
-r 0 v 

I N R E L 
V 
CAR I C A 

U L E A N 0 S E E 0 S T U 0 I E S 

A T I 0 N T 0 F R U I T G R 0 W T 

../ 
PAP A Y A L • C L • H 0 N E Y 

--000--

by 

4 
ABEL LUIZ PEREIRA 

A-
B .Sc. (Agric.) 

Submitted in partial fulfilment of 

the requirements for the degree of 

Doctor of Philosophy 

in the 

Department of Horticultural Science 

Faculty of Agriculture 

P University of Natal , 

~f PIETERMARITZ URG : 

- December) 1979, -

H I N 

G OLD / 



DEC L A RAT ION 

I hereby certify that this thesis is basically my own work and that it is 

not being s ubmitted concurrently for any other degree. 

SIGNED 

A.- L. PEREIRA 

(i) 



ACKNOWLEDGEI"1ENTS 

Many people have made it po ss ible for me to embark on these studies, see 

them through an interrupted period and have them finally ready for pres811tation. 

First of all, thanks to Professor Peter Allan, Head of the Department of 

Horticultural Science and my supe~visor, for the interest he showed, the freedom 

he gave me, and his generous availability, even when under pressure of work. 

I am also grateful to the following, who at some time and in one form or 

another wore each a source of encouragement and good educators:-

My brother Avito; 

Professor J. Fairbrother of the Physics Department; 

Professor Malcolm Sumner of the Soil Scien6e Department; 

Professor Nigel Wolstenholme of the Horticultural Science Department; 

Dr Bob Menary of Habart, Tasmania; a~d 

Professor Eugene Gendlin of Chicago, U.S.A. 

Thanks to Derek Chalton and Peter Clarke, both of the Biometry Departmsnt, 

for a helpful reference and useful criticisms. Thanks too, to steve Minnaar 

for help at the Computer Centre. Special thanks to Diane Matheson of the 

Horticultural Science Department and to Roy Alcock at the research farm, 

Ukulinga. Apologies and thanks to Diane Grayson for helping out with some of 

the many tedious calculations. 

To Marco Brutsch, my first colleague, who also introduced me to the 

dubious practice of working through the night. Much appreciation for the ripe 

humour and staying power of Tom Blomefield of the Entomology Department during 

those long hours. 

I am grateful to Professor Fritz Rijkenberg for use of facilities for the 

photomicrography. Special thanks to Doris Clarke for her expertise and time 

during the printing of the photographs; and to Mrs S. E. Hancock for coming 

to my rescue with her typing and also for her sense of humour. 

And finally, a special thanks to Jenny, my wife, for much help in putting 

the finished product together, for her tolerance of the inconveniences my 

working brought~ and above all, for her companionship. 

--000--

(ii) 



CON TEN T S 

CHAPTER PAGE NO. 

DECLP.RA nON • • · . (i) 

ACKNOWLEDGEMENTS · . • • · . (ii ) 

LIST OF TABLES . . · . · . · . · . (viii) 

LIST OF FIGURES . . · . • • · . (x) 

LIST OF PLATES · . • • • • (xii) 

A BBREV I A TI oNS • • · . · . · . (xiii) 

* * * * .x-

INTRODUCTION · . · . · . • • 1 

I NORMAL DEVELOPMENT OF OVULES AND SEEDS • • Sa 

1 .1 LITERATURE REVIEW · . • • Sa 

1.1.1 Ovule development · . · . · . Sa 

1.1.1.1 Nucellus and integuments · . · . Sa 

1.1.1.2 r'le9agametoeh~t8 · . · . 6 

1.1.1.3 Pollen tube penetration 6 

1.1.2 Seed development · . 6 

. 1.1.2.1 Nucellus · . 6 

1.1.2.2 Endoseerm · . 8 

1.1.2.3 Embr~o .. 8 

1.1.2.4 Testal tissues derived from the oute!' 
integument · . 9 

1.1.2.5 Teste1 tissues derived from the inner 
integumen t 10 

1.2 MATERIALS AND METHODS · . 11 

1.2.1 General placental distribution of ovules 11 

1.2.2 Selection of material for ovule and early 
seed development · . 11 

1.2.2.1 Autumn fruit-set 11 --------
1.2.?.2 Summer fruit-set · . · . 15 



CHAPTER 

1.3 

CmJTENTS 

(conto.) 

1.2.3 Selection of material for 
development 

1.2.3.1 Sumrner fruit-set. 

1.2.3.2 Autumn fruit-sets 

1.2.3.3 Material for whole seed 

1.2.4 Microtechniqu8 

1.2.4.1 Embedding and microtome 

1.2.LI.2 Staining of rnicrotomed 

1.2.4.3 Clearing erocedlJre 

1.2.4.4 Use of micrQsco~9 with 
ovules and seeds 

normal seed 

· . · . · . 
· . · . 

and fruit growth 

· . · . · . 
sectioning · . 

sections 

· . · . 
cleared whole 

· . 
1.2.4.5 Staining of cleared rnaterial 

1.2.4.6 Measurement of tissues 2 cells ~ whole 
seeds and fruits 

RESULTS AND DISCUSSIONS .. . • • 

PAGE NO. 

15 

15 

15 

16 

16 

16 

16 

17 

17 

18 

20 

22 

1.3.1 Ovule and early seed development: Autumn 22 

1.3.1.1 Nucellus and integuments before ferti­
lization 

1.3.1.2 Megagame t ophyte · . 
1.3.1.3 Placental distribution of pollen tube 

penetration 

1.3.1.4 Nucellus of early seed development 

1.3.1.5 Endosperm 

1.3.1.6 Pro-embr~ 

1.3.1.7 Tissues derived from the outer integu-
ment •• 

1.3.1.8 Tissues derived from the inner int~­
ment 

1.3.1.9 Growth of rnature ovules not pE'~n8trated 
by pol l en t ubes •• 

· . 
· . 
· . 

· .. 

22 

23 

27 

30 

33 

35 

35 
.. 
36 

36 

1.3.2 Ovule and early seed development: Summer 40 

1.3.3 Normal seed development: Summer 

1.3.3.1 Nucellus 

1.3.3.2 Endosperm 

1.3.3.3 Embrl.£ .. 
(iv) 

•• 

. . 

42 

· . · . 42 

• • 45 

1~8 



CHAPTER 

II 

1. 3.3.4 Tes tal 
ment 

CO NTENT S 

(contd. ) 

ti s sues derived fr om outer i ntegu-
· . · . 

1.3.3.5 Tes tal tissues deri ved from the inner 
i ntegume nt · . · . · . 

1.3.3.6 Vascul ar s U!2 !2l ~ . . · . · . • • 

1.3.4 Compara tive no rmal seed development: 
Autumn • • •• •• •• . . 

1.3.5 Whole seed and fru it gr owth •• 

OVULE AND SEED ABORTION . . • • • • 

2.1 LITERATURE REVIEW · . · . · . 
2.2 ~lATERIALS AND METHODS: COMPARATIVE ANATOMY AND 

MORPHOLOGY · . 
2.2 . 1 Types of ovules and seeds · . · . · . 
2.2.2 Anatomy · . • • 
2.2.3 Contents of dissected seeds · . • • 

2.2.4 Method of present ation • • • • 

2.3 RESULTS AND DISCUSSION: COMPARATIVE ANATOMY AND 
MORPHOLOGY . . · . · . 

2.3.1 Anatomy and tissue growth • • · . 
2.3.2 Whole ovule/seed growth • • • • · . 
2.3.3 Conten t s of dissected seeds · . • • 

2.4 MATER I ALS AND METHODS: INTRA-FRUIT DISTRIBUTION 
OF ABORTIO N .. • • 

2.4.1 Material s • • · . 
2.4.2 Rationale and s t a tistical methods · . 

2.5 RESULTS AND DISCUSSIO N: INTRA-FRU IT DISTRIBUTION 
OF ABORTION · . · . · . • • 

2.5.1 Autumn sets · . · . · . · . 
2.5 : 1. 1 Co nco rdan ce test on the distribution of 

PAGE NO. 

52 

65 

70 

70 

71 

109 

109 

112 

112 

114 

114 

115 

117 

117 

128 

130 

134 

134 

135 

148 

148 

Ovule and seed types 154 

2.5.1 .2 X2 tests on the dif f ere nce i n ab ort i on 
rates between carpe1lary margin and 
placental edge regions 

(V) 

157 



CHAPTER 

CONTENTS 

(contd.) 

2.5.1.3 Concordance test on the distribution of a 

PAGE NO. 

competition facto r 158 

2.5.1.4 X2 and t-tests on the difference in the 
competi tion fact or in tens ity between 
carpellary margin and placental edge 
regions •• 158 

2.5.1.5 Quantitative X2 tests on the relation 
between the competition f ac t or and 
abortion rates 

2.5.1.6 Qualitative X2 tests on an ordered dis­
tribution of abortion along the fruit 

159 

stem-apex axis •• 161 

2.5.1.7 X2 tests on the distribution of abortion 
within the fruit stem-apex axis 162 

2.5.1.8 Multiple regression equations on intra-
fruit abortion rates 163 

2.5.1.9 X2 and t-tests on regression co-
efficients 

2.5.1.10 Concordance check tests on the distri-
bution of the r8qression equation 
residuals · . .. 

2.5.2 Summer sets • • • • 

2.5.2.1 Concordance tests on the distribution 
ovule and seed t~p es 

2.5.2.2 X2 tests on the difference in abortion 
rates between carpellary margin and 
placental edge regions 

. . 

. . 
of 

2.5.2.3 Concordance test on the distribution of a 

165 

166 

166 

173 

174 

competi tion factor 175 

2.5.2.4 X2 and t-tests on the difference in the 
competition fac t or in t ensi t y between 
carpellary margin and placental edge 
regions 

2.5.2.5 Quantitative X2 tests on the relation 
between the competition fa ctor and 
abortion ra t es 

2.5.2.6 Quali tat ive X2 tests on an ordered dis­
tribution of abortion along the fruit 

175 

175 

stem-apex axis •• 176 

2.5.2.7 X2 tests on the distribution of abortion 
. within the fruit stem-apex. axis 177 

2.6 GENERAL DISCUSSION •• . . · . . . 177 

I .. • \ 



CHAPTER 

CONTENTS 

(contd.) 

PAGE NO. 

III CORRELATION AND REGRESSION STUDIES ON SEED AND FRUIT 

GROWTH . . · . 
3.1 LITERATURE REVIEW · . 
3.2 RATIONALE, METHODS AND MATERIALS •• 

3.2.1 Inter-fruit studies 

3.2.2 Intra-fruit studies 
· . 

· . 

· . 

· . 
3.2.3 Further seed growth, .abortion and fruit 

size studies · . · . 

· . 
· . 
• • 

• • 

184 

184 

189 

189 

193 

194 

3.2.4 Supplementary survey on pollen tube growth 196 

3.3 RESULTS • • · . • • · . 196 

3.3.1 , Inter-fruit correlations and regressions 196 

3.3.1.1 Three month growth study 

3.3.1.2 Seven month growtH s t udy 

3.3.2 Intra-fruit correlations 

· . 

· . 
3.3.2.1 Intra-fruit seed/fruit correlations 

3.3.2.2 Intra-fruit seed/non-fertilized ovule 
size correla t ions · . · . 

3.3.3 Further seed growth, abortion and fruit 
size correlations 

3.3.3.1 Autumn 1970 fruit set study 

3.3.3.2 Summer 1970 fruit set study 

3.3.3.3 Autumn 1969 fruit set study • • 
3.3.3.4 Comparative and concluding correlation 

studies · . 

• • 

• • 

· . 

· . 
• • 

200 

202 

205 

205 

207 

208 

208 

213 

214 

218 

3.3.4 Supplementary survey on pollen tube growth 227 

GENERAL DISCUSSION AND CONCLUSIONS • • • • • • 230 

SUMMARY · . · . · . · . 243 

REFERENCES · . · . · . · . 253 

APPENDICES · . • • · . · . 260 



LIST OF TABLES 

TABLE NO. 

1 Percentage of ovules/seeds with vascular bundle 

2 

3 

4 

differentiated at chalazal region, for fruit set in 
autumn, 1971 . . · . 

Percentage of ovules/seeds without embryonic sacs for 
fruit set in autumn, 1971 •• •• 

X2 differences (df - 1) for the proportion of ovules 
penetrated by pollen tubes between successive sampl­
ing periods for a given fruit sub-region.. •• 

Percentage of ovules/seeds with tanninizsd disc of 
cells adjacent to the hypos tass region for fruit set 
in autumn, 1971 •• 

5 Percentage of ovules/seeds with vascular bundle 

6 

7 

8 

9 

differentiated at chalazal region, for fruit set in 
summer, 1970 · . 

Percentage of ovules/seeds without embryonic sacs for 
frui t set in summer, 1970 • • • • • • 

Percentage of ovules/seeds with tanninized disc of 
cells adjacent to the hypostase region for fruit set 
in summer, 1970 

Cell counts in stained sections of embryo and endo­
sperm of normal seeds from fruit set in summer, 1970 

Plate numbers referring to abortive ovule and seed 
types and their development •••• 

10 Internal contents of dissected seeds from ripe papaya 

11 

12. 

13 

14 

fruit set in summer, 1970 

Internal contents of dissected seeds from ripe papaya 
fruit set in autumn, 1970 

Distribution of normal and aborted seeds and ovules 
from 14 ripe whole papaya fruits set in autumn, 
1970 (hand-pollinated) •••• 

Distribution of seed/OVUle types within fruit-quarters 
of 14 ripe whole papaya fruit of 1970 autumn-set 
(hand-pollinated) · . 

Distribution of seed/ovule types within fruit-quarters 
from two to four longi- (1/5th) portions of 15 
papaya fruits of 1973 autumn sst (non-hand-polli­
nated) · . 

(viii) 

PAGE NO. 

22 

27 

29 

31 

40 

41 

42 

47 

116 

131 

132 

149 

150 

152 



TABLE NO. 

15 

16 

17 

18 

19 

20 

21 

LIST OF TABLES 

(contd.) 

Distribution of seed/ovule types within the 8 sub­
regions from two to four longi- (1/5th) portions 
of 15 papaya fruits of 1973 autumn set (non-hand-
pollinated) •• 

Distribution of seed t ypes and seed abortion rates 
within 8 sub-regions from two to four longi- (1/5th) 
portions of 15 papaya fruits of 1973 autumn set 
(non-hand-pollinated) •• •• 

Distribution of normal and aborted seeds and ovules 
from 24 ripe whole papaya fruits set in summer, 1970 
(hand-pollinated) •• •• •• •• 

Distribution of seed/ovule types within fruit quarters 
from 2/5th longi-por tions of 21 papaya fruits of 
1972/73 summer set ( non-hand-pollinated) 

Distribution of seed/ovule types within the 8 sub­
regions from 2/5th longi-portions of 21 papaya 
fruits of 1972/73 summer set (non-hand-pollin9ted) 

Distribution of seed t ypes and seed abortion rates 
within 8 sub-regions from 2/5th longi-portions of 21 
papaya fruits of 1972/73 summer set (non-hand-
pollinated) •• •• •• •• •• •• 

Estimated leaf areas and number of fruit of 102 papaya 
stems at different t imes during a two-year period •• 

22 Ratios of types of seeds and of fruit plus seed mass 

23 

24 

to se~d mass and counts in several sets of papaya 
fruits 

Times taken for pollen tubes to reach mid-point and 
base of papaya fruits when pollinated in April 
(autumn), June (winter and February (summer) 

Mean temperatures in uncovered papaya trees versus 
trees under a plasti c structure over a twelve-day 
per iod in May 1972 (au tumn) • • • • 

-~ooo--

(ix) 

.. 

PAGE NO. 

153 

155 

167 

168 

170 

172 

197 

225 

228 

228 



FIGURE 

LIST or FIGURES 
(contd.) 

PAGE NO. 

1a Spatial relationships of various ovule and seed tissues 5b 

1b Transverse plane of 5-carpellate, unilocular pistil of 
Carica papaya L.; parietal placentation •• 00 

2 One of five placental r egions in transverse section 00 

3 One of five placental regions along the longitudinal 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

axis • 0 o 0 • 0 • 0 

Mean area of nucellus tissue along the median longi­
tudinal plane of ovules/seeds from intra-fruit sub­
regions during early growth, autumn set, 1971 

Percentage of ovules from intra-fruit subregions with 
mature megagametophytes at anthesis and or two weeks 
later (summer 1970; autumn, 1971 .0 

Percentage of embryo sacs (in various intra-fruit sub­
regions) penetrated by a pollen tube during early 
growth (summer 1970; autumn 1971) O. 

Mean area of embryo sacs along the median longitudinal 
plane of ovules/seeds from intra-fruit subregions 
during early growth, autumn set, 1971 00 

Percentage of fertilized seeds per intra-fruit sub­
region having normally developing embryos and endo-
sperm, autumn set, 1971 O. O. 

Mean area of nucellus tissue for certain developmental 
states, from selected intra-fruit subregions during 
early growth, autumn 1971 00 

Mean area of embryo sacs for certain developmental 
states, from selected intra-fruit subregions during 
early growth, autumn 1971 

Cross-sectional area of nucellar cells of seeds in 
fruit set in summer, 1970 •• 

Cross-sectional area of cellular endosperm cells of 
seeds in fruit set in summer, 1970 o. 

Cross-sectional area of embryo cells within the proto­
derm of the cotyledons in longisection (summer set, 
1970) .0.0 .0 o. 

Embryo length of seeds in fruits set in summer, 1970 

o 0 

o 0 

.0 

o 0 

• 0 

o 0 

o 0 

o 0 

Cross-sectional area of cells of outer epidermis of 
outer testa above endotestal ridges (summer set, 1970) 

(x) 

12 

13 

14 

24 

26 

28 

32 

34 

37 

39 

44 

49 

50 

51 

53 



FIGURE 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

LIST OF FIGURES 

(contd.) 

Cross-sectional area of cells of large-celled endo-
testal tissue (summer set, 1970) •• •• 

Cross-sectional area of cells outer epide~mis of outer 
testa between endotestal ridges (summe~ set, 1970) 

Cross-sectional area of cells of outer layer of sarco-
testal tissue (summer set, 1970) •• •• 

• • 

· .. 
Cell count perpendicular to longitudinal axis in large-

celled endotestal tissue (summer set, 1970) •• 

Cell count perpendicular to longitudinal axis in small-
celled endotestal tissue (summer set, 1970).. •• 

Cross-sgctional area of cells of small-celled endo-
testal tissue (summer set, 1970) • • • • 

Cross-sectional area of cells of inner epidermis of 
outer testa (summer set, 1970) • • • • 

Width of outer epidermal cells of inr.er testa (summer 
set, 1970) • • • • • • • • • • 

Cross-sectional areas of cells of inner and inter­
epidermises of inner testa (summer set, 1970) 

Percsntags of final or greatest size of varilJus seed 
tissues in normally developing (F) seeds flam fruit 
set in summer, 1970 • • • • • • • • 

Frui t and seed volumes during development, autumn set, 
1969 • • · . • • · . • • • • 

Volumes of fully developing (F) seeds from carpellary 
margin and placental edge regions (summer and autumn 
sets, 1970) . •••••• 

Fruit and ~eed masses during development, (bummer and 
autumn sets, 1970) •••••• 

• • 

, . 

• • 

• • 

• • 

· . 

• • 

· . 
29 Mass of different seed types during development, autumn 

30 

31 

set; 1969 • • • • • • • • • • 

Mean areas along median longitudinal planes of intra­
testal tissues of various seed types at weeks 8 ~nd 
23 (autumn set, 1971) •.•••• 

• • 

• • 

Mean areas along median longitudinal planes of tissues 
external to embryo and endosperm of various seed types 
at selected times (autumn set, 1971) •••• 

(xi) 

PAGE NO. 

54 

56 

57 

59 

61 

62 

64 

66 

68 

69 

72 

73 

75 

125 

126 

127 



FIGURE 

32 

33 

34 

35 

LIST OF FIGURES 

(contd.) 

. Mean areas along median longitudinal planes of selected 
normal (F) and partially developed (p) seeds from 
ripe fruit (summer set, 1970) •• 

Proportion of papaya fruits abscissed during fruit 
growth in fruits set in autumn, 1969, with hand-
pollination •• 

· . 

· . 
Correlations of selected variables with fruit volume of 

18 fruits set with hand-pollination, autumn 1969 

Correlations of selected variables with increments in 
fruit growth of 18 fruits set with hand-pollination, 
autumn 1969 •• •• 

APPENDIX FIGURES appear within relevant appendices. 

--000--

LIST OF PLATES 

• • 

PLATE NO. 

1 - 33 .. • • • • • • . . from pages 

34- 37 .. • • . . • • " • • • • " 

--000--

- ADDENDUM TO PLATES 

Magnifications of cleared material understated. 

Should read 1,2 x greater. 

--000--

(xii) 

PAGE NO • 

129 

198 

221 

223 

76 - 'j08 

180 - 183 



v 
A 

A 8 G REV I A TID N S 

- see p. ( xv i) • 

- Fruit subregion: top qu arter along carpellary margins, adjacent 
to stigma or apical end of fruit. See Figures 2 and 3; 
Plate 2a. 

a ..••.• - Fruit subregion: top quarter along placental edges, adjacent to 
stigma or apical end of fruit. See Figures 2 and 3; Plate 2a. 

a .••... - Ovule/seed type: unfertilized ovule; undeveloped as a seed; 
equivalent to "u" ovule/seed type. See Plate 2b. 

Aa - Fruit subregion: top quarter, inclusive of "A" and t\tJo adjacent 
"a" subregions, adjacent to stigma or apical end of fruit. 
See Figures 2 and 3; Plate 2a. 

alg •••• - Aleurone grain. 

8 •••••• - Fruit subregion: second quarter, along carpellary margins, between 
"A" and "C". See Figures 2 and 3; Plate 2a. 

b •••••• - Fruit subregion: second quarter along placental edges, between 
"a" and "c". See Figures 2 and 3; Plate 2a. 

b 

8b 

- Seed type: small; flattened or twisted; white or brown; slightly 
developed: component of "5" seed type. See Plate 2b. 

- Fruit subregion: second quarter, inclusive of "8" and two adjacent 
"b" subregions, between "Aa" and "Cc". See Figures 2 and 3; 
Plate 2a. 

C •••••• - Fruit Bubregion: third quarter, along carpellary margins, between 
"8" and "0". See Figures 2 and 3; Plate 2a. 

c .....• - Fruit subregion: third quarter, along placental edges, between 
"b" and !ld!l. See Figures 2 and 3; Plate 2a. 

Cax - Calcium oxylate crystal. 

cbc - Cardboard cup. 

Cc - Fruit subregion: third quarter, inclusive of "c" and two adjacent 
!lc!l subregions, between !l8b!l and !lod". See Figures 2 and 3; 
Plats 2a. 

cc - Cellular contents. 

cOL - Seed type c: larger, darker, partially developed; component of 
"p!l seed type. See Plate 2b. 

cen - Cellular endosperm. 

cen s - Cellular endosperm sheath. 

ch . . . . . - Chalaza • 

cl ems - Collapsed embryo sac. 

cl nuc - Collapsed nucellar tissue. 

cm - Carpellary margin(s). See Figures 1b to 3; Plate 2a. 

crt •••• - Crystalloid. 

cs - "Apparently" deepest layer of sarcotesta; contiguous layer with 
endotesta in furrow between endotestal ridges; 

ctl •••• - Cotyledon. 



cWL - Seed type c: 
seed type. 

13[08r, whitsj partially develop ed; 
Se8 Plate 2b . 

component of "P" 

cWs - Seed type c: small, rou nded, white; s light ly developed; component 

cyt . . .. -

o . . . . .. -

of "5" seed type. See Pl nte 2b. 

Cytoplasm. 

Fruit subregion: bottom quarter along carpellary margins, adjacent 
to basal or f ruit stalk end . See Figures 2 and 3; Plate 2a. 

d . . . . .. - Fruit subregion: bottom quarter along placental edges, adjacent to 
basal or fruit stalk end. See Figure s 2 and 3; Plate 2a. 

dB ••••• - Seed type d: 
seed type. 

larger~ black, fully developed; 
See Pl a te 2b. 

component of "F" 

db 

Dd 

· .... - Dorsal bundle. 

- Fruit subregion: bottom quarter, inclusive of "0" and two adjacent 
"d" subregions, adjacen t t o basal or fruit stalk end. See 
Figures 2 and 3; Plate 2a. 

den - Degenerated endosperm. 

dG 

ds · ... . 
dvc 

e(L) 

em · .... 

- Seed type d: large, grey, fully developed; component of "F" seed 
type. See Plate 2b. 

- "Dense staining" tissue, according to the literature. 

- Divided cell. 

- Large-celled endotestal tissue, forming ridges of seed coat. 

- Embryo. 

ems - Embryo sac. 

emsp 

epc 

e(s) 

- Embryo suspensor. 

- Epicotyl. 

Small-~elled endo t estal tissue; forming inner band of endotesta, 
underlying ridges of seed coat. 

F •••••• - Seed type: fully developed seeds; inclusive of "dG" and "dB" seed 
types. See Plate 2b. 

fa - Fruit apex. 

fb - Fruit base. 

- Funiculus. \ fn 

fnc 4 Finger-like nucellus - region 4. 

fne •••• - Free nuclear endosperm. 

gl em •• - Globular embryo. 

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

hyp 1 - HypostasB - region 1. 

ie 1 ••• - Inner epidermis of outer integument or testa. 

ie 2 Inner epidermis of inner integument or testa. 

I.· , 



ii · .... Inner in te gument or testa. 

in · .... Inter-epide rmal tis sue of inner integument or testa. 

lp · . . .. - 1/5th longitudinal portion of fruit. See Plates 1 and 2, or 
Figures 1b and 3. 

mp - Micropyle. 

mr - ~idrib of a lobe of palmate papaya leaf. 

msc - Mesocarp or fruit. 

muc .... 
nc · .... 
nuc 

nuc d 

nuc s 

oe 1 

oe 2 

oi · .... 

- Mucilaginous deposit. 

- Nucleus. 

- Nucellus. 

- Nucellus "disc" region. 

- Nucellar sheath . 

- Outer epidermis of outer integument or testa. 

Outer epidermis of inner integument or testa. 

Outer integument or testa. 

ovf - Ovule (or seed) - free region in internal furrows or grooves of 
papaya flower or fruit. 

p •••••• - Seed type: partially developed seeds; inclusive of "cOL" and 
"cWL" seed types. See Plate 2b. 

pc 

pe 

pem 

· .... 
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- Pi t ted cell wall. 

- Placental edges of ovule or seed bearing inner surfaces of papaya 
fruits. See Figures 1 b to 3; . Plate 2a. 

- Pro-embryo. 

- Pro-embryo sheath. 

- Pistillate flower. 

- Phytin globoid. 

- Polar nucleus (of megagametophyte). 

- Pollen tube or pollen tube tip. 

- Leaf petiole. 

- Provascular strand. 

- Multiple coefficient of determination. 

- Simple or total correlation coefficient between i and j variables. 

- Partial correlation coefficient between i and j variables given m 
(or/and n): that is, the correlation bet~een i and j after first 
allowing for the degree of association of m (or/and n) with both 
i and j • 

- Seed type: slightly developed seeds; inclusive of "eliJs H and "b" 
seed types. See Plate 2b. 

SC\r" co t..e:sto 
- Stamen of male flower, after removing petals. 
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Thickened inner wall. 

Tannin deposit. 

Tannin deposited into centre of cell. 

Tannin deposited along walls. 

Ovule/seed type: unfertilized ovule; 
equivalent to "a" ovule/seed type. 

undeveloped as a seed; 
See Plate 2b. 

vb - Ventral bundle. 

yl - Vacuole. 

vsb - Vascular bundle. 

yml •••• - Youngest measured leaf in canopy. 

v - This symbol along the top margin of a figure indicates approximate 
transition points from one designated phase of general seed 
development to another. Phases of seed development are specified 
by a certain cluster of qualitative and/or quantitative seed 
tissue events or changes. In this thesis, these clusters and 
phases are related as such for the first time in the GENERAL 
DISCUSSION AND CONCLUSIONS and SUMMARY sections. The symbol in 
the figures is meant to aid the discussions in those sections. 
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INTRODUCTION 

The papaw or pap aya (Caris~ ~aya L.) is indigenous to tropical America 

where it is one of the most important and pop~lar of f~uits. It is also an 

import ant plantation crop in other tropical areas of the world. Apart from its 

mild and pleasant flavour, its popularity is also due to its early-bearing habit 

and, in the tropics, its production of fruit all year round (Chandler~ 1958). 

The plant has also spread into the frost-free subtropical areas of the world. In 

the latter areas, however, there is a strong seasonal trend in production. 

Winter conditions can adversely affect flower production and fruit set (Kuhne & 

Allan, 1970). 

In South Africa, papaya is the most important "subtr.opical" f:ruit after 

citrus, pineapple and bananas (Allan, 1977). As a commercial crop, it is grown 

mainly in the warmer subtropical are as of the Transvaal lowveld, where peak 

production occurs during the spring months. A rather limited extent of commerciE 

production also occurs in the frost-free coastal areas of Natal and the Eastern 

Cape. 

Pietermaritzburg (latitude 29° 40' S., longitude 30 0 25' E., altitude 770 

metres) falls within the latter areas. The normal period of fruit setting at 

Ukulinga Research Station, Pietermaritzburg, is from late December (early summer 

to May (lat.e autumn) (Allan, 1967 a). Fruits setting in summer (between Decembe: 

and February) mature nine to ten months later in spring, (during the peak supply 

period from ths hotter areas) and early summer (i.e. September to December). 

But the fruits that set in autumn (March to May) at Piatermaritzburg have to gro 

through less favourable conditions of winter during the important early (cell 

division) stage of development. These fruits mature and ripen ten to elaven 

months later, from mid- summer to mid-autumn (January to April). The latter 

happens to be the period when supplies are at their lowest, and prices at their 

highest. The potential exists, therefore, for increasing the amount of the rrui 

aIJailable in this scarce and expensive period (or conversely, of obtaining highe 

returns during the reltitive scarcity). One pre\lailing problem, however~ is that 

fruit size is much reduced . 

According t o Kuhne and Allan (1970), the most important factor affecting 

eventual fruit size is the temperature during the first few months of growth, 

provided they have been well pollinated. This extends fr(lm a .l?r:~::.o ntb..esi.§. perio 

to an initial phase of fruit growth corresponding to the period wh en the log of 

the volume is linear. The growth patte rn of pap aya fruit is sigmoid, and this 

initial ph ase correspondingl y extends up to the time the inflexion point in th e 
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sigmoid growth curve occurs. The warmer the temperature during these two periods 

the faster the rate of growth. Conversely, if these periods occur during cold 

winter conditions (monthlY mean less than 19°C - usually at 14° to 16 DC), both 

the rate of and the number of cell divisions in the fruit are adversely affected. 

The cell enlargement phase that follows the initial cell division phase can 

proceed at temperatures between 110 arid 19°C, but the relative loss in potential 

laid down during the cell division phase cannot be made up. This is so even when 

the cell enlargement phase occurs in warmer, optimal conditions (above about 

20°C). 

Some potential exists for altering the micro-climate by using tunnels to 

ensure more favourable temperatures (Allan, 1976 a). However, cold nigh_t tempera 

tures were not much improved upon and this method may only be of value in sub­

tropical areas with warmer winter nights than those of Pietermaritzburg. 

