B 38 33,63 0,9737
3 ] 19 13,29 044737
4 b 61 27,60 0,0836
5 C 10 6,37 0,5000
6 e 28 12,79 0,9286
T D 2 5,36 0,2000
& d 15 14,85 0,5657

Notation as for Appendix Tablo 4.1

TABLE 4.11 Data for 4/5th portion of frult No. 15

i Fruit 7 o .
sub-reglon | i i

1 A 63 B8O, 77 0,8413
2 8 96 64,00 0,9167
3 B 1319 75,72 0,6870
4 b 126 54,55 0,7937
5 c a3 46,50 D,6022
& o 79 37,09 D,6962
7 D 43 38,74 0, 4651
g d 32 25,81 0,7500

Motation as for Aopmndix Tuble 4.1



CONCORDANCE (W) AND X
OVULE/SEED TYPES FOR FRUIT

APPENDIX 5

TESTS ON THE FRANKS
SET WITHOUT HAND=-POLLINATION

OF THE

INTRA-FRUIT PROPDRTION OF
IN AUTUMN,

DIFFERENT

973

TATION: As far Appendix 3, except that n =B . % tests sach with df = 7 .
For ovule/seed types F, P, § and U, sse Plate 2(b).
TABLE 5.1 Test on "U" ovulas in proportion to total ovules/seeds per frult sub-region
8 | B - R E G I o M w¢ 0,760
FRUIT
B b D d p < 0,001
i 3 4 7 8 X' 3 5B,485
e
3 =) R P A P R P R P R P A P R P R Owverall P
111|032 ) 6|0, | 6|o0,5%| 7 |0,728| 5| o,780| 4 |0,883| 3 |0,524| 1 |o0O,505| 2 0,734
2 2 0,306 8 0,604 6 0,565 T 0,635 < 0,720 3 | 0,663 4 | 0,600 2 D,EB29 1 0,657
3 k. 0,378 8 0,414 T 0,425 B 0,565 2 0,708 4 | 0813 3 0,621 Z 0,942 1 0,678
-] a 0,308 B 0,354 B 0,447 & 0321 T 0,421 5 0,472 3 0,513 2 0,562 1 0,422
7 5 0,237 7 0,260 -] 04157 B 0,441 g 0,458 ] 0,741 2 0,643 3 0,506 1 0,543
| & 0,425 B 0,672 7 0,632 -] 0,805 4 | D823 2 D873 1 0,815 3 0,762 5 0,748
] T | 0,188 8 | 0,460 6 | 0,329 T D,&673 3 | 0,503 510,778 2 | 0,656 4 | 0,858 1 0,534
? B 0,514 B 0,704 S| 0,583 T 0,738 3 0,648 6 0,836 1 a,7mai 4 | 0,800 F i 0,729
s | s |o,05 | | 0,548| 7 |0O,733| 4|0,607| 6| 0,815| 2 |o,m | s |o8e0| 1 |0,70 | 3 0,693
s+ | w0 |o,547 | 8| 0,004| 7 |0,067| 4| 0,724| 6| 0,536 | 2 |o,872| 3 |o,986 | 1 | 0,851 | s 0,815
; |11 |o,192 | 8 |0,%0 | 6 |0,243| 7 |0,8455| 5| 0,535 | 4 |o0,629| 2 |0,613| 3 |0,782 | 1 0,482
H! B7? 69 &7 =T &1 29 26 23 !
israll ranlk g | 2 | & [ a1 5 = 1 1

L[



ENDIX 5 (contd.)

TABLE 5.2 Test on "5" sends in proportion to total ovules/seeds per fruit sub-region
U 8 = R E E I 0O N W: 0,545
FRUIT
B b C - D d p = 0,001
i 5 6 7 5 ¥: 41,970
= '
J [ R P R P A P i P R P R P R P R Oumrall P
1 T |0,18 | 2| 0,133 1 | 0,097 3 | 0,054 S| 0,024 | 7 | 0,085 4 |DoD,000 | 8 | 0,034 | 6 0,064
2 2 | 0,056 1 | 0,042 3 | 0,000 7 0,041 4 | 0,000 7 | 0,045 2 0,013 5 | 0,000 7 0,025
3 3 | 0,027 2 | 0,103 1| 0,025 3 | 0,000 a | 0,021 5 | 0,007 7 | 0,013 6 | 0,023 4 0,023
5 a | 0,354 & | 0,406 2] 0,15 8 | 0,500 1 0,218 & | D382 3 | 0,154 7 | 0,281 5 0,323
7 5 | 0,211 3| 0,380 1| 0,03 5 | 0,247 2 | 0,038 6 | 0,089 4 | 0,018 7 | o,000 8 0,511
) 6 | 0,125 2 | 0,194 1 | 0,061 4 | 0,054 5 | 0,032 & | 0,022 T | 0,079 a | o,079 3 0,067
1] 7 | 0,016 a8 | 0,021 1 | D007 4 | 0,004 7 | 0,DO& & | 0,007 4 | 0,007 4 | 0,01 2 0,003
i 8 | 0,143 2 | 0,224 1] 0,703 3| 0,065 B | 0,073 5 | D,055 7 | 0,084 8 | 0,096 & 4,091
3 9 | 0,243 2 | D275 1 | 0,081 & | D,232 3 | 0,037 8 | 0,206 4 | 0,080 7 0,100 5 0,156
4 10 | 0,218 2 | 0,202 1| 0,000 T | 0,199 3 | 0,000 T | D,059 4 | 0,000 7 0,040 5 0,097
5 11 | 0,385 2 | 0,467 1] 0,289 4 | 0,320 3 | 0,105 7 | 0,188 5 | 0,081 8 | 0145 & 0,244
. - -
HJ 0 14 sS4 a7 70 51 75 55
varall
rank 2 1 5 3 7 4 8 6

GLE




PPENDIX 5 (econtd.)
TABLE 5.3 Teat on "P" sseds in proportion to total ovules/sesds per fruit sub-region
— _
u B - A E G 1 0 } W: 0,571
FRUIT
. D p < 0,001
i 2 8 7 e 43,939
(=
J ] R & R F'_ R =] 2] B R 2] R -] R =] R Overcell B
1 1|02 1] 0,133 2| 0,083 431 0,054 4 | 5,037 S | 0,00 7 | 0,025 8 | 0,034 ] 0,072
4 2 10,13 2 | 0,13 1| 0,081 4 | 0,09 3 | 0,012 8 | 0,034 5 | 0,013 7 | 0,026 & 0,091
3 3 | 0,762 4 | 0,345 1 0,178 3 0,224 2 0,052 7 0,083 5 0,064 & 0,012 B 0,724
B 4 0,308 1 0,240 3 | 0,269 2 0,179 4 | 0,102 8 0,139 5 D, 103 T 0,735 G 0,381
T 5 0,237 2 | 0,280 1 o,0%8 i 0,181 3 | 0,038 & 0,061 5 D, 000 i | 0,024 7 0,085
2 & 0,200 1 0,087 2 0,061 - 0,081 3| 0,032 B 0,043 T 0,056 -] 0,079 & 0,069
10 T 0,297 1 0,210 2 0,171 3 0,108 & 0,002 & 0,085 T 0,073 L] 0,080 8 0,108
iz 0,171 1 0,058 a 0,147 2 0,065 -] 0, 106 3 0,059 T 0,079 - | G,087 # 0,085
13 | » |o,162 | 1 |o,09e | 6| 0,708 | s |o,07| 4|0o,723]| 2 |o,081 | 7 |0,020 | ® | 0,920 | 3 0,004
14 | 10 | 0,172 1 | 0,035 6 | 0,063 3| 0,072 2 | 0,032 7 | 0,053 s | 0,011 8 | 0,059 4 0,059
%5 {11 |o,20s | 91 |o,120 | 4| 0,29 | 2} 0,943| s]o,17s | 3 |o,070 | 7 |o,099 | &6 | 0,088 | B 0,136
ﬂ-t 16 36 35 a0 82 87 75 64
Dvecall
Rl 1 233 235 4 5 T 1] ]

(§[:74



ENDIX 5 (centd.)

TABLE 5.4 Test on "F" seeds in preoportion to totel ovules/sesds per fruit sub-region
B = R E G 1 J Wy 0,612
FRUIT
d g = 0,007
i s AT,114
™
3 P R P R p R P H P R & R P R = R Overall P
| 1 0,275 1 0;163 3 0,264 2 0,163 4 041585 5 0,031 T 0,081 ] 0,023 B {138
! 2 | 0,500 1 0,042 B | 0,355 2 0,231 5 | D238 4 | 0,258 g | D173 6 | G745 7 0,218
] 3 | 0,432 1 0,136 B | 0,585 2 0,212 4 | 0,219 3 | 0,057 7 0,103 6 | 0,023 B 0,176 !
1 4. | 0,031 4 | 0,000 | 7,6| O,141 3 D;000 7,5 | 0,261 1 0,007 6 | B;23 Z | 0,023 = 0,068 i
’ 5 | 0,318 4 | 0,080 ¥ | 0,706 1 i 5 | O.470 2 0,130 6 0,335 3 | 0,0 B D250 ;
i & | 0,250 1 0,107 5 | D246 2 | 0,080 7 0,133 3 | 0,058 a 0,111 4 | 0,079 6 0,518 |
1 7 | 0,500 1 0,306 4 | 0,403 2 | 0,217 6 0,359 3 | 0,748 7 0,265 5 | 0,071 8 0,248 ]
: B 0171 4 0,016 g 0187 L 0,088 B 0,218 1 ﬂ.l.'.IEL'.I i 0,095 d 0,017 g 0,091
i g | 0,189 1 0,078 3 | 0,087 2 0,054 4 | 0,025 7T | D,D41 6 0,040 5 | 0,000 B 0,057
! 10 | 0,063 2 | 0,009 7 | 8,070 1 0,008 B | G,032 4 | 0,009 = 0,011 5 0,050 3 0,029
: 11 0,128 & | 0,053 B D237 1 05113 & D, 185 T (0,113 5 0,207 2 0,065 7 0,133
H1 22 65,5 21 61,5 36 67 4B =]
erall
rank e & L 5 3 7 4 B

Lag



NOIX 5

(contd.)

TAHLE 5.5 Test on "5" seeds in proportion to total (F + P + S5) seeds per frult sub-region
U B - R G N W: 0,489
RUTT
C c ¥ p < 0,001
i 6 7 E 21 37,629 |
3 = R P R P R - R = R = R P R p R Ouerall P
1 | 0,191 6 | 0,310 3| 0,218 4 | 0,199 5 | 0,109 7 | 0,470 1 | 0,000 8 | 0,374 0,241
2 | o,D81 4 | 0,106 3 | 0,000 7 10915 2 | 0,000 7 | 0,134 1 | 0,085 5 | 0,000 1,075
3 | 0,043 |5,5]| 0,175 2 | 0,043 |5,5| 0,060 S 4 | 0,037 T | 0,073 3 | 0,397 1 0,071
4 | 0,512 5 | 0,628 4 | 0,277 8| 0,736 1 | 0,313 & | 0,723 2 | 0,316 7 | 0,642 3 0,569
s 10,277 3 | 0,514 1 | 0,046 7 | 0,442 2 | 0,066 5 | 0,266 4 | 0,050 & | 0,000 & 0,243 ,
& | 0,217 4 | 0,500 1 | 0,166 7 | 0,277 3 | 0,781 5 | 0,180 & | 0,703 B | 0,332 2 0,256 '
7 (0,020 | 4,5 0,039 2 | 0,010 B | 0,01 7 | 0,012 5 | 0,032 3 | 0,020 | 4,5 | 0,077 1 0,025
8 | 0,294 5 0,757 1 | 0,247 6 | 0,342 3 | 0,207 T '] B,555 4 | 0,201 8 | 0,480 2 0,336
9 | 0,408 & | 0,610 2 | 0,303 7 | 0,590 3 | 0,200 g | o,713 1 | 0,5 4 | 0,455 5 0,508
10 | 0,483 3 | 0,869 1 | 0,000 7 | 0,721 z | 0,000 7 | 0,451 4 | 0,000 7T | 0,268 5 0,524 i
11 | 0,476 & | 0,730 1 | 0,382 & | D,587 2 | 0,226 7 | 0,807 4 | 0,209 & | 0,562 - 0,471 |
Ry 51 21 72,5 38 59 37 68,5 39
BALL 5 1 ) 7 5 4
ank 3 2 i‘

A A



NOIX S (contd.)

TABLE 5.6 Test on ™P" geeds in proportion te total (F + P 4+ 5) seeds per frult sub-region
€S U 8 - R E &€ I Oo w Wt 0,119
RUTT
a B b C c NS
i 3 4 5 5 Xt 9,152
i | P R B R P R F R P R F A F R P R Qverall P
1 (0,358 2 | 0,310 4 | 0,187 7 | 0,199 & | 0,158 8 |0,265 S | 0,39 3 | 0,374 1 0,271
2 | 0,200 3 | 0,790 1 | 0,186 4 | 0,250 2 | 0,048 8 |0o,%701 6 | 0,085 T ] 0,152 5 0,273
3 |o,250 & | 0,589 1 | 0,304 5 | 0,518 2 | 0,178 8 |0,484 3 | 0,358 4 | 0,207 7 0,385
4 | 0,845 2 | 0,372 3 | 0,458 1 | 0,264 5 | 0,176 8 |0,263 & | 0,211 7 | 0,308 A 0,313
5 |0,31 2 | 0,378 1 | 0,116 & | 0,208 3 | 0,066 T | 0,236 5 | 0,000 8 | 0,255 4 0,208
6 |0,348 3 | 0,224 6 | 0,166 8 | 0,815 1| 0,181 7 |0,352 2 | 0,303 5 | 0,332 3 0,274
8 |0,352 5 | 0,189 8 | 0,353 4 | 0,322 & | 0,301 7 |0,350 3 | 0,35 2 | 0,435 1 0,328
g |0,272 4 | 0,217 & | 0,33 3 | 0,272 5 | 0,665 1 | 0,142 B | 0,143 7 | 0,545 2 0,306
10 | 0,380 5 | 0,104 8 | 0,474 2 | 0,261 & | 0,500 1 | 0,461 3 | 0,204 7 | 0,396 4 0,379
1 |o0,%S | 2 |o,%88 | 7 |0,%05 | 3 |0,207 | 5 |0,376 | 1 |0,189 | 6 (0,256 | &4 |0,186 | B 0,253
Fli a7 a7 48 45 [T} 52 61 41

o FA



NDIX 5 (contd.)

TABLE 5.7 Test on "F" sgeds in proportion to total (F + P + §8) seads per fruit sub-region

B | B - A E G I 0 M W: 0,683
RUIT
A a B b c G D d p = 0,001
L 1 2 3 4 5 6 7 8 1 43,952
J H R F R P R P R P R B A P R P i twarall P
1 | 0,451 5 | 0,380 6 | 0,595 4 | 0,599 3 | 0,723 1| 0,265 T | 0,671 2 3§ 0,253 8 0,435
2 | 0,720 & | 0,106 8 | 0,816 4 | 0,635 7 | 0,952 1 | 0,765 5 | 0,885 2 | 0,848 3 0,655
| 3 |0,698 | 2 |0,235 | 8 | 0,652 3 | 0,487 & | 0,750 1 |0,599| & | 0,575 4 {0,357 | 7 0,547
4 | 0,088 s |o,000 |7,5| 0,255 3 | o,000 | 7,5 | 0,451 2 | 0,013 6 | 0,474 1 | 0,053 4 0,118
5 | 0,414 5 | 0,108 8 | 0,837 3| o,270 7 | 0,867 2 | 0,502 s | 0,950 1 | 90,755 4 0,547
6 | 0,438 5 | 0,276 B | 0,668 1 | 0,308 7 | 0,628 2 | 0,475 4 | 0,600 3 | 0,332 & 0,460
T 0,66 & 0,567 7 0,735 3 0,664 - 0;B03 1 0671 & 0,770 2 0,500 B 0,680
;] 0,352 & 0,054 8 0,400 3 0,342 5 0,481 1 0,305 & 0,438 Z 0,085 T 0,336
g D, 3B 1 0,173 i 0,303 2 0,137 & 0,135 T 0,142 5 0,286 3 0,000 i ] C,186
10 | 0,139 5 | 0,027 7 | 0,526 2 | 0,018 8 | 0,500 3 | 0,07 & | 0,796 1 | 0,338 4 0,157
%1 | 0,158 7 | 0,083 8 | 0,313 3 | 0,207 & | 0,398 2 | 0,304 4 | 0,535 1 | 0,252 5 0,256
[
HJ 52 79,5 31 67,5 23 57 22 64
srall
rarl 4 & 3 7 2 5 1 B

11




APPENGIX 6

» TESTS ON THE OIFFERCNCE
CARPELLARY MARGIN AND PLACENTAL EOGE REGTONS

FOR

FRUIT SET IH AUTUMN,

IN ABORTION RATES BETWEEN

1973

TABLE 6.1 ATotal™ ‘l.l an p. of Appendix 4 for frult sub-regions

Fruit No. 'Jtz df Probability, p
1 14,293 7 0,0464
2 69,122 7 < 0,00001
3 23,197 7 0,0016
5 116,375 7 < D,00001
7 95,006 7 < 0,00001
5 19,935 7 0,0057
10 19,830 7 0,0060
12 24,832 7 0,0008
13 9,032 7 0,2504
14 63,557 7 < 01,00001
15 48,615 7 < 0,00001

Total
indivigual 503,794 77 < 0,00001
X

Pooled x ;ﬁ.sna 7 < 0,00001
"“t‘“"':?’““" 204,190 70 < 0,00001
¥ =E-21lnp = 171,743 22 < 0,00001

285




APPENDIX & (contd.)