There are other within-plant factors affecting final fruit size:-

(a) There are genetic differences. Larger-fruited clones or lines produce 

somewhat larger fruits in the scarce period than smaller-fruited ones 

(Kuhne & Allan, 1970). The latter authors also demonstrated genetic 

differences in the length of the developmental period. One valuable 

potential in this difference is that in the cooler subtropical areas, 

clones with longer developmental periods can be set earlier, so as to 

profit in size fro~ growing in the earlier warm conditions, yet only 

ripening in the scarce period. 

(b) KuhNe and Allan (1970) also believed that leaf surface area (and thus 

presumably available assimilates) during the maximum fruit growth period 

may influence ultimate fruit size. 

(c) Competition with other fruits on the plant (Allan, 1967 b). This com-

petition affects both size and the time required for the fruit to reach 

maturity. Firstly, the larger the crop load, the smaller the fruit. 

On the other. hand, if the earlier summer-set fruits are removed to ensure 

a greater fruit ~ in autumn, and thus a greater supply during the 

scarce period, the autumn-set fruits mature up to two months sooner (thus 

defeating the purpose of producing an out-of-season crop). 

(d) Adequate pollination (by insects or by hand) is necessary to ensure o\lule 

fertilization, and correlations between fruit mass and seed mass (or 

seed number) are reported to range between 0,74 and Of88 (Allan, 1969). 
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With regard to the latter, regression co-efFicients for fruit mass on seed 

number or on seed mass are reported t o have been significantly higher for fruits 

maturing in spring and autumn t han for those maturing in summer (peak harvest ) 

(Allan, 1969). The latter autho r also found that the correlation was better 

between mass of seeds and fruit mass than betwGen seed number and fruit mass wher 

relatively large seeds were present in the fruit. Underdeveloped seeds apparent] 

also stimulated fruit growth. 

On examination, some "unfertilized ovules" showed no further development 

after anthesis (Allan, 1969). Many underdeveloped seeds that were found in t he 

last fruits of the crop which rip ened in autumn showed partial development of thE 

integuments, while in some there was also endosperm development without concurref 

embryo growth. All an (1 969 ) suggested that hormones which influence fruit growtl 

may be produced in the integuments, nucellus and endosperm, and that the seeds 

affect fruit growth not only in the early stages of development but throughout 

the whole per iod of development of tho fruit. A detailed investigation of the 

anatomical development and hormone production of the different tissues of papaya 

seeds and fruit fl es h throughout fruit development, and the effect of these 

hormOlles in attracting metabolites to the fruits from other regions of the plant 

was suggested as a useful are B fo r further research. 

The work in the thesis that follows was aimed at meeting some of the above 

needs. Although anatomical studies on the development of the seeds of Car ica 

papaya L. exist, none of these provide the sort of quantitative information 

which would be useful in relating seed development to that of the fruit, and bot 

in relation to possible seasonal variables. The same holds true for underdevelo 

ed seeds. And are there critical times or developmental phases at which abortio 

occurs? 

It is also not clearly established why fewer seeds are formed in the frui ts 

that set in autumn (i.e. in the fruits th a t go on to mature in the scarce period 

the following late summer and autumn). Is it because fewer ovules are formed 

during flower-fr.uit formation, or because fewer ovules are fertilized? Why do 

seeds abort, or remain underdeveloped in the fruits which set in autumn? If mor 

ovules were fertilized - (how many are?) - and if more of these developed fur thE 

would the fruits be l arger? Why has hand-pollination not improved the s i ze of 

fruits that ripen in the ou t-o f-season autumn period (Allan, 1958)? To what ext 

can the small-fruit problem of out-of-season papaya pr.oduction in cooler sub­

tropical regions be alleviated by understanding and modifying seed/fruit inter­

actions? 

Some of these questions were in mind when the author began his investigatic 

most. however. sorano to mind as the oroiect develoDRd . Nn RttR mn t haR hRRn mR r 
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to investigate the ho rmonal or other physiological r elationships between seeds 

and fruit during their course of concomitant growth and development. What 

follows could hopefully lay the fuun dations more firmly for such s t udies. 

The author has used seeds and fru i ts from a recently named clone, Honey 

Gold, a vegetat ively reproduced selection from a seedling of the variety 

Hortus Gold (Allan, 1976b). The female plants from which this material was 

taken were growing at the Ukulinga Research Station near Pietermaritzburg. 

Continuous testing of this clone has shown it to produce fruits of excellent 

quality, especially in late summer. It also has a fairly slow rate of fruit 

development (Allan, 1976 b). Also , "the fruits that ripen in late spring and 

early summer at Piete rmar itzburg have a mass of about 1 kg while the last fruitE 

to ripen in early autumn may be as small as mangoes" . Hence the desirability 

of using this material for a study on the small-fruit problem in autumn out- of­

season production. And there was also the need to check this clone's sGed 

development against t hat of previously reported anatomical studies. 

These previous anatomical studies are reviewed in Chapter 1, followed by 

comparative studies on normal seed development from fruits set in late summer 

and late autumn. (These normally or fully developing seeds will be referred to 

as "F" seeds.) These studies included cell measurements of all the major seed 

tissues during de velopment. 

Chapter 2 compares the anatomical development of various kinds of aborted 

or underdeveloped seeds. This is followed by a detailed study on the intra­

fruit distribut i on pattern of abortion. Various hypotheses were used to predic 

likely seed abortion patterns within the fruit, and these were tested against 

the data collected. 

In Chapter 3 the correlation and regression between seed mass and fruit­

flesh mass when other factors such as leaf area, prevailing temperatures and 

number (only) of competing fruit were allowed for is examined. Multiple regres· 

sion analysis was used for this. The simple correlation between seed mass and 

fruit-flesh mass for specific intra-fruit sub-regions was also examined. And 

the growth pattern of fruits set in autumn was analy zed from anthesis until 

maturity in relation to amounts of seed and seed abortion. A survey of pollen 

tube growth in different seasons was also carried out. Finally, the overall 

conclusions and implications of all of these studies are summarized. A 

glossary of abbreviations and some symbols used in this thesis is provided 

for quick refere nce. 
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CHAPTER I 

NORMAL DEVELOPMENT OF OVULES AND SEEDS 

1.1 LITERATURE REVIEW 

There have been quite a number of morphological and cytological studies 

on the ovules and seeds of Carif~ .papay~ L. (Caricaceae), some of them going back 

to the turn of this century (Foster, 1943). Singh (1960, 1961) has published 

more recent work, and Davis (1966) describes the embryology of Caricaceae. 

With regard to the related terms, ovule and seed, the embryo and endosperm 

are products of fertilizations following the penetration of a pollen tube into thE 

embryo sac of the ovule. The various structural details of the ovule are more or 

less preserved ~uring the transformation of the ovule into the seed (Esau, 1960). 

Other accounts and distinctions are possible, but the above will be the basis for 

distinguishing the terms ovule and seed. More specifically, it is intended that 

with the event of fertilization, what was erstwhile an ovule will then be rererre( 

to as a seed, and all further developments, seed development. Finally, for the 

purposes of this chapter, the emphasis will be on normal development. Abortion 

phenomena will be dealt with in the chapters which follow. For purposes of 

orientation, Figure 1a provides a schematic representation of the spatial re18tior 

ships of various ovule/seed tissues to be referr~d to. 

1.1.1 Ovule development 

1.1.1.1 Nucellus and integuments. According to Foster (1943) the nucellus 

first appears as a slight enlargement at the end of a long stalk. This is followE 

by the initiation of the two integuments. At about the same time the archesporial 

cell becomes distinguishable. The integuments continue to develop further, and 

the whole ovule begins to curve towards its final anatropous position. 

In Davis' (1966) account the archesporial cell cuts off a primary parietal 

cell, which in turn forms at least eight parietal layers, thus imbedding the 

megaspore mother cell further in. Above this, a nucellar cap four cells in thick­

ness originates from periclinal divisions of the apical nucellar epidermal cells. 

In Foster's (1943) study, the vascular tissue consisted of a single pro­

vascular strand in the funiculus and outer integument. This differentiated into 

spi r al xylem elements and sieve tubes by the time of pollination. At this time 

both the outer and inner integuments consisted of about five layers each. 

After pollination, but before fertilization, Foster (1943) reported a slight 

increase in width of the outer integument ttlrough cell divisions. She also 
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reported that the first signs of tannin deposition in the inner epidermis of the 

inner integument occurred in this period. At fertilization, she found that well 

differentiated vascular tissue had reached the chalaza. 

1.1.1.2 Megagametophy te. By means of two meiotic divisions I' ••• the mega­

spore mother cell produces an axial row of fou r megaspores, the chalazal one of 

which develops into a normal (Polygonum type) seven-celled, eight-nucleate mega­

gametophyte; the other three megaspores disintegrate •••• " (Foster, 1943). In 

Davis' (1966) review he reported that occasionally the micropylar megaspore is 

functional. 

The mature megagametophyte (described above) is minute compared with the 

massive integuments and nucellus (Foster, 1943). The synergids are reported to 

broad apically, and it is characteristic for them to have their nuclei at their 

micropylar ends and conspicuous vacuoles at their free ends. A filiform apparatl 

develops late in their differentiation. The antipodal cells disintegrate almost 

immediately they are formed (Foster, 1943). Davis (1966) states that the polar 

nuclei become closely associated near the egg. Various stages of megagametophytE 

development - i.e. from two-nucleate to the mature seven-celled, eight-nucleate 

forms - are found in a single pistil (Foster, 1943). 

1.1.1.3 Pollen tube penetration. Traub and O'Rork (1939) have reported th i 

pollen tubes reach the ovules at the apical end of the pistil within two days, 

and those at the proximal end within five days. Under the greenhouse conditions 

(unspecified) in Foster'~ (1943) study, pollen tubes entered the ovules about tel 

days after pollination. Fertilization occurreQ about 14 days after pollination, 

i.e. about four days after entering the ovules. The pollen tube is characterist, 

ally broad where it enters the nucellus (Foster, 1943; Singh, 1960) and it is 

said to crush the cells that come in its path in the nucellus (Singh, 1960). It 

is found to be persistent~ at least up to 60 days, and Foster (1943) suggested al 

haustorial, nutritive function for it. 

1.1.2 Seed development 

1.1.2.1 Nucellus. Both Foster (1943) and Singh (1960) reported a speciali. 

zation of the nucellus at the chalazal end. Foster found this to start between 

30 and 35 days after pollination in her study. It appears that between these 

authors they described four sub-regions in this specialized region. 

Firstly, the most basal six to seven layers contain thin walls, granular or 

dense cytoplasmic contents (foster, 1943; Singh, 1960) and stain red with 
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safrannin (S i ngh, 1960) . The l atter au t hor ref erred to the se lay ers a s an hy po-

stase . 

According to a summar y r evi ew by Maheshwari (1950), in those plants in whict 

it occurs, the hypo s t as8 ari ses 't j ust a t the l evel of the two integuments and 

directly below the embryo s ac". It cons i sts of a "well-defined but irregularily 

outlined gr oup of nucellar cells " The cells may develop lignified or sub-

erized walls, and they usu ally have poor cytopl asmic conten t s. The hypostase wa ~ 

once thought to regul a t e the wa ter economy of the embryo sac, because of its 

position just above the termination of the vascul ar supply. This is no longer 

thought to be necessarily so (Bhatn agar & Johri, 1972). According to the latter 

authors, the cells mayor may not con tain dense cy t oplasm, and the cell wall s mal 

also be thin-walled. In some Legumino sae the cells of the hypostase (" barrier 

tissue") become thick-wal l ed and prob ably contain tannin (Dnyansagar, 1954). 

Secondly, above the hypostase; and developing into a disc of four or six 

layers and which can be dissected out (with ease, as a whole, presumably) is a 

sub-region of thick-walled cells (Singh, 1960). This sub- region is not describec 

or dr awn in Foster's (1943) account. 

Thirdly, above the la t ter, or el s e actually a continuation of the last 

mentioned sub-region (but without til e wall thickening), are a few layers of cell[ 

which take a dense stain with haemato xylin (Foste r, 1943). Finally, there is a 

fourth sub-region of "finger-like" cells pointed towards the embryo sac (Foster, 

1943). It ap pears that at least the t wo most basal sub-regions (hypostase and 

disc of thick- walled cells) persist into the mature seed (Singh, 1960). 

With regard to the remaining major mass of nucellar tissue, this increases 

in size both as a result of cell division (Fos t er, 1943) and cell enlargement 

(Foster, 1943; Singh, 1960) ~n the pe riod immedia tely following fertilization. 

The enlarging nu cellar cells lose their contents and become vacuolated (Singh, 

1960). The nuc ell ar epidermal cells at the micropylar end undergo some clltini­

zation of their outer and radial walls (Singh, 1960). 

During seed deve l opment, particularly during endosperm development, most of 

the nucellu8 is consumed. Only a few layers remain in the micropylar and hypo­

stase regions (Singh, 1960). From Fos t er's (1943) account it appears that con­

sumption occu r red before the transition of the free nu clear endosperm to its 

cellular state. All that r emains is a peripheral layer of enlarged cells and 

the speciali zed r egion at the chalaza. 
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1.1.2.2 Endosperm. In contrast to the slow development of the pro-embryo 

during the early stages of seed developmerlt, endosperm developmen t is more activE 

At first the endosperm formation is fre e nuclear (Foster, 1943; Singh, 1960). 

The nuclei and cytoplasm remain along the periphery of the embryo sac, being morE 

concentrated at the micropylar and chalazal ends (Singh, 1960). 

In the 'course of furth er dev8lopment, nucleated cytoplasm may intr ude sligh" 

into the central vacuole in the form of bulges (Singh, 1960). This tendency is 

apparently more noticeable in ~~~ts coll ected from higher altitudes or cold 

countries (Singh, 1961). After numerous nuclei have been formed, wall formation 

occurs and is centripetal . The cells undergo further periclinal divisions, addil 

considerably to the bulk of this tissue (Singh, 1960). Foster (1943) found that 

the cellularization process began after about 80 days, at the micropylar end, an' 

proceeded t6wards the chalaza. At first the cytoplasm became less dense, with 

many minute vacuoles, followed by the laying down of cell walls. 

At maturity the endosperm occupies the major portion of the seed's interior 

and is completely cellular. There are abundant food reserves (Singh, 1960). 

According to Foster (1943) the reserves are aleurone grains and oil, but not 

starch. Singh's (1960) drawings show the same features. 

1.1.2.3 imbryo. Following fertilization the zygote is said to persist up 

to about eight days before dividing~ and thereafter the divisions are irregular 

(Foster, 1943). Singh (1960) has confirmed the irregularity of divisions. 

Johansen (1950) has pointed out that there is a resemblance to the Trifolium 

variation of the Onagrad type. At the time the nucellus in the region of the 

chalaza began to undergo specialization (30 to 35 days after pollination) in 

Foster's (1943) study, pro-embryos had only been seen to be four- to eight-celIe 

The pro-embryo is characteristically ensheath8d~ and not in contact with the fre 

nuclear endosperm, at this stage. 

In the later stages of free nuclear endosperm development, the embryo reach 

a many-celled (and presumably bulbous) stage of development (Foster, 1943). 

During the transition from free nuclear to cellular endosperm (80 days after 

pollination), Foster (1943) found th e embryo to have assumed the shape, but not 

the size, of mature embryos. At this stage of development, with the cotyledons 

already differentiated, Singh (1960) found a suspensor group of cells at the end 

of the radicle, and this persisted in t o the mature embryo. The latter possesses 

two thin and leafy cotyledons, and i ts vascular supply consists of procambial 

strands only (Singh , 1960). 
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1.1.2.4 Testal tis s ues de r ived f rom th e out e r i ntegu ment. •• __ u,,~... "IMI_" At the time of 

fertil ization , t he s ub-epidermal cel l s form a continuous me ri stematic ti ssue , ane 

by periclinal divisions continue t o add t o th e thickness of the er s twhile ou t e r 

integument (Sin gh, 1960). But th en a t places dest ined to form ridges, these eel ] 

divide more acti vely t han in th e po s iti ons des tined to be the furrows of t hG 

surface of t he seed coat. At t he same time, t he cells of the outer epidermi s 

elongat e r adi ally , and also di vide per icl inal ly in the furrow positions (Singh, 

1960) . 

Foster (1943) reported that by 30 to 35 days after pollination, a well­

differentiated vascul ar bundle , amphicribr al in type, extends along the inner 

region of the ers t while outer integument into the fo r mer inner integument at the 

chalazal end. Here it branches out into an umbrella-like structure . Singh (1961 

reported that he found the vascular sup ply confined to the chalaza only, and no t 

entering the erstwhile inne r integument. 

At seed maturity, six cell types or tissues can be identified in the outer 

testal tissues. These can be divided i nt o two ma jor parts: the sarcotes t a and 

the endotesta. The sarcotesta, which i n the matu r e seed appears smooth, succulel 

and translucent, forms the outermost covering of th e fresh seed (Singh, 1960). 

Singh also reports that it is wh i tis h. The endotes ta forms a firm, compact tissl 

beneath the soft and gelatinous sarcotesta; and in dried seed is the outermost 

cove ring (the sarcotesta having dried up and disintegrated). The endotesta appe 

black, rough, and shows the ridges and furrows (mentioned above) lying parallel 

to the seed's long axis (Singh J 1960). 

Anatomically the sarcotesta consists of the outer epidermis of the seed 

together with one to three epidermally derived layers in the furrows that ar e 

formed by the endotestal ridges. All the cells are large, with the outer epide~ 

mal cells being s maller opposite t he ridges and larger in the position of the 

furrows (Singh , 1960). Their outer wall is covered 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 t he furrows are also epidermal ly 

derived and f orm part of the sarcotesta. 

The endotes t a is made up of four types of cells. The innermost layer, the 

inner 8pidermi s~ increases in size, and a calcium oxalate crys t al is deposited 

in each cell (Foster, 1943). During f ur t her development, the walls of the i nner 

epidermis thicken, and the cr ystals a r e retained. Adjacent to the inner epiderm 

are a numb er of layers of relatively small comp act cells. They will be refe r r ed 

to as e(s) in these studies. The i r walls eventual ly thicken and develop numerou 

pits (Foster, 19 43). 
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In the position of the ridges, and above the 8(S) r.egion, are relatively 

larger cells, to be referred to as eel). These enlarge considerably during 

development; and when their walls al so thicken, the process starts from the 

corners of the cell walls (Singh, 1960) arid gradually extends to other parts. 

In the position of the furro ws, a layer of elongated cells, interpreted by Singh 

(1960) to be a cont iguous layer of the endotesta, also becomes thick-walled. 

Finally, all the cells of the chalaza persist in the mature seed and the outer 

layers have the same sequence of developments as the outer testal tissues (Singh , 

1960). 

1.1.2.5 Testal tissues derived from the inner integument. After fertili­

zation, all the cells except for those in the inner epidermal layer, start elong­

ating transversely (Foster, 1943). Tannin is deposited in the inner epidermal 

cells. Besides the inner and outer epidermal layers, no more than about four 

inter-epidermal layers are laid down. 

With the exception of the inner epidermis, the other layers appear as a 

compact layer between the erstwhile outer integument and the nucollus (Foster, 

1943). According to t he latter author the inner epidermal cells enlarge considel 

ably during development and contain much tannin. In Singh's (1960) account he 

confirmed the presence of tannin but reported that these cells hardly increased 

in size. 

The outer epidermal cells undergo considerable increase in size and become 

sclerified (Singh, 1960). The thickening increases further, and in the mature 

seed they have been describ~d as stone cells (Foster, 1943; Singh, 1960), and, 

in contrast, as longitudinally elongated fibres with thick walls (Winton & Wintor 

1935). According to Singh (1960) the outer epidermis of the inner testal tissue£ 

forms the main mechani cal layer of the mature seed coat. 

Of the remaining layers, both Foster (1943) and Singh (1960) consider that 

they become only slightly enlarged and tangentially elongated, and have only 

relatively thin walls. These cells lose their contents. They persist in the 

mature seed together with the inner and outer epidermises. Winton and Winton 

(1935) considered these layers between the epidermises to be transversely elong­

ated fibres. 
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1~2 MATERIA LS AND METHODS 

1. 2.1 General pl acental distribut ion of ovules 

Before describing the selection of material, it would be useful 

to note the distribution of ovules in the pi s til. In Carica .t@.£aya L. the pistil 

is five-carpellate and unilocular, and the pl acentation is parietal . As seen 

in transverse section (Fig. 1b), the outer wall of the pistil is ribbed in the 

radial planes through the dorsal bundles. The inner wall, on the other hand 7 is 

ridged where two adjacent car pel margins are fused, i.e. through the radial planE 

passing through the fused ventral bundles. Ovules are borne on the inner ridges. 

, In between any two adjacent ridges, i.e. in the furrows opposite the dorsal 

bundles, the inner surface is free of ovules. 

For purposes of these studies, each one of the five placental regions 

(Figs. 1b and 2) was considered as a unit. The upper half of the ovule bearing 

ridge, i.e. closest to the carpellary margins, was designated as the c.m. region . 

The lower regions, on either side of the ridge and adjacent to the ovule-free 

furrows, the p.e. (placentary edge) reg i on (Fig. 2), 

Figure 3 and Pla t e 1a depict one of the placental units in longitudinal vieb 

The placental region was further subdivided into quarters (Fig. 3 and Place 2a) 

between the stigma and proximal ends of the placenta. Thus for anyone of the 

five placental regions, .ovules were characterized as coming from one of eight 

sub-regions; designated A, B, C or D if along the carpellary margin ridge (c.m.; 

or a, b, c or d if along the placentary edge next to the furrows (p.e.), with 

Ala closest to the sti gma end, and D/d · to the proximal (stem) end. 

1.2.2 Selection of material for ovule and early seed development 

1.2.2.1 .~tumn fruit-set. For this study, about 50 nOlLlers of the clone 

Honey Gold were labelled when at the anthesis stage on May 9, 1971. Each newl~ 

opened flower was hand-pollinated with pollen from two to three full balloon-sta~ 

male flowers picked the same day. 

On the same day, four flowers were sampled for anatomic studies, and sub­

sequently samples were taken at fortnightly interval.s. At each sampling period, 

the flowers or young developing fruits were cut up into the eight sub-regions 

described in the previous section, and fixed in Randolph's fluid (Brooks, Bradle~ 

& Anderson, 1950). They were t hen preserved in 50% ethanol in separate bottles. 

From each sampling period, about 40 ovules or seeds per placental sub-regior 

were randomly chosen for subsequ~nt dehydration, infiltration, embedding, 
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sectioning and s tain ing. Ano t her 50 t o 60 ovules or seeds per placental sub­

region per sampling period were also randomly chosen, and treated according to a 

clearing pr ci cedure t o be des cr ibed . The f airly l a rge numb er of ovules selected 

from th i s autumn-s et was in or der to carry out a careful examination not only of 

ovule and early seed develop ment, but to look for signs of early ovule or seed 

abortion, i.e. within the f irst eight wee ks. 

1.2.2.2 Summer fruit- set . In the period 6th to 9th February, 1970, about 

190 female flowers of the same clone Honey Gold were labelled and hand-polli­

nated at anthesis as described for the autumn- set above. This summer-set was 

used mainly for the study of normal seed development ("F" type seeds) to be 

described. But as a limited comp arison for the above mentioned autumn-set, ouull 

and/or seeds were selected at anthesis and again two weeks _later, cleared and 

examined as for the autumn-set. Less emphasis was placed on this summer-set for 

ovule and early seed development because seed abortion is a less frequent phenom· 

enon in fruits set in summer (see Chapter 2). 

1.2.3 Selection of material for normal seed development 

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

in section 1.2.2.2. Samples of four randomly chosen fruit were taken at varying 

intervals. At first the samples were taken at weekIj and then fortnightly 

intervals, but as the losses due to abscission increased, the sampling intervals 

were extended to three, four and eventually six weeks. 

From each fruit, seeds that appeared to be of average size and of normal 

development in the B/b sub-regions were selected. These were fixed and preserve 

according to either Randolph or Carnoy procedures (Brooks ~ al., 1950). These 

were called "F" for Itfully-developing" or "fully-developed". See Chapter' 2, 

(2.2.1) for abortive types. 

1.2.3.2 Autumn fruit-sets. In addition to the fruits of the autumn-sat 

of 1971 mentioned in section 1.2.2.1, material was also available from a batch 0 

fruit set between the last week of April and the first week of May, 1970. Three 

fruits were picked per sample, and the samples were taken every ~Ieek for the 

first three months, and every third week thereafter. See ds were selected and 

preserved as described for the summer fruit-set above. In addition, material wa 

available from fruit set over t he month of April, 1969. 
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1.2.3.3 Mat er ial for 1llJ.1.p) .. 8_sEl,ed and f r. uit growt h. Ap art from the need f or 

ovules and seeds for anatomic studies served by the above-menti oned materi al s, 

whole (i .e . non- dissected) seeds and f ru its were also needed for measu r ements of 

growth. The 1969 autumn fru it-set and the s ummer and autumn fru i t-se t s (1970) 

served these purposes. Meas urements were carried out at the t i me othe r ovules 

and/o r seeds were sampled fo r preservation and ana tomic s tud i es. 

1.2.4 Microtechnique 

1.2.4.1 ~din9. an d micro t ome !§..ectioning . The dehydration method of 

Zirkle (Gray, 1954) was followed, and the material was embedded in tissuemat 

(melting point ± 61 0 C). At the absolute ethanol: tertiary butanol change, crys b 

of ery t hros i n dye were added to render i dentif i ca tion easier whilst sectioning. 

At this last-mentioned s tage , and at the final Ipure' tertiary butanol and also 

final wax changes, the pr ocedures were carried out under vacuum. 

Sectioning was carried out on a Cambridge rotary rocking microtome set at 

12 microns. The resulting ribbons were laid out on paper. As it was intended to 

detect the presence or absence of pollen tubes, endosperm and embryo, the selecti 

of sections of ribbon were carried out as foll ows. Selected wax sections were cu 

out at intervals f r om the ribbons, placed on a slide, and melted onto the slide 

over a methylated spirits flame. The melted sections were then quickly observed 

under the microscope before the wax re-crystall i zed and solidified. By this me t h 

it was possible to converge onto those regions of the ovules or seeds which were 

most likely to contain pollen tube, endosperm and/or embryo tissue. 

Although this stage of the procedure was time-consuming, it was deemed more 

efficient and economical i n terms of time and materials in the staining procedurE 

An alternative would have been to make very many slides to ensure coverage of t hE 

tissues concerned. But for the later, normal seed development, this elaborate 

method of examining melted wax sections was not followed. 

Finally, free-h~nd and cylinder hand microtome sectionings were also carriec 

out on preserved but non-embe dded seeds. 

1.2.4. 2 St aining of micr~JJmed sections. Some of the material was stained 

according to the Carazz i haematoxylin method (G r ay~ 1954), but most of it was 

stained with either Heidenha ins aqu eou s iron-alum haematoxylin method (Johans en, 

1940), or with a modified ethanolic variant of this method. In the latter, the 

ethanolic con t ent of anyone s tage was never below 50%. This msthod was found 

more reliable than the aqueous me t hod on s uch del i cate tissues as embryos and fr E 

nuclear endo sp erm. The latter of ten fl oa t ed off the slides during t he change to 
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Johansen 's (1 940 ) fas t green counter- s t ein was also incorpor a t ed and the 

pr ocess fin i s hed off i n abs olut e e th anol ( and no t in xylene ). The cove r s lips 

were moun ted in eup ar al. 

1.2 . 4.3 Clear i ng pr ocedure. A clearing t echnique developed by Herr (1 971) 

for the study of megagametophyte and ovule development in angiosperms was extendl 

here for the ovule and earl y seed development s tud ies. The cl earing fluid used 

by Herr consisted ' of lactic acid ( 85%) , chloral hydrates phenol, clove oil and 
I 

xylene - (LCP CX ) - in the propor t ions 2 : 2 : 2 : 2 : 1 , by mass • 

. In order t o ge t the constituents t o di s solve and r emain in a stable homo­

geni zed suspens ion, it was found necessary to add the const i tuents i n that order 

viz. L, C, P, C, X. Based on the dens ities of these respective constituents, th 

above formulation was ap pr oximated a s follows:-

Lactic acid . . . . . . 50 ml . , 
chloral hydrate 60 g 

phenol crystals 60 g (previously kept in a dark-coloLired 
bottle) ; 

clove oil ... ..... 55 ml and 

xylene " 0 •••••••• 35 ml . 
The resultant fluid was kept in a cupboard, away from light when not being used. 

(The fluid turned a rather dark colour when left exposed to light.) 

With this pr ocedure , ovules and young seeds were removed from their preser ­

vative and transferred directly into a vial with LCPCX fluid. After 12 to 24 

hours they were ready for examination . The ovules and young seeds were also 

preservable in this fluid for at le as t two weeks (maybe more) without undesirabl 

effects. 

By means of a large (wide-tipped) pipette, several whole ovules/young seeds 

were transfer r ed with some of the fluid into a cavity (depression) slide. The 

cavity was th ell filled with the fluid and a cover slip carefully placed so as no 

to trap any air bubbles. 

1.2.4.4 Use of mi croscope with ~ l e ared ~ol ~ o_vules __ a~~. In Herr's 

(1971) work, the material studied was no mo r. e than about ten cell layers ( approx 

mately 150 ~L ) up to the focal pl ane of interest. He was thus able to use an oil 

immersion objective and also phas e contrast optics. The Ca~ica papaya L. ovules 

and seeds were considerably thicker 9 and their focal planes or interest beyond t 

work i ng di s tance of the oil immers i on objective. 
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However, using an objective of 40x (Olympus microscope) with a working 

distance of 500 to 600~ , the outlines of nuclei within the embryo sac were 

theoretically resolvabl e (Barer, 1959). But resolution without contrast is of 

little use. Also, the use of phase contrast microscopy with an objective of 40 x 

did not prove satisfacto r y with these ovules / seeds, slides or fluid. 

Instead, after adjusting the microscope according to the principles of 

Kohler illumination , t he substage i ri s diaphragm was closed down further, and 

the fine focus re-adjusted according to the recommendations of 8arer (1959). 

In addition, use was made of a grey filter. 

Although a bit of a strain on the eyes, this technique proved satisfactory 

in rendering the pollen tube, endosperm, egg and synergid nuclei vis i ble, in 

addition to the cell walls of the nucellus and integuments. Plate 6c shows 

Carica papaya L. ovules at the mature megagametophyte stage as seen in conven­

tionally microtome sectioned, stained etc. procedures, and in Plate 3a for com­

pa~ison, as seen in unstained, cleared whole ovules with this technique. 

Details of, and within, individual cells comprising the erstwhile egg and 

synergids after fertilization proved more difficult to resolve. Endospermic 

development however, remained detectable. Plates 7a, 6a and 3b contrast the two 

techniques for free nuclear endosperm. 

Nevertheless, the sheath outlining the developing pro-embryo usually con­

trasted enough with the surrounding tissue ~ass of erstwhile synergids f pollen 

tube tip and adjacent free nuclear endosperm (Plates 3c, 7b). 

1.2.4.5 Staining of cleared material. At the time of Herr's (1971) work, 

no suitable staining procedures had yet been devised in conjunction with the 

LCPCX fluid. In the present studies attempts were made to stain the material 

after it had been cleared in the fluid. Haematoxylin, aniline blue, safrannin 0, 

toluedine blue, bismark brown, crystal violet and fast green FCF - all of these, 

singly and in combinations, were tried according to the schedules mentioned by 

Morley (1949) for cleared material. 

It was found that ethanolic staining schedules were successful in imparting 

the desired stains, but unfortunately the tissues tended to shrink (a phenomenon 

also noticed with conventionally microtome sectioned and stained material). 

Acetone as a stain solvent also caused tissue shrinkage. Dissolving the 

stains in the clearing fluid itself did not result in discernably better contrast 

and in addition the stain itself cleared away in the LCPCX fluid overnight. 
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Following up the success Fi sher (1970 ) had by first staining his material, 

dehydrating with methyl cellosolve (which also reduces shrinkage), and then 

clearing with clove oil, variou s staining schedules were modified and tried. 

Basically these were modifications of the followi ng:-

(a) tannic acid-ferric chloride- safrannin 0 (Sass, 1956); 

(b) Heidenhain's aqueous iron-alum (ferric chloride) haematoxylin (Johanson, 

1940); and 

(c) the previous with Johan sen's fast green FCF incorporated as a counterstain. 

A general feature of all these schedules is that it is required that the ethano­

lically preserved whole ovules and seads be gradually hydrated, followed by the 

application of aqueous stains. After differentiation of the staining (judged on 

external appearance of the ovules/seeds ), the material was dehydrated in methyl 

' cellosolv8 and then cle ared in LCPCX fluid. 

Of the schedules tried, the following appeared to be the best:-

Placental piece with ovules/seeds attached fi xed in 

Crafs (viz. Randolph's fluids, Brooks ~ ~., 1950); 
I 

50% ethanol (preservative, until ready to proceed further); 
I 

30% ethanol ••••••••••••••••••••••••••••••••••••••••••• 0 

I 
distilled water .......................................... 

I 
3% aqueous ferric chloride •••••••••••••••••••• • ••••••• 

I 
two changes: distilled water •••••••••••••••••••••• • ••••• 

I 
0,5% aqueous haematoxylin •••••••••••••••••• 0 •••••• • ••••• 

I 
two changes in distilled water ••••••••••••••••••••••••••• 

I 
3% 
I 

aqueous fer ri c chloride - until blue/black; 

45 minutes; 

45 minutes; 

4 hours; 

5 minutes each; 

24 hours; 

5 minutes each; 

outer appearance of ovul es/seeds take on greyer appearance : 10 - 15 minutes; 

I 
several changes in distilled water until no more (yellow) 

ferric chloride diffuses out of the material; 
I 

methyl cellosolve ••• • •••••••••••••••••••••••• eo •••••••••• 8 - 12 hours; 
I 

LCPCX 
I 

••••••••• fI ••••••••••••••••• ••• •••••••••••••••••••••• 8 - 12 hours; 

transfer individual ovules/seeds to cavity slides for examination in the fluid 
as previously described for cleared, unstained mate rial. 
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Although the stained ovules/seeds were cer tainly distinguishable from 

unstained ones, the differences were not photographically important enough to 

warrant the trouble of the staining procedure. It was therefore discontinued 

in the routine examinations of these studies. 

1.2.4.6 Measurement of ~i~SU8S. cells 1 whole seeds and fruits. Measuremeni 

were carried out on the nucellus and the embryo sacs of cleared whole ovules/seee 

as seen in the median longitudinal focal plane. A graticule divided into 100 

divisions was used in the eyepiece. Noting an adjustive magnification on the 

body tube, and magnifications of the objectives used, eyepieces and substage 

condenser, it was possible to calibrate the graticule measurements against a 

specially graduated slide. Cross-sectional areas of these tissues (above) were 

~stimated from an approximating formUla, viz. that of an ellipse. 

With regard to the estimation of the cross-sectional areas of individual 

cells of the various tissue types, the formulae used were those for the rectangle 

and the ellipse. The number of measurements taken per cell type per sampling 

period varied. It depended partially on the number of 'whole' cells seen in a 

microtome section for a given tissue: for the integumentary or testal tissues, 

about 10 cells per seed for each of the epidermises, and from 50 to 150 for the 

other tissues. About 100 cellular endosperm cells were measured per seed, whilsi 

the number of cells for nucellus and embryo depended on the size of these tissue~ 

With regard to the number of seeds, since approximately average sized seeds had 

been selected for preservation, only three to six were used per sampling period 

for measuring the cell types. 

Most of the seeds were sectioned along the longitudinal plane, and the meaSL 

ments were taken from sections lying approximately along the median lis. The 

idea of taking cell measurements only occurred after the sectioning had been done 

Examination of those transverse sections that had been made reveal that the 

transverse dimension of cells not represented in the longisections is quite ofter 

a major dimension, particularly in some of the testal tissues. 

Thus the results only apply to the median longitudinal plane, and cell 

volumes may not necessarily be well correlated with the longitudinal cross­

sectional areas computed. Nevertheless, within the plane examined, comparisons 

can be made between developmental periods and between various cell types. AnothE 

aim was to compare the growth or size of cells of individual tissues found in 

normally developing seeds a/ld that found in abortive ones. 

With regard to whole seeds and fruit gro~lth, measurements of length, breadtr 

and fresh mass (b efore removal of seeds) were determined for all sampled fruits. 
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The author had previously found th at the fo r mula for the volume of a sphere, viz. 

in the form ~ 83 , where 8 is the mean fru5,t diameter, is a satisfactory app r oxi­

mation for the volume of fruits of the clone 'Honey Gold' (Pereira, 1968). 

With £egard to the 1969 autumn-set, 48 fruits were set aside for fruit growt 

i.e. these were not sampled from for the anatomical studies. Of these 48, only 

18 survived to fruit ripening, the others abscissing. Measurements taken fort­

nightly provided a continuous record on this sub-set. 

Measurements of whole Seed growth in the 1969 autumn-set were taken as folIo 

from the 15th week's sample onwards, 50 (normally developing) seeds were removed 

from each of the 8 - C (carpellary margin) and b - c (placentary edge) regions, 

respectively. The mean seed (fresh) mass for each of these regions, and their 

combined mean, were determined. In addition, length and diameter measurements 

were taken on a further five (normally developing) seeds from each of the above 

sub-regions. This sample size of five was calculated to give a sample estimate a 

the mean with a margin of error of 10%. The calculation, based on standard error 

data, is from Cochran (1964). The measurements were made by means of either a 

microscope fitted with the calibrated graticule or else a screw-micrometer. 

Finally, the same sampling and measuring procedures were carried out on the ovule 

and seeds of the 1970 summer- and autumn-sets. 

Volumes of seeds of a wide range in size were determined by paraffin dis­

placement (the seeds floating in water, but sinking in paraffin). Of the various 

approximating forms tried, it was found that the formula of the volume of a Qrola 

spheroid gave a good fit. The latter geometric form is obtained by rotating an 

ellipse about its major axis, and the formula for the volume is 1 nab2 , where 

a and b are the major and minor axes respectively (Hale, 1965). As applied to 

these seeds, the major and minor axes were the length and diameter respectively. 

In fitting the curves to the various data from the seed and fruit anatomic 

and growth studies, the method of "freehand smoothingll for curvilinear relations 

as explained by Ezekiel and Fox (1959) was used. The method entails grouping set 

of data into appropriate groups to obtain group averages; then drawing in a smoo 

free-hand curve which passes near all the group averages and approximately throug 

the middle of the original data. The process is repeated afresh several times, 

and an average curve selected from these. In addition, the curves should be 

subject to certain logical limitations as regards shape, sign of slope, presence 

or absence of inflexion points, etc. Previous fruit growth studies on papaya 

(Kuhne & Allan, 1970) suggested a sirnple sigmoid curve for the fruits, and fam:i.li 

arity and inspection of the data suggested the saine for the whole seed growth 

curves as well. The curves for the individual cell types were often more complex 
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and it was assumed th a t grow ~h cu~ves were nevar negative, and that t he responsBE 

were 'smooth'. The l atter, of course, was probably unlikely for any individual 

seed. Nevertheless, the smooth curves are meant to suggest the population mean 

response type. Ot herwise, the fo r m of the curves were judged from the data 

available. Only a f ew tiss ue s proved problematic. 

1.3 RESULTS AND DIS CUSSIONS 

1.3.1 Ovule and early seed development: Autumn 

1.3.1.1 Nucellu s and integuments befure fertilizati~. Ovules were at 

different stages of megagametophytic development at the time of anthesis, as alsl 

found by Foster (1943). In those in which the megagametophyte had reached the 

mature form (Pl ate 8a), the inner and outer integuments both consisted of about 

five layers eachs as also found by Foster (1943). 

All the ovules had dif fere ntiated a vascular bundle in the funiculus and in 

parts of the inner portion of the outer integument. Table 1 shows the percentagl 

of ovules which had already differentiated the vascular bundle into the chalaza. 

TABLE 1 

Fruit 

Percentage of ovules/seeds with vascular bundle 

differentiated at chalazal region, for fruit 

set in autumn, 1971. Sample size equal to 50 

for each fruit Bub-region for each sampling 

period 

SAM P LIN G P E RIO D 

sub-region At anthesis Week 2 Week 4 

A 66 100 100 

a 16 72 92 

8 90 100 

I 
100 

b 0 44 88 
I 

C 82 86 100 

c 2 22 100 

D 68 68 

i 
100 

d 18 Not examined 98 
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Ref erring now only to t he ovules at an tt!.~~is, i t is evident that those along 

the c.m. ridge (sub- regions A, G ~ C, D) were mo re advanced in this respect th an 

those along the p. e . edge along the fur r ows ( sub-regions a, b, c, d). The authol 

has also made obser va tions on unopened flower buds at various stages of develop­

ment, and it is evident that t he first ovules to be initiated are in the c.m. 

ridge region. This helps to explain why vascular bundle development is more 

advanced along the c.m. ridge . These ovules are also closer to the underlying 

ventral bundle (Figs. 1 and 2) from which all the ovules receive their vascular 

connections. 

Figure 4 shows the cross-sectional area of nucellar tissue as seen in the 

longitudinal focal plane. At the time of anthesis, the ovules of A, B, C and 

o along the c.m. ridge region had more nucellar tissue than those nearer the 

furrows (p.e.; a, b, c, d). 

1.3.1.2 Megagametophyte. It has been said that ovules were at various 

stages of megagametophyte development at anthesis. Plate 5a shows an ovule WhOSE 

megagametophyte was at the four.-nucleate stage. At the focal plane photographed ! 

one of the two nuclei at the micropylar end is in focus, and the other two can bE 

seen in the centre of the megagametophyte. In Plate 5b, at a slightly different 

focal plane, the other micropylar nucleus is in focus, whereas the three other 

nuclei are slightly out of focus. Plate 5c is a photomicrograph of what was an . 
eight-nucleate megagametophyte. Three of the four micropylar nuclei are in focui 

the innermost one being the micropylar polar nucleus. At the chalazal end, only 

the other polar nucleus is in focus; the three antipodals are out of focus and 

were very faint. 

Plates 6c and 3a show megagametophytes at the mature stage. As can be seen ! 

the synergid vacuoles in focus are quite prominent. The filiform apparatus 

(not shown here) was not detected in cleared material. 

In over thirteen hundred ovules examined - with the exception of four ovule~ 

pollen tubes were not seen to be penetrating into nucellus tissue of ovules lac~ 

ing mature megagametophytes. In the four exceptions, the pollen tubes penetratee 

into what appeared to have been embryo sacs devoid of contents, as seen in secane 

and fourth week samples. There were a few other ovules in which · pollen tubes hac 

entered the micropyle, but not the nucellus, of ovules with immature megagameto­

phytes. 

There were also the occasional "oddities". A few ovules showed more than 

one pollen tube. Plate 5d shows an ovule that was focused at a plane to show 

that one pollen tube had entered into the nucellus, whilst a second had doubled 
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back in ths micropy l ar reg i on of tho inner in t egument. No ovules, however, 

were seen wi t h more than on e pollen tube i n the embryo sac. 

An interesting feature of the fou r exceptions mentioned earlier was that 

the pollen tube appeared to have penetrated a good de al further into the embryo 

sac than usual. In spite of the caution made by Maheshwari (1950) against the 

view that the synergids necessarily control the entrance of the pollen tube, 

this could well be the case in farica Q§~~ L. Bhatnagar and Johri (1972) 

have reviewed more recent work Wllich supports the role of the synergids, 

although they also echo Maheshwari's caution. 

Figure 5 depicts the proportion of ovules in the various placental sub­

regions which had mature megagametophytes. It is evident that the ovules neara 

the c.m. ridges (A, B, C, 0) were more advanced in this respect in comparison 

to ovules nearer the furrows (a, b, c, d) at anthesis. This is also borne out 

by the X
2 

analyses of Appendix Table 2.1 which shows that whereas no significan 

differences existed within A, B, C, 0 or a, b, c, d respectively, differences 

were certainly present when both these were taken together. 

Figure 5 further shows that by the second week after anthesis, the differe 

bet~Jeen the r idge and furrow ovules had been narrowed considerably. 

It may seem surprising that the sub-regions along the c.m. ridge had a 

lower proportion of mature megagametophytes at the second week after anthssis. 

If one recalls that although the sample size of ovules per placental sub-region 

was relatively high, that of the flowers/fruits was small. The discrepancy 

then was probably within the limits of natural variability between the flowers! 

fruits. 

Table 2 shows the percentage of ovules in the various placental sub-region 

which had not yet developed an embryo sac (and therefore no megagametophyte, 

e.g. Plate 4a). In comparing the sample at anthesis with that at the second 

week, it is again evident that there was a gene r ally lower level of development 

in the second week's sample. Notwithstanding the above f the following can be 

seen. At the anthesis sample, the ovules nearer the furrows (a, b, c, d) appe8 

ed to be less advanced (i.e. fewer ovules with embryo sacs) than those nearer 

the c.m. ridge (A, B, C, 0). In the subsequent samples, these differences 

between "ridge" and "furrow" ovules became less clear-cut. A possible reason i 

that after anthesis the differen t iation of new ovules probably ceased, and thos 

that were already present tended to go on to de velop an embryo sac (and mega­

gametophyte). 

It was difficult to know cefinitively what proportion of ovules eventually 

developed mature megagametophytes. This is because after the second week, the 



100 

80 

+> 60 
c 
OJ 
(J 

~ 

~ 40 

20 

o 

Summer 

A 

a 

I 
I 

B 0 I 
I 

c 
d I 

b 

I 
I 
I 
I 
I 
I 

o 

Autumn 

r- ,-. . 
r- B I 
A 

C ,-. 
( 

I 
0 ,-- r-

B !--
A b-'--

- c c-,....... 
a D d 

-- -
a c d 

f0-
b 

I 
o 2 

Weeks after anthesis 

FIGURE 5 Percentage of ovules from intra-fruit sub-regions with mature megagametophytes at anthesis 
1_ .. __ _ _ ",n..,n ... _ .. J.. .• __ ... M,., ... \ _ _ -' .J.. •• _ •• __ I ~_ ,_..L __ , _ .. .J.. •• ___ ... n,.., ... \ 

r ___ , __ .! __ r=n _ . ,L-. ___ .: __ 

N 
G"\ 



TABLE 2 

Fruit 

Percentage of ovules/ seeds without embryonic sacs for 

frui t set in autumn t 1971. Sample size equal to 50 

for each f ruit sub-region fo r each sampling period -_ .. .. - , 
S A I~ P L I N G PER I a 0 

sub-region At anthesis We ek 2 Week 4 Week 6 

A 4 18 2 4 

a 6 '14 a 6 

B 2 14 2 2 

b 8 6 2 2 

C 2 12 4 2 

c 2 12 6 1 

0 0 10 4 2 

d 8 6 2 2 

?7 

presence of pollen tubes in ovules resulted in, or else was associated with, 

collapsed synergids and other changes in the embryo sac. This obscured the 

status of the megagametophytes. One possible way to find the answer would be 

to examine megagametophyte development in protected, unpollinated flowers/fruitE 

One would have to ensure that these fruits did not absciss too soon. 

1.3.1.3 Placental distribution of pollen tube penetrati.£2. Figure 6 illuE 

trates the pattern of pollen tube penetration into ovules. If one looks at the 

histogram at the second week after anthesis, it appears that the ovules closer 

to the ' stigma end have a greater likelihood of receiving the earlier penetratior 

There also appears to be an obvious difference between ovules closer to the c.m. 

ridges at A, 8 as opposed to those adjacent ovules closer to the furrows a, b, 

even although they were virtually equidistant from the stigma. It may be re­

called that pollen tubes only appeared to penetrate an embryo sac if the mega­

gametophyte was mature, and that the general pattern o,f disi£lbution of megaga­

metophyte maturity (Fig. 5) probably carried over into the following week or so. 

Pollen tubes were more li.kely to have entered first the ollules with mature mega­

gametophytes closest to the stigma end, and then those ovules with mature mega­

gametophytes in the next closest sub-regions. 

2 • 
Table 3 is a X analysls of the pattern of pollsn tube penetration. Consie 

ing the period betlue8n anthesis and the second week, all the regions except for 

the basal quarter (O/d) and (c) furrow received pollen tube penetrations at a 

(statistically) significant level. The larges t penetrations wers along the c.m. 
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TABLE 3 
2 

X diffe rences ( df = 1) for the proportion of ovules penetra ted by 

FRUIT 
SUB-REG ION 

Set in 
Autumn, 1971 

A 

a 

8 

b 

C 

c 

0 

d 

Set in 
Summer, 1970 

A 

a 

c 

pollen t ubes between success iv D sampl ing periods for a given 

fruit sub-region 
.-_ .. -

BETWEEN BETWEEN BETWEEN 
ANTHESIS AND WEEK 2 WEEI< 2 AND WEEK 4 WEEK 4 AND WEEK 

-
6 

-
2 SiC3nificanc 8 2 Significance 2 Significance 

X X X level level level 

.. - - ~.-. 

46,314 +'.** 8,680 ** 0,177 NS I 

19,580 *** 34,462 *** 0,488 NS 

48,529 **i: 1,920 NS 0,074 NS 

5,530 * 26,042 *** 1,240 NS 

21,053 *** 10,343 ** 0,493 NS 

No 
32,484 *** 0,365 NS -penetra tion 

1,375 NS 9,357 ** 12,965 .*** 
No 11,458 *** 10,583 ** -penetration 

Probabili ty significance levels 

NS P > 0,05 

84,946 -l( •. X-* * p :5 0,05 

71,971 *** ** p :5 0,01 

38,077 *** *** p :5 0,001 

ridge (8, A, C) and the first quarter furrow (a) next to the stigma end. Betw( 

the second and fourth weeks, all the sub-regions with the exception of the 

second qu arter along the ridge (B) received additional pollen tube penetra tionl 

at significant level s . The largest increases were for the three upper furrow 

regions (a, c~ and b). Between the fourth and sixth weeks, only the lower qual 

(O/d) received significant additional penetrations. 

This analysis suggests further confirmation of the idea that pollen t ubes 

tend towards the nearest available ovules with mature megagametophytes; at an~ 

rate towards sub-regions with such megagametophytes. Such regions may have beE 

producing more chemotropic sUbstance(s). 

For the histograms covering the fourth and sixth weeks after anthesis in 

Figure 6 , certa in additions have been drawn in. These are represented as brokt 
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lines, and the sub-regions concerned are B, c t 0 , d for the fourth week, and 

C, 0 in t he sixth week's sample. The additional ovules represented here had 

been penetrated by pollen tubes, but no chang88 had been effected in the mega­

gametophytes. Either the pollen tubes had j us t arrived, or else possibly by 

that time thos e pollen tubes no longer contained potent male gametes. 

1.3.1.4 ~ucellus of 8~se2 d deveJ.opmen t. Following fertilization, celJ 

divisions were occurring in the n~c811us. At first the divisions occurred 

throughout the tissue, whilst later. (about the eighth week ) they appeared to be 

confined to the periphe~y. Cell enlargement proceeded throughout this period. 

The cells at the periphery tended to be smaller, partially because more divisiol 

were occurring there. 

Plate 3d shows a young developing seed in which 'tannin' was just beginnin( 

to be deposited in th'e chalazal region, _and Plate 4b shows one at a stage prior 

to this. Plate 4c shows one in which several layers had already been deposited. 

giving rise to the disc seen in cleared whole se8ds. This disc occurs just abol 

the hypostase identified by Singh (1960) and shown in Plate 7c, d. He did not 

mention tannin deposition, nor did Foster - (1943). But in Singh's further accoul 

and drawings he shows a region of cells four to six layers abutting upon the 

hypostase (embryo sac side) which look like the tannin disc region seen here. 

said they became "thick-walled". (Th8 contents -of the cells of this 'disc I 1001 

like that of the inner epidermis of the inner integument, called 'tannin' by 

Foster, 1943.) 

Table 4 shows the proportion of OVUles/seeds in the various placental sub­

regions in which the tanninized disc had become evident. It appears that the 

process began between the second and fourth week after anthesis. Again, the 

process was more pronounced in ovules/seeds nearer the c.m. ridge. 

Figure 4 shows the mean cross-sectional areas of nuoellar tissue as seen ii 

the median longitudinal focal plane. Ninety-five per cent oonfidence intervals 

have been drawn in and these were estimated as twice the standard errors of the 

means (Ezekiel & Fox, 1959). The differences be tween ovules along the c.m. 

ridges and p.e. furrows at anthesis have already been pointed out. In the week 

that follo wed, the relative size of the expanding tissue seems to have been a 

function of its relative size at anthesis on the one hand, and on the other of 

the ovule's/seed's position relative to the t emporal pattern of pollen tube 

penetration. In other words, the earlier a placental sub-region received polle 

tube penetrations, the larger was the average size of the nucellus. 

Finally, Figure 7 shows the cross-sectional areas of the embryo sacs alone 
Th_ ,.., ..... ~ + .......... ,.... _P ....1 ..... , ..... 1,... ........ .,,_ ..... "- .. ':4-. 1-. __ ,r., ... ~ ................... .-. .1.#0 .a..L.,., ~ _,_ . __ ~J,..._., _ .. L __ _ ~ ___ _ 



TABLE 4 Percentage of ovules/seeds with tanninized di sc of 

cells adjacent to the hypost ase region for fruit 

set in autumn, 1971. Sample size equal to 50 for 

each fruit sub-region for each sampling period 

SAM P LIN G PER 100 
FRUIT 

SUB-REGION 
At anthesis Wee k 2 Week 4 Week 6 

A 0 0 100 96 

a , 0 0 96 90 

B 0 2 100 88 

b 0 0 78 82 

C 0 0 96 98 

c 0 0 72 84 

D 0 0 76 ' 94 

d 0 0 48 72 

31 
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. generally the same as that of the nucellus. Of interest also is th a t embryo sac 

growth was quite slow until about the fourth week . 

1.3.1.5 Endosper~. Endo sperln growth was relatively rapid (unlike the embr 

and easy to follow with the LCPCX clearing method. Development was only fre e 

nuclear during the early seed development (six to eight wee ks ) looked at wi th t~ 

method, and the endosperm appeared in strands as shown in Plates 7a and 6a. The 

nuclei tended to be more concentrated a t the micropylar and chalazal ends than 

in the mid- regio n, as was al s o found by Foster (1943) and Singh (1960). 

From Appendix 2, Table 2.2, it is evident that differences existed between 

intra-fruit sub-regions in respect of the proportion of OVUles/seeds with normal 

developing endosperm. Four weeks after anthesis there was a gradient down both 

the carpellary margin and the placental OVUles/seeds. Along both major sub­

regions, this proportion was greater the closer the sub-region was to the stigmc 

end. This no doubt was due to the earlier and greater concentration of pollen 

tube penetrations at the top of the fruit as compared with the bottom of the frL 

When carpellary margin and placental edge sub-regions are compared together 

for within the top half or bottom half of the fruit respectively, significant 

differences only existed within the bottom half. This indicates a greater fall 

off in the proportion cif seeds showing development in the lower half. This will 

be examined further in Chapter 2. 

Figure 8 depicts the percentage of just those ovules which had been pene­

trated by pollen tubes (and presumably fertili zed) which showed normally develo~ 

ing endosperm. (Non-normally developing endosperm usually appeared "flimsy", or 

else markedly different in some other way from that of the appearance of normall 

developing endosperm.) In terms of this judgement, the percentage of fertilizec 

seeds showing normally developing endosperm at the fourth week ranged from just 

below 80% to just bolow 100% for the various sub-regions. However, at the 8ixt~ 

week, sub-region 'd' had a markedly lower percentage ( about 50) than the rest of 

the fruit (over 80%). This lowered percentage will be discussed further in 

Chapter 2 on seed abortion. 

For the present purposes it is interesting to note that whilst intra-fruit 

differences exi s ted in the proport i on of the total OVUles/seeds showing endospe r 

development (Appendix 2, Table 2.2), little difference existed between sub­

regions when only fertili zed seeds are considered (the exception being SUb-regie 

'd' at the sixth week). 
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1.3.1.6 ~~~~~o . Embryo developme nt was very s low - never ge tt i ng 

beyond the globul ar pro-emb ryo stage. Be cause th e individual cells were 

relatively s mall, and because of the close pr oximity of the pollen tube tip and 

surrounding free nuclear endosperm , it was us ually difficult t6 distingui s h 

features of the pro-embryo when using t he c l earing method. Neither did the 

author have much success with th e conventional technique, i.e. with microtome 

sectioning, etc. Ap art fro m lo s ing pro-embryos during the pre-staining procedur 

staining i t self provided fu rther difficulties. 

Plates 7b and 6d are of the s ame seed (eight weeks after anthesis) with a 

two-celled pro-embryo. It was ensheat hed (as also found by Foster, 1943) and 

there was quite a bit of mucilagenous-like material around it. The free nuclear 

endosperm nearby, as well as the pollen tube tip are heavily stained. This 

heavy staining is apparently a common difficulty put down to the release of 

certain substances in the interaction between pollen tube and synergids 

(Maheshwar i, 1950). One consequence of the above difficulties is that the authc 

was not able to check this material for irregular early embryo cell divisions 

(cf. Foster? 1943; Singh, 1960). 

Plates 3c and 6b show young pro-embryos at six weeks after anthesis as s eer 

through the clearing fluid. Thes8 Plates - 3c, 7b, 6b and d - reveal how close 

the free nuclear endosperm strands lay to the pro- embryo. Foster (1943) claimec 

that there is no contact. Whatever contact there might be is very slight, as by 

pressing lightly on the coverslip, the endosperm strands gave way. SLit ultra­

structural analyses would have to be used to really know what the relationship 

is during the early stages. 

Turning again to Figure 8, 80 to 95% of all fertilized seeds showed apparer 

normally developing embryos at the fourth and sixth weeks, bar one exception. 

That exception was again at sub-region 'd', (as for endosperm), which had about 

75% and 60% at the fourth and sixth weeks respectively. 

1.3.1.7 Tissues derived fr~ the outer inte gument. By the eighth week aft 

anthesis, i.e. at the end of this study, the tissues derived from the outer 

integument had differentiated into five or six cell types. Plate Bb, c shows 

part of these as seen in longisection. The tissue between the outer and inner 

epidermises had increased by cell division and enlargement and lil8 S differentia tj 

into two tissues destined to become part of the endotesta of the mature seed 

coat, viz. the e(s) and eel) tissues. Cell divisions near the top of the lattsr 

tissue, eel), can be ssen in Plate 8e. 
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In many regions of the developing seed cas t, the e(s) and e(L) formed a 

continuous double "layer", ~xcept in th e furrows . Several large cells filled 

the latter. The outermost i s the continuation of the outer epidermis, recogni~ 

able by its thickened outer wall. The layer immediately below it 88 shown in 

Plate 8b, c was derived from tho outer epidermis by periclinal divisions. Thes 

large-celled derivatives, together with the outer epidermis, were destined to 

become the sarcotesta of the mature seed. 

The interpretation of the innermost layer of large cells in the furrow , i . 

immediately above e (s), as seen in Plate 8b, c, has been controversial (litera­

ture review). Kratzer (1918) and, apparently, Foster (1943), regarded it as 

epidermal in origin. Singh (1960) contended that it is part of the outermost 

layer of the e(s)/e(L) tissue. The present authQr is inclined to concur with 

Singh's (1 960 ) view. Examination of Plate 8b, c (and of other material) shows 

that the layer of large cells in question is continuous with that of the outer­

most layer of the e(s)/e(L) tissue. (This point will be further discussed unde 

the l~ter seed development section.) The point at issue here has been whether 

the seed structures of Caricaceae and Cucurbitaceae are similar. If this botto 

layer is derived from the epidermis , then apparently they are similar (Singh, 

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

The final tissue of the endotesta to be referred to is the inner epidermis 

These cell s had begun to expand, both radially and tangentially, by the eighth 

week after anthesis. 

1.3.1.8 Tissues derived from the inner integument. By the end of the 

eighth week, these tissues contributed about eight layers: an inner and outer 

epidermis plus about six layers in between. The outer epidermis had elongated 

tangentially to a considerable extent. The underlying five or six layers had 

also expanded tangentially, but to a much more limited extent. The inner epi­

dermis had enlarged somewhat, and tannin deposition was often seen at the micrc 

pylar end of the layer. 

1.3.1.9 Growth of mature ovules not penetrated by pollen tubes. Measure­

ments were also carried out on mature ovules not penetrated by pollen tubes to 

see what their comparativo pattern of growth was after anthssis. Figure 9 

depicts nucellar growth for three classes of ovules or seeds:-
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(i) ovules with matu re me gagametophytes which had not yot been pene­

trated by a pollen tube; 
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(ii) young seed which appeared to have normally developing free nucle ar 

endosperm; and 

(iii) for the C (c.m. ridg9) s ub-region at the fourth week, young seeds 

whose endosperm appeare d to be dis integrating. 

It is evident that all the mean values increased over the four weeks, i.e. 

irrespective of the class of ovule/seed or of placental sub-region. All had 

produced more nucellus. With the exception of the developing seeds in the O/d 

sub-regions at the fourth week, there were also evident differences between 

ovules/seeds along the ridges (c.m.) versus those next to the furrows (p.e. ). 

In the O/d sub-regions at the fourth week, the larger standard errors with 

correspondingly larger confidence intervals preclude one from saying whether th 

observed means were different from their neighbouring sub-regions. 

For any given sampling period, the young seeds were larger than their 

unpenetrated (but mature) ovule counterparts in the same placental sub-region • 

. The exception was in the 0 sub-region of the fourth week. Apart from its large 

confidence interval s , a furth er reason for the lack of definite difference migh 

have been that fertilization occurred relatively late in this region (as 

previously discussed) and the difference had not become established. 

With regard to the OVUles/seeds in sub-region C at the fourth week, it is 

interesting to note the following. Those seeds that had been penetrated by 

pollen tubes but whose endosperm was not developing "normally" had no more 

nucellus than their mature but unpenetrated ovule counterparts. Both these 

latter two cl asses had less nucellus than those seeds which appeared to have 

normally developing endosperm. 

Examining Figure 9 with regard to mature but unpenetrated ovules only, it 

appears that such ovules that were in sub-regions of earlier and more wide-sp re 

endospermic development ~Jere themselves producing more nucellus. Taking sub­

regions c, 0 and d as an illustration, the mature but unpenetrated ovules of 0 

had mor~ nucellus than those of c and d over the first two weeks. But with the 

subsequent penetration of pollen tubes and the greater concentration of develop 

ing seeds in sub-regions above Old, the gap between the confidence intervals of 

the c and 0 sub-regions had narrowed by the four t h week. By that time too, the 

unpenetrated ovules in c had also more nucellus than their counterparts in d. 