TABLE 6.2 ¥ "differences™ between (A, B, C, 0) ve {e, b, e, d)
Truit sub-regions with rogard to P.l of Appandix 4
—
Fruit Mo, o df Probability, p
i 4,230 1 0,0397
2 20,721 1 0, 00001
3 15,473 i | 0,0001
5 70,166 1 < 0,00001
7 57,393 1 < 1,00001
9 14,663 1 0,0001
10 9,500 1 0,002
12 13,111 1 0,0003
13 5,074 1 0,0243
14 10, 155 1 < [0,00001
15 16,177 1 0,0001
e
Total
individual 256,663 1 < 0,00001
x
Pooled X 225,250 1 < 0,00001
Het L
i 31,413 10 0,0005
2

izl
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APPENDIN 7

CONCORDANCE (W) AND ﬁf TESTE DN THE RANKS OF - ABORTION RATES
p; OF APPENDIX 4 FOR FRUIT SET IN AUTUMN, 15973

TABLE 7.1
R L] N K -
FRUIT -] u B - R E G | (1] N g

A a L] b C e o d
No. \ 1 2 3 4 5 6 7 B
1 1 4 3 5 6 8 2 7 1
Z 2 3 5 2 ] d T G
3 3 7 1 6 3 ] d 5 2
5 4 4 1,5 6 1,5 7 3 B 5
7 5 3 1 6 2 7 4 8 5
g G ] 1 a 2 T 5 4] p. |
10 T 3 2 <] i 2] 5 T 1
12 ;] 5 1 ] & 7 3 A 2
13 g B 5 7 3 2 4 f 1
14 10 4 2 T 1 3] . | a 1
15 11 2 1 & 3 7 B i} &
Ftl 47 19,5 68 31,5 75 42 78 35

Ovarall
ol 5 1 6 2 7 i 8 3

W = 0,650
X' = 50,023
df = 7

p < D,00001
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ARPENDLIY 8

CONCORDANCE (W) AND x TESTS ON THE RANKS OF A COMPETITION
FACTOR {Hi OF APPENDIX 4) FOR FRUIT SET IN AUTUMN, 1973

TAELE 8.1
R A N K 5§
FRUIT g Al = O I 0O N &§
A [ B b C c D d
No. ] i 1 7 3 4 5 & 7 8
1 1 1 3 2 4 5 6 B 7
v, . 1 1 2 4 [ 5 7 ]
3 5 1 2 3 4 5 [ 7 ]
5 4 1 1 5 2 4 & 7 B
7 5 2 3 1 4 5 7 & 8
g & 1 2 3 5 7 B 6 4
10 7 1 3 2 i 4 7 5 B
12 8 1 4 2 6 3 B 5 7
i3 g 1 7 5 3 7 ] B [
14 10 1 2 5 a 7 B B [
15 11 1 3 2 [ | g 7 (] B
Hi 12 30 32 A5 58 70 73 76
ODvarall
e 1 2 3 ] 5 g 7 B
W o= 0,760
»' = 58,485
df = 7

p < 0,00001



¥ AND t-TESTS ON THE DIFFERENCE 1IN TME COMPETITION FACTOR

INTENSITY

(%

i

APPENDIR 9

OF APPCNDIX 4) BETWCEN CARPELLAAY MARGIN
AND PLACENTAL EDGE REGIONS FOA FRULT SET IN  AUTUMN,

1973

TABLE 9.1
t-Unlua
Fruit No. ﬁ:l (df = 3) Probability, p
1 11,23 2,419 0,0960
2 7,81 0,966 0, 4056
3 10,02 4,368 0,0232
5 0,54 0,123 0,9222
7 21,32 3,357 0,0461
g 9,07 1,611 0,2070
10 27,34 9,424 0,0056
12 15,31 3,401 0,0452
13 -4,14 -0,663 D,5564
14 -4,63 -0,816 D, 4769
15 15,07 5,960 0,0098
X =E-2Inp = 51,95 o 70,0008
with df = 22
ﬁ:i-nmdif‘hrmmln: betwean A-a, B=b, C~c, D-4d

fruit sub-reglons.

i

289
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APPENDIX 10

QUANTITATIVE X' TESTS ON THE RELATION BETWEEN A COMPETITION
FACTOR AND ABORTION RATES IN FRUIT SET WITHOUT HAND-POLLINATION
IN AUTUME, 1973

TABLE 10.1 For fruit sub-regions A, B, C, D only

R TOTAL SLOPE LINEARITY
: i

g *f df -] 11 df p ‘.n'.I df p
9 4,322| 3| o,2289 | 3,837 | 1| o0,0502 | 0,485 2|0,7848
2 4,551 3| o0,2079 | 3,820 | 1| o0,0%07 | 0,731| 2|0,6940
3 1,558\ 3| 0,6690 | o,0001| 1| 0,9999 | 1,588 2|0,4590
5 23,255\ 3| 0,00004{15,788 | 1| 0,0001 | 8,087 2|0,0177
7 28,220/ 3| 0,00001| 6,206 | 1| @,0127 |22,00 0,00002
g 3,508 3| o,3200 | 1,750 | 1| o,1860 | 1,7 0,4153
10 s5,060| 3| o,1088 | 3,981 | 1| o,0860 | 2,079 2|0,3541
12 0,660 3| o,8825 | 0,520 | 1| 0,4713 | 0,141 2| 0,9322
13 1,833| 3| 0,607 | 0,602 | 1| 0,437% | 1,231| 2{0,5405
14 13,453 3| oO,0030 12,253 | 1| O,0005 | 1,200 EII:I,EH-EE
15 18,394 3| 0,0004 14,222 | 1| D,0002 | 4,173 20,1242

Total
individual |105,814|33(< 0,00001)62,379 |11/< 0,0000143,430( 22| 0,0043
A —_ e L
Pooled X | 44,469| 3|< 0,00001|43,021 | 1|< 0,00001| 1,448 2|0,4650
”"";F“"i't” 61,345/30| 0,0007 |19,3%8 [10| o0,0360 |a1,990(20|0,0028
L
X = E-21lnp | 84,928|22 (< 0,00001]84,015 |22 < 0,0000143,087| 22| 0,0048
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APPENDIX 10 (contd.)
TABLE 10.2 For fruit sub-reglons a, b, c, d only
TOTAL SLOPE LINEARITY
Fruit No. - ;ll
¥ lar| v lar] W [ar] p
1 5,991 3| ©o,1121 | 0,360 | 1| 0,5498 | 5,632 2|0,0899
2 41,460 3|< 0,00001|17,B56 | 1| 0,00002)23,604( 2{0,00001
3 6,510 3| 0O,0894 | 3,59 | 1| 0,0557 | 2,961 20,2277
5 6,837 3| ©,0773 | 5,597 | 1| o0,0180 | 1,240/ 20,5381
7 20,323| 3; o,o002 |19,975 | 1| 0,0000%| 0,348] 20,8406
g 2,125| 31 0,547% | 1,347 | 1| 0,2460 | 0,778| 2|0,6779
10 4,546| 3| 0,2084 | 0,033 | 1| 0,8562 | 4,513| 2{0D,%048
12 14,074 3| 0©O,0028 | 7,905 | 1| 0O,004% | 6,159| 20,0458
13 2,060| 3| 0,5603 | 7,111 | 1| 0,2920 | D,949| 2|0,5224
14 21,591 3| o,0007 | 7,568 | 1| 0,0059 |14,023| 20,0009
15 14,113 3| 0,0028 (10,481 | 1| 0,00%2 | 3,651 2|0,1613
Total
individual |139,630|33|< 0,00001|75,762 |11[= 0,00001{63,868)22|0,00001
i |
Poaled ¥ | 33,551| 3|< 0,00001(24,448 | 1| o,00001| 9,102] 2|0,0108
Hutnru?nninty
J 106,079(30|< 0,00001 |51,313 |10 < 0,00001 (54,766 20 |0,00005
¥ = L=2 In p|101,821]|22|< 0,00001 |99, 484 |22 k< 0,00001)63,282 22 |0,0000
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ABPERDIN. N

AT AND CUANTITATLUL ¥ TEEVS ON RELATION BETMCEN CSTIMATORS oF COMPCTITION FACTOR oD
MICATION MATES AT THL SIXTH RCEX IN rAUET SET WiTW mAMD-FOLLISATIDs f8 GuTomws, 9979

TRELE 11.1 :l;. teskn on raletica of Firei estimatar of compatition Fectar and
somd phurtion rats

Frulk

1 subision "y N By 8, (o, -8}

1 ' a8 wra,8 0,0417 &, 07T =0, 0361

2 . as 99,2 8,778 8,20% -8,0318

3 a &3 i, 8 8,13 o, ire =0, 0017

4 b -} 3,7 2,15 g,z ={ 0436

] L k- BEE, ¥ o, 1EAE 0, 1282 =0 A

] E &% ST " | Ih'III!I ﬂ-.!ﬁl =0, 1427

T b =% 83,1 0, 7564 0,730 +0,0774

n = o 5ar.e 0,557 0,348 [V P i

Frult sub—region n E B 5 h

.| BEE o anly Ferd -ﬂ-.-'a l]..'lEII +0, 783} -ﬂ..m‘l

By seay @ only 162 628 6 0, zan8 0, 1937 =i, DO0g

e i aney B il 4 e, 1 8, 1831 o0, 5548 -0, 6008

Type of 1 by ar Conmats

Total sesssssas B, 9.3 3 -

By ssay D onaly Slop® sessssss T 5T 1 il snsns  f=]
Lirmarity .osa 1, 35 7 NS, .« Linmar
Tatal sssssasa 'il.H'l 3 i

By ssag #le m T LIIT 5,999 1 L T {—]
Lirsarily .::: 12,725 2 L non=14ireer
Tatal wssnssea Jd, kaa T e

Ry By sang By @ Blop® sssasnna ‘5'?”‘ s {—1
LInesrify wans 1B, B0 & L Aof—11nsar

I = I“‘ mib-reglon cotfosperding Lo Ay sawy o Frult sub=regioms.
nlll-!—t o ameds -rﬂl.“.lrpl Is Bamad.
n=Ds ,

E, = compatitlon factari Firet estissbtor For sarly sesd developrent in 1 ; wlz. mesn cross-
#edtlonel ares of sadlen Jongltudinel plans belwssn innec-inkeguasnts [B¥ x 407 ) .

:--m-l-lnn? ll.|

P = sslisaisr for sofly soed sbotilon in & § proportlon of poliineted soods without nercmal
[ T RTTE

P = walghiod saan of By -

b o= pegreeslon co-efficleni,

Byo= 8o nley = &) | weighted satinste of by .
0=p=ha) cessbeat,

Frabebilily levels)= Nl p> 0,08

& g 0,08
= p5 00
EEE

05 0,001
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APPCNOLIX 17 (contd.)
THELE 11.7 % tests on relatlisn of socond ostimator of cospotition Pecbor and seed aborklon
reke
Fruit
L Eub—raglan |"'J. -l. Pi ﬂl. h:"l = ﬂJi}
1 ] a6 26,00 0, 0anT I, K =0, 0383
2 . a5 R0, 00 0,778 0,1218 40,0563
3 B a3 g, 00 0, 1163 o, 1451 =0,0324
& -] w TE, D0 0, 1755 0, 20458 ={ 0250
5 c 2 bz, a0 0, 1048 o, ¥y +0 01
& € " 51,25 0, 15633 0,303 =, 1570
T 1] ¥ 14,00 02564 0,20a5 «0, 0819
=] d 4 B 00 0,481% 0, 3427 #0, X050
Frult sub-region n ® p g i
My wesy O only ra2 BE, 48 a,1532 +1,1459 =0,091%7Y
By ssng O Only 162 2,69 0,2408 +0, 6429 —0,00%5
By 8y wueg O, d 364 an, o7 0, 1201 +0, 7438 -0,0069
Typa af % e ol Coanarts
Tobtal scasamss B, B3 3 L]
Ay anag O ofly QX0EF sevansns B,533 - aEEEw {—]
LEindarity oaas 0,439 2 N3, .. Llinsar
Toatnl seauense 18,724 3
By sesqy O ONly SlEpe sevmanns 'ﬂp!‘] ® - BaEdE {"]
Lirnpacity s.as 14,181 F i ##¥ non=linear
Takal wiaiieds 34, 444 T L]
A, By saay B @ Blopd sswisins 15,734 1 . =)
Linsarlty sas. 18,7 ] ¥%  nmon=-linear
th
I m ] subi—reglon casrmepanding Lo By +.ryp d Frult sub-reglorn.
rll1I & norbor of ooods on which |:|’ is basad.
n = Iﬁi 4
Wy o= corpotition Fector: socond ohtimator Fer eecly oead devalopeant In £ 3 wir. % pellen
tube pomatrationa.
% = walghted masn of =, .
Py = potinatar For asely saed ghortion Im L § proporlion of pollinakted omods without mormal
[ ]I T
E = polghied oeon of pl .
h = pageeasicn so—elflficlent
B, =P 4 iz, - %) ¢ welghtad gstimato of Py *
g=p-hij conabant.

Prohabllity levelsi=

N5 p > 0,05
# p<p,nd

& p < 0,01
#+* p < 0,00




APPENDIX

12

QUALITATIVE W TESTS ON AN ORDERED DISTRIBUTION OF ABORTION ALONG THE FRUIT STEM-APEX
AXIS FOR FRUIT SET

IN  AUTUMMN,

1973

TABLE 12.1 On the guelitative ordering of fruit sub=regions with respect to the weighted Py of
Appandix 4, viz. that A= B> C > D
S U B - R I 0 N
FRUTT =
) B C () E,.l EE b4 Probability, p
Mo u; |:|i Hi pi H; ;:r::L -i Pi
1 42 | 0,5476 32 | p,4063 18 u,zsw* & 1],291'?I D,45 | 0,40 4,265 | D,08 <p < 0,10
2 | 25 | p,2800 27 | o,1852 | 21 | o,0833' | 15 | o,0833" | 0,46 | 0,48 | 4,007 | 0,05 <p < 0,10
3 |23 | 0,3333" | a6 0,3333" | 28 0,3095 | 14 | 0,3095 | 0,36 | 0,46 | 0,088 p > 0,10
5 | a5 | 0,95%8 47 | o,7447 | 51 | o0,5490 | 19 | 0,5253 | 0,50 | 0,35 | 23,257 p < 0,005
7 | 29 | 0,5862 43 | 0,628 | &5 | 0,1333 | 20 | 0,0500 | D,45 | D,39 | 28,220 p < 0,005
¢ | 23| 0,815 | a2 | a,a154' | 22 | 0,3750' | 10 | 0,3750' | 0,35 | 0,85 | 0,128 p > 0,10
10 22 | 0,3846 88 | 0,2653 a1 !fi.E'liI]E-1 22 | 00,2105 0,40 C, 485 3,80 |0,025<p<0D,05D
12 | 34 | 0,6471 65 | o,6000 | 63 | 0,5714 | 25 | 0,500 | 0,41 | 0,38 | 0,660 g > 0,10
13 | 22 | 0,7338" 23| 0,733¢ | 15 | 0,7338' | 7 | 0,71a3 | 0,4¢ | 6,48 | 0,012 p> 0,10
14 | 29 | 0,8821 19 | o,4828' | 10 | 0,428’ | 5 | 0,2000 | 0,46 | 0,47 | 13,433 o < 0,005
1 |63 | o0,8413 | 131 | o,8870 | 93 | 0,6022 | 43 | 0,4651 0,37 | 0,43 | 18,324 o < 0,005

(') = over a Py walue denotes a revised proportion after Bartholomew's method for ordered guelitative f

{Fleise, 1573)

Vig



APPENDIX 12 (contd.)
TRABLE 2.2 On the qualitative ordering of fruit sub-regions with respect to the wsighted 8y of
Appendix 4, viz. thet e > b > c > d
5 u B - R G I 0
FRUIT =2
8 b o d E*i Iﬁ:2 % Probability, p

Mo. | Y Py b | Py ¥y Py o | Py

1 4z | o,6190 | 25| o,5625 | 15 | 0,562 | & | o,5625 | 0,48 | 0,47 | 0,295 p > 0,10

. 38 | 0,B8947 44 | 0,3636 30 | 0,2333 13 | 0,1538 0,43 | D,42 | 41,458 p < 0,005

3 34 | 0,647 37 05135 27 {I,EEUD' = 0, 5000 0,83 0,30 6,265 0,07 < p < 0,025
5 62 | 1,0000 76 | 17,0000 76 | D,0B68 39 | 0,9487 0,47 | 0,4 6,837 | O,025 < p < 0,01
7 37 | 0,8919 52 | 0,7308 34 | 0,5000 8 | 0,2500 0,41 | 0,34 | 20,323 p < 0,005

) 40 | 0,7250 29 | 0,6897 17 E,EEEBr 5 U,EQEHr 0,46 | 0,54 1,441 p>0,10

10 67 | 0,4328 a6 1:|,.3|55ll:I'r 61 E,EEEE' 40 I:I.EEBI:IIr 0,43 | 0,48 0,842 p>0,70
12 37 | 0,9459 50 U,?Eﬁ?1 35 ﬂ,??ﬂ?l 23 D,?Ed?' 0,42 | 0,48 7,886 | 0,01 < p < 0,025
13 23 | 0,8679" a4 | 0,678 | 28 | 0,867’ | 11 | 0,8879 | 0,37 | 0,42 0,000 p > 0,10
14 38 D,E?EBI 61 U,HTEE. 28 | 0,9286 15 | D,6667 0,35 | 0,49 | 21,553 p < 0,005
15 g6 | 0,9167 126 | 0,7937 79 I:I,.‘.i"l‘nt'?'I 32 |‘.‘|,'?‘11'irl 0,41 | 0,42 | 13,695 p < 0,005

(') - sas Appandix Table 12.1

T A



APPENDIX 13

X TESTS ON THE DISTRIBUTION OF ABORTION WITHIN THE FRUIT

STEM-APEX AXIS FOR FRUIT SET WITHOUT HAND-POLLINATION
IN AUTURN, 1373

TABLE 13.1 X' tests on the differences in proportions of
abortad sesds Py (Appendix 4) for fruit
gub=-regions ABC ve O

Fruit s - < -

No. , 51 n, '-’E *differances”
1 92 | 0,4857 | 6 | 0,3333 0,2890 3
2 73 | a,7781 | 15 | 0,1333 0, 1767 3
3 97 | 0,3093 | 14 | 0,4286 0,7946 1
5 143 | 0,7413 | 19 | 0,5263 3,8134 3
T 117 | 0,2564 | 20 | O,0500 4,1558 3
g 67 | p,4023 | 10 | 0,4000 o, 0002 3
10 231 | D,2684 | 52 | 0,2308 0, 3107 3
12 | 12 | o,5988 | 25 | o,5600 0,1352 3
13 60 | 0,7334 | 7 | 0,7143 0,0116 3
14 58 | 0,6724 | 5 | 0,2000 4,4316 3
15 787 | 0,6934 | 43 | 0,465 B,7315 3
EX 22,850 * 33

% Probabllity, 0,85 < p < 0,95

296



APPENDIX

13 (contd.)

TABLE 13.2 X tests on the differences in proportions of
abortad seads By (Appendix 4) for fruit
sub-regions R vs BC

Fruit A Be 4F

No. n, 51 n, Ez fdifferences"
1 42 | 0,5476 20 | 043600 3, 2517 3
2 23 | O,2B00 48 | 01250 2,6979 3
3 23 | 0,3043 | 74 | 0,3108 | ©,0035 3
5 45 | 0,9556 | 98 | 0,6429 | 15,7225 3
T 29 | 0,5B62 B8 | 0,1477 21,9978 3
o 23 | 0,5652 64 | D,3437 3, 4521 3
10 22 | 0,3846 179 | 0,2346 4,6170 &
12 34 | 0,6471 | 128 | 0,5889 | 0,488 5
13 22 | 0,6818 | 38 | 0,7632 | 0,4721 3
14 29 | o,8621 | 29 | p,4828 | 9,4713 3
15 | 63 | 0,8413 | 224 | 0,658 | 8,3053 3
£ | 70,410 % 53

¥ Probability, p < 0,00015

297



BPPENDIX 13 ({contd.)
TABLE 13.3 % tests on the differences in proportions of
aborted seeds p, (Appendix 4) for fruit
gub-regions BC va D
Fruit BE 0 W df
Na. n, E-] n, Ez "diffarencas"
1 50 1 0,3600 6| D335 0,0%66 3
2 46 | 04,1250 15 | D0,1333 o,0071 3
3 T4 043108 14 0,4286 0, 7385 3
5 98 | 0,6429 | 19 | 0,5263 0,9222 3
7 BE | 0,1477 20 | 0,0500 1,3790 3
5 64 | 0,3437 10 | 0,4000 0,203 3
10 179 | 0,2346 B2 | 0,2308 0,0032 3
12 128 | 0,5859 23 | 0,5600 0,05%7 3
i3 38 | 0,7632 7| 0,143 0,0765 3
14 £ H,?BEE 5 0,2000 17,3834 3
18 224 | O0,6518 43 | 0,4651 5, 3470 3
b 10,083 # 33

¥ Probability, p > 0,95

298



APPENDIX 13 (contd.)
TABLE 13.4 % tests on the differences in proportions of
aborted seeds Py (Appondix 4) Tor fruit
sub-reglons abc ve o
Fruit ahe * =
No. B 5 z = "differences"
] 1 2 2
1 gz | 0,57 | 8 | o,7500 0,942 3
2 112 | o,5089 | 13 | 0,1538 5,8936 3
3 58 | 0,5910 | § | 0,6000 0,0013 3
5 214 | 0,9953 | 39 | 0,9487 6,0923 3
7 123 | 0,7155 | 8 | 0,2500 7,5694 3
] 86 | 0,6744 | 15 | 0,6667 0,0034 3
10 214 | 0,3845 | a0 | 0,5000 3,2040 3
12 123 | 0,7561 | 23 | 0,930 2,787 3
13 o5 | 0,8526 | 11 | 1,000 1,8682 3
14 127 | 0,9665 | 15 | 0,6667 20,5780 3
15 301 | 0,8073 | 32 | 0,7500 0,5976 3
3 a9,5370% | 33

% Probability, 0,01 < p < 0,05

2599



APPENDIX 13 (contd. )

TABLE 13.5 *.lr.a Eante on kthe differsnces In proportion of

aborted sweds p, {Appendix 4) Por fruit
aub=reglons a ve be

No. A = 5 = "differences"
Ll g
1 a2 | 0,6190 40 | 0,5250 0,7400 3
2 38 | 0,0947 | 74| 0,3108 34,2503 3
3 34 | 0,7647 64 | 0,5000 B,4407 3
5 62 | 1,0000 | 152 | D,9934 0,411 3
7 37 | 0,8919 | 86 | D,6396 8,0887 1
g 4 | D,7250 | 46 | D,6305 0,8702 3
10 67 | 0,4328 | 147 | 0,3333 1,9670 3
12 37 | 0,9459 B6 | D,6744 10,3354 3
1% 23| p,8281 | 72 | o,8611 0,1699 3
14 38 0,9737 B9 | D,9663 0,D478 3
15 96 | 0,9167 | 205 | D,7561 10,8423 3
e —

g 74,167 & 33

¥ pProbsbility, p < 0,0001



APPENDT %

13 {econtd.)
TABLE 13.6 ﬂ? tests on the differences in proportions of
aborted seeds Py (Appendix 4) for fruit
gub=reaglions bo ve d
Frult i s E? df
No. = - "differancea”
i O 5 3 o
1 40 | 0,5230 8 | 0,7500 1,3714 3
2 T4 | 0,308 13 | 04,1538 1, 3311 3
3 64 | D,5000 | 5 | 0,6000 a, 1856 3
5 152 | 0,9934 | 39 | 0,9487 4,0060 3
T Bc | 0,5396 8 | 0,2500 4, 6546 3
L 46 | 0,6305 15 | 0,6667 0,0643 3
10 147 | 0,3333 | 40 | 0,5000 3, 7827 3
12 B6 | 0,6744 ( 23 | 0,9130 5, 1780 3
13 72 | 0,8611 11 1,0000 1,7369 3
14 B9 | 0,9663 | 15 | 0,6667 16,2284 3
15 205 ﬂ|+551 32 | 0,7s00 0,0056 3
i 10,516 4 33

# Probebility, 0,20 <p < 0,25

30



APPENDIX 14

IN FRUIT 5ET

2
b TESTS ON THE DISTRIBUTION ©OF ABODRTION BETHEEN FRUIT SUB-REGCIONS AT THE SIXTH WEEK
MITH HAMD-POLLINATION IN AUTUMN, 1971
TABLE 14.1
F R U T 5 U B R E G 1 0O N B
Ry B, C, Dve a, b, o, d A, B C, D s, bve g, d A, 2, 8, b, C, c vs D, &
n 222 162 61 131 B4 T8 316 &8
B 0,1532 0,2408 0,0770 00,2061 0,1786 0,3077 0, 1488 0,3823
% s (B=1=-p) 56,4946 7,7066 5,4707 6, 4545
df 1 3 7 7
X “diffarencas® 4,668 6,900 3,688 19,815
Probability 0,02 < p < 0,05 0,06 < p < 0,10 0,25 <p < 0,30 0,001 < p < 0,005
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APPENDIX 15

MULTIPLE REGRESSION EGQUATIONS ON INTRA-FRUIT ABORTION HRATES
FOR FRUIT SET WITHOUT HAND-POLLINATION 1IN AUTUMN, 1973

NOTATION AND MODEL FOR WEIGHTED REGRESSION EQUATIONS - using (weighting fantnr}
We Hi and pi {transformed to angular dagraaaj of Appendix 4.

Model: p= hﬂ - h1x1 + hExE + ?EHE

Where « ¢ s & & ]

regreasion function For the proportion of aborted
geegds, in the transformed mode of engular degrees;

bD ' h1| ; hE ; b3 = ragression constents for a given fruit;
4 - dummy wvariable = 0 for A, B, C, D fruit sub-reglons
and = 1 for a, b, ¢, d fruit sub-regions}
= x, of Appendix 4 ; an
%y i fA dix 4 d
o -
Xoq = Exi} .

In addition,; the following derived notations are also usedi=

= ]
-
il

pstimated proportion of aborted seeds (in the transformed mode of angular
degrees), estimated by p of a given fruit for the ith frult sub-region

when esppropriate regreseion constants end s values are usad;

i ﬁi = B residual velue when an sstimated ﬁi 1z subtracted from a giver
obearvad Py (in transformed mode). Used as a goodness-of-Fit check
between observed and estimated values of abortion rates.
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APPENDIX 15 (contd.)
TABLE 95.7 FRegresslon constants of weightad equetiona For seed abor-
tion with assoclated multiple correlation co-afflolents
r:ﬁft by b, ” by nnm;i:izt:nn
co=efficiant
1 a7,a9% 15,09 =1,044 06,0172 0,B53
2 -2%,22 20,68 1,905 ~0,0157 0,718
3 39,88 17,38 ~0,6B84 0,009 0,888
5 141,93 25,064 =3,777 0,0397 0,945
7 =17,85 36,95 1,087 -0,0057 0,923
9 36,95 18,84 =0, 201 0,007 0,949
10 ¥ ,57 10,55 =0,535 0,0069 0,97
12 1,3 22,M 2,367 =0,0285 0,833
13 95,72 18,07 =2,144 0,0246 0,833
14 32,52 23,50 0,992 ={0,0048 0,928
15 39,25 14,90 0,022 0,0033 0,910

TABLE 15.2 ¥ tests (df = 22) on regression co-efficients h.l ¢ B

b

based on series of (two-tailed) t-test probability

il‘

3
values (p) (df =4)
Fruit % by i
No. N o " g t P
1 3,016 | 0,0394 | 1,840 | 0,1385 | 2,206 | 0,0021
2 1,395 | 0,2356 | 0,802 | D,4678 | 0,585 | 0,5901
3 3,776 | 0,0195 | 0,811 | 0,4633 | 1,013 | 0,3686
5 4,725 | 0,0097 | 0,736 | 0,5033 | 0,897 | 0,4206
7 4,648 | 0,0007 | 1,198 | 0,2072 | 0,683 | 0,5327
9 5,997 | 0,0038 | 0,572 | 0,7288 | 0,907 | 0,4157
10 3,670 | 0,0226 | 1,843 | 0,1394 | 2,378 | 0,0763
12 2,763 | 0,0508 | 1,220 | 0,2096 | 0,976 | 0,3848
13 2,517 | 0,0656 | 1,431 | 0,2260 | 1,264 | 0,2754
14 2,162 | 0,0968 | 0,533 | 0,6226 | 0,135 | 0,8996
15 3,852 | 0,0183 | 0,027 | 0,9796 | 0,452 | 0,6753
X =% =-21np 78,531 21,827 23,200
B < 0,00001 0,4704 0, 3908




APPENDIX 15 (contd.)

TABLE 15.3 Concordance (W) and 1' tast on the ranks of & derived from

the regressicn sguationm

R A N K 5§
FAUIT 8 ¥ B == | EE I 0 "R 3
A ] B b [+ O d
M. j ] K 3 4 5 ] T ]
1 1 5 4 3 B 2] 1 T 2
F) 2 3 1 1 T | 1] 2 5
3 3 3] 2 & 5 3 T 1 -]
5 & 1 4 2 [/ B 3 T 5
7 ] 1 2 8 7 & 3 2 4
g 6 4 2] T 2 3 a 1 5
10 T 4 2 B T 5 8 3 1
12 B 4 3 ] a8 T 5 2 1
13 g 3 6 5 ? [ T ] 1
14 m 4 b 5 3 2 1 7 B
15 11 F 1 . ] 6 3 i -] 4
Hj I3 LT 60 61 51 BA ;] f2
Overall
Rawile 2 1 7 A B B d 3
W= 0,126
€ = 9,727
df = 7

=
|

D, 2046



APPENDIX 16

ABORTION AND RELATED DATA OF FRUIT
HERD-POLLINATION IN SUSNMER,

MOTATION

I.-ith

Wy = & weighting factor = (F + P +5) seada in 1 .

SET WITHOUT
1972/73

306

sub=raglon corresponding to fruit sub-regions Indicated in the tables.

My = 8 compatition factor = {{F +P4+S)(F+P4+54+ U}L % , as an index of

parly seed development Intensity.

P, = propartion of sesds aborled in 1 = G—J"'L': 1 ; .
i

Fy, Py 5§, and U refer to seed/ovule types - Plate 2{h),

NOTE: Data froe each fruit refers to 2/5th longitedinal portions.

TABLE 16.7 Fruit Me. 1

i iz i ®
sub-ragion i i Py

1 A 18 78,26 0,0000
r, & 27 E7,45 0,0370
3 =! 74 BE,05 o0,0676
4 b 80 64,52 0,1375
5 C 67 73,63 0,179
& 63 45,00 0,0794
T O 37 50,00 0,1351
B8 36 33,64 0,0833




APPENDI X

18

{contd. )
TABLE 16.2 Frult Mo. 2
I
i Fruit
aub=region oy ®q Py
1 A 38 B6,36 0,0263
2 & 45 77,59 0,111
3 B 78 83,87 0,0513
4 b gz 75,41 0,1087
B C 103 79,84 0,0680
B Td 56,92 0,1351
7 i 46 58,74 0,0652
B 55 43,65 0,1636
TABLE 15.3 Fruft Mo. 3
i Fruit
gub=region 3 1 Py
1 ! 23 BB, 46 0,0435
2 8 20 78,36 0,0345
3 B az oo, 11 0,0000
[ b a7 87,88 0,0345
al E BB Q3,62 0,0485
B C B9 B0, 18 0,0225
7 D 48 73,85 0,0000
B d 65 59,63 0,0760
TAHLE 16.4 Fruit No. 4
1 Frufit
sub=reglon o | o Py
1 A 3z B8, B9 0,0313
2 a 60 B5,T1 0,0667
3 A 75 85,23 0,0267
4 b B7 83,65 0,;1609
5 C 79 80,61 0,0127
6 C 58 58,59 0,06%0
7 0 49 58,76 0,0408
A d 43 43,43 0,0930

07



APPENDIX

16 (contd.)