Figure 10 shows cross-sectional areas of the embryo sac of the same ovules 

seeds depicted in Figure 9 and discussed above. The general patterns are the 
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the same, but th e confidence i nter vals are somewhat larger. Thus the mature 

but unpenetrated ovules of (c) did not clear l y have larger embryo sacs than 

their counterparts in the (d) s ub- r egion at the fourth week. 

1.3.2 Ovule and early 2eed development: Summer 

Rs previously mentioned in the methods and materials section, 

the ovule and early seed development from fruit set in summer was not examined 

in detail. Nevertheless the ma i n differenc 8 between the summer- and autumn- set 

ovules/seeds was tha~ the rate of development of various features was often 

more rapid in the former. A few examples follow. 

The first is in regard to vascular bundle differentiation at the chalaza 

(Table 5). In comparing autumn and summer sets at anthesis, it is clear that 

TABLE 5 Percentage of OVUles/seeds with vascular bundle 

differentiated at chalazal region, for fruit 

set in summer, 1970. Sample size equal to 50 

for each fruit sub-region indicated, for each 

sampling period 

FRUIT S A~ P LIN G P E ~~~:~.O 0 ] 
SUB-REGION At anthesis Week 2 

A 20 100 

a 6 100 

B 64 -
b 2 -
C 86 -
c 4 100 

0 84 -
d 0 

I -- -

a similar pattern existed in both, viz. the ovules along the c.m. ridge were 

more advanced. Comparison between the two sets (Tables I and 5) suggests that 

the autumn set as a whole were slightly ahead of the summer set, except that 

quite a number of ovules (not shown here) in all sub-regions of the latter had 

very nearly differentiated the vascular bundle at the chalaza. The limited 

comparison at the second week after anthssis in summer shows that all the 

OVUles/seeds in even the third- quarter furrow region (c) had alread1 differen­

tiated the vascular bundle at the chalaza. This was not the case in the 
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furrow su b-regions of the autumn set. With regar d to the proportion of ovules 

without megagametophytes or embryo sacs (Tables 2 and 6), little differen ce 

exis ted between the two se t s. 

TABLE 6 Percentage of ovules/sesds without embryonic sacs 

for fru it se t in summB~ , 1970. Sample size 

equal to 50 for each fruit sub-region indicated, 

for each sampling period . 
FRUIT 

SAM P L I N G P E R I 0 0 

SUB-REGION At anthesis Week 2 

A 8 4 

a 8 2 

B 8 -
b 6 -
C 6 -

c 6 4 

0 2 -
d 12 -

Figure 5 (proportion of ovules with mature megagametophytes) shows that at 

anthesis the summer pattern was much the same as that of the autumn set. The 

exception was that the summer ovules nearer the furrow (a, b, c, d) were more 
2 

advanced than their autumn counterparts. The X analyses of Appendix 2, Table 

2.3, are in the same direction as that for the autumn set (Appendix 2, Table 

2.1), although less pronounced. 

With regard to the pattern of pollen tube penetrations (Fig. 6) the scores 

for the A, a and c sub-regions at the second week were noticeably higher in 

the summer than in the autumn sets. At that sampling period, the proportions 

in both the ridge and furrow sub-regions of the top-end quarter (A/a) were much 

more alike in summer than was the case in autumn. In the latter case, similari 

was only observed at the sample taken two weeks later. It is likely of course, 

that in the summer set, the ridge sub-region (A) received more of the earlier 

pollen tube penetrations than the furrow sub-region (a) before the sample vIas 

taken at the end of the second week. The reason for saying this is that initi­

ally there was a greater proportion of mature megagametophytes in the ridge sub 

region (cf. Fig. 5 and previous discussion). 
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As f ar as t he anatomical development of the summer ovul es/ seeds wer e con­

cerned , t he pattern was es sentially t he same as t ha t f or t he autumn ones. The 

main di ffere nce was t ha t the developments reached aft er e ight weeks in the 

au t umn set had al ready bee n reached after t hree or four weeks i n the summer set . 

(Compar ing Tables 4 and 7 at t he secon d 1JJ88K, ,thi s dif f eren ce was not ye t mar kec 

The r e al so appe ar ed to be more l ayers i n the e (L)/e(s) t issue in th e young 

summer-s et seeds . 

TABLE 7 Percentage of OVUles/seeds wi t h tanninized di s c 

of cells adj acent to the hypo s tase region for 

fru i t s e t in summe r , 1970. Sample size equal 

to 50 for each frui t s ub-region indicated, 

for each s ampling period 

FRUIT S A M P LIN G P E RIO 0 

SUB-REGI ON 
At anthesis Week 2 
-

A 0 8 

a 0 0 

B 0 -
b 0 -
C 0 -
c 0 0 

0 0 -
d 0 -

Finally, a r el a tionship tested in some of the young summer seeds (but not 

in the autumn ones ) was the degree of associ ation between the number of fre e 

nuclear endosp erm nuclei in a seed and th at s eed's size . The correlation co­

efficient (1') between these two par ameters of seeds from selected placental sub­

regions at the second wee k r anged between +0,62 and +0,84, all significant 

beyond the 1% level (App endix 1, Table 1.1). This would seem to imply that the 

developments in the embryo s ac ( l argely endospermi c at that stage) and the over­

all early seed development, were interrelated. 

1.3.3 Normal seed devel opme nt: Summer 

1.3.3. 1 Nu cel l us. Ri ght from the early phases, even whil s t the endo s perm 

was s til l f ree nuclear, t he i nner surface of th e nucell ar tissue adjacent t o thf 

endosperm was characteri zed by a mu cilaoenous-l ike sheath deoic tR d in P1RtRR 7 R 
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and 4d. This sheath appears tu be a b1'88kdD'JJn by- produc t of the nucellus as it 

is ut ilized by the endosperm (Strasbu rger, 196 5). Until the time that the 8nd~ 

sperm had surrounded the developing embryo, i .e. after the on set of cellulari­

zation,' the embryo itself was i n contact with the nucellar ti ssue . Here , too, 

a breakdown sheath was also se811 to d8v81~p at the embryo/nucellus interface . 

Wi th regard t o cell size, Figure 11 re lates changes in the mean cross­

sectional area of individual nucellar cel ls . Thi s mean size increased at a 

rapid rate, (although diminishing after the fourth week) until a maximum mean 

size was re ached at abo ut the 17th week. After this, the mean s ize dropped . 

The explanation for this is not that the cells began to shrink but that the 

larger cells were digeste d by the adjacent, expanding endosperm and embryo 

tissues. Mor e specifically, this drop in mean nucellar cell size was correlate 

with the perio d of rapid embryo grow t h rate and the filling up of the central 

vacuol e with cellular endosperm. 

An examination of the tissues also revealed tha t cell divisions ware occur 

ring in samples taken up to the 13th week (but then no longer from the 16th wee 

onwards ). Cell divisions were more frequent i n the peripheral layers. Thi s 

probably explains the observat ion that cell sizes were generally smaller in the 

peripheral layers . The cessation of cell divisions coincided approximately wit 

the period of maximal rate of embryo growth. 

An interesting feature of the peripheral nucellus was that it was usuall y 

still nucleated and contained cytoplasm even at the time of fruit ripening . Th 

was not the case with the nucellus in the "specialized" region at the chalazal 

end. These l atter nucellar cells lost their contents after the 33rd week sampl 

during the final seed maturation phase. On the other hand, meny of the larger 

nucellar cells interior to the peripheral rayers were seen to be without conten 

by about the time of endosperm cellularization. This appeared to be the case 

even when their walls had not broken down. However, the explanation for the 

latter might be that the deptll of the micrbtome sections (12 ~ ) was smaller than 

the depth of these cell s, resul ting in some cells appearing to be "empty", yet 

intact. 

The four sub-rsgions of the nucellus at the chalazal end (as discussed in 

the literature r e view) were found in the material examined. Plate 8d ( and 7c) 

shows their relative positions. After t he endosperm became cellular, the two 

inner regions, i.e. the finger-like cell s (original ly nearest to the endosp erm) 

and the adjacent dense-stainin g region were appa rently digested by the endosper 

leaving only the "di sc!! and hypostas8 regions. This sequence of events was als 

r eported by Singh ( 1960 ). 
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Up to the 20th week , the t hickening of the walls of the "disc" region 

(Plate 9a ) appears to have been of the sarno type as depicted in Singhts (1960) 

drawings. However , in soma seeds sampl ed aft8 r this period, a tannin depositic 

into the centre of the cells ( rather than along the walls) was also seen 

(Plate 9b). These cases resembled th e central deposition of t annin into the 

inner epidermis of the inner testal tiss ues (erstwhile inner integument). In 

the latter tissue type, this kind of depo s ition was already occurring before 

the 13th week. Of further interest, the thickening of the disc region nucellaI 

cell walls mentioned above also appears to have been due to a deposition of 

tannin. The explanation for these two different ways of tannin deposition is 

not clear to the author. 

After the 33rd week, the cells of the hypostase region adjacent to the 

"disc" region also started to thicken their 'walls (Plate 9c), and this occurr8C 

whilst the cells of this tissue were still nucleated. Interestingly, the cyto­

plasm in the cells of the hypostase could already be seen to be lined up again E 

the walls , (Plate 9d) as early as the seventh week. Thickening of the walls of 

the few remaining cells of the "dense-staining" sub-region interior to the disc 

was also seen. This also occurred in the period prior to final seed maturatior 

1.3.3.2 Endosperm. Both free-hand and microtome sectioning of seeds up t 

the seventh week revealed only free nuclear endosperm. In the 10th week samplE 

however, cellularization of the endosperm had begun in some seeds. This trans­

itional phase was found in seeds sampled up to the 13th week. Foster ' s (1943) 

seeds, developed in a greenhouse (conditions not stated), reached this endosper 

transition phase at about 11 - 12 weeks after pollination. Cellularization in 

the present author's material was seen to proceed from the micropylar region 

and progress towards the chalazal end, as shown in Plate 10a, b. This was also 

the sequence reported by Foster (1943). In addition, however, some seeds did 

show that cellularization had begun at the chalazal end first. 

In general the free nuclear endosperm was seen to be spread out along the 

periphery of the embryo sac, close to disintegrating nucellar tissue. The 

central region was presumably a large vacuole, j~d9in9 from the way the free 

nuclear endosperm strands moved when pressure was applied to LCPCX-cleared seeo 

The development of nucleated cytoplasmic nodules , as reported by Singh (1961) 

was not SGen in this materIal. 

During the transition phase cell walls were formed ,around the existing 

nuclei. At that stage the central vacuole still accounted for a large proporti 

of the embryo sac volume. There then followed a period during which nuclear 
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divisions were associate d with cytokinosis. The cell divis ions ap peared mo st 

noticeable on the outer surf ace of the endosperm, next to the nucellus and 

especially at the micropylar and chalazal ends, as shown in Plates 10c , d and 

12a respectively. Cellular endosperm formation thus progressed inwar ds fro m 

the periphery towards the central vacuo] e. However, cell divisions were al so 

seen to be occurring in some cells fu rther within the endosperm mass~ as can be 

seen in Plate 12b. 

By the 19th wee k some seeds had virtually filled up the central region witl 

cellular endosperm. In others, this was the case by the 23rd week. After the 

central vacuole had been filled, further cell divisions were still seen to be 

occurring, particularly in the chalazal and micropylar regions. However, the 

extent of this furth er cell division was not much. Table 8, although based on 

only a small number of seeds, also suggests that cell divisions tailed off afte: 

the 23rd week (there being little difference in the cell number counted after 

that period). 

Maturation of seeds is accompanied by dehydration which in turn is apparen ' 

in such signs as the formation of many smaller vacuoles and the deposition of 

cytoplasmic constituents (Guilliermond, 1941). In these (summer fruit-set) 88e l 

"maturation" as depicted in Plate 11a was seen to start occurring in some of thl 

seeds of the 23rd and 27th week samples. Prior to this phase of develcpment, 

the cells of the endosperm appeared comparatively well filled, only slightly 

vacuolated and the nuclei were quite prominent (as seen in Plate 11b). From thl 

33rd week onwards the dehydration process had begun in all the seeds examined. 

Plates 13a, b, c show that the nuclei were no longer di s tinguishable amongst thl 

mass of deposited cytoplasm. In those seeds which appeared to have develop ed 

normally, the storage form seems to have been aleurone grains, and its structurl 

was amorphous, witho ut crystalloids or globoids. According to Foster (1943), 

mature seeds contained aleurone grains and oil, but no starch. This appears 

(anatomicallY) to have been the case here too, although it would need to be con· 

firmed by histo-chemical methods. 

Mention has already been m3de of the apparent nutritive relationship at thl 

endosperm/nucellus i nterface and tha t this was already noticeable during the 

early phases of fr ee nuclear endosperm development. In contrast to that, a 

mucilagenous sheath only developed at the endosperm/embry~ interface during the 

dehydration (maturation) phase. Plates 11c (16th week ) and 11b (27th week) shol 

seeds which had not started any noticeab l e dehydration of the endosperm, where a: 

Plates 11a (23rd wee k ) and 13b (42nd week) show dehydrating seeds. Only the 

latter two cases show the break down s heath, and it appears that it was the endo­

sperm t hat had been breaking down. This association was also of ten sesn in the 
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TABLE 8 Cell counts in stained sections of embryo and endosperm of normal seeds 

from fruit set in summer, 1970 

E M 8 R Y 0 END 0 S PER M 

Mean number of cells 
Mean number of cells along the protoderm 

along the median o THE R REM ARK S 
from the base of 
hypocotyl to apex diameter perpendicular , I 

to the median lis 

--J of ons cotyledon : 

21 - Central vacuole being filled by endosperm cells . I 
"- expansion and division proceeding. 

53 - --1 I - -
92 54 Central vacuole nearly filled. -~J 

I 
136 64 Central vacuole nearly filled. 

108 63 
Division of endosperm cells in micropylar and 

chalazal regions still occurring. 

108 66 
Dehydration of cells has begun; nuclei still 

discernible in some cells. 
. 

95 70 ! Cells appear dehydrated. 
I 

I Dehydrated; nuclei of some cells of embryo 
115 79 

I 
still visible amongst dehydrated cell consti-
tuents. 

.p.. 
-.J 
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centre of the embryo s ac al ong rather disorgahized cellular endosperm tissue 

next to the tips of t he cotyledons . As will be seen from the di s cussion of the 

seed coat tissues that is to f ollow~ th e passage of nu trients from the r est of 

the plant or fruit th r ough t he tes t a (v i e t he chalaza and/or micro pyle) would 

appear to have been blocked off duri ng the seed maturation phase. The embryo 

may thus come to depend more heavily on the endosperm at about the maturation 

phase . 

Figure 12 depicts the mean cross-sectional area of individual cellular endl 

sperm cell s . The growth of these cells appears to have followed a simple sigmo 

form. As noted previously, cellularization set in at ab out the 10th week. As 

estimated from these free-hand curves, the maximal rate of cell e)(pansion was 

reached at about the 26th week. A dimini shing rate appears to have set in afte 

the 33rd week, i.e. at approximately the time the ma t uratiorl process had be en 

seen in some cells of all seeds examined. 

1.3.3.3 Embryo. During the period of the transition of endosperm from th 

free nuclear to the cellular state (10th to 13th week), the embryo was seen to 

be of the globular shape (Plate 11d). By the 16th week, the heart-shape had 

become evident, as shown in Plate 12c. The latter also shows a pers istent poll 

tube tip. From the 19th week' s sample onwards, embryos had reached the final 

shape, i.e. the dicotyledonous or torpedo shape, as shown in Plate 12d, althoug 

not their final size (Figs. 13 and 14). By contrast, the embryos in Foster's 

(1943) study had reached the f i nal torpedo shape (but not the final size) by th 

11th- 12th week, at the time the endosperm was undergoing transition to the 

cellular state. 

The apparent dehydration and maturation of embryo cells appears to have 

been closely associated with that of the cellular endosperm cells already 

described. Plates 11b and 13a, b, c referred to during the discussion on cellu 

endosperm, show the visible signs of this association. However, some embry o 

cells in 80me of the seeds examined did still have nu clei which could be di s­

tinguished, even during th e fin al maturation phose. 

In the discussion of the endosperm, ref erence has been made to the poss ibl 

nutritive relation ship between the endospe rm and the embryo during the later 

stages . Prior to t hese stages, the emb ryo might have been utilizing the nucell 

or else have bee n nourished through the developing testal tissues. Foster (1 9L 

has previously suggested that a persistent pcllen tube tip might have an 

haustorial func t ion linking the embryo to the developing te s tal tissues. PlatE 

13d shows a mature seed ( 44th week) with 8 pers is tent pollen tube tip. Howe veI 
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in the latter the connection wi t h the testal tissues appears to be practically 

oblite~ated by heavy tannin depo sition. In some seeds t his obliteration appear' 

to have occurred much earl i er, wh8reBS in others, 8S s hown i n Pla t e 14a , the 

pollen tube tip still extends through the tannin layer towards the micropyle. 

Figure 13 shows the growth curve of expansion of cells found within the 

pr otoderm layers of the cotyledon s . Maximal r ate of expansion occurred at abou 

the 24th week, and the rate beg3il to decline after about the 30th week. From 

approximatel y the 35th week ontoJards, SUGh embryo cells showed Ii tUe expansion . 

As mentioned before, in reference to the discussion on the endosperm, most 

embryo and endos perm cells had entere d the maturation phase by the 33r d week 

sample. 

Figure 14 depicts the growth in length of the embryo as measured from the 

base of the hypocotyl region to the tip of the cotyledons. The initial growth 

of the embryo was delay ed ( as mentioned also by Foster, 1943), and only became 

marked from about the seventh week. The maximal rate appears to have been reacl 

ed by the 18th week, with a dimini s hing rate setting in after about the 22nd 

week . Final l ength seems to have been reached by about the 35th week, ice. 

during the fin al maturation. 

In comparing Figures 12, 13 and 25 j, k f it appears that the maximal rate ( 

cell expansion in the embryo cotyledons and the endosperm was reached at about 

the same time ( 24th and 26th weeks). The embryo length (Fig. 14), on the other 

hand, reached its maximal rate befor e the above described cell expansions, i.e. 

by the 18th week. During the phase of rapid growth of the embryo, most of this 

growth occurred in the cotyledons. This suggests, then, that the process of ce: 

division was contributing more to embryo growth before the 20th week, and that 

thereafter embryo cell expansion was more irnportant. This relative contributior 

from cell division also appears to be confirmed by the data in Table 8. The 

latter shows that the numb er of cells along the protoderm had virtually re ached 

its maximum by the 23rd week. 

1.3.3.4 Testal tissues derived from outer 2[l_~9L1f1!ent 

( a ) Outer epidermis 

From the fourth week, i.e. beginning of this study, the rate of cell expan­

sion of epidermal cells abo ve the endotestal ridges was doclining slightly 

(Fig. 15). This changed into an accelerating rate by about the 11th week, react 

ing its maximal rate at about the 22nd week, whereupon i t again started to 

decelerate. The lat ter maximal ra te occurred s light],y after that of the un dar­

lying , large-celled endotestal e(L) cells (19 t h week, Figs . 15, 16 and 25a, d). 
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The epidermal cells 8i tuated b et!U..?~ n the endote s t al ridges started off at 

accelerating rate, reachin g their maximal rate after about 15 weeks (Fig. 17), 

i.e. slightly ahead of that of the e(L) tissue. The rate of expansion of epi­

dermal cells betwee n the ridges only began to decline from about the 34th week 

(Fig. 17), i.e. at the onset of seed maturatio n . The epidermal cells above. the 

ridges , on the other hand , had already begun to enter a marked decline in 

expansion by about the 29th week (Fig. 15). From Figures 15 and 17 it is clear 

that the epidermal cells si t uated between the endotestal ridges were larger thaI 

those situated above these ridges . This is in agreement with Singh's (1960) 

report. Finally , during the final matur a tion phase (after 34 weeks), the calls 

of the epidermal layer were still seen to remai n nucleated. 

(b) Sub-epidermal sarcotestal tissues 

The sarco tes tal componen t belo w t he outer epidermis con s isted of two to 

three layers, as reported by Singh (1960). There was a substantial deposition 

of mucilage into these layers after the fourth week . This was particularly the 

case in the 2nd layer, as can be seen in Plate 14b. However, from the 16th weel 

onwards these cells appeared to have less mucilage. Whether this was because 

the cells had expanded with little or no further mucilagenous depositss or whetl 

the seeds started to utilize some of this, was not ascertained. 

Figures 18 and 25c show the cel l expansion of the uppermost layer of this 

tissue. The fo rm of this growth curve resembles that of the epidermal cells 

above the endotestal ridges, with the accelerating period setting in at about 

the 17th week. The maximal rate was reached at about the 27th week, followed b 

a declining rate, tending towa rds a plateau from about the 34th week. 

From after the 33rd week's sample until fruit ripening, the sarcotestal 

tissues (including the outer epidermis) were virtually the only testal tissues 

retain nuclei. The exceptions seen were in some cells associated with the vasc ' 

lar bundle running through the inner endotestal tissue e(s). This persistence 

of nuclei in the sarcotestal tissues during seed maturation is interesting from 

the point-oaf- view of the colouration of seeds. From Singh IS (1960) report, it 

appears that the colour of mature seeds is due to the thickened endotestal tiss 

underlying the sarcotesta. This would appear to have been the case here too 

(Plates 16a and b). However, the mature normally develcped seeds were either 

dark grey or black in colour. When fr uits were kept in a deep freezer, the dar 

grey seeds took on an olive green-appearance, whereas the black seeds remained 

blac k. On thawing ou t, the "grean " seeds reverted to a grey colour. On remova 

of the sarcotestal tissues from the grey and black seeds, differences could be 

seen in the colouration of these tissues thems elv8s. Ther efo re SOMe of the 
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Finally, a comment on the dGri vation of the sarcotestal tissue. In the 

discussion on ovule and ea .ly sGe d development, Singhls (1 960) contention that 

the bottom layer was derivod from the endotes ta rather than the outer epidermis 

was supported. Plates 14c , d and 15a would ap pear to support this claim as weI 

It is, however , understandable that th is layer ha s been thought of as being 

derived from the epidermis, since its f8 atures resemble that of the overlying 

sarcotestal layers. Furthermore , tho upper portion of this single layer dries 

off with, or is removable with the res t of the epider mally derived sarcotesta . 

(c) large-celled endotes tal tissue e(L) 

Apart from increasing in cell area during seed development, the eel) and 

the underlying small-celled e(s) endotes tal tissues shared the feature of being 

the only testal tissues to increase in number of layers perpendicular to the 

longitudinal axis. Periclinal cell divis ions occurred at quite a steep but 

diminishing rate during the early part of seed development. Figure 19 shows th; 

these cell di visions finally ceased from about the 20th week onwards, with the 

final number of layers being about 28. It was by means of these cell divisions 

and exp ansion that the e el) produced the seedls characteristic ridged co a t (as 

seen in the dried state). 

With regard to cell expansion, Figure 16 shows that this growth was of a 

simple sigmoid form . The maximal rate of increase occurred at about the 19th 

week. Cell expansion tended to cease after about the 35th week. 

Mention was made above of the ridged appearance of dried seeds. During 

development, however, and in the freshly cut ripe fruit, the seeds have a rathel 

smooth appearance. From an examination of Figures 25b ~ c and d it may be 

appreciated that the increases and decreases in growth rate of the sarcotestal 

tissues between the e(L) ridges dovetailed sufficiently with that of the growth 

pattern of the e(L) tissue. 

The "qualitative" features of eel) development were as follows. At about 

the time of onset of endosperm cellularization ( 10th week), the first appearance 

of a "buckling" of eeL) cell walls became evident (Plate 15b ) . This condition 

persisted until about the 23rd week (i.e. after the maximal rate of cell expansj 

and also cell division stages), and some seeds even showed this condition at the 

27th week. When the eel) cell walls began to thicken considerably aftor the 

27th week, the buckling disappeared in normally developing seeds. Plate 15c 

shows eel) cells, still nucle ated, but having begun to thicken and 10s8 their 

buckled-wall appearance. The buckling might have been the result of the micro­

tome sectioning or dehydrat ion processes, but then that would suggest a conditio 

of weakness or susceptibili t y over the period concerned. 
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At the 33rd week the eel) tissue of most seeds examined were still nucloat 

ed. Seeds varied as to ho w muc h of this tissue had begun to thicken. Thicken­

ings appeare d to s t art from the base of t hi s tissue , i.e. in the layers adjacen 

to the e(s) tiss ue. Correl a ted to thi s , seeds in which thickening had just 

begun still showed buckling of walls nearer the tips of the endotestal ridges. 

The thickenings of the cell lualls began at the corners, as s hown in Plate 15c, 

and as reported by Singh (1 960 ) . 

During the final maturAtiun phaso th e e(L ) cell walls had thickened con­

siderably (Plates 16a, b) and darkened. At the inception of the latter, fresh 

seeds still appeared white, but these coloured up in the following weeks. The 

. colour and th ickening of these cell walls no doubt contribute to the charac­

teristic colour of dried (whole) mature seeds. 

(d) Small-celled endotestal tissue els) 

Periclinal cell divisions occurred in this tissue, as mentioned in the 

previous section. From Figure 20 it is evident that this activity followed the 

same pattern (and virtually the same final number of layers, about 29) as that 

of the e(l). There was greater variability in the counts on this tissue as com 

pared to that of the e(L), so that the time the cell divisions ceased is less 

clear. From Figure 20 it seems that cell divisions ceased by about the 23rd 

week, i.e. possibly a little later th an that of the e(L) tissue. 

Figure 21 depicts the pattern of cell expansion in e(s) tissue. From the 

start cell expansion proceeded at an accelerating rate, the maximal rate being 

reached at about the 8th week. Unlike the outermost tissues already discussed, 

a period in which further cell expansion ceased to occur. took place, starting a 

about the 20th week and lasting until about the 26th week. Thereafter there wa 

again an accelerating rate, reaching a second maximal rate at about the 30th 

week. A marked slowing down had set in by about t he 35th week. 

The "qualitative" features of development were as follows. At about th8 

time this tissue was reaching its first maximal rate of expansion (11th week), 

cell walls were relatively thin, as sholun in Plate 18a. With the start of the 

second spurt of growth (27th week) these cells were larger, but still relativel 

thin- walled (Plate 17a). The buckled condition of the e(L) tissue did not occu 

in this tissue, as can be seen in Pl ate 15b. 

Soon after this both 8(S) and e(l) cells began to thicken their walls, 

although still nucleated in the way s~own in Plate 15c. After the 33rd week, 

most of the seeds examined had e(s) cells with no nuclei. In such seeds, the 

walls were beginning to devel op pitted, thicken ed walls (Plate 17b). At thi s 
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FIGURE 20 . Cell count perpendicular to longitudinal axis in small-celled 

endotestal tissue 18(s)-1 (summer, 1970). 
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time, these .cells apr-eared light bro~Jn, 81 though the whole (fr'e s h) seeds ~J8re 

still wh ite in ap pearance. Bu t e ven at this time (33rd week), a few seeds ha d 

8(S) tissue in which cell walls were only sJ.ightl y thickened, were not pitted , 

and had not begun to colou r brown. ( I ncidentally, the difference in time t o 

fruit maturity of fruit a set at the same time in this study ranged over about 

four weeks.) Some cell s were even nuc18ated . But finally, at the time of 8 

fruit ripening, e(s ) cells lacked cytopl asmic con tents were very thick-~alled 

and black, as can be seen in Plates 16a and b. 

(e) Inner epid~I~~ 

This innermost l ayer adjacent to the 8(S) also had a pattern of cell expan 

sion like that of the e (s) tissue (Figs. 22 and 25f, e). The firs t maximal rat 

was reach ed at about the fifth week; a short period during which cell exp ansio 
11+ 2,0 

ceased occurred between th e ~h and 18'th weeks; the second maximal rate of 
30 

expansion occurred at about the 2-5th week, and by the 35th week onwards, the r a 

of cell expansion was slowing down. As can be seen from Figures 25f, e, the ke 

sequences just enumerated occurred a good deal earlier in this epidermal layer 

th an in the adjacent e (s) t issue, and the period of quiescence in cell exp ansio 

was much shor ter. 

The "qualitative" features in the development of this layer were as follow 

At about the time of endo sperm cellularization (10th week), calcium oxalate 

crystals began to appear in these cells (Plate 19c). Even in cells in which a 

crystal had not yet appeared the cytoplasm was often seen to arrange itself 

around (presumably) a vacuole which itself had the shape of later crystals 

(Pl ate 18a). Several weeks later, whe n cellular endosperm had virtually filled 

the centre of the embryo sac f calcium oxalate crystals had started to become 

conspicuous (Plate 18b). Plate 20a of a LCPCX-clear8d segme nt of a seed at a 

later stage th an above shows the extent of crystal deposition at the micropylar 

end of the seed . However, some seeds as late as the 23rd week's sample showed 

no crystal forma tion. The occurrence of conditions conducive to crystal format 

had pres umably not occurred or were not present in these last-mentioned seeds. 

This spread in the time taken to reach this developmental sequence was 

surprising to the author. The fac t that ces sations in cell expansion growth 

occurred in thi s ti ssue and the tissues immediately adjacent to it on either si 

during this period (1 0th to 23rd weGks ) might possibly contain a clue to this 

phenomenon. 

B~ 
fFO~ about the time at which .this tissue reached its second maximal r a t e 0 

30 
expansion (~th week), its inner wall was seen to be rather thicker ( Plate 'lBc) 

Although not s hown here~ this tisslie was still nucleated. E\len by the 33rd weE 
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presen t in ~ cel l s . By the time the fruits ware ripe, the crystal s vir tuall 

filled these large , thick-wall8d calls ( Plates 13d and 16c, d) . 

1 . 3.3.5 Testal tissues d~l\led from J:.hA inner integument 

(a) Outer epidermis 

Figu re 23 depicts the width or depth of the outer epidermis as seen in 

longitudinal sec tions. The cr08s-section 31 are as have not be en shown because i 

was often difficult to find th e tapering cross walls of these greatl y elongated 

cells. Due to this shape, the cross-sectional areas of these cells were mo s tly 

a function of their longitudinal (tangential) axis, so that it was unfortunate 

that this major dimen sion could not be measured in most of the tissue examined. 

However, in those cells in which it was possible, the pattern of expansion grow 

as expressed by the calculated cross-se ctional areas (not shown here) appe8~s t 

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

From Figure 25g it appears that af t er an initial phase of growth in th is 

dimension f a period of quiescence set in at about the 10th week (the time of 

endosperm cellularization), and a second phase of growth only commenced at abou 

the 19th week, al tho ugh it might have been later (see Fig. 23), i.e. a period 0 

9 to 13 weeks. Of all the testal tissues examined, this tissue's period of 

quiescence was the longest. 

The maximal rate of growth in width of this layer occurred at about the 

28th week. What was quite marked is th a t virtually 70% of the growth in width 

was made in t he period following its quiescence (Fig. 25g). 