TABLE 16.5 Frult No. 5
i nuht::;iun Hi :i pi
1 A 28 77,78 0,0714
2 a 68 B6,08 0,1029
3 a Gd 78,05 D,0625
4 b 103 77,44 0,2136
5 C 52 50,98 D, 1346
& c 41 33,88 D,1463
7 (1] 20 25,97 0, 2000
;] d 12 10,71 0,0833
TABLE 6.6 Fruikt No. &
i lul::::;:un oy | Py
—
1 A 26 74,79 0,0769
2 8 55 77,46 0,0809
3 ] 76 53,83 0,1053
4 b a1 68,564 0,1235
5 C 53 64,63 0,0566
6 c a1 39,05 0,0976
7 26 79,89 0,1154
B 15 14,02 0,0000
TABLE 16.7 Frult No. 7
{ Fruit . > 3
sub-region i 1 i
1 A 15 83,33 D,0667
2 a 13 46,43 b,1538
3 8 LT T8,BT 0,0682
f b i 24, B0 0,0323
5 C 2 an,74 o,0909
6 e 28 17,18 0,0714
7 D 17 14,17 0,1176
B d 4 3,03 0,0000

Ine



APPENDIX 16 (contd.)

TABLE 6.0 Truit Mo. 9

Fruit
* sub=region i "4 Py
1 ] 48 84,21 0,0417
2 a 64 59,26 0,1094
3 B 74 88,10 0, 0541
4 B 73 76,04 D, 1507
5 C 73 76,84 0,0548
6 [ 66 73,33 0, 1061
7 ] 38 74,51 0,0263
g d 46 51,11 0,0435

TABLE 16.9 Frult No. 10

Fruilk
. sub-recion i o Py
1 A 259 B2,BE 00000
2 a a1 61,25 0,1453
3 B 53 76,81 00943
4 b 57 32,20 0,0175
5 C 34 45,95 0,0882
6 e 26 14,86 0,0000
7 1] 20 21,98 0,1000
] d 3 2,16 0,0000

TABLE 16.70 Frult No. M
i Fruit

sub-region " * Py

1 L] 56 81,80 0,0179
F ] BY 89,69 D;0345
3 B 92 | 92,00 0,0543
4 b 107 | 69,92 0,0374
5 c 70 83,33 0,0286
6 c Bz | 72,17 0,0482
T D @ | 56,32 0,0204
B d a5 | 42,06 0,1333

209
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16 (contd.)

TABLE 16.11 Frult Mo, 12

Frult
: sub=ragion W o~ Py
1 a 24 75,00 0,0417
2 a a1 60,49 0,220
3 B 56 67,47 0,0357
& b 67 53,17 0,223
o C 0 37,04 0,0667
6 (-] 34 18,99 0,05838
T D 26 23,64 0,1154
8 d T 3,85 0,1429

T e, — e —

TABLE 16.12 Fruit fHo. 13

Fruit
. sub=ragion "y i Py

——

1 A 26 83,66 0,0000
2 [ ] 25 78,13 0,0000
3 B 75 89,29 0,0133
é b 668 73,12 0,0000
5 c T4 88,10 0,027
] c 0 60,87 0,0000
7 o a 51,25 D,0244
g d 25 J4,94 0,06%90

TABLE 16,13 Fruit Neo. 14

Frulit
. sub-region ¥ %y Py
1 A 28 82,35 0,107
? a 54 71,05 0,2222
3 B 76 88,37 0,053
4 b B7 61,27 0,2299
a C 64 20,14 0,070
& (] 58 41,43 0,0517
7 D 38 58,46 0,0526
i d 13 42,:n 0,211
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16 ([contd.)

TABLE 16.14 Frult No. 15

Fruit
i sub-reglon o 1 *y Py
1 A 51 96,23 0,0392
2 a 57 83,82 0,0351
3 8 106 | 93,81 0,0054
& b 124 6,12 0,D645
5 £ 124 94,66 0,0403
6 e 107 90l , 68 0,0374
7 D 59 89,39 0,0169
8 d 94 | 91,26 0,0638

TABLE 16,15 Fruit Npo. 16
q Fruit

sub=reglon ol o | Py

1 A &7 88,68 0,0538
2 a 61 87,14 0,0084
3 B 107 54,60 0,0374
é b 110 89,43 D,0909
5 c 105 87,50 0,0476
b e 97 | 85,09 0,1134
T i} B4 79,01 0,0938
8 d 45 72,06 0,1224

TABLE 16,986 Frult Nog. 20
1 Frult 7

sub-reglon i "y Py

1 A 40 68,97 0,0500
2 a 61 B8, 41 0,803
k] B &7 78,62 0,0299
4 b 70 57,38 0, 1286
5 C 53 55,21 0, 1509
& c 31 27,93 0,0645
7 (¥ 26 23,21 0,0769
B d 19 14,18 0,0000

219
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16 (contd.)

TRAELE 16,17 Fruit No. 17

Fruit
£ sub=-region iy g pi
1 F =0 87,72 0,2400
2 o 5B 76,32 0,2063
3 B 103 BB,79 0,0777
4 b 111 78,17 0,1622
5 c 92 69,17 0,0652
b - B2 T2,57 0,073z
7 D b4 60,00 0,0556
B o 5a 591,30 0,11886

TABLE 16.18 Fruit No. 18
4 Fruit

sub=ragion b’ “i pi

1 A b6 90,41 0,0909
Z & B1 52,05 0,1728
3 B 103 04,50 0,1165
i b 120 B3,33 0,0667
5 C 81 31,00 0,0549
B -} 103 66,68 0,0194
7 1] B4 B4,38 0,1481
B L ™,79 0,0536

TRBLE 16.19  Fruit No. 19
i Fruit

sub=region | ®y Py

1 A 34 94,44 0,6176
Z B a4 91,67 0,590%
3 A 7B oG, 20 0, 4868
4 b g4 90,38 0,6489
3 c B2 | 95,35 0, 4146
6 c ag 93,68 0,5720
7 ] 42 87,50 0,3810
g d 1] 89,89 0,5375
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TABLE 16.20 Frult No. 21
1 Fruit K % D
sub-region i i i

1 A 52 24,55 0,1346
2 [ ] G4 95,52 0,2188
3 B 108 94,74 0,074
4 b 108 g2, N 0,1204
5 c 102 02,73 0,0784
] c o8 91,50 0,1420
T D 49 83,05 0,1224
B d 63 78,75 0,0476

13
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APRCRDIE T

COMCORDANEE (W) AAD :!I' TESTE D& "L MANGE &7 THL ENTRA-TRUIT PROPORTION OF OIFFERENT
DVULE/SOCD TYRCE FDA FHULT SUT WITWOUT HAND-POLLIMATION [N SUSACR, 1972/73

MOTATIONG As Far Appendis 3.
Far 7, P, 5, ond U owulefunsd typas, ses Plats 2(8).
' teste ssch with of = 7 ,

TABLE 17.1  Task on “U" cuulne bn prapertion ta totsl ovulosfsessds per frult sub-regian

£ 0" -« AL 9 3 oow W 0,760
FALIT
i . i B g ] . o d p < 0,001
» o ? | a 5 & 7 8 [d: 108,39

"B\ 2 Inl e Inl e Inf e fal pln|l ® [R] » [R] # |[A| Owarsdio

0,288 &|0,850( 7|0,500 1 0,419

0,748 &|0,43| 20,403 ' 8,1

0,11 5 8{p,198| «a,202 1 0, 161

0,163 alo, 414 7o, a0? i o, 28

0,2 5 alo,e61| 3|g,740 1 0,47

By 318 8 ' alo,st| 3 a, T 1 o, 455

n,mE : sio,mva| 3{g,esa 1 0,750

H.HJ| s|0,2% s{o,287| 2o,298 1 o,182

0,578 Slo, 81| 7f0, 780 i 6, L8

o, 4 n,:ul g, 4 1 0,1

0,48 sio,sxm! ajo,m0| 20,7 1 0,886

u,:ﬂi ajo,v1s  als,m| 3jo, s 1 0,330

8,7 olo, 20| tlo,as 8 o,

0,0 &19,003] 3jo, e al o0

8|0, 08 sio, 1| 3o,2m 1 0,1

a,nel slo,o8 3o, 79| alo,em 1 0,177

B, 5 Gle,In| 10,15 b | 0,188

0,088 7o, 063 £o, s ] 0,07

0, a8 dlg, 72| 2§0,TEE 1 0,53

8,017 slo.0ae| 3lo, 7 1 o,0u7

e 106 ni 1" 2
¢ 5,5 )[ 2 1
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TAREL 7.7 Tasl e ™I® sssds in groporllon o lobtal ovolesfsosds par Frult sub=ceglone

5 8 2 = K £ & T B W ilﬂ oy 106
Firugt .
[ . B b E e o d p 0,08
1 ) 3 4 5 § T 8 Wy 18,
" P - P lmy » |R] P |R] P A P iRl e " g mo| Ousrsil |
| vjo,00e | & -.::--I glom3) s jo.0m | 20055 | 1 (o020 | 3 (o007 & 00w | 7 0,032
2 | 2jo,0x2| 7 |o,0s3 2 |o,0m nJﬂ.ﬂﬂ sjo0r3| & |0,082 | v jo,0%8) § [0,040 | & 0,036
3 | 3lo,o3 | 1 la,or| 3 (o000 (7,800 | 2 oo | & ‘u,nug 4 (o000 v.8(0,000 | & o,a18
a 0,08} s |o.003 7 o000 | 7 lo,m6 | * |o,000 | 7 |o,000 |3,8l0.000] v |o.030 | 3,8 o.09
% | =|o.038§ & j@,a%) ¥ |0,000 (8,50, | 1 |0/000 ) 5,5/0,033 | 3 |o.000| &,5/0,000 | 8,8 0,088
& | Bjo,000 ) T I.H-!r |oas | 2 jo,ese | v o008 4 o0 | 9 |o,008] To(0.800 | 7 o, 0en
T | Tje.pon | 5.5t0.3000%5,5{0,05 | 1 (0,000 |5, Ma0mm | 7 lﬁ.M E.8(0,000| &,8/0,000 | 8,5] 0,008
9 | ejooon | 7AMe0e 4 oot | S (0004 ) 1 joon | 3 jo.em | 2 (o000 7,800,010 | B 0,027
0 | slo.poo | & i.tﬁ; 7 (o003 | 1 joms | 3 (o000 | & 1D,Ill & (o000 & (8000 & 0,007
11 |1ojo,000 | & |@,000) & |0,000 | & (0,008 | 3 |o.000 | & |0.0087 7 |0,000| & |o008 1 [ 41
12 |Meeny 3 |e.es| 7 (0,030 5 (oo | v jo 01N 4 (o000 | T |o0m| T |om0n | 7 b,018
i3 |2joom | s Jo.0m| S (6000 | S |o.o00 | S Joora | v o000 | S |o00a] & |o000 | & 6,007
t4 | 130,000 | 7 |O,053 4 |0.003 | & (o000 | 5 jo0e2 | 2 jemee | 7 loam]| 3 |op0o | 7 B,020
18 |wjo,0e® 5 0.0 (0,009 | 5 (0,00 | 4 o000 | 7 (0,000 | Y |00 T |00 | 3 0,070
i | 1%|o,038 1 |o,0%| & (0,0%7T)] 3 |0,008] @ Iu.-.'ll:l T |o.0%7s] a4 jo. o3| & o039 | 2 0,014
7 |jo,000) & |o,000 & (0,000 | & (0,000 | 8 |o.093| 4 (0000 | & jo00] ¢ o009 | 3 o, 007
w | oozt | & 0,080 v (0,084 | 3 jo,0m | 7 jo0%0 | & (0,008 | 8 joore| 2 |o0ee | & 0,097
19 80,000 | &,5{0,000)6,80,003 | 1 (0,000 |6,5(0,002 | ¥ |6,0008] 4 |o,000| e,5|e.ovta| 3 0,007
0 | 19(a,000 T |D.145] 3 10,0 | & D088 | F {0031 | 3 l0.000 | 5 jooee| T |o.e0ni | 7 0,035
M |jo,0@ | 2 [o,000] 7 (o000 [ 7 (o,0008 & [o,00m] 4 9,0003{ 3 |o,000| * |omrs | v o009
" 102, 5 10 w1 |2 o,8 % 1,8 94,8 |

P 1 1 a8 ) 3 4.:1 " &
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APAPCHOIE 9T {eantd.)
TAELE 77,3 Tast &n "P" ssecs LA praserilen to toktal cwiles/sesss por Poll sb-recion
8§ ¥ % - m L E T O W T 10,0793
rautrT
[ ] [ B [ C o 4] d L1
2 » | . 5 & 1 8 s 1,0
|l s fe]l »lal » [al » Ial » | n|lefla]l »]n]|owans
b 0,021} 5 (0,005 &4 [o.040 | 3 0,077 | 1 |o,007 % |no00 ]| & 0,03
T 0,030 3 n.nnj 1 jo,04% | 7 [D,031 | 5 |O,0%8 7, Moo | a o, it
¢ (o000 &|o,000] & [0.000 ] & Jo.001 | 2 |o.e0e 6 |o.oze| 1| o.,0m
B jo,0%4l & o023l 3 (.0 | 1 [D.000F S (a2 ? lo,owi{e,s| o,0M
§ 0,013 7|8y, 3 jo,cm | 4 jo088 | % (BT T |o0es | 0 0,032
7 u.au! S o052 1 |o,00 | & |o.000 |75 0,829 3 jo,000 | 7.5 0,008
7 (oo 10 TM0.0m0 | 8 |0,0% | 3,012 4 |pooo |7,8] 0,011
i jo 4|0, 3 jo.mamel A4 (o000 | 5 (BB T olobne | @ 4,030
i858 9, e, 3 |0,000 | &8 0,08t | 2 (0,000 4 |0,000 | 6,5 0,013
T |08 3|o,0m0 v (0,008 | 8 |0.024 | s (D028 | 4 |o,01 8 [o.0e7 | 2 0,0m
B |0, ®|o,m2| & |0,040 | 1 (0,023 & [B0%0 ( & |O,07T| 3 o000 | 7 o0
i, B 0,000( 6,5 0,012 380,000 |66 0,012 |3,8/0,000 I.J 2 |00 | 1 0,008
i n.mﬁl (o000 & [o,%30 | 4 o028 | 6 (0,021 ( 7 b0 (o003 0,887
b |o,000(7,5 0,000 7,580,087 [ 9 jo.000 | 3 |o.0%e | i |ooam | 2 0,07
To|e,a1) 3 o008 8 (@873 | 2 jo,033 | & (@008 1 4 (D088 | 0,053
L] u.ﬁll 70080 & |0.,%7 | 3 (o093 | Tin0sa | S W jo.08r | & o, o
i |om8a 1 (60| 4 Jo.8% | & jo000 | s looos | @ 3 joons] v 2,036
? |D,6ar| 3 jo,45| & 0,97 | 1 [0, | 7 16,50 i 8 |07 | 5 0,487
¥ |Oa) 5 u.::l 6 Jo.008 | 3 |0,083 ] v jogo0e | 7 4 |noce | & 0,030
3 |o,ro8f 1 e, & |o,m3 | 4 fo,084 | 7 |oi22 | B & 1o | e 0,085
g #6,5| IH 7,51 " 8E 100, 5 08,5 109
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TABLE 17,4 Test on "™ wesds In propartion ko totsl opuulips/sesds por Fruit sub-region
& u L] - A L 1] I a] N Wy 0,694
FRUIT
A @ 8 b C - L o p =< 0,001
5 2 3 4 5 & 7 a8 |x'r 98,798
Ha.
i PR B | R F |Ay P |[R] P |R| P i p A P A | Overall P
1 1|0, 7B 2|0,553| 5|0,808) (0,556 40,500 3|0,4%4| 7 0,432 & [O,300f & 0,530
2 2|m,Ba1) ¥|0,5% 4{0,78s] 70,672 5{0,744| 3{0O,452( 7 (0,550 6 {0,365 A 0,818
3 3o, Ba8) 4{0,TEY| &f0,00% 1)0,R48) Ho,894| 20,784 5 (0,738 7 |0,S550{ & 0,763
a 40,861 1o.800( 30,8 7| 0,70 0,796 0,545 7 |06 6 |0,354 & 0,867
8 505722 3jo,7r2| 1|0,73| 2| 0,608 I, a1 aD.EH & |o,208| 7 |0,098 & 0,851
8 6|0, T2T| 2]0,704 3{0,840 1}0,E07 0,510 0,352| 6 [0,264) Y |0,1a0] & 0,454
7 T|o,Tra] 1j0,393 3{0,732| 70,240 50,370 af{d,veQ( &5 (0,125 v (0,03 & ;23
.8 8|0,807| 210,526| 70,833 10,645 6;0,726| 30,658) 5 |0,726) 4 10,489) & 0,663
i} 9(0,829( 1|0,438| 3|0,858) 210,316 o,419| alo,vea| 7 |a,158 & |O,022 & 0,253
1% | 100,902 1|0,8586) 3)0,8%0 ?;IIIN!E! 0,B10| 5)0,567| & 0,552 7 |0,3685) & 0,131
12 |11|0,719| 10,6104 30,651 ?.n,fﬂﬂ 0,346 5|0,%9| 7 |0,20% & |@,03H & 0,254
13 | 92|0,8%7) v|o,vat| 40,861 240,731 o,0857| 3|o,e09| & 0,500 7 (0,325 A 0,6
14 | 130,738, 30,553 S5(0,78% 290,072 &{0,B3%| v(0,383| 7 |o0,554) 4 fo,33 | & 0,544
18 140,975 T(0,E00| B(0,92790 1;0,889¢ 40,608 3Ho,873| & (0,879 5 |o.8cE 7 0,887
16 |95 (0,830 3fo,ves| 5(0,912) 1(0,8%3) 40,833 2{0,754| & (O,76 7 |oO.633 @ 0,754
17 16 |0,667| 3|0,608( &|0,819) 1|D,&55f 4{0,647] 5 0,6% 2 (0,887 7 |0,452] & 0,53
18 v 0,422 Xo0,Vev| 5|0,Ee35 2)0,TPE! 4la,Be0| 1]o.es5&! 8 o,719| & {0,600 T 0,81
19 |8 0,361 7(0,376) &|0,a0af 3|o,3AF| BjO,558| 1|0,800| & |O,54z| T joO,405] 4 0,431
. 190,655 3|0,728( 2|0,765 1|0,5000 40,460 S5i0,261| & (0,214 7 fO,142; @ 0,421
21 |0n.EtE| 3(0,745)| V\0,E87T) 9|0,81F| 40,055 ?|0,7ES| 5 4,728 8 [o,750 & 0,805
n, a7 &9 12 73 55 120 | a2 | 152
m::::ll 4 4 1 5 :I & 7 g
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ARPCNOLY 17  (eonkd. )
Tt .5 Tesl o "3" sesds I pregerllon s tatal (F &+ P & B) sesis por Pilt saS-reglon
8 ®m & - B £ B I ©° & Iih B0
LT 5
i . B | c € b i NG
i 2 3 i 5 # 7 g N m,
. J P L] [ L] P A P L1 L] L » n P ] n R | Guseall
1] V|0, & 0007 ] !II.'IH? T |00T5] 1 |0.0786) 3 |0 3 | G D04 & |O,058 | a 0, 055
?|2jo,088| T |og0&T | 3 |D0On | B |O.0%) S |o,009 | & n.:j Y [o;pas | & |oo81 | 2 0,53
3| 3jo,043{ v |0,034 | 2,8/0,000 |7,8{0,0%4) 2,5/0,003 | & |o,000] @ |o,00p | 7,850,001 | @ 0,070
4 | af0,831] 8 0000 4 [og0an | 7 jogtEE) 1 |@,000 T |b,0688 3 |0,000 T |0.0% | 2 0,043
& [ 80,038 & |0O;0EE A (6000 16,5 0,175] 1 |0,900 | &,%| 0,008 2 (6,000 0 8 0,000 (6% O O7E
4 | B|0,OD0)| ¥ |O,088 3 |00 | & |D,085 1 |0,957 70,034 5 [u0,000 1 |o.000 | F 0, DAt
T ‘ u'Iw EII utm E-.i nl-m 1 nim 51-5 !.HI ’ l'.'l.m ’|i H,ﬂll:l h. ﬂ..m I,E II..IJ!:I
¥ | B|D,0p0 ) 9,8 (0,00 3 [0,004 | & {0,723 1 |0,0%7 a j00as T 0800 !,jn*nn ] 0,037
%@ | ¥|00C0) B (D;Da% 1 §0,0E8% 1 |o,0vE] 3 |0,000 B ll'.m [ n,m ] 0,00 | & 0,023
11 |iDjo,000) & |0/000 & j9,000 | & 0,00 13 |0,000 e |oonx 3 |0,000 L = 1 0, 0bE
a2 |v|p,0a]| 3 |0,073 7 |@,08 | 5 o049 1 |D,003 & j0,000f 710,000 T 0,000 [ T 0, Ok
A3 |wjoo00l 5 (0,000 | 8 o000 | 5 Jogo00| S fo.ota | 1 jo.o00| s loooo| 8 (o000 | S 0,003
e 3joo0| Y oova | % jogoe | S Jlo0%8 & jo,08n | 3joe000 Tloas3| 3 fe.0mm | 7 0,01
15 |wajo,om| 3 5] 1 0,009 | & 0005 4 |o,000 T |m000f T {6,500 T |ae | 2 0,011
" |EjemEl] 1 i § o0 | & D009 8 (0,008 T e or 3|00 & |84 | 2 ;00
" |vsje,000 & (0000 | & |0000 | & (D000 & (8,003 2 |o0mm & (a3 | 1 |e.mvr | 3 a,a1
i 17|e.0m] & o O ? jo,008 | 3 lD,00%| T (m.00 s |o,0m & |o,083 1 |0 | a [ WL TT:
W |wo,000| 6,800,000 | 8,800,0132| 1 |0,000| &,sle,017 | 3 fo,001] & o000 | 6,8 00028 2 0,007
m [wio,mo|l 7 o,k | 1 j0,00 | S |o088]| 2 je,ooe | 3 fo.0 sjogon | 7 |o,000 | 7 0,08
B |Wojoem)] ¥ JO00 | 7 §O.000 | T 0,008 8 |o.0008 & u.ﬂ-ﬂ 3 | o008 T |ma3x | 1 0,009
ny 03,5 74,8 pa I-r:,a Bs,5 u,3| ", II-:
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APRCNDEX 17 [contd.)

TRELE 7.8 Testl on "P" seeds If pEopstilon ta totel (F + 0 &+ 5) seeds per Frult sub-reglon

" 8 = 0 €t B & | B,0318
FEULT
N n i £ /] i g

i 1 | | L Y L [ ] tlt Ay el
Wi,

LY T g R P m " " Polm Ry o | m P N | Sveraly®
i | tj0,000| 7.5 0,000 | 7.5(0,081( & |6,063 | 3 |o0,04] 1 & looet) 7 fo. 008 § B,
? | 2§j0,000| 7,850,088 4 o083 |08 7 |o,0am| & & lo,000) 7,510,072 L] L]
3| 3|oy000] & |o,oon | & |o.000) & |og000 | & oo 2 3 |a,m0al & |o 088 1 0,012
& | hlD,oODY B |OL0%T | 6 (0,027 3 0084 2 |0.003 7 5 (8,081 1 |o.023 i 0,073
% | sjp,oa) 7 a0 | & |e.083f 4o | & fo,a8) 3 §je20a] 4 [B083 | 3 B, Bi3
§ | &jo,077| 2 o036 | & |8.008| & (o83 | 5 0000075007 3 (e, + |ogooo | 7,5] D,0i8
T | 70,067 & (0,154 1 |@,008 7,5 0,030 & |0, 045 & 3 e,y 2 |e.000 | 7.8 0,082
% | ajo,0un] 3 |o0mE 1 (eoa| & o0 | S, 5{0.00T08 7 |o,ome| 7 |o,087 8 o, Bal
10 | #jo,008 i.ILI.III 2 |o,om| & 0,000 | &,5(0.008) 3 B,5{0,%00| v |o0o0 | B,5] 0,042
" |wlo.eve] & o038 | & fo,084) 2 |o.828 | & |o.088 & 3 |B.0m 7 6,111 1 0,088
13 |vije.em) & p.008 | 5 (o.o) 7 |o07s | 3 [0,033] & 4 {ms] 2 0,143 i 0,083
13 |12|o, son)s Ble,0008 | &,.5/0,093] 4 |C,000 l,!il.lﬂ 3 Jioonsl 2 jo,Dag 1 0,642
14 |93fo, 007 & fo,148 3 |o,Om8) 8 0,198 | 2 o0 7 o |ogono| B jo,2 ¥ o,
" nin,nmi s |o,000 | 7,s{0,000 r,ﬁn,nu v |o,0a0] 3 a4 o007 & |o0a3 | 2 0,0
(15|00 T je0deY| 2 (0,09 B [o,pave2) 3 |b,008] & i o878 & lo,oEw3] 4 [,
V7 |iRj0.280| 1 |0, 207 | 2 |o,0v8| 50,62 5 |0 ? &t (0,09 B jo,10@ 1 0,108
T8 | 70,088 2 |o,088 1 o049 & |D,002 | 8 |0,003] A # |oa58| 3 Jo 018 7 0,043
W | VEjR, Bl 2 |0,me0 3 |namh| 8 ngean ' |oganp| ¥ & o581 & Ja,529 5 a5y
#0 (1w|o.080 3 |o,0%e | & |o.0n8 7 (0,083 | & |@.13] 4 & (o,0r7| 2 (o000 | 0,044
1 |#m|o, 8 a 0,29 i fo,o7a| & |D,901 § [0.0d8( 7 i |o,3] 3 [m008 i &, 84

nd 102 2,5 101 81,8 * o u2,5| |ss.s
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THLL 17.7 Test an 57" saads Ia proparilos io Lotal [F « P & 5) ssecs por Fruil sub-region
et # U 8 = W € & I & n Fu.u’u
i " o b £ & o d p = 0,00
1 ' T 3 . . 7 8 |'s 20,83
= P lw]|] » fm] » | n] o]l ®»|n] P |n P | B P |®| Owersll @
1 11,008 1 |o,88y 2 0,83 3 |O,68N T aie Y| & (0,865 & [o,90T) § 0,858
2 | zjo,e7al 1 |a,m09| & |G, ¥ |o,een & djo,ees| v laeas| 3 jo,a0&| 8] 0,508
3 | 3jo,087] & |a,e0s]as]1,0000 1,500,068 4,50, Tia,om| 3 |v.oom| 1,500, 8| o588
a Ilu._m 1 |o,923 & [o,ema| 7 |o, (] weem| & la,9m| a 7| 0,90
& | slo,0m) 2 |a,0e7 4 |D,% i |o,Ths @& &9, 54| & @800 ? 3 o83
4 | ojo,e¥3| 3 |a,009) & [D.MS| & |O.BTT @ Flamoy| 5 (0,885 7 1 0,98
T T|0,533) 3 |4,0eE]| O D, 4 |0, 1 (0,9 5 |o,8E2| 7 1 0,715
1 B0, R 3 |G,081) 7 [0,%aE 4 (B, B 5|3,00a) & (3,974) 1 3y o,
1a Q008 3 |0.084 & (0,800 & §B i §(v,008) @ (8,90 7 2| 0,935
11 | solo,oax| 1 |o,o68( & [o,ea8| T loeEY S leyws7| & |e,pem| = B o,ems
1w | 1i)0.850) ¥ |&8,0%) o [6,ma 1 |B, | alf, @4 3 (p,8ES5| S5 7| o8
13 | 129,000 :.mI 1,000 %,% p,ea7| & |1,0000,5(0,573 71,000 2,5{0,976| & B o585
14 | 13lo,nea) 8 |o,7vel v (o808 4 {p,YTe B ajo,ou| 1 |&,8a7| 2 8 W,BE3
15 | 1alo,981] s |o,e68] 3 [0, 1 fo, ] éloma| a |o,983| 2 7| we,%80
s | 18|08 7 (0,08 & |o,ee3 1 |oy & alo,set] 7 |o,ems| s B o,9m
7 |wjo,Teal o |o,Te3| T (0,52 & |0,0000 & #10,87 3 |a,%4a] 1 £} 0,88
19 |v7|a,ece)| § |o.8v| o [o,m3) & [0.03H & ajo,e81| ¥ o052 v 7| @,mna
i |wjo,3ea) v |o,408| & (0,803 3 |08 & o427 5 |o.E18{ 4 & 0, esE
m |wlo,9%| 3 |o,em)] a (0,07 2 |07 & rlo,008| & |o,e99] 8 1| B,
T |mjo.mes) & fo,7e1| 0 |o,0m) ¢ [o.oma| 4 3lo,esv| 7 |o.eva| = 1| a0
ny |wa, 8 114 05,5 1 [na 87,4 lga,s os)
g ? T 1 8 4 5 3 &




% TESTS OM THE OIFFERENCE 1IN ABOATION RATES BETWEEW

APPENDIX

18

CARPELLARY MARGIN AND PLACENTAL

A SIB-5ET OF

EDGE RLCGIORS FOR
FRUIT SET IN SUMMER, 1972/73

TABLE 18,17 "Total® l? on Py of sub-set of fruit
{Appendix 16) for fruit sub-reglons

o
Fruit No. x df Probability
14 19,837 7 0,0050
17 21,274 7 0,0034
18 13,892 7 0,0058
19 16,392 7 0,0218
21 13,863 7 0,053
Total
individual 91,258 35 < [,0001
12
Pooled X 32,250 7 < 10,0001
“‘t“;?'”“” 58,968 | 28 6, 0006
X' =L-21np | 45,3508 10 < 0,0001

321
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APPENDIX 18 (contd.)

TAELE 18.2 X' "differences” batwsen (A, B, C, D) vs

{a, b, ¢, d) Fruit sub-regions with
regard to Py of sub-set of Appendix 16

Frult No. g df Probability
14 8,086 1 0,0045
17 2,5%9 1 0,113
18 1,198 1 0,2737
19 8,757 1 0,0031
21 2,434 1 0,1189
Total
Individual 23,014 5 0,0003
¥ differencas
i popled
diffearences 17,485 L < 0,0001
ht";ﬁ"""'t" 5,569 4 0, 3505

X =L=2Inp 33,602 10 0,0002
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APPENDIX 19

TESTS ON THE RANKS OF ABOATION RATES Py

X

AND

CONCORDANCE (W)

1972/73

IN SUMMER,

OF APPENDIX 16 FOR FRUIT SET

For mll the Fruit of Appendix 16

19.1

TABLE
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APPENDIX 19

{contd.}

TABLE

19:2 For a sub-sat of Appendix 16

A K
FAUTT 5 U 8 R I N
A a B b C [ 1] d
|
Na. K 1 2 3 4 5 6 7 B
14 1 4 2 5 1 6 B 7 3
17 2 1 2 5 3 7 6 B 4
18 3 4 1 3 5 6 :] 2 7
19 & 2 3 6 1 7 4 8 5
21 5 3 1 7 5 6 2 4 a8
R, 14 9 26 15 32 28 29 27
Overall
B 2 1 4 3 8 6 7 5
H L u'm
X = 16,857

Probability, 0,01 <p < 0,02



APPENDIX 2D

CONCORDANCE (W) AND X° TESTS ON THE

RANKS OF A COMPETITION

325

FACTOR (x, OF APPENDIX 16) FOR FRUIT SET 1IN SUMMER, 1972/73
TABLE 20.1 For ell the fruit of Appendix 16
E K ¥ B
FRUIT 5 u B - R E G i
A a B b ] [+ ] d
Na. q}%;‘ s Rl el s | T )8
1 1 z L 1 i 3 7 2] B
2 2 1 4 2 5 3 T 2] ]
&5 3 350 G 2 3.5 1 5 T 8
4 4 1 2 3 .| S T 2] H
b 5 3 1 2 & 5 6 T a
i 3] 2 3 1 | 5 4] T a
7 T 1 3 2 5 4 6 T A
| g 2 T 1 i 3 [ 5 a8
10 g 1 3 r 5 i T i1 a
11 10 2 [ 1 3 5 [ T a8
12 11 1 2 3 4 5 7 6 ]
13 12 1 4 2 5 3 [ T ]
14 13 3 .| 2 5 1 ] B T
15 | 14 1 | 8 4| 2 3 6 7 5
16 15 3 5 1 2 i 6 7 ]
17 16 Fa & 1 3 G 5 T ]
18 17 4 2 1 6 3 8 5 7
19 18 3 5 1 B 2 ] ;] 7
20 19 3 1 2 1 5 & [ B
21 20 3 1 2 8 4 (] 7 1]
Ryl 42,5 |74 |36 | 83,5 [ 74 [ 125 | 131 | 158
Dverall
S 2 3,8 [ 1 5 55| 6 7 e
W= 0,758
% = 106,071

gdf = ¥



APPENDIX 20 (contd.)
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Probability, p < 0,001

TABLE 20.2 For a sub-set of Appendix 16
R A K
FRUIT 5 U B8 R H
A a B b C o b d
Nas l‘]«{ﬁﬁ 1 2 3 4 5 5 7 8
14 1 3 4 2 & 1 B 6 T
17 2 2 4 1 3 6 5 7 B
18 3 4 2 1 (] 3 B 5 7
19 & 3 5 1 2] 2 & B 7
21 -1 3 1 2 5 ] 6 T ]
J=|11 15 16 7 25 16 19 34 30
Overall
G it 2 3,5 1 5 3,5 f 7 .[ B
W= 0,743
% = 26,000
df = 7
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APPENDIX 27

x* AND t-TESTS ON THE OIFFERENCE IN THE COMPETITION FACTOR

INTENSITY [xi OF APPENDIX 16) BETWEEN CARPELLARY MARGIN
AND PLACENTAL EDGE REGIONS FOR FRUIT SET IN SUMMER, 1972/73

TRBLE 21.1 For all the fruit of Appendix 16

Frult No. ﬁxi t-Value Probability, p
1 21,83 8,603 0,003
2 14,06 4,088 0,0265
3 9,95 3,648 0,0382
4 10,78 2,157 0,120
5 6,14 1,014 D, 3855
6 16,99 2,990 0,0582
7 31434 3,429 0,0416
o 15,08 3,163 n,0508

10 31,78 6,272 0,0082
11 7,40 2,366 n,0990
12 T4, 41 &,531 0,0214
13 17,81 5,347 0,0135
14 25,82 3,104 0,0532
15 3,08 o,B82 0,4397
16 4,04 3,222 0,0485
17 6,83 1,976 D, 1428
18 11,56 2,194 0,1159
19 1,97 1,159 0, 3308
20 9,58 0,921 0,4253
21 1,73 1,557 0,2177
X =L-21n p = 108,765 p < 0,00001
uith df = 40

E“i = maan difference in Xy betusen A-a, B-"b,
E- ':' 0- d #
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APPENDIX 21 (cantd.)