The "qualitative" features follow. Plate 19c of the 10th week shows this 

layer as a rather narrow one, whilst Plate 17c of the 23rd week shows a conside 

ably wider layer with somewh at thickened longitudinal walls. Cytoplasm was sti 

evident . Plate 15d of the 27th week shows the appearance of this tissue in the 

region of the micropyle, with nuclei still having been quite prominent. 

Plates 18c, d taken of other more advanced seeds of the 27th week show walls as 

having become thicker and pitted. A tapering cross-wall can be seen in Plate 1, 

Plate 17d gives some impression of the thickening as seen in seeds taken at fru 

ripening (44th week ). As Singh (1 960 ) put it, this layer forms the main mechan 

cal layer of the mature seed coat . In further reference to the literature, thi 

tissue as found in this study appeared more like that described by Winton and 

Winton (19 35 ), i.e. longitudinal ly elongated fibres. However, in the regiuns 0 

the micropyle it was more lik9 that described by Fo s ter (1943) and Singh (1960) 

viz. stone cells. Perhaps these differ ent interpretations were due to either 

looking at and describing cells taken from e i ther the central versus micropylar 
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regions (or chalazal) - or possib ly f rom l ongitudinal versus transverse se ction 

Furthermore , thi s study wa s confined to one clone, i.e. there may be clonal 

differences. 

(b) Jnter-epidermal tissue 

With regard to the tissues lying between the two epidermises, it appears 

that another two to three l ayers were laid down during seed development. The 

final nu mbe r of layers seen thus varied be tween four and six. Figure 24 indica 

that the individual cells re ache d t heir final cross-sectional size as early an 

the 12th to 16th weeks. 

Plate 19c shows the relative thinness of the cell ~Jalls at the 10th week, 

whereas in Plate 17c (23rd week ) the cells of the outer layers had begun to 

thicken. Plates 18c t d (27th week) show further advancement in this, although 

the cells were still nucleated. By the 33rd week, th eir walls were yet thicker~ 

showing some pitting, and they no longer had nuclei. Plate 16c of the 44th wee 

shows the degree of thickening seen in this tissue in seeds of ripe fruit. 

( c ) Inner epidermis 

Figure 24 indicates that the longitudinal cross-sectional area of this l ay 

increased rapidly but at a declining rate during the first half of seed develop­

ment. Final cross-sectional size was reached between the 20th and 25ttl weeks. 

Plate 19a ( 5th week) shows that in a section of this layer near the chalaz 

end there had been no tannin deposition, whereas Plate 19b of the same seed sho 

tannin deposition in some cells nearer the microp ylar end. Thereafter, tannin 

deposition followed a variety of forms. In some seeds the deposition appears ~ 

have occurred in the centre of the cell, resulting in a smooth deposit which 

followed closely the shape of the cell ( Plate 18c). Some were not so smooth, 

having irregular edges (Plate 19c). The colour of the deposit also varied: 

from a light, yellowish-brown to dark brown to reddish-brown, sometimes even in 

the same seed. In some seeds the deposition appeared to have started along the 

cell walls rather than in the centre of the cell (Plate 19d ) . These two types 

of deposition, viz. along the walls or else into the centre of the cell, havo 

already been noted during the discussion of the disc region of the nucellar 

tissue. The inner epidermal layer often appeared compressed indicating that th 

tannin deposition was fairly pliable under the pressure of either the expanded 

inner tissues (especially the endosperm), or or the force of the microtome 

sectioning (or of both). Pl a te 16c shows the compressed condition of thi s laye 

in a seed from a ripe fruit. 
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1.3.3.6 Va scul ar suppit. The limit to which the vascular bundle or 

umbrella extended was about that shown in Plate 20b. If one regards the region 

where the inner epidermis of the inner integument meets the "disc" (shown in the 

above Plate and discussed in the section on the nucellus) as the transition zone 

between the inner integument and the chalaza, then the vascular. suppl y did not 

extend into the inner integument. Singh (1960) stated this to be the case 

whereas Foster (19 43) implied (it 8eems) t hat the vascular supply did enter the 

inner integum~nt. 

1.3.4 Comparati ve normal seed development: Autumn 

Anatomically, the mature normally developed seeds from fruit set 

in autumn were identical in appearance to those set in summer as just described. 

Microtome-sectioned, as well as additional hand-sectioned material from both 

autumn and summer-set fruits at the time their respective endosperms became 

cellular revealed that all their testal tissues were at comparable stages of 

development. At other periods, the correlation between various tissues within a 

particular seed appeared much like that of seeds from summer-set fruit. 

The differences between the sets appear to have been in terms of the time 

pattern at which various stages were reached. For example, whilst it took seeds 

from the 1970 summer set (early February) 10 weeks for the endosperm to become 

cellular, seeds from the carpellary margin of fruits set in April, 1969, took 

18 weeks, those along the placentary edge of the same fruits, about 23 weeks . 

Seeds from fruits set in the last week of April, first week of May (autumn), 197 

took on the average 19 weeks. Those from fruit set in the second week of May 

(autumn), 1971, took about 23 weeks. Whils t the post-endosperm-cellularization 

phases were spread over 30 weeks in the summer set, these same phases were 

relatively compressed into 15 to 20 weeks in the autumn sets (depending on the 

time taken for endosperm cellularization, and fruit ripening). 

In the 1970 summer set, the onset of endosperm cellularization was occurrin 

virtually at the time the 1970 autumn fruits were being set (end of April, 

beginning of May), and the further developments of the former were spread ou t 

through the winter months and finally early summer (November). On the other han 

the seeds of the autumn sets had to go through the winter months and even into 

spring (September/October ) before their endosperm became cellular, after which 

their further developments occurred during the warm months (up to February/March 

The latter conditions help to explain why the post-endosperm-cellularization 

phases were compressed into fewer weeks in the autumn sets. 
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Wi til regard to the nU~]b'H' of layers in the endotestal tis sues, the au tumn 

fruit-set seeds appeared to have about five loss in each of the e(L) and 8(S) 

tissues, i.e. 23 layers each, in comparison to approximately the 28's of the 

summer set. This difference then, was in the order of 20%. Individual cross­

sectional cell areas of all. t he var-ioLls tissue types discussed before were aboui 

80% of the size of the corresponding tissues of summer fruit-set seeds when 

both were at the cellularization of endosperm stage. Again, final sizes in 

tissues of mature seeds were in the order of 70 to 80% of those of the corres­

ponding summer fruits' seeds. 

So although the autumn fruit-set seeds had grown for a period twice as lon~ 

as that of the summer set by the time the endosperm became cellular (and the 

embryos began their rapid growth), the autumn-set ones had not yet caught up in 

cell sizes. Ne~ther did they finally ~atch up in size in the remaining warmer 

( although fewer) months. Further data related to the above results will be 

presented in the section that follows. 

1.3.5 Whole seed and fruit growth 

Figure 26 shows the growth in volume of seeds growing in the r..m. 

and p.e. regions of fruits set in autumn, 1969. A growth curve for fruit volume 

based on the sub-set of 18 fruits is also depicted. Peak fruit growth rate luBS 

reached at about the time the c.m . seeds ' endosperm began to cellularize ( about 

the 18th week, beginning of September). By the time the endosperm of the p.e. 

seeds had csllularized (23rd week) and the embryos had entered the rapid growth 

phase ( by the 26th week, end of October) the fruit volume gr.owth rate had begun 

to decline. The inflexion in the sigmoid form of the fruit growth occurred 

about halfway through the growth period (21st week, mid-September ) . 

The seed volume growth patterns were virtually parallel to that of the 

fr uit, with the seeds in the c.m. region remaining larger than those of the p.e. 

Their inflexion points, however, appear to have been a little 13ter than that 

of the fruits. The growth patterns of the seeds from the c . m. and p.e. regions 

were also virtually parallel to each other. 

Figure 27 depicts the growth in volume of seeds from the c.m. and p.e . 

regions for both the summer and autumn sets of 1970. Within a given fruit-set, 

the pattern of growth of c.m. and p.e. seeds were again parallel, with the c.m. 

seeds again remaining larger throughout. All four curvas are sigmoid in form, 

but obvious differences existed o8tween th3 summer and autumn sets. 

Whilst bath sets grew over 40- 45 weeks, the seed growth of the summer set 

reached their maximal rates (inflexion point) at about the 10th week (mid-April) 
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i.e. about a quarter of the dovelopmental period, and also at the time of endo­

sperm cellularization. In th8 case of this (1970) autumn set, the inflexion 

point was again about half-way t hrough the d8velopment period (20th wee k, mid­

September ) , and again during the transition of free nuclear to cellular endo-

sperm. 

So whilst the summer-set seeds had reached their maximal rate before the 

win ter set in, that of the autumn se t did so only after the winter months. At 

fru i t ripening, i .e. after 10 months in both sets, p.e. seeds were approximately 

90% the size of their c.m. counterparts in both sets . On the whole, the autumn­

set se8ds we r e about 70% the SiZ8 of tho se of the summer set. This proportion 

matches that found between the cross-s8ctional areas of respective individual 

cell types of these two sets (cf. anatomy sec tions of this chapter). Similarly, 

at the time of their respective endosperm cellularization phases (10th week , 

mid- April and 20th week, mid-September, summer and autumn sets respectively) , th 

autumn-set seeds were abou t 80% the size of that of the summer set's. This ~J as 

also th e case with the individual cell typ e sizes, as would be expected. 

The s ummer set ' s seed growth, then, does not appear to have been affected 

by the winter conditions, whereas the autumn set's seed growth accelerated o~ly 

after the coldest months (June/July) had passed. These findings (on growth in 

volume ) for individual normally developing seeds parallels those found by Kuhne 

and Allan (1970) for fruit (volume) growth of summer and autumn sets. 

Figure 28 shows amongst other things, the fruit and seed growth (measured 

as fre s h mass) for bo th the summer and autumn sets of 1970 . The mean seed mass 

patterns followed much the same patterns as those of the mean seed volumes, as 

would be expected. In both the summer and autumn sets the inflexion in the 

growth curves of the fruits seems tc have occurred slightly before those of thei 

individual seeds. After the period at which the inflexions in the growth curves 

of both seed and fruit occurred, there were dive r gencies in relative growth rate 

Fruit gr owth rate appears to have proceeded at a relatively faster rate than tha 

of the normal seeds in the summer set, whereas the reverse seems to have occurre 

in the autumn set. 

Now that normal ("F") sB ed develop ment in the clone 'Honey Gold' in relatio 

to its fruit growth has been dealt with, it will be possible to make a compara­

tive exami nation of the "develop ment" of abortive or underdeveloped ovules and 

seeds in the following chapter. 
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One-fifth longitudinal portion of fruit with various complements of 

seeds. 

(a) Full complement of F + P + S seeds and U ovules. 

(b) P + S seeds and U ovules. 

(c) S seeds and U ovules • 

. (d) U ovules only. 

See Abbreviations and Plate 2b. 
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(a) Divided fifth longitudinal fruit portion after seeds removed. 

(b) Two notational keys for seeds and ovules found in mature fruits. 

(c) Four of five longitudinal portions of fruit with seeds. 

(d) Seeds sorted into type and intra-fruit subregion. 

See Abbreviations. 
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(a) Micropylar end of mature megagametophyte (cleared, x 1880). 

(b) Centre of 6-week seed, autumn set (cleared, x470). 

(c) Micropylar end of 6-week seed, autumn set (cleared, x470). 

(d) Ovule two weeks after anthesis in autumn, with tannin at 
chalaza (cleared, x470). 

See Abbreviations. 



PLATE 4 

79 

\ " 
( 01 1 

\ 

(a) Collapsed embryo sac at anthesis, autumn (cleared, x470). 

(b) Ovule two weeks after anthesis, autumn, without tannin at 
chalaza (cleared, x470). 

(c) Week-2 seed with pollen tube and tannin, autumn (cleared, x 120). 

(d) Cellular endosperm bordered by nucellar sheath, 13-week seed, 
summer set (x 1880). 

See Abbreviations. 



PLATE 5 (a) Four-nucleate megagametophyte, three nuclei in focus; 
anthesis, autumn (cleared, x 1880). 

(b) Same as (a), different focal plane. 

(c) Eight-nucleate megagametophyte; four nuclei in focus 
(cleared, x 1880). 

(d) Week-6 seed with two pollen tubes, autumn set (x470). 

See Abbreviations. 
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PLATE 6 
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(a) Free nuclear endosperm; week-6, autumn (cleared, x 1880). 

(b) Pro-embryo, at pollen tube tip; week-6, autumn (cleared, 
x1880). 

(c) Mature megagametophyte, autumn (x 1880). 

(d) Ensheathed, two-celled pro-embryo; week-8, autumn (x 1880). 

See Abbreviations. 



PLATE 7 (a) Week-3 summer seed. 

(b) Micropylar end; week-8 seed, autumn. 

(c) Disc and hypostase region at chalagal end, week-8, 
autumn seed. 

(d) As for (c), but without finger-like nucellus (fnc 4). 

All (x470). See Abbreviations. 
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PLATE 8 (a) Ovule with mature megagametophyte; anthesis, autumn 
(x470). 

(b) Week-8 autumn seed coat (x470). 

(c) Same as (b) (x 1880). 

(d) Relative positions of specialized nucellus at chalaza 
(x470). 

See Abbreviations. 
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PLATE 9 (a) Tannin deposited along walls in nucellar disc region. 

(b) Tannin deposited into cells of disc region. 

(c) Wall thickening of hypostase cells. 

(d) Cytoplasm along walls of hypostase cells. 

All (x 1880) and from week-33 summer seeds. 

See Abbreviations. 
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PLATE 10 (a) Cellularization of endosperm from micropylar to chalazal 
end (x 120). 

(b) Same as (a) (x470). 

(c) Free nuclear endosperm near bulbous embryo (x470). 

(d) Cellular endosperm (x 120). 

All from week-13 summer seeds. 

SeeAbbreviations. 
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PLATE 11 Embryo and endosperm tissue in summer seeds. 

(a) During early maturation, week-27. 

(b) Prior to early maturation, week-27. 

(c) At week-16. 

(d) Globular embryo, week-13. 

All (x 1880). See Abbreviations. 
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PLATE 12 (a) Cellular formation of endosperm; week-13, summer seed 
(x 470). 

(b) As for (a), week-19 (x 1880). 

(c) Heart-shaped embryo, week-16, summer seed (x470). 

(d) Final torpedo-shape of embryo; week-19, summer seed 
(x 120). 

See Abbreviations. 
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PLATE 13 From matured seeds in ripe summer fruits. 

(a) Endosperm and embryo (x470). 

(b) Provascular strand in cotyledon (x 1880). 

(c) Aleurone grains in endosperm (x 1880). 

(d) Persistent pollen tube tip (x470). 

See Abbreviations. 
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PLATE 14 (a) Persistent pollen tube tip, week-1 6. 

(b) Mucilage in sarcotesta, week-6. 

(c) Contiguous endotestal layer (cs), week-13. 

(d) Same as (c), different seed. 

All from summer seeds, all (x470). 

See Abbreviations. 
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PLATE 15 
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(a) Contiguous endotestal layer (cs), week-13. 

(b) Buckled endotestal L8(L)-1 cell walls, week-13. 

(c) Buckling of ~(L)~ disappearing with onset of thickening, 
week-27. 

(d) Outer epidermis of inner testa (oe 2), week-27. 

All summer seeds, all (x 1880). 

See Abbreviations. 



PLATE 16 (a) Endotestal tissue (x 470). 

(b) Same as (a) (x 1880). 

(c) 
and (d) Inner testa and adjacent tissues. Both (x 1880). 

All from seeds of ripe summer fruits. 

See Abbreviations. 

91 



PLATE 17 Inner testa and adjacent tissues, summer seeds. 

(a) Week-27. 

(b) Pitting of ~(s)-1 endotestal tissue, week-33. 

(c) Tapered walls of outer epidermis (oe 2), week-27. 

(d) Extent of general thickening, week-40. 

All (x 1880). See Abbreviations. 
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PLATE 18 Inner testa and adjacent tissues, summer seeds. 

(a) Week-13. 

(b) Wee k-27 • 

(c) 
and (d) Week-23. 

All (x 1880). See Abbreviations. 
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PLATE 19 Inner testal tissue, summer seeds. 

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

(c) Week-11, with Calcium oxylate crystal in epidermis of 
outer testa (ie 1). 

(d) Tannin deposition along walls of (ie 2). 

All (x 1880) • See Abbreviations. 
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PLATE 20 (a) Calcium oxylate crystals in micropylar region, week-27. 
(Whole mount, cleared; x235). 

(b) Vascular supply and specialized region of nucellus at 
chalazal end, week-13 (x940). 

Both from summer seeds. See Abbreviations. 
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PLATE 21 (a) Unfertilized ovule, eight weeks after anthesis, autumn 
(cleared, x 120) • 

(b) Same kind and age as (a) (sectioned, stained; x 120). 
(c) Same as (b) (x470). 

(d) Same as (b) (x1880). 

See Abbreviations. 
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PLATE 22 (a) Aborted autumn "b" seed, week-23 (x 120). 

(b) Same as (a) (x470). 

(e) Endosperm of autumn "eWL" seed, week-23 (x 1880). 

(d) Endosperm and nueellus of autumn "eWs" seed, week-23 
(x 1880). 

See Abbreviations. 
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PLATE 23 (a) Endosperm, autumn "cWs" seed, week-23 (x 1880). 

(b) Nucellus of (a) (x 1880). 

(c) Unfertilized summer ovules, week-23 (x120; transverse 
section) • 

(d) Same as (c) (x 1880). 

See Abbreviations. 
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PLATE 24 (a) Unfertilized summer ovule, week-23 (x 120). 

(b) "Empty cWs" summer seed, week-23 (x 120). 

(c) Chalazal region of (b) (x 1880). 

(d) Endotestal and sarcotestal tissues of (b) (x 1880). 

See Abbreviations. 
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PLATE 25 (a) Micropylar end, "b" autumn seed, week-44 (x 120). 

(b) Endotestal tissue, summer "empty cWs" seed; week-23 
(x1880). 

100 

(c) Sarcotestal and endotestal tissue of (a) above (x 1880). 

(d) Same as (a) (x470). 

See Abbreviations. 



101 

PLATE 26 (a) Pollen tube tip, "b" autumn seed, week-44. 

(b) Inner testal tissue of (a). 

(c) Endotesta of (a). 

(d) Embryo tissue of (a). 

All (x 1880). See Abbreviations. 



PLATE 27 (a) Sareotesta, "b" autumn seed, week-44 (x 1880). 

(b) Filled "eWs" summer seed, week-40 (x 120). 

(e) Embryo, endosperm tissue of (b) (x 1880). 

(d) Ep i eotyl region of embryo of (b) (x470). 

See Abbreviations. 
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PLATE 28 (a) Inner testal tissue, filled "eWs" seed. 

(b) Endotesta of (a). 

(e) Phytin globoids, endosperm of filled "eWL" seed. 

(d) Endosperm of (e). 

All summer seeds, week-40. All (x1880). 

See Abbreviations. 
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PLATE 29 (a) Embryo, filled summer "cWL" seed, week-40 (x470). 

(b) Suspensor of embryo in (a) (x 470) • 

(c) Same as (b) (x 1880) • 

(d) Inner testal tissues of (a) (x 1880). 

See Abbreviations. 
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PLATE 30 (a) Chalazal region, filled "cWL" seed (x 470) • 

(b) Endotestal tissue of (a) (x 1880). 

(c) Empty "cOL" seed (x 120). 

(d) Inner testal tissues of (c) (x 1880). 

All summer seeds, week-4o. See Abbreviations. 
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PLATE 31 
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(a) Collapsed endotestal ridge, filled "cWL" seed (x 470). 

(b) Chalazal tissue, empty "cOL" seed (x 1880). 

(c) Filled "cOL" seed (x 120). 

(d) Endosperm of (c) (x470). 

All summer seeds, week-40. See Abbreviations. 
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PLATE 32 (a) Endosperm, embryo; filled summer "cOL" seed, week-40. 

(b) Same as (a) (x 1880). 

(c) Inner testal tissues of (a) (x 1880). 

(d) Phytin globoids and crystaloids of endosperm of (a) 
(x 1880). 

See Abbreviations. 
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PLATE 33 (a) Inner testal and endotestal tissue; filled summer "cOL" 
seed, week-40. 

(b) Endotestal tissue of (a). 

(c) Contiguous layer of endotesta of (a). 

(d) Outer epidermis of outer testa of (a). 

All (x 1880) • See Abbreviations. 
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CHAPTER II 

OVU LE AND SEED ABORTION 

2.1 LITERATUR E REVIEW 

80th Agnew (1948) and Allan (1 969 ) report the incidence of partheno­

carpic and near-seedless fruits in pap aya. This tendency is more marked in 

pistillate plants. According to Allan (1969) there are several types of normal 

and underdeveloped (aborted ) seeds, with the latter being mars noticeable in 

fruits set in autumn in the cool subtropical conditions of Pietermaritzburg, 

South Africa. He carried out a preliminary anatomical study on these under­

developed ovules/seeds, comparing them with Foster's (1943) findings on seed 

developmen t. 

He desc r ibed his findings as follows. The smallest of these were obovate, 

white to off-white ovules, which are found in both fertilized and parthenocarpic 

papaya fruits. In Pietermaritzburg the latter fruits are sometimes set on plant 

carry illg few fruits in spring, when leaf cover and new vegetative growth are at 

a minimum. He presumed that these "ovul es" were unfertil ized. They consisted 

of the outer and inner integuments, of two to four layers only, somo cells of 

which had shrivelled, and the remains of the nucellus. In terms of Foster's 

(1943) findings, he suggested that these "ovules" had shown no further develop­

ment after anthesis. 

The next type were small, brown, slightly-developed "ovules" which he pre­

sumed to be the same as the "ovules" Foster (1943) described as having a queer 

"digested" appearance. These showed limited development of the "integument.sll 

such as a few large cells in the region of the normal sarcotesta, and only sligh 

ridges for the endotesta. CrystalS were found in the inner epidermis of the 

"outer integument" and tannin in that of the "inner integument". Nucsllus was 

found in some cases. 

Another group comprised small partially-developed "seeds tl and also fairly 

large, unfilled "seeds". These whitish "sGeds " were found tD have "prDgressive]. 

greater development of the integuments, but generall y with only small pointed 

ridges of the endDtesta and a little sarcDtesta". Their "integuments" shOIJJ8d th 

development reached by Foster's (1943) normal seeds after three to nine weeks. 

Nucellus cells, SDme of them said to contain deposits, were pres8nt, and occasio 

ally, partially developed embryos and free nuclear endosperm were found. Allan 

(1969) suggested that the latter would comparo ~ith Foster's (1943) normally 
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develop ing seeds betw881l the si xth and ele \len t h weeks. Foster (1943) also state 

that she found many aborted seeds with uwell differentiated seed coats" (9 t h 

week). To sum up, then, Allan's (19 69 ) find ings suggested that abortion of 

ovules and seeds occurred eittler soon afte r anthesis~ or else over a period of 

four to twelve weeks after pollination. 

Allan (1969) considers that 8part from the small undeveloped ovules (presur 

"not fertilized") and the small, br own, s ligh tly-developed " ovules" (presumed t( 

be the "re sults of stimulative parthenccarpy"), the cause of the abortions was' 

competition of the earlier (summer- set) fruits an d less favourable environmenta: 

conditions of the autumn-set fruits. The latter two conditions were though t to 

have affected "fertilization and embryo growth". 

According to the extensive reviews of Brink and Cooper (1947) and Rangaswar 

( 1963) endosperm development (which is invariably prior to that of the embryo) 

obligatory for embryo development. Much of the evidence for this is based on 

hybridization experiments. Rangaswamy's (1963) review also points to evidellce 

that implies that endosperm development controls not only that of the embryo 

( nutritionally and hormonally) ~ but that of the seed coat as well. Degeneratior 

of the endosperm appears to lead to poor development of the seed coat. 

Nevertheless, in Allan's (1969) work, the pollen source was presumably of 

compatible type, and it did lead to development of normal seeds. The stress 

conditions of inter-fruit competition plus that of unfavourable climate may wel~ 

have been major predisposing factors. Sarvas (1968) and Sweet (1973 ) in the!r 

work and reviews on ovule development in the conifers (gymnosperms) suggest tha i 

apart from lack of pollination, abortion may also result from competitive effeci 

In angiosperms too, lack of pollination and fertilization, and competitive 

and environmental stresses on seed development, have all been noted. A number ( 

examples will suffice. In Clarkia, if fertilization occurs, petals abscise 

shortly afterwards (40 hours). If fertilization does not occur, petals remain 

for many days. Related to this, if embryos fail to developy ovulary tissues 

abscise, whereas if the embryos develop, the "ovulary" remains attached until 

maturity (Lewis, 1946). 

Environmen tal stresses on seed development have been associated with the 

following: with excess temperature in wheat (Hoshikawa r 1962) , and low tempera­

ture in apples (Hay ashi, Naito, Gukovac & Sell, 1968); drought in corn (Rowe & 

Andrew, 196 4), and exc ess soil moi s t~re in whea t (Campbell, McBean & Green, 1965 

and deficiencies of manganese in peas (Heintze, 1956), and of boron and calcium 

in peanuts (Cox & Reid, 1964; Harris & Br oImann, 1966, respactively). 



1 '11 

Adams (1 967 ) has fo un d t h8t with fiel d bean (Phaseolu! vul ga r is ) plants , 

ther e is a "pec k or der" su ch th8t if t he plant i s exposed to environmental 

stress, it will suffer abor t io ns i n th e following order:-

(i) " fr eshly pollina t. ed embr yo s and very young pods; 

(ii) young f ert i lized ovul e s in devel olJ ing pods; 

( iii) open flowers; 

(iv) unop ened flowers; and 

(v) rapidly developing young pods." 

Pollock and Roos (1972) state that although the "peck order" concept of' Adams 

(1967) was not supported by experimental evidence, they feel that " ••• under 

conditions of stress, the plant will tend to produce a minimum number of seeds 

of the highest possible vigour, rather than a large number of low vigour 

this interpretation of vigour (quality) relative to seed production (quantity) 

would be compatible with maximum potential for survival of a species under 

unfavourable environment al conditions •••• " 

To get back to papaya, the photographs of normal and aborted seeds in frui 

shown in Agnew (1948) and Allan (1969) could suggest that ovules closer to the 

stigma end have a gre a ter chance of developing into normal, mature seeds than 

those at the base of the flower/fruit. In conifers it sometimes happens that 

the ovules further away from the apex of the strobilus ("flower ll
) are under­

developed, and fail to develop any further during the long period required for 

pollen tube growth and syngamy in conifers (Sweet, 1973). Thus the relative 

position of ovules in the flower or strobilus may affect the incidence and 

spatial distribution of abortion in these maternal structures. 

In apples, effective pollination and fertilization of ovules is essential 

for adequate fruit-set (Williams, 1969). Subsequent to this, partially develo~ 

ed fruits may be shed at the (physiological) "June drop", a period during whiG!­

growth-hormone content of seeds is lo~, and fruits with the lowest complement 

of fertile seed are t.he most frequently shed (Luckwill, 1948). The shedding of 

apple fruit i s also a competition phenomenon amongst and between vegetative 

shoots and fruits for metabolites (Abbot, 1960; Luckwill, 1970). The latter 

author, amongst others, pos t ulates that in this competition, hormone-directed 

transport plays a major role. "The relative strength of the hormonal stimuli 

from shoot and s eeds •• • determine the general direction of me tabolites ••• 

(Luckwill, 1970). 
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But how is th is possibly seen as relating to ovule or seed abortion? Ther 

has been some controversy as to t.h e r elationship of "seed degeneration" to 

abscission of immature apple frui t (Wei.nbaum & Simons, 1974 a ). The latter 

workers ' histochemical and ult!astruc tural eval uations (1974 a, b) suggest that 

the "embryo degeneration which has been associated with fruit abortion occurs 

subsequent to th e commitment of the fru it to abscise". Stembridge and Gambrell 

(197 2) work on peaches is also supp ortive of the above. The latter authors hav 

suggested that if seed abodi.on is in~~ in fruit abscission, ~ " •• • it 

most likely promotes fruit abscission acti vely, by 8thylene release ••• r a ther 

than passively, by depriving the fruit of an essential hormone supply from the 

seed". 

In Weinbaum and Simon's (1974a) work, however, aborting seed did have les 

starch in the maternal tissues (funiculus, integuments and nucellus) as comparE 

with as yet normally developing, larger seeds. (Both these types of seeds werE 

from "potential drop fruit" . ) There :uas, however, no evidence of starch utili­

zation in either the embryo or the free nuclear endosperm at this stage (two tc 

three weeks). This ties in with the finding that in apples, gibberellic acid, 

which is involved in de novo synthesis of a-amylase which in turn acts on stare 

(Paleg, 1960) is only detectable after four to five weeks after bloom (Luckwill 

Weaver & MacMillan, 1969). This is also about the time the cytokinesis of the 

endosperm is about to begin (Murneek~ 1954). 

The above papers were focused on fruit abscission, and they seem to sugges 

that endosperm and embryo abortion may not be the usual cause of apple fruit 

abscission. In the context uf an enquiry into seed abortion itself, however, j 

seems that lack of metabolites as suggested by a lower accumUlation of reserves 

(such as starch in the above examples) may be correlative to and further pre­

disposing to seed abortion. This will be borne in mind when attempting to 

understand the occurrence of seed abortion in the Carica eaea~ L. material 

investigated by the author. 

2.2 MATERIALS AND METHODS: COMPARATIVE ANATOMY AND MORPHOLOGY 

2.2.1 Types of ovules and seeds 

Allan's (1969) preliminary classificat ion of ovules and sseds 

found in ( ripe ) papaya fruits was:-
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(1) undeveloped "ovules"; 

(ii) slightly d8veloped "ovu18s"; 

(iii) partially developed !I~)8eds"; and 

(iv) fully developed seeds. 

For the purposes of the studies that fol low 9 the author has labelled the above 

as: (i) "U" ( ii ) "5"; (iii) "P"; and (iv) "F" type s. A second, 

more detailed typology related to the above is also used. Plat~ 2b shows the 

relationship, viz: -

(i) U = a 

(ii) 5 = b + cWs . , 
(iii) P = oWL + cOL and 

(i\:) F = dG + dB 

The further differentiation is as follows:-

b = flattened type of "S", small; 

cWs = uncollapsed type of "5", white and small; 

cWL = white, larger t.han cWs, and type of "P"; 

cOL = darkened, but not black or grey, type of IIp''; and 

dG = grey and dB = black types of "F". 

At the time the author made and used this second typology, he was of the 

opinion that: 'a' were unfertilized ovules which showed no further development 

after anthesis; 'bl were unfertilized ovules that had developed further; 

'e [ws + WL + OLJt were partially developed seeds ranging in size and colour 

and' d [G + BJ' were fully developed seeds differing in colour. All of the abov 

were from or applicable fully to ovules and seeds of ripe fruit. 

The reason "cWs" was placed with "b" in Allan's (ii) = "5" IlJas that in 

many fruits "b" and "cWs" wers of very similar size, apparently differing only 

in the degree of collapse of the structure as a whole, and of the surface layers 

too. (In other fruits "b'l were smaller than "cWs". ) 

The above typologies werp. of course more difficult to apply the earlier the 

stage of fruit development. It was initially not possible to differentiate 

ovules/seeds into no rmally developing versus unfertilized or aborting ovul es/ 

sesds. As the fruits developed over time, more and more types could be use d. 