TABLE 21.2 For a sub-set of Appendix 16

——
Fruit Ne. E"ii t-Value Probability, p

14 25,62 3,104 0,0532

17 6,83 1,976 0,1428

18 11,56 2,194 0,1159

19 1,97 1,159 0, 3308

21 1,73 1,557 0,2177

X =E-21np = 19,332 p = 0,0363

with df = 10

ﬁ:l = moan diffearesnce in x, betwpen A-a, B=h,

i
C=gcy D=d .
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APPENOLX 22

QUANTITATIVE »° TESTS ON THE RELATION BETWEEN A COMPETITION
FACTOR AND ABORTION RATES FOR A& SUB=SET OF FRUIT SET
IN SUMMER, 1972/73

TRBLE 22.1 For fruit sub-reglons A, 8, C, D only

TOTAL SLOPE JLINEARITY
Fruit No. 2 - n
X df| p X df p X df 1]
14 1,088| 3|o,7780| 0,547| 1|0,4603| 0,541 2| 0,7692
17 14,229| 3|0,0026| 3,603| 1|0,0577 |10,626) 2 0,0050
18 3,856] 30,2776] 0,369 1|0,5447| 3,487 | 210,1751
19 s,350| 3|o,1480| 0,555| 1|0,3z08| 4,395) 2/ 0,111
21 2,279 3|D,5%68| 0,458| 1)/0,4995) 1,021 2|0,4024
Total
i.nlii.;iil:i.ml 26,802 |15|0,0306( 5,932| 5/0,3130|20,670(10{ 0,0222
Pooled X' | 7,210| 3|0,06s5| 0,743| 1|0,3892| 6,467 2|0,0395
Heterogeniety
3.'? 19,592 |12|0,0753| 5,189 4|0,2685 |14,403| 8|0,0720
% =I-2 1n p|20,111[10|0,028912,085 |10|0,2796 |20,822 [10| 0,0225
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TABLE 22.2 For fruit sub-regions &, b, o, d only
TOTAL 5L 1 PE LINEARITY
Frult No. - s
X (arl P X ldrf P x* ide| P
14 8,777| 3|0,0324| 4,648| 1{0,0311| 4,128 2|0,1270
17 5,915! 3|0,1159| 0,822 1|0,3645] 5,003 2|0,078s
18 16,246| 3|o,0010/13,272| 1|0,0003| 2,974| 2|0,2262
19 2,3%%| 3|o,5003! 0,042 1}o0,6%78| 2,323| 2|0,3134
21 8,345 3l0,0394| 6,471| 1j0,0110| 1,074] 2|0,3919
D
Total
individual |41,648|15)0,0003|25,255| 5|o,0001}16,393| 10|0,0801
Pooled X° | 7,772| 3|0,0810| 4,457| 1|o,0840] 3,278| z|0,1947
.T
Hat
“;E““"“"? 33,076 |12{0,0007|20,758 | 4|0,0004 (13,118 8{0,1081
%' = E-2 1n p|32,098 |10|0,000%| 34,554 |10 |0, 0002 m.:-.arjm 0,0894
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FOR A

APPENDIX 23

DROERED DISTRIBUTION OF ABORTION ALONG THE FRUIT STEM-APEX AXIS
IN SUMMER,

SUB-SET OF

FRULT - GET

1072/73

TABLE 23.1 On the gualitetive ordering of Fruit sub-regions with respect to the welghted Py
of Appendix 16, viz, that A > B >C>0D
5 U B = R E G I 0 N
FRUIT

A ;] C D Ty c, W Probability, p
No.
b= o5 - i o o WA (8¢ ] MY i
14 28 | 0,1071 76 | 0,1053 64 | 0,0781 ag 00526 0,35 0,45 1,088 p > 0,10
17 50 0, 2400 103 | 0,0777 oz 0,0652 =4 | 0O,0558 0,39 0,44 | 14,229 p < 0,005
18 G5 0,106&5 103 | 0,1065 g1 0,0895 54 | D,0B9G 0,43 0,44 | 0,251 p = 0,10
19 34 0,6176 76 | O,4858 B2 04146 42 | 0,3810 0,40 | 0,40 5,350 0,025 <p < 0,05

- - - I -

21 02 | D,0938 108 | 00,0938 102 0,0927 49 | 0,00927 0,40 0,41 0,001 p - 0,10

(") - over =& p; valus

denotes e revised propeortion after Bartholomew's method For ordered guelitative K

{(Fleisa, 1973)

£E

i



APPENDIX 23 (contd.)

TABLE 23.2 0On the gualitative ordering of fruit sub-regions with respect to the welghtad pi
of Appendix 16, viz. that a>b>c > d
8 u - R I 0 N
FRUIT
s b e d C, c, ' Probability, p
e % NP OO [0 VT Gl R MY 5. s RS
L3 - - -
14 E4 | 0,227 &7 | D,22T0 68 | D,1099 -} 33 | 0,1099 0,39 | 0,47 E,114 | 0,028 << p < 0,05
17 S8 | 0,2069 111 0,1622 az | 0,D0922 B9 | O0,0922 0,38 | 0,4% | 5,323 | 0,028 < p < 0,05
18 B1 D,1728 120 | 0,0667 103 u,u314' 56 | 0,034 | D,43 | 0,44 |15,647 p < 0,008
19 44 | 0,6304 04 | 0,6304 89 | O0,5730 ao 0,5378 0,% | 0,49 1,948 p - 0,10
21 64| 0,218 | 108 | 0,131 | 98| p,1311 | &3 | 0,0476 | 0,42 | 0,45 | 8,118 | 0,008 < p < 0,00

(") = over a p, valus

denotes a revised proportion after Bartholomew's method For ordersd gualitative 1‘ "

(Fleias, 1973)

ZEE



APPENDIX 24

x TESTS ON THE DISTAIBUTION OF ABORTION WITHIN THE FRUIT
STEM-APEX AXIS FOR A SUB-SET OF FRUIT SET
IN SUMMER,

1972/73

b

TAROLE 24.1 % toets on tha differences ln proportlons of abortod seeds
Py (Appendix 16) for Fruit sub-regions A vs BC

fi BC If

Fruit No = - > . Ji PPk df
! i 2 2
14 28 0,107 140 0,0529 0,059 3
17 50 0,2400 185 0,0718 17,853 3
18 66 0,0909 194 0,0876 0,006 3
19 34 0,6176 158 0,4493 3,189 3
21 52 0,1346 210 D,0762 1,681 3
% 17,7884 15
¥ Probebllity, 0,20 < p < 0,30
TABLE- 24,2 I.: tests pn tha differances in proportions of aborted seeds
Py (Appendix 16) fer frult sub-regions BC wve D
BC D 1;
Frult Mo.
2 - n 3 i - differance -
1 1 2 2

14 140 0,0829 34 0,0526 0,609 3
17 195 0,0718 54 0,0556 0,127 3
18 194 0,0876 T 0,481 1,738 3
1o 158 0,4493 42 0,3810 0,523 3
21 210 0,0762 49 D,1224 1,003 3
X 4,099% 15

¥ Probability, p > 0,99
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APPENDIX 24 (contd.)

TABLE 24.3 -'n"t.2 tasts on differences in proportions of aborted sosds ;li
{Appendix 16) for fruit sub-regions a va bc

a bie Il
Fruit Na. 1o - difforence df
o RIS SE5H. “:

14 54 0,2222 145 0, 1585 1,074 3

17 58 0,2069 193 0,1244 2,541 3

18 81 0,1728 223 0,0449 14,010 3

19 44 0,5909 183 0,6120 0,065 3

21 64 0,2188 206 0,0113 18,331 3

2
L¥ 36,0214 15

+ Pprobability, 0,001 < 0,01

TRBLE 24.4 'I.z tosts on tha differences in propoctions of aborted seeds
Py {Appendix 16) for fruit sub-regions bc ve d

be d xl
FEULY Mo, n B " = diffarance e
1 1 2 2

14 145 D, 15856 13 0,2121 0,518 3

17 . 193 0,1244 58 0,11B6 0,013 3

18 223 0, 0449 56 0,0536 0,045 3

19 183 D,5120 80 0,537% 1,277 3

21 208 0,0113 63 0,0476 0,554 3
X 2,412% 15

——

* Probability, p > 0,99
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APPENDIX 25

REGRESSION AND CORRELATION OF A PAPAYA LEAF'S AREA
ON THE SUMMED LENGTH OF ITS THREE LONGEST
LEAF VEIWNS, MAACH 197

TABLE 25.%
—

X (em) ¥ (enf) X (e=) Y (en®) X (em) ¥ (caf )
141,6 3 826 11,5 3 081 | 133,1 3 232
124,5 2 617 128, 4 3 142 124,5 2 B52
137,2 1 474 103,9 2 558 116,7 2 530
112, 4 £ 3G 132,7 4 240 126,8 2 696
149,5 4 055 17,6 2 632 134,0 3 162
131,0 3075 130,3 1 448 122,8 3 031
140,6 3 226 147,2 4 Dag 132,8 7 B4AY
154,5 5 188 139,4 3 522 128,3 3 aBg
140, 3 3 526 122,6 2 677 19,2 2 567
143,0 3 866 123,5 2 782 a7,8 1 626

130,7 3 268
No. of observationa = 11 Regreaslon line lez
Mean X = 129,6 cm y = =3 048,8 + 47,76 x
Poun ¥ = 3 141,6 on’ Co-efficient of determination:
Regresalion co-elfflciante: R = g2,70%
gy = 08 Correlation co-efficient:
a, = + 47,76

1 Y. = 40,994 (p=< 0,001)

Ry

Standard error of eatimate of vy on x:
8, . = 2779
Stenderd error of By

Eh = 528,1
Standard error of I1I

8, = 4,06

1




APPENDIX 20

MULTIPLE LINEAR REGRESSION EQUATION

SET AT WEEKLY

INTERVALS OVER MARCH

PAPAYA FRUIT
1971 AND

PICKED AFTER THREE W"MONTHS GROWTH,

NOTATION

OVER JUNE

X, — Seed mass after 3 months i g .

K, = An index of the leaf ares available to that fruit at the times it was sat:
the sum of the lengths of the three main leaf wveins of sach of all the
gexpandad leaves on the maln stam, divided by the number of fruit on that

1971

stem at fruit set : em/fruit (see text, 3.2.1).

Xy = Sum of the degree-days {ebowve 12°CY for the three days preceding anthasis.

-
1

Ma. of multipls obssrvations = 29 .

Fruit mass (excluding seeds) after 3 monthstg .

X, X, Xy ¥

43,71 158 25 340,32
43,03 130 25 436,00
51, 45 135 25 362,80
48,10 292 25 449,18
46, 4D 157 25 391,43
41,68 181 38 367,76
49,03 138 16 370,62
29,63 179 38 307,19
14,99 243 38 332,37
58,80 189 38 497,71
29,85 143 38 353,50
36,57 187 38 337,12
12,22 223 28 332,09
35,64 144 28 319,07
26,15 158 28 240, 45
38,08 138 26 325,76
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APPENDIX 26 (contd.)

11 !? H! Y
37,59 112 28 332,60
27,38 151 28 255,08
27,41 190 28 223,93
25,46 242 28 218,60
39,61 1689 28 42,00
25,07 136 28 229,30
24,47 203 28 235,62
23,73 310 28 270,32
27,33 181 15 240,38
24,40 197 15 235,98
23,41 189 15 226,74
16,08 170 i85 179,M
14,26 187 15 145,59

Meamn g
33,872 183,2 27,7 306,88

Fultiple correlation co-efficient: R = 94,41% #ee

t-values Por testing regreseion
Partial regression co-efficisnts: Pricients (df = 25)

a, = 6,78 11,728 *ew
a, = 0,250 2,117 *
Ay = 1,47 1,793 #

Conslant ters in regresaion sguation: 8, = =9,685

Total correlation co—effliclents:

X,  1,0000

X, =0,1378 1,0000

X, 0,4672% -0,0394 14,0000

Y 0,9257%s 0,040 0,5405%%  1,0000

% %2 %3 J



APPENDIX 26 (contd.)
Selocted partlial corvelatlon coafficlents:

r1y.23 0, 91959%k%

r D, 3808%

2y, 13
¥ p<0,10

# p < 0,05
% p < 0,01
®%% p < 0,001

338



339

APPENDIX 26 (contd.)}

ah
BOG —

Jd 06 0O

Fruit flesh mass {g)

—— Y= 223+0825 X (X >130) rega7xsp

S Yo 304 e78404 X[ XoM00-180) ref 5Tess

— Yu 5688 « 7,083 X4 Xg112=310] rw Q83 sss

= Yo 1882 #3730 X, 0 X,=1500 r= 0,704

| I | %
20 40 80

Seed mass {g)

FIGURE & Regression aif ¥ on H*I after three months.
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APPENDTX 27

FULTIPLE LINCAR RCGRESSION EQUATION FOR PAPAYA FRUIT
SET AT WEEKLY INTERVALS OWVER MARCH 1971 AND
PICKED AFTER SEVEN MONTHS GROWTH
OVER OCTOBER 1971

NOTATION

:1 = bgad =ass after seven months: g .

:.‘,-[:1]1: w1 g .

Xy = Sum of degree-days (above 12°C) for the 40 days preceding anthaais.

4 = An index of the leel area evaileble to that Truit st the time it was aet:
tha sum of the lengths of the three main leaf veina of each of all the
expanded leeves on the main stem, divided by the number of frult on
that stem at fruit set : em/fruit (ses text, 3.2.1).

X

Y = Frult mass (excluding seeds) after seven montha: g .

No. of multiples obssrvations = 32 .

X, ) Xq X, ¥
86,58 750 337 204 576,04
145,13 2 112 337 168 952,08
103,51 107 337 370 022,34
123,00 1 513 337 144 |1 000,93
127,04 1 634 337 138 962,70
123,38 1 522 337 147 822,26
78,38 630 337 242 566,66
106,74 1139 337 190 B03, 566
98,66 a73 337 136 775,89
156,17 2 439 337 157 |1 015,44
150,78 2 273 349 14a |1 017,07
78,72 620 149 151 BOS,25
41,79 175 349 243 355,19
65, 41 428 349 242 87,17
BO, 46 647 349 292 785,15
83,83 703 349 189 902,22




a1

Partisl regressiocn co-efflclents:

a, = 18,39
a, = =0 , 520
By = 10473
a, = 0,503

APPENDIX 27 (contd.)
¥ Hl Hﬂ HE ¥
96 , 87 D40 349 143 BE9,73
B5;51 ™ 349 136 bES5, 37
107 . 25 150 3459 203 035,34
99,34 987 348 370 1 D23,82
B4, 40 T3 28 144 851,94
86,69 035 J48 101 733,52
57,13 943 348 197 917,61
76,51 585 348 12 725,37
57,05 325 348 156 390,09
82,54 6a1 348 180 710,45
97,57 957 348 136 917,72
78,05 &0% S48 187 673,61
70,52 5073 348 179 524,99
69,54 44 346 158 600,58
72,3 524 346 292 B4B, 61
61,04 w3 346 203 654,80
Maanss
93,265 939.5 | 344,7 152,0 779,29
Multiple correlation co-efficlent: R = B8,67% %%

t-vmlues for testing regression

co=nfficients (df = 27)

5,171 ¥e
T, 446 **
2,920 *»
1,609 #

Constant term in regression oquatlion: a, = - 4247,N
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APPENDIX 27 (contd.)