The initial cl ass ifications were 5.nto "F" (, fully developed I) and "U" (' undevelo 

ed' ). Later, "P" (' partially developed ') and "5" (, slightly developed') 
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categories were appli ed, merely on size. It was only llJith the onset of fruit 

ripening and colouration of s88 ds that tho more detailed typology could be used 

( and was then initially appli ed). 

2. 2. 2 Anatomy 

Anatomic mate r ial for the different types of ( abo rtive) ovules 

and seeds were available f rom the fruits of the autumn sets of 1971 (1.2. 2.1) 

and 1970 (1.2.3. 2) ; and the summer set of 1970 (1.2.2.2 and 1.2.3.1). Materia 

was also available for whol e seed growth measurements (seed mass), viz. from 

the autumn sets of 1969 and 1970; and the summer set of 1970 (1.2 .3.3 ). The 

micro technique and sampling procedure use d was basically the same as that us ed 

on fully develop ing "F" seeds (1.2.4). One diff erence was that there were not 

always 50 ovules or seeds f or a given ty pe for the 'mass' meas~rements. (The 

lowest number used was 15.) 

The measurements on the dimensions of individual cell type s (1 .2.4.6) uf 

abortive ovules and seeds were carried out on selected sample per iods from the 

1970 summer set (in order to compare these with those of the normal ly-developin, 

"F" seeds of t.he same period - fi.3.jJ). Measurements were also carried out on 

the cross-sec t ional area of whole tissues (as seen in the median longitudinal 

plane) of selected normal and abortive seed types from the summer set of 1970 

and the autumn set of 1971. These measureme nts were done by means of a cali­

brated Reichert visopan (p rojection microscope)~ 

In order to demonstrate the anatomic features of abortive ovules/seeds, 

photographs were taken of slides from t he summer set , 1970. However , where mo r ~ 

presentab le slides of comparable development were available from the other sets 

the s e have been used. 

2.2.3 Contents of dis sec ted seeds 

At the end of the growth periods of the summer and autumn set.s 

of 1970, ovules an d seeds of the different types (2.2.1) were removed from the 

remaining ripe fr~its. These were counted according to ovule/seed type and 

intra-frui t r egional distribution, as described in a later section (2.4). A 

variable number of seeds from each of th ese types were dis s ected and their 

internal contents examined. The presence or absence of endosperm, embryo and 

nucellus, together with their appe arance, was tabulated. 
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2.2 .4 Method of present8tion 

Reference has olr.eady been made to typologies of abort ive ovules 

or seeds in 2.2. 1 and Plate 2b. Table 9 sets out a framework by means of which 

fur ther plates on their anatomic features can be described and discussed. These 

plates constitute a selection of the extent of seed development in various 

abortion types at four selected poriods. 

The first period is the 2.iJlhth we~li in the autumn set of 1971. This was th 

latest time at which the clearing te chn ique of 1.2.4.4 could be applied to whole 

OVUles/seeds . (Conventional mi cro technique was also used , and nearly all of the 

photopl ates are from this technique. ) The equivalent developmental stage of 

normal flF" seeds in the summer (197U) set was about that at four weeks. 

The second period refers to the 23rd week of the 1971 autumn set. This was 

approximately the time normal "F " seeds began developing cellul ar endosperm in 

that set. The equivalent period for the 1970 summer set was the 10th to 13t h 

week. 

The third period refers to the 23rd week of the 1970 summer set, i.e. 

approximately halfl~ay throu gh the growth period of both summer and autumn-set 

fru it. Developmentally, hOW£-.lV81', normal "F"-type seeds of the autumn sets only 

reached this stage of the summer sets af ter about 30 weeks. 

The final period refers to the final month of both summer and autumn sets 

dur ing which fruit s were ripening, viz. 40 - 44 weeks after anthe s is. Normal !IF" 

seeds of both sets were at the same developmental stage, if not the same siz8 

(Chapter 1). 

Some of the anatomic features will be described and discussed by referring 

to the plates along each row (i.e. each period) and comparing them with features 

referred to in normally developing "F" seeds in Chapter 1. (Use will also be 

made of notes taken from other slides not displ ayed in these plates.) Figures 

and tables already presented in Chapter I, but which contain information pertain 

ing to this chapter, together with some additional figures, will form the basis 

of 2.3.1 (anatomy). Figures related to whole OVUle/seed growth (2.3.2) and 

tables for the contents of dissected seeds at fruit ripening (2.3.3) will comple 

the fi rst part of this chapter. They constitute three approaches providing a 

basis for comp aring the extent of the anatomic and morphological development of 

the various OVUl e/seed types. 



TABLE 9 

Equivalent developmental 
weeks after anthesis 

Summer Autumn 

Plate numbers referring to abortive ovule and seed types and their development 

ABO R T I V E o V U L E / SEE 0 T Y P E * 
U:j: s* p:j: 

set 1970 sets 1970/71 

I 

a b cWs cWL "Empty" I "Filled" I 
-r cOL · cOL 

218, b, c, d I ----, I 
4 • 8* 

--- ! -...-~--..-.-.---

i 
10 - 13 23* 22a, b 

22d 22c I 
------~----~--+---------+---------4---~--~--------~------~"~--~-~ 1 

23a, b 

23* 30 

40 - 44* 40 - 44* 

* 
:f: 

23c, d 

24a 

25a, c, 

. 26a, b, c, 

27a 

d 

d 

24b, c, d 

25b 

27b, c, d 

28a, b 

28c , d 

29a, b, c, d 

30a, b 

31a 

indicates actual fruit set from which photomicrographs were taken • . 

for ovule/sead type, see Plate 2b. 

31c, 
30c, d 32a, b, 

31b 33b, 

d 

c, 

c, 

d 

I 
i 

d_J 

-" 

-' 
(J) 
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2.3 RESULTS AND DI SCUSSION: CO~PARA TTV[ ANATOMY AND MORPH OLOGY 

2.3.1 Anatomy and ti ssue grow th 

The entry in the f i rs t row of Table 9, viz. Pl ate 21 b, 

c, d refers to an unfertili zed ovul e at the e ighth week (autumn set). It 

apparently never developed an embryo sac. An other possibility is that the embr~ 

sac had collapsed, judging fro m the mucilagenous-like region within the nuceilu l 

The mucilagenous r egions coul d also be du e to the digestion of nucellus tissue 

as the rest of this ovule "tried" to meet its ongoing metabolic requirements. 

Compared with Plates 4a (ovule definitely with no embryo sac at anthesis) 

and 4b (unfertilized ovule wi th an embryo sac at week two), the ovule of 

Plate 21b, c, d i s more like the former. The ovules of Plates 4a and 21b, c, d 

also show a loosening and shrinking away of the nucellus from the surrounding 

integuments. The mucilagenous-like regions (within the nucellus and surroundinl 

or in place of th e inner integument) suggest the first regions to have been 

digested away as the unfertilized ovule degenerated. 

This ovule, and that of Plate 21a, a cleared ovule from the same sample, 

had not yet deposited tannin in the "disc" region of the chalaza (cf. the 

fertilized ovule a t week two, Plate 4c). The outer integument of the ovule of 

Plate 21d (week eight) was at about the same stags of development as that of thl 

mature but unfertilized ovule of Plate 8a (week tuJo). It had not developed the 

same number of layers nor differentiated the integuments as those of Plates 7c, 

d and Sb of a comparable (normal) developmental age. 

The above Plates were of unfertilized ovules. Reference has already been 

made in 1.3.1.5 to the proportions of (fertilized) seeds which showed normal 

endosperm and (p r o-) embryo development at the sixth week after anthesis (autuml 

set, Fig. S). Reciprocally, about 20% of all fertilized seeds in each sub­

region (except "d") had flimsy-looking free nuclear endosperm. These would 

appear to have been the likeliest candidates for early seed abortion. ltiith the 

exception of fruit sub-region "d", all sub-regions appeared to carry the same 

proportion of potential early abortants. 

From Appendix 1 it is evident that larger developing seeds tended to have 

a greater number of free nuclear endosperm nuclei. The author also teased open 

some abortive-looking (i.e. markedly smaller) cleared seeds of samples from, 

for example, the twelfth week after anthesis in the autumn set. These often hal 

free nuclear endosperm, but this some t i mes appeared flimsy, or somewhat clumped 

and flimsy; and the number of nuclei were not i ceably fewer than that in their 

'normal ' sizod counterparts . Mention has also heen made in 1.3.1.9 to the 
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ob servation on Figure 9 that seeds with nOf)-·normal endosperm produced l ess 

nucellus t issue. 

Row two of Table 9 is of abo rtive seeds a t the time of endosperm cellular i­

zation in normal "F" seeds. PICltes 22a, b are of one and the same "b" type of 

seed. In comparison with Plate 10a (an "F" seed at a comparable time, and at 

t.he same magnification as th a t of Plate 22a), the "b" seed showed a very limitec 

development of e(L ) endotestal t issue. It was of course coll apsed (as is typicE 

for IIb ll seeds). The "disc ll rog ion of the chalazal nucellus was present - as is 

the case in normal IIFII seeds too. Whatever nucellus and endosperm there may 

have been appears to have been reduced to an amorphous mucilagenous mass which 

has stained deeply. A globular embryo not very much smaller than that shown in 

Plate 10c (same magnification) and of a comparable age was also present. The 

inner integumentary-derived part of the testa had also pull ed away from the endc 

testal tissue at the micropylar end. 

Plates 22d and 23a, b are of a nucellus and endosperm from a likely IICWS" 

type seed of the 23rd week. Compared with Plates 10b, d and 12a, the nucellu s 

contained more mucilagenous-like material. The phytin globoids shown in the 

nucellus in Plate 23b and in the remains of endosperm and nucellar sheath (PlatE 
'V'ie'l"e 

23a) ~ never seen in normally developing seeds. There was a close contact 

between the nucellar breakdown sheath and the degenerated endosperm (Pl ate 22d). 

Pl ate 22c is of the free nuclear endosperm at the chalazal end of an 

apparently "cWL" type of seed of the same age (23 weeks, autumn set). It is no ·t 

cl ear to the author whether the rather prominent nuclei seen in the endosperm 

is a s ign of degener ating endosperm, as some apparently normal "FII seeds also 

showed this feature. (The latter, of course, may have been incipient abortive 

seeds, too) . The appearance of this endosperm was not quite like that of the 

IInucleated cytoplasmic nodules ll referred to by Singh (1961) and mentioned in 

1.3.3.2. 

In contrast with the appearance of free nuclear endosperm still present in 

normal "FII seeds of this sample (e.g. Plate 10b), this seed's (Plate 22c) endo­

sperm and its closely associated nucellar breakdown sheath was more granulated. 

Plate 23a of the previou s ly mentioned "cWs lI seed also showed this granulated 

appearance of the degener ating nucellar sheath, particularly at its edges. 

Plate 23c, d is of a transverse section through an unfertilized ovule 23 

weeks after anthesis in summer (row 3, Table 9). Plate 24a is of a longitudinal 

section through this kind of ovule too. They consisted virtually of tissue 

derived f rom the outer integument arid the breakdown sheath of the nucellus 

( Plate 23c, d) and the inner integument (Plate 24a). 
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These aborted ~ unf ertili ze d ovule s of Plate 23c, d (23 weeks) appeared 

shrunken in size in comparison with the unfertilized and abortive ovule of 

Plate 21a (equivalent to we ek four) and t he fertilized ovule of Plate 4c (week 

two) - all photographed at the s ame mag ni fi cation. There appears to have been 

a very slight differentiation of an endo testa L8(s)/e(lL7 along the lower half 

of the ovule of Plate 24a - to about the same extent of that of the aborted 

ovule of Plate 21b, c, d (equj.valent to four weeks after anthesis). The contras 

in differentiation with normalJy developing "F" seeds is in Plate 8b (four weeks 

after anthesis in summer). Aborted, unfertilized ovules taken from ripe fruit 

were very much like the one shown in Plate 24a. Thus, at fruit ripening, "U" 

or "a" ovules showed very little testal development beyond what they had com-­

pleted by about the fourth week after anthesis. They also lost most of the 

material of their nucellus and inner integuments, together with some of the 

material of their outer integuments. 

Plates 24b s c, d and 25b depict an Hempty1t "cWs" type of seed 23 weeks aftE 

anthesis (summer, 1970). The appearance of its outertestal tissue (Plate 24b) 

resembles that of Plate 10a (an "F" seed at 13 weeks), although it was <3 good 

deal smaller than the latter (Pl ates 10a and 24b at the same magnification). 

Apart from the nucellus of the specialized region at the chalaza, the bulk of t~ 

nucellus had been digested away. The one time inner integument has pulled awa) 

from the outer testal tissue (Plate 24b). There was little t annin deposition. 

The hypostase nucellar tissue on the testal side of the "disc" :region at ·the 

chalaza (Plate 24b, d) appears normal. Two of the endotestal tissues 

L8(s)/e(l)~ and the sarcotestal tissues of Plate 24c and 25b show a development 

stage somewhat between those of Plates 15a, b (both at week 13, the time of endc 

sperm cellularization). The more marked buckling of the walls of eel) tissue, 

and also the thickening at corners of the walls of these cells (Plate 15b) in 

seeds beginning to form cellular endosperm was not present in this "cWs" seed 

at week 23. The endotestal 18(s) and e(L)~ tissues of the latter certainly die 

not have the degree of cell wall thickening of normal "F" seeds of th8 same age 

(Plate 15c). Thus the testal development of this "empty" "cWs" seed at week 23 

had the developmental age of normal "F" seeds just before endosperm cellulari­

zation (weeks 10- 13). And it was noticeably smaller than the latter. The 

difference between this "empty" "cWs" seed and the flattened, ll emp ty" lib" type 

seeds appeared to be the relatively greater degrEe of stable rigidity of the 

testal tissues in the "CWSll type. 

There was no sign of pollen tube penetration in this fleWsfl seed, bu t by 

that time remains of a pollen tube ~ have beer. digested away, or else lost in 

the sectioning process. On the other hand, perhaps there had been no pollen tut 
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penetration. The author surmises t ha t factors necessary fo r testal development 

prio r to that found in seeds begilll'li.ng to develop cellul ar endosperm may be 

produced i n the occasion,al "ovule", or el se these factors may be transferred 

through a f avou rably associated vascul ar suppl y of an adjacent normall y de velop­

ing s ee d . But fr om further da t a still to be presented in 2. 5, (whi ch will show 

that a greater proportion of "b" an d "cWs " seeds occurred closer to the stigma 

end), the author is of the opi.nion that most !fb" and " cWs" seeds owed th8ir 

limited development to some such st imulus as pollen tub e penetration and/or somE 

endosperm or embryo development. Bes ides , from Figure 6 it is evident that a 

relativel y high proportion of ovules in hand-pollina ted fruit are fertilized; 

and from Figure 8, that a l arge proportion of these s how apparently no rmal endo­

sperm dev elopment in the first few weeks after that. 

The fourth row of Table 9 refers to aborted seeds taken from ripe fruit. 

Plates 25a, c, d and 26a, and Plates 26b, c, d and 27a are from a lib" type seed. 

Typicall y, the "embryo sac" was again collapsed (Plate 25a), A persistent polle 

tube can be seen in Plates 25d and 268. A globular but ra ther disorganized 

embryo is shown in Plates 25a, d and 26a~ b, c. The nuclei of some cells were 

still quite prominen t (con trasted with the detlydrated embryo cells of, say, 

Plate 13a , b, c of an "F" seed of the same age). Other cells were rather hyper­

trophied, with l ess cellular con tent. It is not clear whether any endosperm or 

nucellus remained, as the disorganiz3tion and breakdown of some of the embryo 

tissue obscured its boundaries. The lay er of tissue adjacent to the inner epi­

dermi s of the inner integument in Plate 26b is possibly nucellar. The i nner 

epidermis of the inner integument is itself poorly developed, with little tannir 

depo s ition . Th e remaining tissues of the inner integument are also poorly 

developed - contrast with, say, Plates 16c, d; 17d of "F" seed of this age. 

The inner epidermis of the outer integumentary tissue was hardly more 

developed than . that of a "F" seed at the cellularization of endosperm (Plate 18, 

It was a little thicker along the inner walls. The e(s) cells are about 8S 

hyline as those of Plate 18a again, with regions of collapse. The e(L) tissue 

is also coll apsed in places. With the exception of the inner integumen tary 

tissue and ·the inner epidermis of the outsr "integument", the tissues aI'S all 

still clearly nucleated. In "F" seed at. fruit ripening , this is so only fpr 

sarcotestel tissue. There , the other t es tal ti ss8es lose their cellular conten · 

. when the walls thicken greatly, and the nucl ei of endosperm and embryo cells aI'l 

flot readily distinguishable amongst the amorphous deposition of cellular conten 

in dehydrated cells. In short, diffe rentiation and development of the testa dil 

not appear to have gone beyond that of "F" s ee d at t he onset of the cellulari­

zat ion of endos perm. 
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Pl a t es 27 b , c , d and 2 13 e ~ b s how a " f illed lt "cWs " type of seed having a 

hal f normal si zed emb r yo wi~h distorted cotyledon s . There was again a consi d8~ 

able collapse of endotestaJ. ti sc:;ue and dev e lopm~ nt was not beyond that of "F" 

seeds at endosperm cellulariza ticn. Calci um oxylate c ry s t al s were present in 

some of the cell s of the i nner epidermi s of the outer "integumentary" tissue. 

The cellular endospe r m and emiJ ryo are much more like that of "F" seed in com­

parison with what has been described of abo r ted seeds so far. Nevertheless, a 

striking f eature is the relative lack of cel l ular content (contrast with Plate 

13a, b, c, d) of the endosperm and embryo tissue. These cells appear to be in 

a dehydr ating condition somewhat beyond tha t shown in Plate 11a (week 23, "F" 

seed), but certainly not like those of Plate 13a, b, c ("F" seed, ripe fruit). 

To sum up, the s ndotesta was in a collapsed forrn of "F" seed at endosp erm 

cellularization (10 - 13 weeks, s ummer s et) . The inner "integumentary" tissue 

was equivalent to that of "F" seed between weeks 23 and 27, and the endosper m 

and embryo development somewhat like that of "F" seed between weeks 23 and 30. 

Plate s 28c, d; 29; 30a, band 31a are of a "filled" "cWL" type of seed 

wi th a small "heart- shaped" embryo. (Plate 12c shows an "F'l seed at that stage 

at week 16.) The embryonic suspensor is nicely visible in Plate 29b, c . The 

embryo cells look quite no r mal, although no t dehydrated to the extent of IIF" 

seed in ripe fruit - this embryo is more in the condition of "F" embryos at aboL 

week 30 (summer set). 

The endosperm cells are more dehydrated. They also have less cellular 

content, and the form of deposition is unlike that of "F" seeds. Phytin globoic 

can be seen in Plate 28c, a form of deposition not seen in "F" seeds. But apad 

from the form of the deposited reserves, the endosperm and embryo development~l 

.Qhase of this "cWL" seed wa s closer to that of "F" seed than those described 

before. The endotesta, however, was still not beyond that of "F" seed at endo­

sperm cellularization (weeks 10- 13). In Plates 30b and 31a the buckled forrn 

of the e(L) cells of "F" seed at that stage can be seen (viz. Plate 15b). The 

inner "integumentary" tissues plus the inner epidermis of the outer "integument.: 

tissue (Plate 29d), however, was much like tha t of "F" seed in summer fruit at 

week 23 (Plate 18c, d). The specialized chalazal region of the nucellus 

(Plate 30a) looked much like that of an "F" seed a t endosperm cellularization 

(weeks 10 - 13, Plate 20b). 

To sum up: this "cWL" seed from a ripe fruit had an endotesta of a "F" 

seed at 10 - 13 weeks (summer); an inner "integument" of an "F" at 23 weeks; 

an embryo of the shape of one a t 16 weeks but with cellular content of about 

week 30. The endosp er.m was dehy drate d like maturing "F" seed, but had less 

content and contained phytin globoids . 
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Pl ates 30c, d and 31b 8 1:'8 or an " emp ty" tlcDL" seed. The outer "integu­

mentary" tissues are relati ve ly lt181 1 developed - about that of an "F" seea at 

week 33 (summer) . The e(s) t issue shown i n Plate 30d is equivalent to that of 

the "F" seed at week 33 of Plato 17b. Interos tingly enough, the inner "integu­

mentary" tissues of this "emp ty" s8ed ar B r ather hyline and nucleated, much likE 

that of an "F" seed at weeks '1 3 to 16 (J..Lke Plate 18a but with calcium oxyl3te 

crystals). Thus the presence of endos pe rm or embr;o appears to affect the 

development of the inner "irltC:1gU I'll8I1t". 

The chalazal nucellus of Plate 31b is much like that of the "empty" "cWs" 

seed at week 23 in Pl ate 24d - and that of "F" seed at 13 weeks. As for the 

central ("e~bryo sac") cavi ty ~ aJ.l that remainod was a thin nucellar breakdol!ln 

sheath, probably utili zed by the developing testal tissue. 

Plates 31c, d, 32 and 33 are of a "filled" "cOL" seed at fruit ripening. 

The "embryo" was very small, and both embryo and endosperm were dehydrated. 

Both had also relatively less cellular content than that of comparable I'F" seed! 

This relatively sparse cellular content of endosperm and embryo in this and the 

other abortive seeds already shown is quite apparent even in dissected whole 

seeds (section 2.3.3). The endosperm and embryo of "F" seeds from ripe fruit il 

opaque when dissec ted out, whereas most of the aborted seeds that have any 

noticeable amount of endosperm are translucent. The endosperm reserves of this 

"cOL" seed was deposited in the form of crystalloids and phytin globoids (Platel 

31d; 32a, b, d). As mentioned before, this type of deposition was not seen in 

"F" seeds. 

The tastal tissues (Plate 31c) were quite extensive in size. The S(8) 

tissue (Plate 33a) still contained cellular contents, although the process of 

thickening had already begun (Plate 33a, b), particularly in the eel) tissue. 

The sarcotesta (Plates 31c; 33d) was much like that of "F" seeds of the same ar 

Plate 33c shows a section of the endotesta next to an endotestal furrow to show 

the large cells contiguous with the rest of the endotesta - as demonstrated alse 

for "F" seeds (Plate 14b, c and the discussion in 1.3.3.4 (b)). Overall, this 

"filled!! "cOL" seed had endotesta comparable to !IF" seeds between weeks 23 and 

40; and inner "integumentary" tissue (Plate 33a) like that between weeks 23 an! 

27 (Plates 18d; 17c; 15d). 

The foregoing accounts give one sketch of the developmental details and 

differences of the various OVUl e/seed types as seen under the microscope. One 

can get a further view by looking at the cell measurements of separate tissues 

of these OVUle/seed types. 
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Figure 11 shows that the cr oss- sectional ar ea of indivi du al nucellar cells 

of "U" and "5 11 (lib" an d "CW S" ) t Ylle s never I'o8ch ed the size of !1FII seeds. 1he 

size in "P"- typ e s eeds, on the othe r hand , ro se and fell in the s ame manner as 

that of 'T" seeds and for s imilar r easons (1 . 3.3 . 1). The pr es ence of greater 

endosperm development and qu anti ty , appr oachi ng that for "F" seeds, would seem 

to explain the difference betwuen "P" (" cWLII and "cOL") and "U"/"S" types . 

The cross-sectional area of ifldivldual .cellular endosperm cells of "P" tYP E 

showed a wide variation at fruit r i pening, whereas it was rather similar to thai 

of the "F" type soon after cellularization (Fig. 12). This is parallel (if not 

necessarily causally related) to the spread in developmental stages of developmer 

previously described for this tissue. 

There is likewise a wide spread in the cross-sectional areas of individual 

embryo cells for the "P" types at fruit ripening (Fig. 13). The smallest of the 

was no la.rger than that of "F" seed soon after the rapid phase of cell enlargemE 

occurred in this tissue (about two months after endosperm cellularization). The 

spread in embryo length is even more marked (Fig. 14). "5" and "U" embryos 

hardly got beyond the globular stage and this is reflected here in their very 

limited extension. The fact that embryos of some "P" type seeds at. fruit ripen­

ing were only at the "heart" stage, i.e. at the beginning of cotyledonary exten­

sion, ties in with this wide spread shown in this figure. 

Turning no\~ to the testal tissues, and firstly to that of the endotestal 

tissues e(L) and e(s) (Figs. 16 and 21) there is again a spread in "P"-type seer 

This appears to have been correla ted with t.he spread in developmental stages 

reached by individual "P"-type seeds. Thus if a "cWL" type of "P" seed concludE 

its endotestal development at the level reached by nor.mal "Ftl seeds at the 

cellularization of endosperm (weeks 10 to 13) such a seed did not expand the ce: 

and thicken the walls of its e(L) tissue as was characteristic of "F" seeds aft! 

\lJeek 13. To illustrate this, the lowest type "P" value at fruit ripening in 

Figure 16 refers to a "cWL"-type seed whose e(L) cells did not expand much beyor 

that of "F"-type seeds between weeks 10 and 15. 

Figure 21 of cell expansion in e(s) is interesting in that the second and 

quite extensive spurt of growth in this tissue occurred after week 25. Now the 

spread in developmental stages reached for IiP"-type seeds ranged from that at 

week 12 for some "cWL" seeds to those at week 23; to others at week 30 for "eWI 

and "cOL" seeds, and to yet others a t maybe wgek 35 in some "cOL" seeds. Furthl 

more, as previously described in 1.3.3.4 (d) and evident in Figure 21, 8(S) 

tissue of "F" seeds had a relatively long period of quiescence sti:lrting with thl 

onset of endosperm cellularization (week 10 in the summer set). Not surprising. 

then, the spread in size s of "P"-type sesds , and even tiS" types (viz. testal 
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developmont up to the period of 8ndospe:cm c811ularization in "F" seeds) formed 

a narrow band at and above the s ize of ';F" at weeks 1 0 to 15. 

As previously described in 1.3.3.4 (c) and 1.3.3.4 (d) , cell divisions 

perpendicular to the longitudin~l axis in e (L) and 8(S) (Figs. 19 and 20, 

respectivel y) ended soon after 311 the endosperm became cellular, viz. at about 

week 20. As may be expected , th8 counts for "P"-type seeds in Figures 19 and 

20 suggest that cell division in 8(S) and s (L) was not affected by the vary i ng 

abortive arrest that occurr8d in the ondotesta after week 20. "5" and "U" ovull 

and seeds, on the other hand, whose development did not go beyond that of "F" 

at endosperm cellularization (weeks 10 - 13) were evidently severely affected 

an arrest of cell division in e(s) and e(L) tissue (C"o 
I 19S. 19 and 20). This, 

together with the later progressive collapse of the e(L) ridge and evsn e(s) 

layers in "S"-type seeds explains their "queer, digested appearance" (Foster, 

1943; Allan, 1969). 

by 

Sarcotestal tissue in "F" seeds appeared to expand at a compensatory rate 

that enable d such seed to maintain a relatively smooth outer cover. Deeper 

endotestal "furrows" fill up with more sarcotestal tissue, and shallower endo­

testal furrows with less, resulting in the undulating yet smooth appearance of 

fresh seed (Plate 2b). Likewise, "P"-type seeds with varying amounts of endo­

testal tissue had a correspondingly varying amount of sarcotesta. This com­

plementary correspondence could be observed in empty, uncollapsed "cWs" ("5 11
) 

seeds as well 8S in (1I8~pty") "cOL" ("p") seeds, 'e.g. Plates 24b and 30c. Tha 

spread then in the cross-sectional areas of individual cells in sarcotestal 

tissues (Figs. 15, 17 and 18) for "P"-type seeds follows the pattern for that o· 

the endotestal tissues e(L) and e(s). Interestingly, "U" and "5" ovule/seed 

types showed only the expansion of outer epidermal cells of "F"-type seeds 

before endosperm cellularization (week 10, Fig. 15), again consistent with thei: 

earlier abortion. 

In 1.3.3.4 (e) and 1.3.3.5 (a) it was pointed out that the "F"-type growth 

pattern of the outer epidermis of the inner integumentary tissue (Fig. 23) and 

the adjacent inner epidermis of the outer integumentary tissue (Fig. 22) had a 

similar pattern to that of the (next adjacent) e(s) endotestal tissue (Fig. 21) : 

similarly for "P"-type seeds. And likewise, "U" and "5" types had cell Slzes 

for these tissues consistent with those found in "F" seeds at the stage the 

former stopped doveloping. 

Figure 30 of intra-inteQumentary ti ssues and Figure 31 of actual "integu­

mentary" tissu es from seeds of autumn-set fruit illustrate the relative quantit~ 

of these tisSLJ8s for "F", "P", "5" and "U" types up to endosperm cellularizatior 

From t he former figure, at the 23rd week, it is interesting to note that the 
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"P" type of seed, which wou ld not yet heWfJ h,ld serious testal abortion, had the 

largest amount of nucellus. It would appear that the greater quantity of endo­

sperm in "F" seeds had begun to consume more of their nucellus - as would be 

consistent with the discussion all the s ize of individual nucellus cells of 

Figure 11 in 1.3.3.1. There ce rtainly was quite a change in the relative amoun! 

of nucellus between "F" and IIpl: sp.8ds fr'orr, tho eighth to the 23rd week (autumn) , 

From Figure 31 it is cleDr that at week 23, (the time of endosperm cellu­

lariza tion in this se t), "F IT s8eds already had more extensive endotestal ti ssue 

than that of "P" seeds, and of course even more than t.hat in "S" and "U" seeds. 

The extent of endotestal tissue appears to be correlated with the extent of end( 

sperm and embryo development. At the time of endosperm cellularization, too, 

little difference existed in the amount of inner "integumentary II tissue betiLleen 

"F" and "P" seeds, but the latter two obviou s ly had more than that in "S" seeds 

'tUft ovules had relatively little e(s) tissue and virtually no e(L) and inner 

integumentary tissue - as was previously illustrated with the photoplates. 

Figure 32 shows the relative quantities of seed tissues for various "F" 

and "P"-type seeds taken from ripe fru its of the 1970 summer set. As previousl: 

mentioned, the amount of sarcotesta appears correlated with that of the e(L) 

endotestal ridge tissues . The latteT.' i n turn appear s correlated with the quant: 

of endosp erm and embryo tissue. The differe nce in e(s) was not marked (they hal 

presumably similar numbers of l ayer s as shown in Figure 20, with little differel 

in cell size for thi s sample). The measurement of inner "integumentary" tissue 

is not very satisfactory because of the susceptibility to crushing of the pliab: 

inner epidermis. Th e largest differences noticeable then, were in e(L) endo­

testal tissue on the one hand, and the quantity of endosperm and embryo tissue 

on the other. 

2.3.2 Whole ovule/seed growth 

Figure 28, already introduced in 1.3.5, shows the pattern that tl 

mass of ovules/seeds from summer and autumn (1970) fruits took. Again, as poin 

ed out in 2.3.1, th8re was a spread in the size of "P"-type seeds probably 

correlated with the time and stage at which tissue development ceased or was 

arrested. 

Most of the "P" seeds measured were actu ally "cWs" to "cWL" seeds - as wil . 

be clearer from the sections on intra-fruit distribution of abortion in 2.5. 

Simi larly, the bulk of the mass of "5" seeds was actually made up of "b" seeds 

rather than an even mixture of lib" and "cWs" s8eds. This was because these 

("b" and "cWs") were the must abundant of the types and there blas a tendency to 

sample from these when the larger-sized types were used up. 
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It is evident that "dls l1 end ub" seeds showed Ii ttl€) quantitative growth 

from betwee n the 10th and 20th 1l,88ks after' i:\;lthesis in the autumn set, i.e. 

before the free nuclear endosperm at "S" seeds began to cellularize. From this 

Figure ( 28 ) it is al so evi dent. U'Flt lieu};;;" and "b" see ds only bec ame no ti ceable 

lilhen their sizes bec ame suf';iLiently r.Jiffer81,t from that of "F" seeds -. i.e. 

when the latter s lowly started to accelerate i n size after the ini t ially slow 

growth through the cold months up to July ( autumn set ). 

The "F" seeds of the summer ~;8t of course, grew more rapidly from the star 

and sustained this even in the coldest months. Abort ive ty pes shOUld have been 

picked out much earlier than they were. However, there were 80 few of them the 

the author ov erlooked them, assuming them to be the largest of the unfertil ized 

ovules. It was only when the higher frequency of abortions in the autumn set 

samples focu sed the attention of the author again that he began to look for and 

to lfI easure aborti ve see d types in the summer set. (The two sets were being 

sampled from over the same months at this stage .) 

The author had f irst become aware of aborti ve seeds in the l a ter half of 

growth in an autumn set survey of the previous ye ar. Measurements begun in tha' 

se t are shown in Figure 29 (see p. 125) . The results are confirmative of those 

of the previou s figures already discussed. 

2.3.3 Contents of dissected seeds 

Tables 10 and 11 show t he relative frequency of various combin­

ations of " intra-integumentary l! tissues dissected out of different seed types 

(Plate 2b) from ripe f r uit. From Table 10 of the 1970 summer set, the greatest 

frequency of normal endosperm and emb ryo s (row 1) was in the "dGI1 seeds, follow :: 

by that in the "dB" seeds. A small percentage of "cOL" seeds (13, 3% ) had this 

"normal" or "fully developed" complement. No ':cWL" nor "cWs" seeds had t.his. 

A smal l percentage of the l atter two seed typ es (12 and 8 per cent respectively ) 

had the next best catego r y of row 2, i.e. ';no rmal " opaque endosperm but small 

embryos. All "dG" and "dB" soeds had endosp81'm and embryos. The other three 

categories ( "cOLli, II cWL" and "cWs" ) had a good deal less of these tissues, and 

they also had a higher frequency of endosperm t han of embryo tissue. 

The most frequent complement of the il cOL" seeds wa s ( surpri singly) "nucel lu 

only", followed by that of normal, opaque endosperm and small embryos. The most 

fr equent complement of both "cWL" and ncWs" seeds was that of " appare ntly empty" 

These are surprisingl y high figures, but it must be remembered tha t wh ate ver 

nucellus and endosperm ther~ probabl y was during the first half of the develop­

mental period, was prob ab l y consumed by the time of fruit ripening. The data 



TA BLE 10 Internal con tents of dissect.e d seeds fr om ripe papaya 

fruit set in summer~ 1970 

~"~'~I--~' E 
ED . T Y P E 

INTERNAL TISSUES nJ~'-~--""""'--""'-'--'" 
dFl I dG cOL c\l1L cWs 

-:--'~ I-
Opaque endosperm 

plus 
normal em bryo 

Opaque endosperm 
plu s 

small embryo 

Opaque endosperm but 
no embryo 

Trans lucent endosperm 
plu s 

small embryo 

Translucent endosperm 
but no emb r yo 

Little translucent 
endosperm, no embr yo 

No endosperm, 
little nucellus, 

small embryo 

Nucellus only 

Apparently empty 

E % en dosperm 

I No. 31 Ii. ' 615 

% 84,2 90,2 

No. 57 67 

I % 15 ,3 9,8 

No. 

% 

No. 2 

% 

No. 

No. 

% 

No. 

% 

No. 

No. 

% 

No. 373 682 

% 100 100 

100 100 

40 

13,3 

67 35 24 

22,3 11 ,9 7,9 

7 3 1 

2,3 1 ,0 0,3 

42 27 1 

14,0 9,2 

28 17 10 

9,3 5,8 3,3 

2 8 12 

0,7 2,7 4,0 

3 1 

1 ,0 0,3 

113 20 11 

37,5 6,8 3,6 

2 180 242 

0,6 61,4 80,1 

301 293 302 

100 100 100 

6'1,9 30,6 I 15,8 
~--------------------------~-------~----4-----~----~~------~ 

E % embr. yo s 100 100 22,1 8,5 

~--------------------------~------~----~----~------~----~ 
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TAB LE 11 Internal con tents of dissected seeds from ripe papaya 

fruit se t in autumn, 1970 

r-----------------n
.-- .--~.-------------, 

i SEE 0 T Y P E 
INTERNAL TI SSUES r--- 1·'--..,......---..---.----1 

I--__________ ~ .• +~~_._!_I _ d_G_4-_C_D_L ___ "--C_\_!1l_-l--_C_W_S~ 

I No. 175 Opaque endo sperm 
pl us 

normal embryo 
I -

% 97,2 
~ ______________________ ~ ____ ~ ___ ' __ ~ ____ 4-____ -4 ______ 4-__ • __ -4 

Opaque endosperm 
plus 

small embryo 

Op aque endosperm but 
no embryo 

Translucent endosperm 
plu s 

small embryo 

Tr anslucent endosperm 
but no embryo 

Lit t le translucent 
endosperm, no embr yo 

No endosperm, 
little nucellus, 

small embryo 

Nucellus only 

Apparently empty 

No. 13 

17,3 

No . 

No. 61 

81 , 3 

No. 

% 

No. 

No. 

No. 1 

1,3 

No. 

5 

20,8 

5 13 5 

2,8 54,2 26,3 

1 1 

4,2 

3 6 10 

12,5 31,6 10,8 

2 8 82 

42,1 88,2 % J.. 
~---------------+---+---~-- ,----~--~--~ 

180 I No. 75 24 19 93 

100 100 100 100 100 
r-----------------------~' ----~~--~------~N-__ -+--__ --~ __ ---_ 

E % endosperm 100 79,2 26,3 1 , 1 
~----------------------,~----~----+_-----4------4_----~ 

I 98,6 I 100 l: % embryos 26,3 

1 32 
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for Figures 4 and 30 a t t he 8erl t er deve lopinental periods were al s o based on a 

large number of ovules/ s es el s . (The s e S h Olil th a t nucellu s and endosperm were 

present.) 

Table 11 is of the same categoriza tio n of the seeds of the autumn-set frui 

In comp ar i s on with the summa r set, there ~Ias a considerable shift in the highes 

frequency for "d8" seeds, vi z . to 'trafl s1. uc ont endosperm plus small embryo'. 

One "d8" seed even had nuc e .llu~J alone. r~on 8 had 'normal opaque endosperm plus 

normal embryo'. (It might appear from the for egoing that black seeds are 

inferior to grey seeds . However, in riper fruits the grey seeds might actu aJ,ly 

become black. Thus some of the 'inferior' smaller black seeds may hav.e been 

'prematurely ripened seeds' - the way injured fruits can ripen prematurely.) 

In contrast to the Bummer set again, the most frequent complement in the 

"cOL" seeds was 'translucent endosperm plus small embryo' followed by 'normal, 

opaque endosperm plus small embryo'. There were again no 'normal, opaque endo­

sperm plus normal embryo' in the "cOL" seeds examined. The "cWL" seeds were nlal 

up of only three categories, viz. 'translucent endosperm plus small embryo', 

'nucellus only' and 'apparently empty'; with an increasing frequency towards tl 

latter contents. The "cWs" were also concentrated around 'apparently empty! 

and 'nucellus only' categories. All "b" seeds examined in both the autumn and 

summer sets were 'apparently empty'. 

The summer set's "cOL" to "cWs" seeds covered a far wider spectrum of comp: 

ments. In contrast, one can consider the autumn set's "cOL" seeds to have 

centred around 'trans lucent to opaque endosperm, plus small embryos'; a quarts1 

of "cWL" seeds around 'translucent endos perm plus small embryos ' and the rest 

'virtually empty ' ; and the "cWs" and "b" seeds as 'apparently empty'. The 

The abortions in the 1970 autumn set of "b", "eWs" and (three-quarters of) lIeWL' 

seeds thus appear to have occurred in the period before the cellularization of 

free nuclear endosperm. That is, the bulk of these 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 year's autumn set, it would 

appear that only a small proportion of bVLlles/seeds would haie started aborting 

before the end of May. 

In the section s that follow (2.5 onwards ) more data and analyses will be 

presented which may fu r ther clar ify the time and extent of ovule and seed abort: 

in autumn-set fruits, and also some of the possible predisposing factors. 
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2.4 MATERIALS AND METHODS: INTRA-FRUIT DISTRIBUTION OF ABORTION 

2.4.1 Mater ials 

The following groups of fruit sets were made use of in a detaile 

examination an d analysis of the distribution of seed abortion within the fruit. 

These included:-

(i) all the ovules and saeds of 14 ripe whole frui ts of the hand-pollinated 

autumn set, 1970; 

( ii ) 50 ovules/seeds for each of eight fruit sub-regions (A, a, B, b, C, c, 

0, d) of fruit sampled at the s ixth week after anthesis, autumn set, 

1971; and 

(ii i) all the ovules and seeds of 24 ripe whole fruits of the hand-pollinated 

summer set, 1970. 

Reference has already been made to these sets LIi), (ii) and ( iii ) abov~ 

in 1.2.3.2, 1.2.2.1 and 1.2.3.1 respectively . In addition, 

( iv) 21 ripe fruits randomly chosen from a larger number picked from the 

bottom end of fruit stems in November, 1973, were used for this study 

after being kept in a deep-freezer. Those fruit were judged to have 

set i n the early t o mid-summer period of 1972/73. These had not been 

hand-pollinated ; and finally, 

(v) 15 ripe fruits, r andoml y chosen from a larger number picked from the 

top end of fruit stems in April, 1974, were also used for this study 

after being kept in a deep-freezer. The se were judgGd to ha ve set 

in the prev i ous autumn of 1973. They had also not been hand-polli­

nated. 

(Measurements on the seed and fruit flesll mass of the above (iv and v), and also 

on the other fruits fro m these two sets luere also taken. These were used for a 

correlation study presented in Chapter III.) The fruits for (iv) and (v) were 

on trees somewhat similar in vigour and age to those picked for the sets of ( i ) 

and (ii i ) at ~ time of harvesting . 

In contrast to the autumn and summer sets of 1970 Lti) and (i ii17 above, 

in which all the ovules and seeds of the fruits us ed were removed and classifie 

seeds and ovules were removed from only some longi-portions ( Plat8 2c ) of the 

fruit s used for the 1972/73 summer- Dnd 1973 autumn-se t groups (iv and v above) 
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For the summar set of 1972/7 3 t 2/5 longi-portions of 21 of the fruits were used 

for this study. 

From the autumn set of 197 3, 2/5 t.o 4/5 longi-portions were used. In con­

nection ~ith the use of only portions of fruits of the 1972/73 sets, it had 

previously been observed that 2/5 or greater portions gave re asonable estimates 

for the pattern of seed typ e distribution for whole fruits. (There were a few 

fruits in which the character of one 2/5 portion was quite di ssimilar to that 

of the other 2/5 portion of the same f ruit. The remaining 1/5 portions of the 

five-carpellate fruits were of course, di scarded because the positions of some 

of the seeds were invariably displaced in the act of cutting the fruit . ) Furth! 

more, the selection (from one of five) of the longitudinal plane between two 

adjacent placental edges to cut along can be considered to have been a random 

one. The resulting analyses on the distribution of OVUle/seed types along the 

longitudinal placental regions of two to four longi-portions can be considered 

to be representative of the patterns in the whole fruits (5/5). 

Once the author was ready to process a given fruit, he would allow it to 

thaw sufficiently for it to be cut into the desired longi-portions. These were 

then re-frozen in the deep-freezer. The portions used for the intra-fruit dis­

tribution of abortion study were processed as follows: all the seeds of the 

types "Fit, "pH and ItS" for each of the eight intra-fruit sub-regions were remOVE 

with tweezers, transferred to cardboard cups and counted (Plate 2d). The remair 

ing fruit flesh (Plates 1d, 2a) was then cut into the separate A, a, 8, b, C, c : 

0, d sub-regions, and each was examined under a dissecting microscope in order 1 

count the "U"-type ovules. It proved important to do this, because inaccurate, 

underestimated counts for these relatively tiny ovules were obtained when they 

were counted with the naked eye. Their smallness, and the relative largeness of 

adjacent seed stalks of the fully developed "F" seeds tended to obscure the 

presence of quite a number of them. They were also difficult to count accurate] 

in unf rozen, over-ripe fruit, and in over-thawed fruit. 

In the case of the autumn and summer sets of . 1970, all the ovules and seed~ 

(i.e. for. the entire fruits) were counted, but only relative to the intra-fruit 

quarter s As, Bb, Cc, Od and not the eight sub-regions, viz. A, a, B, b, Cs c r 
0, d. With regar.d to the sa~pljng for the autumn set of 1971, this has already 

been dealt with in 1.2.2.1. 

2.4.2 Rationale and statistical methods 

One of the ways of app roaching the problem of OVUle/seed abortior 

is to make a comparative study of seeds in fruits eet and devGloped over differE 

seasons, e.q . late autumn versus mirl·-SllmmRl' R"1tn. iln\l rlif'f' c,T" on",,.,,,, ~ .... ~ h ~~+-~~~ 
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pattern could be further examined against differences in the seasonal climati c 

and physiological condition s associated with such sets. 

Another appro ach can ce to examin e the distribution patte~n of abortion 

within fruits for any given set of seasonal conditions. Some of the possible 

factors involved i n abortion carl be sought from differences p~esent within the 

fruits. The effoct of diff erent levels or mothods of pollination can also be 

considered. In addition, all th ree me ntionod approaches can be combined and th 

determining factors sought in an interactional framework. 

In order to advance such a study of abortion, more specific, likely factor 

contributing to seed abortion need to be formulated, together with predictions 

their likely effects. When these factors have been measured in some appropria t 

way, the effects predicted by theory or hypothesis can be compared and, where 

appropriate, statistically tested against actual measured data. 

From the literature review of this chapter and from the anatomical studies 

already surveyed, a number of possible causes of ovule/seed abortion in develop 

ing papaya fruit were postulated. 

Firstly, ovules and seeds that experience colder subtropical condition~ 

during the first phases of growth are more likely to abort than those developin 

under more tropical-like conditions~ such as are approached in summer. The 

extent and timing of the onset of abortions should reflect the timing and onset 

of the cold conditions. 

Differences in the maturity of ovules at anthesis and when f8rtilization i 

occurring should be reflected in differences in abortion. Thus, if there are 

differences along the fruit stem-apex axis, or else between carpellary rnargin 

versus placental edge regions, then such regions with greater proportions of 

immature ovules should have a greater proportion of abortions, if these immatur 

ovules are fertilized. 

The pattern of pollen tube penetration may be inter-related with the above 

If immature ovules receive pollen tubes too early, then regions of the fruit wi 

the greater likelihood of such events should reflect an increase in abortions 

due to this. Conversely, those regions furthest from the entering pollen tubes 

may receive pollen tubes too late, i.e. such ovules may start degenerating by 

the time they are fertilized, resulting in an increase in the proportion of 

abortions. (In connection with this postulate, it must also be borne in 

mind that pollen tubes may only enter mature ovules - see 1.3.1.3.) 

Another set of differences cou ld be attributed to differencBs in avail­

ability of ho rmo nes or metabolites from the rest of the plar,t, or the fruit its 
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supply: ovules along the carpellary margin are closer to the main vas cular 

supply tha~ those along the pl acent al edge. Similarly, within the carpellary 

or placental edge regions, thuse ovul es closer to the base of the flower/fruit 

may be closer to the incomil lf,) 111E-tt. t3rials f)~olD the rest of the plant . That is, a 

competition for metabolites Ofl the bas i s of the location of the pl acen tal vascu­

lar supply may exist . 

Differences in the degro8 of intI- a-· frui t competi Hon of another sort may 

also exist. Develo ping seeds :nay compe te against each other for the scarce sUPf 

of metabolites, part i cularly during the stressful coldest months, and/or the 

stress of compe ti tion of other fruits. Such intra-fruit r egions with the highe~ 

degree of initial seed growth and development may suffer greater rates of abort: 

during such periods . Finally, differences may exist in definite localized regie 

of the fruit for reasons other than those already suggested. If such definite 

sub-region s can be identified, their localized characteristics can be studied 

further. 

In order to tes t most of the above postulates and related predictions, use 

will be made of a 'battery' or series of statistical tests. These tests are 

meant to complement each other. They vary from each other 

(i) with ['espect to the ~ of score or measurements with which 

they can appropriately be used; 

(ii) in the kind of prediction they can test; and 

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

These tests are not physiological proofs. Rather, they are meant to be logical 

(statistical ) tests of inferences based on physiological assumptions and hypo­

theses. As such they may 

(i) lend supportive (or a contradictory ) weight to developing theory; 

they may also 

(ii) highlight areas for further research. 

It is in the spirit of (i) and (ii) and in the light of the anatomical and 

morphological res~lts already presented that these statistical tests have been 

applied. An overview will now be given of the tests that will be used, the 

material and thesis sections to which they aI'S applied, the hypotheses tested 

and the statistical models assumed. 
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A. The sect ions have been divided in to two main parts: 2.5.1 for data from 

autumn sets; and 2.5.2, from s umme r sets. Each of the autumn and summer 

sections, in turn, includes studies on Iland-pollinated and ncn-hand-pollinated 

sets. Tabulated data from these f our sources provide an initial i ndication 

of the effects of seaso n and method of pollination on abortion levels and 

patterns. These sources of data have beEn enumerated under 2.4.1. 

However, many of the s tatistical approaches of the sub-sections that folIo 

involved chi-square tests. These in turn required that the expected fregue~ 

on which the tested proportions were based were not less than five in more than 

20 per cent of the proportions in anyone chi-square test (Cochran, 1954). Con· 

sequently, of the 15 fruits in the 1973 autumn set, only 11 ~Jere qubjected to 

further statistical analysis. Similarly, of the 21 fruits of the 1972/73 summa 

set, 20 of these were subjected to some tests and only a sub-set of five of the 

to furth er tests. The various procedures and their rationale follow. 

8. In section 2.5.1 . 1 for autumn sets, and 2.5.2.1 for a summer set, the con­

sistency of the distribution pattern within the fruit for each of the OVUle/see 

types is tested. The null hypothesis is that the distribution pattern within 

the fruit for each of the OVUle/seed types was one of randomness, i.e. no 

differences existed in the proportion of each type between fruit sub-regions, 0 

between ar',y sub-region and the t otal fruit. 

The research hypothesis was that differences in proportions for each ovul~ 

seed type did exist. These differences could have been broug~t ab out by: 

(i) a differentiated pattern of pollen tube penetration which, in turn, 

led to a differentiation in the pattern of proportion of ovules 

fertilized. From the latter, there could have been 

(ii) a sufficient differentiation in the pattern of sub-regional 

intensity of inter-seed competition for metabolites; 

(iii) an inter-action between the differentiated pattern of pollen tube 

penetrations and a differentiated intra-fruit pattern of the 

level of maturity of ovules could also have contributed to a 

subsequent differentiation in the intra-fruit pattern of 

proportion of ovule/sBed types. 

It was postulated that the net effect of (i), (ii) and (iii), enumerated above, 

would have been in the same direction, i.e. ( i ) and (ii) would 'be correlated 

whilst (i) and (iii) would be interactional, or the product of the two patterns 

Differences betwee~ types of Gvul es/seeds could be due to the spread in time of 
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develoPlllent over which aborti ons SBt i n, wi t i l the friore numerou s type( s) rofl ect­

ing the time at which peak abortion occur rG d. 

The s tatistical me thod used for this section was the Kendall co-efficient 

of concordanc e , W. This W can be used t o measure the correlation among §everal 

rankin gs of N objects or individuals. "When we have ~ sets of rankings f W 

expresses the degree of association among ~ such variables." (Siegel, 1956). 

In other words, W expres ses the degree of association among s everal (~) 

variables measured as, or transformed to, ranks (Siegel, 1956). "Imagine how 

data would look if there were no agreement among several sets of rankings, and 

then ••• imagine how it would look if there were perfect agreement among sevsra] 

sets. The co-efficient of concordance would then be an index of the divergenc e 

of the actual agreement shown in the data from the maximum possible (perfect) 

agreement, •••• Roughly speaking, W is just such a co-efficient. II (S iegel,19! 

Translated into the framework of sections 2.5.1.1 and 2.5.2.1, each fruit samplE 

can be considered to have had ranked ( •• the pattern of •• ) the propor.tion of a 

particular OVUle/seed type within ~ fruit, e.g. the rank order from the 

highest to the lowest proportion amongst the intra-·frui t sub-regions in ~ 

fruit. W measures the consistency of such a ranking of the intra-fruit sub­

regions ( with respect to the proportion of a given ovu,le/seed typ e ) over severa] 

(~) fruits. In terms of the level of measurement required for W, they may be 

merely in the ordinal scale. Siegel (1956) provides tables of critical values 

for testing W for small samples - (N = numb er of entities to be ranked, i.e. 

number of intra-fruit sub-regions = 7 or less) and X2 with df = N - 1 can be 

used for N larger than 7. 

C. In s ections 2.5.1.2 and 2.5.2 . 2 for autumn and summer sets respectively, tt 

differences in abortion rates between intra-fruit sub-regions along the carpell, 

margins versus those along the placental edge are tested. For the purposes of 

these sections, the abortion rate, p. , for a gi ven intra-fruit sub-region (i) 
1 

was measured to be the proportion 

( p + 5 '\ 

\F+p+~h 

'That is~ using the overall findings of the anatomy and morphology studies, it 

was assumed that the majority of "U I
: I!ovules" l!Jere not actually fert.ilized and 

so never developed as seeds. For practical purposes, then, the seed abortion r, 

would have been the proportion of fpart.i.ally developed ("p") plus slightly 

developed ("5") seedy to the t.otal of £fully developed ("F") plus "P" plus "5" 

seedy for a given intra- fruit sub-region, (i). 
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The null hypo t hesis wa ~l th ~)t i lO difforenc\'3s existed in abortion rates betwe 

the intra-f ruit sub-regio ns 810nq t he carpsllnry margin and those along the 

placental edge. For a given fr~it, the ab~rtion rates of both simply reflected 

the abortion rate for the wh ole f ru it. The researc h hypothesis was that differ­

ences existed by virtue of diff8rcn ces be t we on these re gio ns in (t) maturity of 

ovules at fertilization, and (ii) s lose ness to the main placental vascular 

supply and 11ence accessibility to available significant substrates. Both (i) 
and (ii) would have a similar pattern of intr a-fruit sub-regional location. 

statistically the tests on these hypotheses involved finding the "total tl 

X2 for all sub-regions for a given fruit, followed by a l tldifferences" test 

between carpell ar y margin (A, B, C, D) and placental edge ( a, b, c, d) sub-
2 

regions if the "total" X test. was significant (Fleiss, 1973). Wh e n this !lad 

been done for each fruit, a "total" l for the whole series of fruits was done. 

"Pooled" X2 and "heterogenei ty" (or homogeneity) X2 were then calculated to see 
2 

if the probability for the "iotal" X for the whole series could be accepted, or 

whe ther the frui ts were too heterogen eous with respect to individual abortion 

rates. Anticipating the latter, and as a s eparate test for the whole series 

from that given above, probability values ( corresponding to a X2 value with two 

degrees of freedom), viz. e _f X2 or - 2 In p were calculated for each fruit 
2 

( where p = th e probability value of "total" X for the given fruit and In is thE 

natural log). The combined prob ability value for a X2 of the whole s e ries of 

fruits ( irrespective of a finding of significant heterogeneity ) was the n calcu­

lated; this' X2 being equal to [l:: - 2 In pJ lili th two degrees of freedom for eaer 
2 

in dividual fruit's X ,i.e. with total df = twice the number of fruits i n the 

series ( Ra yner , 1969). (This useful overall X2 test was also applied t o other 

series of independent probability values, such as t-test probability values on 

parameters of individual fruits of a series, e.g. of a particular fruit set. 

This latter X2 test is of course more cumbersome than that f ound by simply addin 

up individual X2 values where these tests provide the original probabi l ity valu e 

It is nevertheless included as a separate check. ) 

D. 1-n sections 2.5.1.3 and 2.5.2.3 for autumn and summer sets respectivel~, th 

consistency of intra-fruit patterns of (i) the abortion rate, and ( i i) a postu-

lated competition factor, are tested. For (i ) 
fruit sub- region i was est imate d as 

the abortion rate for any intra 

as mention ed in the previous sub-section C of this section (2 . 4.2). For ( ii ) , 

a comp e tition factor, 
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for each intra-fruit sub-region, ~U8 used. Th i s x. based on the proportions of 
1 

the vario us ovule/seed types ("r--!l J .',. flljll) ~ was taken as an index of early 

seed development. More sp8ciflC~11 y, this proportion, x. , measures the probab: 
1 

proportion of the total OVUle s/seeds per s ilb--region that were actually fertilizl 

and subsequentl y underwent normal to near-no rmal early seed development up to 

the period before or soon after abortion set in. It has been assumed that the 

degree or intensity of quantitatively measu rable physiological inter-seed 

"competition" within a given intra-fruit sub-region will be found to be corre­

lated with this index. By 'quanti tativel y measurable' Is meant measurement in 

the interval scale (S iegel, 1956). Alternatively, the index used here is a 

measure of inter-seed competition, although, without the above postulated corr& 

lation, remaining entirely at the ordinal level (Siegel, 1956). [fhis distinct: 

between levels of measurement has a bearing on the validity of various signifi­

cance tests (S iegel, 1956)~ 

In these sections, viz. 2.5.1.3 and 2.5.2.3, x. was taken to be at least a' 
1 

the ordinal level, and concordance (W) tests were carried out on the patterns, 

in the same way as described for the concordance test in sub-section B of 2.4. 2 

above. 

(i) 

(ii) 

The null hypotheses were that 

x. values for the i intra-fruit sub-regions within a given fruit 
1 

did not differ from each other, or from that estimated for the 

whole fruit; and s i milarly 

for the p. values amongst themselves. 
1 

The research hypotheses were that differences did exist due to the pattern cf 

pollen tube penetrations and the other intra-fruit differences postUlated t o 

affect abortion rates enumerated in the sub-section of C above. 

E. In sections 2.5.1.4 and 2.5.2.4 for autumn and sU l1lmer set.s re s pectively, tt 

difference in the competition factor x. (defined in 0 above) between adjac8~t 
.J. 

carpellary margin and placental sub-regions is tested. The test used was the 

t-test for. paired differencGs, applied to the four pa i rs (A - 8~ 8 - b, C - c, 

r J 0- d) for each fruit. The l = LL: - 2 In p , (described in sub-section C abOVE 

on the probability values (p) for the series of fruit .i:t..2..~.t:§. W3S also appli ed 

to the series as a whole. 

The adjacent carpellary margin and placental edge sub-regions were approxi­

mately equidistant fr om th e point ~her8 the pul l on tubes entered the ovary. 



142 

Nevertheless, as fourld in 1.3 .1 .3 , differences existed with regard to the exten 

of pollen tube penetrations of ovules of the var ious sub-regions. The research 

hypothesis, therefore, was th ut differences wo uld exist in the competition 

f actor x. (i.e . extent or intensity of earJ.y seed development ) between even 
1 

adjacent carpellary versus plaCBlltal edge Dub-regions. Differences in x. were 
1 

also postulated or predicted on the bas is of differences in the maturity of ovu 

at anthesis (1 .3.1.2), and alsc on the differences in the mean distance of t he 

ovule vascular connections to the main vascular bundle. (This is the ventr ':l l 

bundle r unning j ust under the surface through the middle of the carpellary marg 

regions, Figs. 1 and 2.) The null hy pothesis, of course, was th a t any diff er en 

in x. would not be significant within any given fruit, and therefore not signi-
1 

ficant for the fruit se ts as individual whole series as well . 

The validity of the t-test Erobability values ( p ) of course arB s ubject to 

uncer tainty bec aus e of the, as yet , unknown correlation between the index x . an 
1 

qu antitatively measurable physiological differences postulated, as pointed out 

in the preceding sub-section 0 above. Consequently, the X
2 = [~ - 2 In pJ pro­

bability value for a whole series is also uncertain. The results in these 

sections ( 2.5. 1. 4 and 2 .5 .2.4) are therefore meant to be taken provisionally. 

F. In sections 2.5.1.5 and 2.5.2. 5, one group each from autumn and summer set 

respectively are tested for dif f erences in abortion rates within (i) carpellary 

margin sub- regions only , and ( ii ) placental edge SUb-regions only. (This was 

done to control the effects of differences between carpellary margin and pl acen 

edge sub-regions. ) In the t ests in ( i ) and (ii) above, the abortion rates p. 
1 

are also tested in relation to the competition factor x. described in a previou 
1 

sub- section (D). 

By way of introduction to t he statistical method used to test the above 

relationship, it may be usefu l t o recall a chi-square test used in sub-section 

vi z. a chi square for "differences" between the p. of two regions. Where more 
1 

than two regions (or "class8s") are involved, a chi square is available to test 

wh e ther significant differences exist among such classe s (o r, here, sub-regions 

Such a chi- square test, although valid, l acks sensitivity when the several 

"samples" (sub-regions ) po ssess an intrinsic ordering. Fleiss (1 973) descr i bes 

a chi-square method of analy s i s for whe re such ordering is qu antitative, i.e. 

for where "a measurement Xi is naturally associated with the ith sample" . He 

then describes a chi-square analysis (which, in terms of the var i ab les of this 

sub-se ction , t ests the (usual ) 11 total" l for the presence of differ.ences in thl 

proportion , Pi ' over several sub-regions , lb..~ provido s chi-square statis t i cs' 

test ( i ) whether the association be tw8e n x. an d p . is linear; \.liz . ti l lineari' 
1 1 
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and (ii) the significance of thE) slope uf a l ine representing such a linear 
2 

relationship, viz. "X slope". These tests ere applied to the autumn and summe. 

set groups referred to at the beginning of this sub-section. 

In a third group, viz. from data of the sample at the sixth week in the 

1971 autumn set f (a study on ear-ly au t umn- s ot seed development ) , a similar type 

of test was applied on two re!atiol l shlp~. For the first, it was postulated tha 

early seed abortion ( estimated as the pr oportion of pollinated seeds without 

no rmal endosperm ) was linearly reJ.ated to a competit ion factor estimated by the 

mean size of sampled ovulss/seeds, i.e. by a measure of the intensity of early 

seed development . In the second relationship x . was estimated by the percentagl 
~ 

of ovules in a given su b-region penetrated by pollen tubes by the sixth week. 