Total correlation coefficlontey

X, 1,0000

X, 0,5862%%s 1,0000

:"-3 =0, 5195% =0, 505G 1,0000

":4 =-0,2205 =0,2299 0,018 1,0000

Y 0,7760%% 0,719  .0,2083  -0,0142  1,0000
% % X5 % Y

Selected partial correlation coafficients:

Py s 7 OaSeamess

1.-‘“'."’“l D,3z249%

p <0,
p < 0,086
P < 0,01
p < 0,001

ot e w



APPENDIX 26

AN ALTERNATE LINEAR REGRESSION EQUATION FOR PAPAYA FRUIT

SET AT WEEKLY INTERVALS OVER MARCH
SEVEN MONTHS CAOMTH,

NOTATION

11 = As in Appendix 27.
12 = fAs in Appendix 27.

1971 AND PICKED
OVER OCTOBER 1971

AFTER

347

Xy = Sum of degras-deys (above 12°C) for the 1S-week pariod after anthesis

(over March=Juns).
Hﬁ = A=z in Appendix 27.
Y = As in Appandix 27.

Mo, of multipla observatlions = 32,

Altecnuta
X
|

86,58
eto.

750
ato.

150,78 2 273

ote,

99,34
ote.

(] 4.9

QET
akte.

584
504
584
B4
bB4
1z 1
564
5684
BBa
584

529
529
529
529
529
529
529
229
529

438
438
438
438
436
438
438
438
438
438

204
oto.

144
pte.

370
ate.

576,04
gto.

1 017,07
ato.

1 023,82
atc.
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APPENDIX 2B (contd.)

Alternate
!1 IE ES Id ¥
60,54 484 413 158 600,58
eteo. ate. 413 ate, etec.
413
Fieans: 93,2065 939,5 506,9 192 .0 779,29

Multiple correlation co-efficient: R = BE, 3% %%e

t-values for testing regresszion

i i &
Partiaml regrassion co-gfficients: co-efficiants (df = 27)

By = 18,43 4,060 *=

a, = = 0,577 3,132 *=

a, = = 0,797 2,660 #

B, = 0,487 1,792 %
Constant term in regresslon eguatlon: ay = - 87,14

Total corralation co-efficleants:

K1 1,0000
HE 0, 5852+ 1,0000
HE 0,52B6#% 0, 527 5¥*E 1,0000
] 0, T7Go%H 0,7140%x 0,2078 = [0,0142 1,0000
H1 HE HE Hﬂ Y
Splacted partlal correlation coefflcients:
rﬂy,ﬁd 0,8258%%¢
Ty 13 0,3203+%
r1ﬁ,3 =0,2408 N5
¥ p=o,
* p<0,05
% p<0,01
4 p < 0,001
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APPENDIX 28 (contd.)
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ke
ard
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.
400 -
—_— Y= N amTE R, =90 re0B)ss
Ya 27008 s 36X K ,112-370) Fa0, M sss
200 — Yo 2797 +4802 X R 150~ 1801 Fe g3 =+

¥Yu S203+2280 X (X, <150} Fag el =

Ya G606 % 7,000 Kol Ry 122000 Fug8dsee

o
I I | |
o 40 8o 180 180 %
Seed mass (g)

FIGURE A Regression of ¥ an H.. after seven months.
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APFERDIX 29

SCED MASS-TRUIT maSs CORACLATIONS FOA INTRA=FRAUTT SUB-REGIONS OF PAPRYA FRUIT
BET IN AUTUMR 1573 WITHOUT HAND-POLLTRATION

E B & N §

... h l'.‘t Dd Am Ean W H
Seec Frudk Smed Frudi Saaad Fruli Samed Frult b Fruit
7,00 pLir 13,05 13,1 i, T 05 555 o, M, e, 4l
9,08 138,63 5,1 130,15 3,81 TSy 11 0,58 50,0 ¥, 00 1,99
B, ", 1 1,78 112,55 2,0 o, Sa [ &2, 7,50 by M
2,00 134,00 6, 34 150,38 5,50 05, 54 2,73 67,61 16,64 a3
- Fi, Tydd -, n ;33 1,8 .6 19,13 e, a8
7,5 To,a3 Y] 71,54 1.5 E1,258 8,0 i, 6,8 o8
5,58 137,63 b, 3 3, TH 3,76 71,45 o, T 5,31 10,38 anp, 0
10,58 103,13 17,43 174,06 11,36 53,10 348 B0, B5 g, Ara
#,7a 107,43 17,5 155,79 17,568 138,08 T, BE [ T bl , T, as
8,9 16,5 ;58 31,16 3,29 7,84 [P L% Mn,a 423,04
1,65 72,08 4,10 1,05 0,66 63,63 0,85 w03 [ e TR
8,18 158,80 1,0 1556, B0 i 145,10 2,41 a1, 70,6 §1h, 08
10, 28 117,18 10,01 151,70 13,28 114,71 ;00 72,80 &7, 56 456,30
3,28 68,3 1,05 51,54 1,18 LT 0,80 48,00 By 131,00
198 | rao0e | 13,9 | 1es,2e 7,88 | tzzes | 34 | veza | 0,01 | sce,t3
2,00 81, 7TH 2,08 06,20 1,13 Té, 33 0,40 w03 iy 00 33, 4D
7,01 B, ™ i, 16 98,56 2,75 T, 40 T, 28 T M L 11,00 06, 90
Mosn Fapsi
i A 107 &0 a,03 120, 21 5,83 23,8 2,14 57,06 23,3 T, 08
Carradation:
+n.“1- & 0E17YE ¥ [I..IH“ +E|Hﬂ“ . U.II:I'“'
* px0,08 ligwhar af Feult = 17, ROTEs Hend and Frult Flash sssses esbinated Fr
" 5 <0,m 4/51h Jengltadinal portions.
Eoe tmk, 3.2:3:
& i f fralt Flesh = somd rgBws
Aa mubiregleng 19,60
i subregieny 13,48
Ce subiteglon: 15,98
bd suhiruglens X708
Bd & ssp & B suhroglona) 96 495
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Fruit fleah mass (qg)

AT

v

163 =

¥ a0 s 5000 N

FIGURE A

Sya g 20,06
8g & 11,34
8y = L7
r= 0,80
[ e .|.
] 12 X

Seed mass (g)

Regression of ¥ on X for Aa sub-regions.
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Fruit flesh mass (g)
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29 (contd.)
EEEL . R - e
* I
L
180 =
B0 —
Y =8520+380K
* By.x+ 27,72
Sp & 12,08
8y & 1,287
I = OEIE=
B

[ | X
12 1%

En;d mass (g)

FIGUWRE B Regression of Y on X for Bb sub-regionas.
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APPENDIX 29 (contd.)
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=
o
Lo
B
* s
L]

Y = 73,67 +3 3444 K

EH-" * 20, BO

By * 7,80

E'I' + 1,064

r = 0,836 w=

o
B | | | =%
a 4 B 12 8

Seed mass (g)

FIGURE C Regression of ¥ on X for Cc sub-reglons.
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APPENMDIX 29 {contd.)

Fruit flesh mass (@)

¥ = 47184 s+ 575 X

Bpa ¢ 1350

&0 =

. 8g & 4,50
I By g 1443

Ff = BEST = =

] | X

=1
g

5“.:1 meas (o)

FIGURE D Aegreasalon of ¥ on X for Dd sub-reglons.
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APPENDIX 29 (contd.)

&0Q

500

400

Fruit flesh mass (g)

00—
e 28559 54 168 X
Spa & TOET
Sp # 3570
108 —
8 4 LMa

r = 0,613 =%

_,
o

| i
2 30 a0 50
Saed mass (g)

FICURE E Regression of ¥ on X for Aa + ... + Dd sub-regions.



APRCEOIN 3

BCED FASS-FRUIT AAGE CORACLATIONS FOR InTHE-FRULT SUB-RCCTONS OF P&EPAYE TROIT
BT IH BUAACH  107R/TY UITHBUT  RAMD-POLLINATION

.1 b Ce (6l Al # .40 + Od

Snad Frudt Fned Fruli Hend frait Soma Frudt fand Fruik

8,63 177,48 0,00 130,90 1,2 308,83 17,08 293,08 101,88 1 136,00
13,10 217,11 L 314,00 LT L 0,30 68,0 130,70 1 153,80
28,00 8,33 49, 33 3, 45 LLIN 07,3 13,20 J8e, 80 165 40 1D

7,13 | 8.0 e | 21408 .01 | 208,23 20,18 105,30 119,30 BAE, 43
i, 98 174,43 43,33 07,08 25,80 204,50 13,13 174, 75 67,33 1 DG, 20
28,08 #5915 40,55 | 298,70 26,83 | 204,40 10,3% 171,80 108,70 vnL,08
18,98 198,75 33,81 | a0 1, 159,90 11,43 98,0 e, T3 85,13

18,78 18,18 6,73 a8, 80 i3, T 153,38 ip 80 a0, 48 171,80 1 251,40
29,45 | 338,80 58,78 187,70 7,38 o83 | »,m 196,85 184,40 1 716,18

22,80 287,10 32,38 233,90 13,08 8,10 .00 148,50 BT ,83 B53, L8
17,8 34,53 iT, 35 139,85 #1,00 230,00 1,08 178,90 128,63 BE3, 38
16, 40 2.0 Mma3 | 317,08 14,70 W7, e B, 55 134,55 i 8 Tad, 43
13,60 186,53 48,00 779,48 5,40 78,5 14,45 188,53 112,78 189,45
1,0 | e8| am0e 786,50 W, | mam0 | 24,08 | 211,58 121,58 1 003,73
7,04 3,13 4,73 mim 53,83 I3, a3 s 175,48 175, o8 §id, 58
s | | 9w | Mz | 000 | 0 | e | wees | 1ssa8 257,55
n.c8 m,n AT A% 793,00 b ] e 13,10 17,78 127,40 1 035,18
=08 3p5, 88 LF ] F e 57,00 e F ] 157, % 103,38 3,05
15,7 190,53 0, 6% e 2, (LA 1,3 18,55 W, 773,03
24,15 62,55 34,08 t:l:;.ﬂ i, e, ",7m 148,08 B, 13 B, e
a5 188,55 M, 7 F T B, T, TS 0, 173,18 116,83 738,00
Pgen Faus:

12,7 | 8,87 oL, 770,43 37,30 750, 48 10,09 03,5 125,1 Bz, 87

Correlatian

» 0, 03T = By Ay p? # O 00T # T eee # 0,507

* pgom Nogstsor of Frult = 21, B0Ls  Secd snd Frolt flesh masces sstissisd Fros

= p<D,08 Eﬁmlr:t;fﬂsll partion.

“ pgom
=i < 0,001
Sverell gatin of frult flogh equn te seed suses

Li mulsreglemi 10,48
Pt midsreglan 1,09
CLe esubremglan 6,7
Dd anitrrpgdan a9
s @ o4 + Ded pubroglame 7,83
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CONCERTRATION OF SEED MASS AMD SIZE OF UNFERTILIZED OWULES
PAPRYA FRUIT SET IN AUTUAN

RIPE

IN

IRTRA-FRUIT SUB-RCGIONS OF

0Ts

FAULIT
SuB-ACGION

th m

13

14

13

X 3 4

RANK

ET

LEC el

Td| &85

153

77
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G108 B85 T3 a5
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63 80
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i3
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"
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i
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APPENDIX 32

AVERACE CORRELATIDN BETWEEN THE CONCENTRATION OF SCED MASS AND
THE SIZE OF UNFERTILIZED OVIRES TROM INTRA-FRUIT SUD-REGIONS OF
RIFE PAPAYA FRUIT SET IH AUTUMN 1973

NOTRTIODN
= [E.um:l maga of (F + P + §) seeds x m‘] + [Tntl.'l. no., of (F,P,5,U)
ovulos, seeds | .

y = Index of volume of U unfertilized ovules t diractly proportional to
{length x diameter) of ovules.

For velues of x end ¥ correlated hera, see the x and y down tha columns
of tha body of the tshle in Appendix 31.

N=8, tha number of intra-fruit sub-reglona over which individual r-:“::.r
calculatead.,

Correlation co—efficient between paired x and y of intra-frult sub-
regions of a given 1/S5th-fruit portion (seo columns of Appendix 31).

r“

Z = Tranaformed wvalus of :H'f .

Fruit/(1/5tn) Frtfitim i

partion no. r:y . {1IE:::h::rt1u" r:r £
B.1 0,8300 | 1,188 12.1 o,1772 | 0,179
B.2 o0,8513 | 1,261 12.2 D,8357 | 1,206
2.1 0,3167 | 0,328 12.3 0,782 | 0,504
9,2 0,9264 | 1,632 12.4 0,2158 | 0,224
8.3 O0,2889 | 0,297 13.1 0,56682 | 0,645
10.1 0,9620 | 1,972 13.2 0,6573 | 0,768
10.2 0,9499 | 1,80 14.1 n,65%8 | 0,778
0.3 D,9440 | 1,774 14,2 0,461 | 0,509
10.4 D,6621 | 0,796 14,3 0,7459 | 0,573
11.1 0,7274 | 0,923 14.4 0,4168 | 0,444
1.2 0,8359 | 1,207 15.1 0,4987 | 0,548
11.3 0,8191 1,154 15.2 n,5859 | 0,671
1.4 0,7573 | 0,990 15.3 D,1922 | 0,195
15.4 0,2073 | D,307
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APPEMDIX 32 (contd.)

Test for homogeneity of correlation co-efficients, :“'il

3
k|
& =I(N - 3)2% - M - 138,927 - (118,62)

(df = 26) (N - 3) 135

= 1,333 s,

Thua these rxr‘u ereé homogeneous enough for computing & common, aversge co-
efficient.

Mean z = BRI 182 _ 15 e79

Detranaformed,; =aan l:“ = 4 0, TH2T .

Using D.f. = 6 , this is significant at p(D,05) leavel.



APPENDIX 33

CORRELATIONS AND SELECTED PARTIAL CORRELATIONS OF FACTORS
ASSUMED RELATED TU SEED GROWTH, SEED ABORTION AND
FRUIT CROWTH OF PAPAYA FRUIT SET WITH HAND-POLLINATION
IN AUTUMN, 1970

NOTATION
Xy = Early seed development intensity of the whole fFrueit, given by
{(ZF , P, S)/(EF ,P,5,U): transformed to angular degrees.

*, = Seed sbortion rate for whole fruit, given by (P, 8)/(EF , P, 8) 1 trans-
formad to anguler degrees.

= Ef seeds of whola fruit.

b

3

Xy = EF , P, 5 seeds of whole fruit.
x5=ﬂas.-: of F seeds only: g .
xﬁ=Fth of all seeds i g .

¥ = Mass of whole fruit (excluding seeds)ig .
X, = Number of fruit on stem, early May (autumn}.
xg = (Numbar of leaves)/(number of fruit) of stem, sarly May (autumn),

(1) Number of multiple observations for {"1 e Koy y] = 14 , Ll.¢. excludi
X and Xy »
Degrees of fresdom: total correlation = 12 § partisl correlation = 11

(i) Mumber of multiple observations for {x1 poere ¥y Ky "E} =11,
Degrees of freedom : total correlation = 9 ; partial correlation = 8



APPENDIX 33 (contd.)

357

[ Fruit No. X :-'2 _‘13 X HL__:-:_@_ y Xo) %g
2 65,21) 34,3311 001 1 469 |69,43{71,51| 744 | 24 |0,B8
13 68,14 43,80 761| 1 462 |64,57|67,30| 836 | 23 (1,00
14 57,55|46,89) 532 1 140 |45,10(47,86| 791 | 29 (0,75
16 65,34|47,93] 665| 1 481 |47,48|42,86| B19 | 19 |0,95
26 54,33 38,47 415 677 |36,52|39,084| 516 | 43 |0,65
27 56,9143,28| 611 1 153 |49,70|51,76| 843 | 29 |D,69
28 56,21|60,13| 234| 544 |19,49]21,79| 690 | 25 |0,76
37 67,097142,65| 608| 1 124 |a7,07|48,82| 705 | - | -
40 42,95|35,18| 364 545 |268,22129,10| 398 | 20 |0O,53
B4 63,90|38,23| 669 | 1 390 |65,41|59,15| 837 | - | -
55 B4,11(43,45| 728 1 382 |44,26)46,06| 601 | 34 |0,79
58 56,90|45,74| 5141 0SB |32,63|34,60| 453 | an 0,62
65 S7,66|58,63| 300| 1 108 |20,47|23,08| 557 | 28 |0,70
G4 56,23(43,45| 5991 136 |53,80(58,75| 703 | - | -
Mean (14}(59,53(44,44 (571,51 147,8|43,87 |46,40|678,1| - | -
Mean (11))58,66|45,26 |556,8 |1 120,0(41,62 43,90 |658,9|28,5|0, 704

Totel correlation co-efficients:

x
1

X

P

el

k4
B

b
Ln

X
=8

¥
i

*8

1,000
0,022
0,676%E
0, A6 E#EF
0,623%
0,615%
0, S60%

-0,105

0,304

%y

1,000
-0, 5E4&%
0,019
-0, 505%
-0, 500%
0,038
-0,068
=0, 272

Ko

1,000

0,764%% 1,000

0,931%%% [0,677%¢ 1,000

0,915%%% [ GEE%* 0,500 1,000

0,520  0,727% D0,661%%  0,670%% 1,000
-0,162  -0,288 -0,208  -0,193 -0,425 1,
0,441 0,381 0,49 0,479 0,350 -0,
!3 :‘:d :":5 Hﬁ y

0oo
Az1%* 1,00

H.? IE
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APPEMDIY 33 (contd.)

Selected first order partiol correlaotions:

= =0,001
= 0,158
o "ni aﬂi

0,015
0,114
= =0,283

o T
21,8
28,1

F24,7
F24,0
26,4

rl‘h: = [,668%
I'!‘.H? = 0,508
r!-y,l! = [,4%1
= 0,737 rThi
= [,697% r1?l7
= 0,60a4% r'l'hﬂ

0,656%
0,679%
0,615

Tay,?

Fay,?
Tay,B

Foy,2 = 0, BE0%*»
%y, 7 ™ O,6a7%
®Ey,B = 0,596

= (,B58%
= 0,662%

= 0,608

oy, 2
EEr,T
Ty, B

* = p<0,05
* = p <0,01
**% o p < 0,001



APPENDIX 34

SEED-COUNTS AND ~-MASS CORRELATIONS WITH FRUIT-MASS
IN HAND-POLLINATED AUTUMN SET, "1970

ROTAT 100

K, = LF saads.

Ky = LF and P sgeds.

Xy = LF,P and cés seeds (i.es. excluding b seeds).
Xy = IFy P and S seeds (l.e. including b seeds).
Xg = EF,P; § and U epade and ovulas.

% = Mase of all seeds (g).

y = Mass of fruit flesh (exeluding seeds) (g).

No. of sultiplo cbsarvatlons = 14 .

* *3 3 %4 *s 5 ¥

1 001 1 DO2 1 021 1 463 1 BD& |71,51 744

761 761 712 1 462 1703 |67,39 635

932 B4l 671 1 140 1 767 &7 ,B6 791

665 BES T40 1 4B 1 B26 45,86 319

415 442 480 677 1 B28 35,84 516

611 611 GO8 1 153 1690 |51,76 ga3

234 237 316 Ddd 1 427 | 21,78 650

G608 608 &£42 1124 1" 316 |4a8,82 705

364 305 376 545 1 448 | 29,10 398

besg 670 Tn3 1 350 173 |59,15 B37

T8 728 739 1 382 1 720 46,06 601

514 516 544 1 058 1 616 | 34,60 453

S00 206 342 1 108 1 595 23,08 557

=17 651 693 1 136 1 76 58,75 703

Mean: | 571,5 [879,0 |624,1 1 147,8 1 635,3 |45,40 |678,1
Eﬂ:tiat;a:.:nh 0,520 | 0,516| 0,611 0,727%% u’mﬁi 0,6708| -

*+ p<0D,08
% p < 0,01
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k [ it F 8 and Ut

F s 0,340

P t 0,005 [:TL * uu.]
cilms § D,D28

i L bt 0,320

U 0,298

Overall ratio of fruit flesgh mass tg:

= Soad masm § V4,61
and 15,61 when seed mass sdded to frult Flesh mass.



APPENDIX 35

SEED-COUNTS AND -PASS CORRCLATIONS WITH FRUIT-ARSS
AND SEED ABORTION RATES,

NOTATION

:1 a EF seads.
= LF and P sends.

oy |

Xy = LF, P and clis seeds (i.e. excluding h seeds).

WITH HAND-POLLINATION 1IN SUMMER,

FRUIT BSET

x, = LF, P and § seeds (i.e. including b seads).

Xg = EF,P, S and U ceeds and ovules.

"6
Y

i

Mase of all seeds (o).
Mass of fruit flesh (excluding seeds) (g).

1970

Seed abortion rate EI:“:P who's trangforeed to angular degress.
Number of muitiple observations = 24 .

. *2 *3 % 1% *s Y *
T 348 | 1 414 | 1 498 1 603 |1 653]|133,99 Boa | 18,73
1B 1904 | 1 952 1 866 |2 167|178,088 1 643 W6,

08 553 - 1:1 B0Y |2 6| 51,29 @08 | 23,16
1 246 1 &76 1 936 1 P46 |2 235]132,74 1 527 | 38,65
1481 | 1 626 | 1 843 1 B70 |1 978}150,18 1 163 27,14
183 | 1 890° 1 954 1 966 |2 349)178,60 1 79T | 14,72

T4 | 1 238 | 1 492 1 600 |1 906] 926,94 BlD| 46,28
1513 | 1623 16878 1 ™5 |1 BEDY| 147,82 1 687 19,61
1 590 1 608 1 641 1 644 |1 B65]152,87 1 673 10,44
1 738 16873 | 1835 1 953 |2 081 173,05 B6E | 19,47
1895 | 1987 | 2 109 2 129 |2 273]189,494 1 792 16,48
1840 | 1918 | 1 998 2 D86 |2 2491181,03 1 627 20,08
THO5 | 71 924 | 1 QB4 1992 |2 O31|179,22 1 801 17,84
T 365 | 15892 1715 1 732 |1 B74]141,0 1 359| 27,4
1 @077 1 036 | 1 047 1052 |1 679 98,29 1 256} 10,51
1 B51 1 706 | 1 807 1 B24 |1 967(162,37 1 50| 17,94
2108 | 2 159 | 2 203 2 209 12 341}206,57 1 362| 12,35
1 761 1 670 1 922 1 528 |1 983|174,56 1 852} 17,12




APPENDIX 35 (contd.)
"y 2 "3 XA g s ¥ Koy
1731 | 1847 | 1540 | 1966 |2 168)171,79 |1 S28| 20,23
1508 | 1649 | 1727 | 1731 |1 788lras,50 |1 272| 21,03
11986 | 1579 | 1747 | 1750 |1 oar|132,72 |1 572| 35,84
%81 | 1320 | 1547 | 1558 |1 87| e9,71 |1 385| 60,32
1365 | 1676 | 1781 | 1789 |1 ess|1a7,68 |1 343 29,13
1656 | 1813 | 1899 | 1 904 |2 cool1e7,37 |1 37s| 21,16
Means | 1 462 | 1 634 | 1747 | 1 767 |2 016[14m,42 |1 s01| 23,424
“’i}ﬁ':i“" 0,500% Iu.sﬁ'rﬂ 0,538 | p,523%=10,321|0,552%+ & ~0,248
Correlation
with w1 Vs 2ED

Duvarall ratioc of seed type to TF, P, 5 and U:

&% p< 0,01

F s 0,725
Pt 0,086

9 & 0,065 [h -

us¢D,124

chls g

Overall ratio af fruit flesh mass to:

= hipad mags §
and

9,38

0,056
0,004

¥ uhen dotranaformed, mean X, = 0,158,
* p<(,08

10,38 when seed mess added to Fruit flesh mags.
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APPENDIX 36

ESTIMATED LEAF AREA AND OTHER RELATED DATA OF
PAPAYA FRUIT-BERRING STEMS USCD FOR THE
1959 AUTUMN FRUIT 5SET

NOTATION

& = ptem bearing only 1569 autumn set frult;
atem bearing 1968/1969 summer plus 1969 autumn set fruits;

¢ = stem bearing ripening 1968 autumn set fruit, 1968/69 summer and 1969
putumn sat fruits.

=
]

MAaY 19609 lEII:TEEH 1069
Type of Stem (Mean leaf |Fean no. |Mean no. “:“;B:urt:':il Mean leafl
area leavas fruit par Pruit arsa
(en’) |per stom|per stem (ce? ) (cof )
[ 1 434 11,22 3,07 5 #1 1 D63
1 BBZ 13,78 7,09 3 658 1 155
3 538 25,24 | 25,% 3 518 1 650




APPENDT X

SEED COUNTS, SEED RBOATION,
CORRELATIONS FOR PAPAYA FRUIT

KOTATION

::1 = EF sesds.

Koy m EF and P eseds.

IN AUTURN,

Xy = EF, P and S speds.

4

FRUIT OIAMETER

a7

AND FRULIT MASS

GET WITH HAND-POLLIMATION

=LF, Py § and U seeds and avules.

1969

Xe = sead abortion rate: [F—E':':-E'E] s transformed to angular degreos.

Index of Fruit Volumes at anthesle;

formula of prolate spheroid.

p < 0,10
p < 0,08
p < 0,01
p < 0,001

rE = Index of Fruit Velums at fruit rlpening: formule of prolate spheroid.

z = Fruit mass (including seeda): (g).

r = Correlation co-efficient. t
Musber of frults from a-stems: 8 . =
Number of fruilts from b-stams: 5 . e
Number of fruits from c-stmma: 5 . oy
Total nusber of fruite snd multiple obeervatione: 18 .

TABLE 37.1 Dsts and moans
DT ly s ilssad wbednl v | 2
& B3B 1 150}1 299| 1 511 |36.66]6.1 699 660
. 06| ses| son| 1 121 |a3,03|3,4| 76| aa3
8 a3a B96)1 040 1 375 |50,04(5,7 B22 758
B 480 | 807 B24) 1 DB3 |40,25(6,5]| 9%19| B&16
a 391 773 811| 1 265 |46,02|5,5] B20| 704
a 531| 956|171 05| 1 622 |43,67|5,4] B20| 700
a 637| 684 726 1 172 |20,50(5,0| 779] ema
B8 638| 829] 905| 1 117 |32,90|5,2 B26 128
b 768 (1 D231 CE1| 1 859 |31,70!5,5| 857| 799
b a71| 9891 12| 1 asa |as,a0l3,9| &73| 780
b 454 | ©679| o08| 1 273 (45,00 (3,00 7v0] 615
b 412 | 6158| 654 1 448 |37,47|4,1| 575] 470
b 857 [\ 0a0|1 142 | 1 622 [29,97|5,5| 966| eez
& 794 | 947|1 00| 1 834 31,839,091 097 921
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APPENDIX 37 (contd.)
|
Type of
b 'h'.',l KE J{J Hﬂ. :“:5 FEI ¥ z
g g3z |1 148]1 367 1 685 |38,7306,5]1 145|1 o&3
" 552 | &3z| o3| 1 eo3 |39,on0|a,7| Bas| 7ao
o 106 | 157| 1s7| 1 830 |34,75|7,1| seo| 327
Mean For a|531,0(6833,0|901,3|1 283,3|39,25(5,4|770,1]887,9
Mean Tfor b 592,# Hﬁﬂlﬁ ETEIﬁ i | 535.& 33171 d,d EUﬂ,E TUEFE
Mean for c EﬁH.D TQE'D gEﬂ,D 1 HEE.E 35.“2 ?,ﬂ EﬁE.E TE?,ﬂ
Overall  feqop 5lgay 7 ol1 s04,0|38,76]5,6]808,1|713, 4
mEan: E!:!' 311 gmi £y 1 ' = 'l

Overall ratio of seed type to EF, P, § and U ovules and seeds:

: 0,371
0,182
: 0,066
: 0,381

c oo M

TABLE 37.2 t=ualuss and tests Ffor differences betwsen frults of stem
types a, b and ¢ for variables Ky wes t0 wus I
tE=WALUES

VARIAHLE B wva b ﬁ Ve © b us o a wa [h & n] [a & h] Ve o
% -0,550 =0,295 0,154 = =
%o -0, 2848 0,230 0,343 - -
X 0,614 0,178 0,184 - -
Xy -2,1593 =5, A5 4 -2, T27% = , DO0** =d,011%#%
15 0,108 B.EEE E.TET - o
e 1,600 =2,502% =2,917% =0 ,642 =3, 33k
¥ =0,417 -0,791 =0, 401 =0,703 =0,810
z =0,233 =0,694 =[, 400 =0,547 =0,734




APPENDIX 37 (contd.)

TABLE 37.3 Tatal morrnlation co-efflcients Tor 18 fruits

|
. 0 1 e

1,000

%y | D.B4E%e*| 1,000

0,B21%%% [,975%%% | 1,000

n,248 |0,196 (0,233 |[41,000

xg -0,454% (D046 0,119 |0,0?6 | 1,000

x, | 0,289 |0,182 [0,194 |D,514%|-0,215(1,000

¥ D, 7488, 704588 ) TOTENH 0,272 -ﬂ,ﬂEEiD,ﬂ1E 1,000

z | 0,765 |0,a31%% |0,831%%+! 0,210 |-0,060 |0, 379|0,989%*+| 1,000

Salacted First Order Partial Correlations:

r = D,B30%xs

12,5

£, o = 0,03684

2249

r = 00,8454

3z,;5
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1300 —y

Fruit mass (g)

(contd. )

267

400 =

Z = 350,05 + Q4T X,

Byn, & 114,83
g 4 80,87
By & 0,736

r m 0,768 daw

o] [

FIGURE
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B0 1200 :1
Sead count (T F)
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1304

Frult mass (g)

Z = 738,41 + 0,000 %,

Bya, ¢ 01,68
Sp & ax0s |

$; & 0,005

w OHM maw

v e 00 1100
Seed count (IF + P + 5)

FIGURE B ARogresalon of Z on .'l'.3 §



COMPARATIVE MEAN WALUES,
OF SELECTED SEED COUNT,

NOTATION

APPENDIX 08

TOTAL AND PARTIAL CORRELATIONS
SEED MASS AND FRUIT MASS

VARIABLES FROM ONE SUMMER'S AND TwO AUTUMNS'

HAND-POLLINATED PAPAYA FRUIT BETS

x. = LF seeds.

:m;E = LP geeds.
Xy = EPand 5 seads.
X, = EF, P and 5 saads.
xe = Mass of sll seeds (g).
y = Fruit Flesh mass (g).
¢ = Fruit flesh plus seed msass (g). p<0,10
570 = Susmer Sat, 1570: from Appendix 35. ® p=<0,05
AGS = Autumn Set, 1969: Ffrom Appendix 37. * p<0,0
AT0 = Autumn Set, 1970: Ffrom Appandix 34, &% p < 0,007
TABLE 38.1 Mean values of sslectad variablos
Hﬂl ﬂf
Set | eruit | ™ B0 % %™ Y .
570 24 1 462 | 172 | 305 | 1 7T | 149 | 1 a0 1 550
Aga 18 558 | 273 | 313 811 - - 713
ATO 14 g2 = 576 | 1 148 (1] 678 T4
TAELE 38.2 Selected total corralations with y, Trult
Flash mass
570 ABY9 ATOD
Daegreaas af
freadom ... 72 F 3 12
rw 0,509#% - 0,520%
ri? =0,143 - -
ra? -0, 154 - 0,557%
rw D,523%% - 0,T27%e
rﬁ? 0,552 - 0,670

369
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APPENDIX 38 (contd.)

TABLE 238.3 Selected total corralations with z, fruit
flesh plus seed mass
870 AG3 ATD
Degrees of
frasdom ... 22 16 12
Pyz 0,58 &k* 0, 765%%w 0,573
Ty, ~0,181 D.i?ﬂ -
T, -0,194 0,476% 0,526%
Faz 0,589% 0,831%% 0,7448%
Tg., 0, 6204 - D, T16%=
TABLE 3B8.4 Salected filraf order partial correlations
with y, fruit flesh mass
570 AGg ATO
Degroos of
freedom ... 21 - 11
r1¥.3 0,531%% - 0,566%
® - -
L'W.2 0,545+
rar-1 0,232 - 0,59e+
T2y, 0,266 = T
TRBLE 38,5 Solected first orcder partial correlations with
z, fruit flash plus sead mann
870 AGS ATO
Degroen of
froedom ... 21 18 11
Ti:.ﬁ 0,602%* D, 791944 0,619+
r|1-= D,615%= D, B18%%* -
r31‘1 0,260 0,552% 0,578
r!:.1 D,297 0,533 -
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