Th e null hypo theses in all the tests of this sub-section (F) was that 

(i) no differences existed in p. within the carpellary margin sub-region or 
~ 

wi thin the placental edge sub-regions; and alternatively, (ii) if there were ai 

differences these were not linearly related to the various x. 's postul ated. 
~ 

Again, it should be pointed out that1 wi t h the exception of the test in 

whi ch x. measured the mean size of ovules and seeds, the above tests are subjec 
~ 

to some uncer tainty due to the doubt surroundjng t he level of measurement in-

volved in the x . ' s used. 
~ 

G. In sections 2.5.1.6 Clnd 2.5.2.610,1' autumn and summer sets ,respec!..iveb" tl 

ordered differences in abortion rates (p.) within the carpellary margin or t he 
~ 

placental edge sub-regions were not postulated to be necessarily qu ant itatively 

rel ated to the competition factor x .• A more general hypothesis was postulated 
~ 

that abortion rate (p.) differences existed along the longitudinal axis of the 
~ 

carpellary margin (and also that of the placental edge) sub-regions. In this 

simplified form, it was postulated that there was initially probably greater 

competition (unmeasure d) at the apex end of the fruit (than at the base) becausl 

of the earlier development of the top. It was also postulated that the basal 

part of the fruit, be ing closer to the supply of metabolites, and other sub­

strates from the r est of the pl ant , woul d have an ad vantage in this respect as 

well. 

Flei ss (1 973 ) desc rib88 a chi--square analysis due to Bertholomew (1959 a , 

1959b ) to test the hypothesis that ~ proportions are 3rranged in a prespecifist 

order. It can be used where it is suspected beforehand that a gradient in 

proportions Exists because of djfferent levels of some associate d factor, but 

for which no numerical values can be naturally assigned to (i .e . Fleiss is 

presumably taking in to acco un t t.he question of "levels of moasurement" disCUSS8t 

i n Siegel, 195G ). 



Bart:holClmew's method, to paraphrase froin Fleiss (1973), even allows for 

slight departures from an hypoth \-! sized order. "Suppose the hypothesis predicts 

that the ordering (in proportions) P1 > P2 > ..• > Pm should obtain, but that 

departures from this ordering are observed. For example if the ordering 

PI > P2 > P3 > P4 was pr8dict8d~ but instead we obtained P1 < P2 ' and than, 

as predicted, P2> P3 > P4 ' ••. then weighted averages of those adjacent pro­

portions that are out of order are taken ur,til, when the averages replace the 

original proportions, the hypoth es ized ordering is observed. The revised pro­

portions are denoted p'." (The effect of this weighting of adjacent propor­

tions is to lower the chi square then obtained, but leaving the hypothesized 

ordering intact.) This particular (Ilqualitative ll ) chi square is calculated as 

m 
-:2 1 \' 
X - M.L n i (p~ 

l=1 

_)2 
- P 

where q = (1 - p) and p is the weighted mean of the proportions, p. , or p. and 
l l 

p~. Special tables for testing this chi square are provided in Fleiss (1973) . 
l 

In the case where the number of p~oportions, m , is equal to four (such as they 

were in the tests for these sub-sections, viz. 2.5.1.6 and 2.5.2.6) C
1 

and C
2 

' 
_2 

(two values used in looking up the X tables), are calculated as follows:-

and 

where n1 t n2 ' n3 and n4 are the total number (or weighting factor) on which 

the proportions P1 ' P2 ' P3 and P4 are based . 

To sum up then, the hypothesized ordering for the p. of the carpellary 
l 

margin sub-regions was A > B > C > 0 , and for the placental edge sub-regions, 

it was that a > b > c > d. The tests of this sub-section are basically about 

the same things as those of sub-section F, viz. in 2.5.1.5 and 2.5.2.5, but 

without the uncertainty of the level of measurement of x .• 
l 

H. In sub-section 2.5.1.7 for ~o aut.umn set groups; a~ub-section 2.5.2.7 

for a group set i n summer, the differences in the rates of abortion, p. , withir 
J. 

the longitudinal axis of the carpellary margin sub- regions alone, and also 

within those of the placent31 edon suh-rRninna ~lnno ~~" ~~~+ ~~ T~_ ~:DD _ _ _ _ 
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between tho tes b.l in this suh ·-s8 ction and those of G ClboV8 is that whereas in 

sub-section G a definite gradient of diffel'pnces along the fruit base-apex axis 

was postulated, this sub-s l: GLion o~ly postulated differences between variou s 

groupings of sub-regions. It was assumod th dt there were at least dis~rete 

morphological differences he tw8en the t ori and bottom halves of a papaya fruit, 

(e.g . the vascular supply pa ttern appe ars non-identical between the top and 

bottom halves in cleared ov aries and yeung fruits). There could, quite likely, 

be other intrinsic differences in the fruit tissues, and it was postulated that 

such assumed differences would affect the susceptibility of certain placental 

areas to seed abortion. 

Fleiss (1973) describes a chi-square analysis to test for differences batw 
2 

sub-groups within a larger group of samples when the general X test has shown 

the larger group as having significant differences within it. "Having found th 

proportions to differ significantly, one would next proceed to identify the 

sampl es or groups of samples that contributed to the significant difference ••• 

Suppo se that the m samples (or groups or sub-regions) are partitioned into two 

groups, the first containing m
1 

samples (or sub-regions) and the second 1n2 ' 

where m
1 

+ m2 = m. Define 
m

1 
\' 

n(1) = L. ni 
i=1 

to be the total number of subjects in the first group of samples" L;r, in the 

author's applica tion to seed abortion rates, n(1) = the total number of ovules/ 

seeds (on which the abortion rate is based, i.e. tho weig~ng factor) in the 

first group of intra-fruit sub·-regionY "and 

m 

n( 2) = I ni 
i=m+1 

to be the total number of subjects in the second group. Let the proportion in 

the first group be denoted P1 ' where 
1n1 

\' n.p. 
L..J 1 1 

1=1 
P1 = ----

n(1) 

and in the second group be denoted P2 (worked out with its 8ppropriate n(2»). 

Then 

2 
X diff 

pq 
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with one degrse of freedom , mRy be us ed to t est for the significance of the 

difference between ~1 and r 2 ~ (~ = 1 - p ; and n = n(1) + n(2». The statls 
rn 1 

2 )( grou P1 
1 

pq 
'\ n. (p. L 1 1 

1==1 

- )2 
- P1 ' 

with m
1 

- 1 degrees of fre edom, may in turn be used to test the significance of 

the differences among the m1 prcportions in the first group, and the statistic 

In 

1 I - )2 n.(p. - p pq 1 1 2 
i=m1+1 

with m
2 

- 1 degrees of freedom, that among the second group .'1 However, if the 

partitioning of the samples into groups is suggested by the data instead of 

being planned beforehand, II ••• each of the )(2 values should be referred to the 

critical value of chi square with In - 1 degrees of freedom, (i.e. the largest 

degrees of freedom number) and D£! to the critical valu es of chi square with 

1 , m
1 

- 1 and m
2 

- 1 degrees of freedom respectively." (The effect of using t 

larger number of degrees of fre e dom is of course to render the test more con­

servative, i.e. larger chi-square values are required fo r significance.) 

The above X2 analysis and its related note on the permissible number of 

degrees of freedom was applied to the sets of data of sub-sections 2.5.1.7 and 

2.5.2.7. The purpose of these tests was to statistically identify specific int 

fruit sub-regions in which abortion was more prevalent. One of the longer-term 

purposes of the tests of this sub-section was to identify specific sub-regions 

of the fruit which could, in the future, be subjected to a more intensive com­

parative study. 

The differences between the carpellary margin and pl acental edge sub-regia 

suggested itself even before examining the data; and these were tasted against 

the one degree of freedom chi-square val ue. ather groupings were tested agains 
2 

the more conservative chi-square values . Finally, a total X over the whole 

series of similar tests (i.e. for a whole set of fruit for any given specific 

intra-fruit sub- regional comparison ) were applied to test for consistency of th 

differences over a whole set. 

1. In s~ub-sec ti...Q.ns 2.5.1.~~5.1.9 and 7. . 5.1.10 for an Qutumn sel., a multipJ. 

regression analysis is presented to test the separated simultaneous effects of 

competition factor Xi (extent or intensity of early seed development) and a 

positional effect (vi z. either that a sub-region occurred along the carpellery 

margin or else along the placental edge) on the intra-fruit abortion rate. The 
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regression model used, which is presented in Appendix 15 as well, was 

where p = regression fun ctiorl fur the prcP_Clrt..io n of aborted seeds, in the t rans 

formed mode of angular degr 89G. The reason the abor tion proportions were trans 

formed to angular degrees was beG2USe it was intended to test the significance 

of the regression co-effic i ents, b
1 

' b
2 

and b3 ; and t-tes ts on the latter ar 

only valid on data which, 0;1 the nul l hypothesis, have an underlying normal dis 

tribut ion (Siegel, 1956; Rayner, 1969). 

In the above model: bO ' b1 ' b
2 

an d b3 are r egression constants for 

a given fruit - (tha t is, r egression equations were fitted for each fruit in an 

autumn set); x
1 

= a "dummy'! vari able = 0 for the A, B, C, 0 ( carpellary margin 

fru i t sub-regions, a~d x1 = , for the a f b, c, d (placental edge) sub-regions ; 

x
2 

= Xi ' a competition factor (extent or intensity of early seed development 

introduced in sub-section D); and x3 = (xi? • The use of a "dummy" variable 

(the concept and application of which is explained in Draper and Smith, 1966 ), 

was made in order to separate out the effects due to the carpellary margin vers 

placental edge po sition within the fruit. 

Being a multiple linear regression model, the res iduals, 8. (formed when 
1 

the regression was applied to the data) were examined. For tests of significan 

on the regression co-efficients b1 ' b2 and b3 to be valid, the ei = (Pi - Pi ) 

should be randomly distributed (Draper & Smith, 1966). An e. = (p. - p.) = a 
1 .l 1 

residual valu e when an estimated p. is 
1 

subtracted from a given observed p. in 
1 

the transformed mode. A p. is estimated 
1 

given fruit for a particular (ith) fruit 

by the regression function "p" of a 

sub-region when appropriate regression 

constants and the observed corresponding Xi (and x1 = 0 or 1) values are sub­

stituted into the regression function, p. To illustrate: if the computed 

regression function for a fruit is p = 50,0 + 15,0 (x,) - ',5 (x
2

) + 0,01 (x
3

) 

then when x1 = 1 (e.g. frofll the b intra-fruit sub-region), x
2 

= 30,0 and 

x3 = 900 (1. 8. X3 = ~ = 302
); 1\ for the above substitutions is then 

~. - 50,0 + 15,0 (1) - 1,5 (30,0) + 0,01 (900) 
1 

= 29 angular degrees. 

If the observed abortion rate in the transformed angular mode for ~ 

particuler (i th) sub-region for that frui t was p . ::= 37 , then 
1 

e. = p. - p. = 37 - 29 = 8. If the e. for the eight (A, Q ••• 0, d) i~tra-
1 l. 1 1 

fruit sub-regions are randomly distr i butad in a narro w parallel band about zero 

for the rangG of Xi values substituted, then the lillear mod el is appropriate to 

the data, and tests of siqnificanc8 on thfJ reoression r.n-I'lff iripnt.<> .. lill ho 
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valid (D raper & Smith, 1966). If the residuals fan out, or folluw an arc, ur 

deviate in some other noticeable pattern, then the model needs to be altered . 

Thus, a band of residuals in an arc form suggests that perhaps a quadratic term 

is required. The model actually presented for the data analysed in Appendix 15 

and sub-sections 2.5.1.8 to 2.5.1.10 actually needed the qu adratic term 

x = (x .? • 
3 1. 

The e. residuals should be random. In terms of the format of the data usee 
1. 

viz. that p. and x. values were actually drawn from either A/a, B/b , C/c or 
1. 1. 

D/d sub-regions, the residuals had to be traced back to their sub-r.egional 

sources to see if any non-random patterns persisted. One way of doing this was 

to rank the e. for any given fruit in terms of their magnitude. 
1. 

A concordance 

I (w) test was 

question. A 

applied to such 

significant (w) 

rankings for all the fruit of the autumn set in 
2 

or X test would imply that the largest to smalIes" 

deviations from the fitted regression line tended to concentrate in some per·­

sistent, i.e. non-random pattern, thus invalidating the regression model used, 

and casting doubt on the regression co- efficients and their tests. 

Two-tailed t-tests were carried out on the regression co-efficients of Bacl 

fruit, and the chi-square test, X2 = [r: - 2 "In pJ ' was applied to the probabil" 

values associated with these t-tssts, thus giving an overall chi-square analysi: 

for the whole set of fruit. 

This concludes the overview of the rationale and statistical methodology 

that is applied .to the data presented in 2.5.1 and 2.5.2. Once the results and 

separate implications of each sub-section has been presented, it will remain to 

draw them all together into an overall assessment and conclusion, and relate 

this to the anatomical and morphological survey presented in 2.3. 

2.5 RESULTS AND DISCUSSION: INTRA-FRUIT DISTRIBUTION OF ABORTION 

2.5.1 Autumn sets 

Table 12 presents the distribution of normal and aborted ovul e/s 

types as found in 14 ripe fruit set in autumn, 1970. This sot had been hand­

pollinated. The various ovule/seed types are those referred to in Plate 2b. 

In Table 12 the two typologies are set side by side to show their equivalencies 

From Table 12 it can be seen that, of the sum of all ovules plus seeds, 

(mean 1635 per fruit), apprm<imately 30 per cent l.liare 'unfertilized', (U); 

approximately 35 per ce~t were slightly developed, (5); very few 'partially ' 

developed ( p); and eppruximately 3S per cent reached full developm8~t9 (F) . 



TAB LE 12 

Seed/ovule 
type 

de s i gna tion 

dB 

dG 

cOL 

cWL 

cWs 

b 

a 

TOTAL: 

Dis tr i bution .. ·f lIur,nal r;nd abor·te d seeds and ovules from 14 

r ipe wh ole papaya fr ui t s se t in au tumn, 1970 (hand­

pollina ted) 

~--r--"'~~ -

Total I Seed/ovule Mean no. Mean no . ~ t % no. per f r ui t 70
, • ype . per fruit 
Ii deslgn a tlon 

.. -~ .. ..,..--...J .......... 

219 16 1 J O I ~""'- F 572 34 , 9 
7 782 556 34,0 

73 5 0,3 , 

P 7 0,5 
32 2 0,1 -- I 

631 45 2,8 I 
S 569 34,8 

7 332 524 32,0 

6 825 487 29,8 U 487 29,8 

22 894 1 635 100 TOTAL: 1 635 100 

J 

J 
Most of the latter were 'grey' (dG) seeds. Of the slightly developed seeds (5) 

the great majority were small, flatt8neJ (b) seeds. 

Table 13 represents data of Table 12 when divided into the four fruit 

quarters - Aa , Bb , Cc , Dd. As a preliminary remark it may be noted that thl 

total number of ovules and seeds in the top quarter, Aa , vi z. 4175, is notice· 

ably less th an that of the other quarters, even that of the bottom quarter Dd. 

It could be expected that Aa and Dd , with similar shapes (Plate 2a), relative 

to that of the Bb , Cc sub-regions, would have had similar numbers. The differ· 

ence is due to a larger proportion of the ovules i n the Dd quarter not having 

been fertilized, so that for e similar placental ( surface ) area, the latter had 

many more ovules. There were differences between the thickness of the fruit wa: 

beneath the pl acental surface, as may be seen in Plate 2a. This difference in 

thickness seemed to be related to (i) the difference in morphological position 

i n the fruit; and (ii) the proportion of ovules for the same placental surface 

area which had become fully develo~ed seeds . 

With regard to the comp 4rativ8 di s tribution of eac h OVUle/seed type, the 

highest percen t age of fully developed seeds ( F) occurred in the second quarter, 

Bb , follo wed by Cc , Aa and Dd. The range was from appreximately 40 to 2a pe: 

cent. With r egar d to the par ti all y-devoloped seeds , the highes t percentage was 

in Cc , followed by Bb , Dd and finally, As , but the actual proportions we r e 



TABLE 13 Di stribution of send/o'JuI0 ... :.pes wi thin f l'ui t-qu arters 

FRUIT 
SUB-REGION 

No. 

Aa % 
Rank 

No. 

Bb % 
Rank 

No. 

Cc % 
Rank 

No. 

Dd % 
Rank 

Total no. 

of 14 ripe whole pap aya fruit of 1970 autumn-set 

(hand-pollina Lsd ) 

_.~ ___ r-_ _ oa . " . '-_.'-=: 

S E E 0 i 0 V U L E T Y P L , l.. 

-"!-~~ -~-r---;- To tal 
F U , -t---~ I .-

I 
1 285 15 

I 
2 195 679 4 175 

30,8 o , ~58 52,6 16,3 100 

3 4 1 4 

2 430 29 2 553 1 023 6 035 

40,3 0,48 42,3 17,0 100 

1 2 2 3 

2 539 32 1 940 2 027 6 538 

38,8 0,49 29,7 31 , 0 100 

2 1 3 2 

1 747 28 1 275 3 096 6 146 

28,4 0, Lj.6 20,7 50 9 4 100 

4 3 4 1 -
8 001 105 7 963 6 825 22 894 

~le an no. ~ 
per fruit 

572 7 569 487 1 635 

Over all % 34,9 0,5 34,8 29~8 1 
Rank refers to the % score in a given column, i.e. for a 

particular seed/ovule t ype down the fruit sub-regions. 

100 

150 

rathe r low, ranging from 0,49 to 0,38 per cent. (The r anking order then, was 

not important.) 

For the slightly develop ed s8eds (S)r howe ver, the range in percentage was 

quite marke d, ( app ro ximately 53 to 21 per cent), and the order was straight dowr 

th e fruit quarters, viz. Aa , 8b , Cc , Dd . Similarlys for the unfertilized 

ovules (U) ~ the percentage range was from app roxi matel y 16 to 50 per cent, but 

with the highest proportion being at the bottom of the fruit (Od), the order bej 

the rellerS8 of that f or " 5" seeds, vi z . Dd I Cc , Bb , Aa. Thi s order of "U" 

ovules reflects the pattern of sub-regions with least to most penetration by 

pollen tubes . 
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On the other hand, s i nce there wero ver y few parti ally- develop ed seeds ( p) . 

and most of the slightly-developed seods (S) we re the flatt ened "b" type 

( Table 12), the order for !! S" S88nw to r efle.ce that of one peak abortion with 

most of it having occurred at the top of the fruit and least at the bottom. Th! 

order of the fully-d evelop ed seeds (F) Beams to be the resultant of the two 

opposite trends in "5" and "U" ovules/s8e d s ~ the most advantageous sub-regions 

being i n the middle of the f r ui t. 

Table 14 sets out the same kind of data as in Table 13 , but for the non­

hand-pollinated autumn set of 1973. Although the mean number of the estimated 

sum of all ovul es plus seeds per fruit (1 579) was similar to that of the hand­

poll inated set of 1970 (1 633) t he percentage of all ovules fertilized was 

considerably lo wer. This can be inferred from t he finding that approximately 

69 per cent of all ovules remained unfertilized in the non~ hand-pollinated sot 

(co mpared with the approximate 30 per cent of the hand-pollinated set). 

Con tinuing the comparison, in ~he non-hand-poll ina ted set there were 

rel atively more partially-developed seeds (p), almos t the same amount as that 01 

the slightly-developed seeds (5), i.e . approximatel y eight per cent each. Ther! 

we re relatively more fully-developed seeds (F) than "P" and ttstt types, although 

compared to the hand-pollinated set, only about 15 per cent as against 35 per 

cent r espectively. However , wh en, compared against ttptt and "S" seeds added 

together, the relative pro portion of "FH seeds to these was approximately t he 

same for both se t s, viz. about one to one. 

There was a difference i n the ranking of sub-regions for fully-dev eloped 

seeds, although the Bb s ub-region, again, had the largest proportion of these ; 

the top qu arter (A a ) was the second highest as against third highest in the 

hand-pollinated set . This was in spite of the r a nking of "5" and "Un s ee ds / 

ovules being the same for both sets. The greatest proportion of partially­

develop ed seeds (p) also occu rred in Aa. 

In comp aring Tables 13 an d 14, it appears that there was probably no peak 

in abortion for the non-hand-p ol linated set, the abo rtion types being appnrentl) 

more evenly distributed. This may have been because of a much lower percentage 

of ovules being fertilized (due to presumably l ower quantity of applied pollen) 

with a subseque~t lower inter-seed competition . 

Table 15 is the data of Table 14 broken down further into the eight fruit 

s ub-regions: (A, a , 8 , b , C , c , 0 ,d). From the ranking of the "u" 
(unfertilized ) ovules, it appears th a t the pattern of pollen tube penetration 

was A t B , a b, C cD , d SUb- r egIon s. The r anking of "5" seed types 

l~ a s a A b c , 8 d C and D. For the partially- devoloped seeds (p) 



-

TA BLE 14 Dis t r ib ution of seed/o vule type s within fru i t-quarte rs 

fr om two to four longi- (1/ Sth ) -po r tions of 15 papaya 

fru i t s of 1973 au tumn set (non- hand-pollinated) 

FRUIT S E E D / 0 V U L E T Y P E 

SUB-REG I ON 
To tal 

F P S U 

No. 413 341 383 1 104 2 241 

Aa % 18,43 15,22 17,09 49 , 26 100 

Rank 2 1 1 4 
-

No . 840 393 383 2 481 4 097 

Bb % 20,50 9 ,59 9 , 35 60, 56 100 

Rank 1 2 2 3 

No. 513 257 242 3 230 4 242 

Cc % 12, 09 6,06 5,70 76: 14 100 

Rank 3 3 3 2 

No. 233 132 106 2 553 3 024 

Dd % 7,71 lj,37 3,51 84,42 100 

Rank 4 4 4 1 

Total No. o • • 1 999 1 123 1 114 9 368 13 604 

Estima ted } 
no. per 232 130 129 1 088 1 579 
whole fruit , 

Ov er all % .. '14,69 8,25 8, '19 68,86 100 

Ran k r efe rs to the % score in a given column, i.e. for a parti­

cular seed/ovule typ e do wn the fruit s ub- regi ons. 

152 

f 



TAB LE 15 Distr i bu tion of seerl/o vule t ypes with i n t he 8 sub­

regio ne from two to four longi-(1/5th ) -por t ion s of 

15 papoya fr ui ts of 1973 autumn set (non- hand-

poll i natod ) 

- --..-,.-.. 

FRUIT S E E o / 0 V U L E T Y P E 
"--..-.~ Total SUB- REGI ON '-,- I 

F P S U 
~~ 

~...:"w;.-,. ___ 

'----~-

ND. 2:18 141 118 356 853 

A % 27,90 16, 53 13,83 41,74 100 

Rank 2 1 2 8 

No. 175 200 265 748 1 388 

a % 12,61 14,/-1-1 19,09 53,89 100 

Rank 6 2 1 6 

No. 510 193 109 850 1 662 

B % 30 , 69 11 ,61 6,56 51,14 100 

RanI< 1 3 5 7 

No. 330 200 274 1 631 2 435 

b % 13,55 8,21 11,25 66,98 100 

Rank 4 4 3 5 

j No. 336 127 71 1 273 1 807 

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

Rank 3 5 7 4 

No. 177 130 171 1 957 2 435 

c % 7,27 5,34 7,02 80,37 100 

Rank 7 6 4 3 

No. 167 56 29 1 061 1 313 

0 crt 
/0 12,72 4,27 2,21 80,81 100 

I Rank 5 8 8 2 . -

No. 66 76 77 1 492 1 711 

d % 3,86 4,44 4,50 87,20 100 

Rank 8 7 6 1 

Total No. 1 999 1 123 1 11Lt 9 368 13 604 

Overall % 14,69 8 9 25 8, 'i9 I 68,86 

~ 
Rank refers to th e % score in a given column, i.e. for a parti­

cul a r seed/ ovule type down the f r uit s ub- r egions. 

'1 53 



154 

it was A , a , 8 , b , C , C I d , D. It 8eems as if t he order of abortion 

incr8ased the closer a sub-region was to the stigma-end, Dr the earlier a sub­

region received pollen tube penetrations. rrom the r anking of fully-developed 

seeds (F), viz . B , A , C , b , D ? a f c , d , the carpellary margin sub­

regions also appeared to be mOle favourable for a higher proportion of "F" seed 

With such a hi gh percentag e of total Gvulea not being fertilized, both t he ran~ 

ing of sub-regions wi t h fully-developed sBsds , and that of abortive ty pes was 

approximately the same ( i.e. til8se rankings lJJ8re not mutual ly exclusi ve ). 

If one discounts the "U" ovules as being a component part of seed abortion 

on e is left with the proportion of (p + S) seeds relative to (F + P + S) seeds 

as being the estimator of seed abortion. Table 16 presents thi s r ate for the 

non-hand-pollinated autumn set as a whole. The ranking of sub-regions relative 

to thi s seed abortion rate was a , d , c , b , A , B , C , D. Conversely, of 

just those ovules which (most l i kely) received a pollen tube, the order of 

sub-regions to have develop ed the most normal (F) seeds was 0 , C , B , A , b , 

c , d , a. That is, the greatest f requency of abo r tion occurred along the 

placental edge as opposed to the carpellary margin; and within either of these 

two major sub-regions, the top quarter of the fruit had the most abor tions. 

The abo ve tables presented data for whole sets of fruits. The sets were 

not necessarily homoge neous, especially that of the non- hand-pollinated autumn 

set of 1973. Th e da t a has therefore been broken down into that of individual 

fruits and various statistical tests have been applied to this body - of data. 

2.5.1 . 1 Concordan ce test on the distribution of ovule and seed types. 

Appendix 3 provides the results of con cordance tes ts on the ranks of the in t ra­

fruit proportions of different ovule/seed typ es for the hand-pollinated set of 

autumn, 1970. From Appendix 3 , Table 3. 1, it can be seen that the overall 

ranking (fo r the whole set ) of the pr.oportion of "a" ovules to all ovules and 

seeds was significant (p ~ 0,01). The r anki ng in t erms of the highest to lowes 

proportions of lIa" unfertilized ovulos was Od , Cc , Bb , Aa. This confo rms 

the impression form ed fr om Table 13 (r anking of "U" ovules). 

Th e pattern of "b", flattened, slightly-dev eloped seeds, relative to the 

total numb er of ovules/seeds was also signifi cant (p ~ 0,01). The overall ran~ 

ing for the whole set was Aa , Bb f Cc , Dd , i .e. the more of these the cluser 

th e sub- regi on was to the stigma end ( Appendix 3, Table 3.2). The pattern s for 

"eWs" , IIcWL" an d "cOL" seeds, however, were not signific ant (Appen dix 3, Tables 

3.3, 3. 4 and 3,5 re spectively). It hos already been poin ted out that the great. 

est propo rtion of "aborted seeds" for this set was amongst t he lib" seeds, with 

on l y a ralatively small contribution fr.om the other typ eD - (Table 12) . Tha 



TABLE 16 Distribuli an of seed tYP8S and s8ed abortion rates 

within 8 sub--regio rl 3 frrm two to fOLir longi­

(1/5th) -port ions of 15 papaya fruits of 1973 

autumn l.:Bt (non-hallo-pollinated) 

FRUIT SEf:-~'-';~~ -l"' IlSeeds" Seed r:~~rtion 

I-_S_U_B_-~RE_G_I_ON-+':.-_~-F~~~~--_.~ I -;_--~·'----I __ ~~~(~p_+~S-)~~ _ .. ---+ (F -I- P + 5) % 

No. 238 141 I 118 497 

A % 
Rank 

No. 

a % 
Rank 

No. 

B % 
Rank 

No. 

b % 
Rank 

No. 

c % 
Rank 

No. 

c % 
Rank 

No. 

47,89 

4 

175 

27,34 

8 

510 

62~81 

3 

330 

41,04 

5 

336 

62,92 

2 

177 

28,37 

:3 

200 

31,25 

2 

193 

23,77 

7 

200 

24,88 

5 

127 

23,78 

6 

130 

37,03 27,20 

6 4 

167 56 I 
D % 66,27 22,22 

8 Rank 1 

No. 

d % 
I Rank 

Total no. 

Overall % 

66 

30,14 

7 

1 999 

47,19 

76 

34,70 

1 

1 123 

26,51 

23,711 

5 

265 

41,41 

1 

109 

13,42 

6 

27/+ 

71 

13,30 

7 

171 

35,77 

2 

29 

'i 1 ,51 

8 

77 

35,16 

:3 

1 114 

26,30 

100 

640 

100 

812 

100 

804 

100 

534 

100 

478 . 

100 

252 

100 

219 

100 

4 236 

100 

52,11 

5 

72,66 

1 

37,19 

6 

58,96 

4 

37,08 

7 

62,97 

:3 

33,73 

8 

69,86 

2 

52,81 

Rank refers to % scor.e in a given column, i.e. for a parti­

cular seed type down the fruit sub-regions. 
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DL)" seeds was thus no t surpris~ 

Th e pattern of fully-d8veloppd, 9roy seeds was signif i cant (p ~ 0,01; 

Appendix 3, Table 3.6 ) . Ths highes t r elati ve frequency was in the Bb sub-regiol 

followed in order by Cc Dd, Aa. The lO'JJest ranking for the top quarter, 

Aa , ti es in loi th that of the r eversed (hi ghest) ranking for the "peak" abortiol 

type , "b". The overall ran king for the blsck, "fully-developed" seeds , dB , 

was not significant ( Appendix 3, Table 3.7). It has already been seen from 

Tabl e 12 that there were relatively very f ew suc h seeds, so this result is not 

surprising. 

App endix 5 presents a similar concordance test on the ran kings of ovule! 

seed types from the non- hand-pollinated autumn set. This was done on the 

"F - p - 5 - UrI typology of OVUle/seed t ypes. 

From App endix 5, Table 5 .1 , it is clear that the overal l ranking of su b­

regions for the proportion of "U" ovules r el ative to the sum of all ovules plus 

seeds was significant (p < 0,001). The overall ranking, in terms of highest to 

lowest frequency per sub-region was d , 0 , c , C , b , B , a , A. This probal 

reflects the effect of the pattern of pollen tube penetration. 

The overall ranking of the pattern of "51! seeds per total ovules and s eeds 

was also significant (p < 0,001). The order from highest to lowest was a , A , 

b , c , B , d , C , D. Rel ati ve to the total of ovules plus seeds, the ove ral. 

ranking of "P" seeds was also significant (p < 0,001; App endix 5, Table 5.3). 

Th e order for highest to lowest frequency was A , a , B , b , C , d , c , 0 • 

The top half of the fruit thus was more susceptible to having this type of seed 

Fully-developed (F) seeds wer e also significantly ranked for the whole set 

(p < 0,001 ; Appendix 5, Table 5.4). The ove rall ranking was B , A , C , 0 , 

b , a , c , d. The greatest proportion of fully-developed seeds tended to be 

concentra t ed along the carpel l ar y ma r gin, fro~ the top of the fruit to the bottl 

(except that the 0 sub-region was hi ghe r than t ha t of the A sub-region). The 

pattern seems to reflect that of the most likely pollen tube penetration. 

When the contribut io n of "U" ovules wa s discounted, so that the ranki ngs o' 

the remaining types was relati ve to only that of the seeds which showed signs 0 

development, the distribution of 115" seeds was still significant (p < 0,001; 

App endi x 5, Table 5.5). The order then was B , C , b , d , A , 0 ) C , B • 

Again, this overall ranking suggests that abortions of this seed type were mol'S 

prevalent along the placental edge, and more a t the fruit apex. The overall 

ranking of liP" seeds to total (F + P + 5) seAds was D.£..t. significant (A ppendix 5 
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Table 5.6); but that of tho "Fl/ seeds u!e.1S significant (p < 0,001; Appendix 5 f 

Table 5.7). The overall ri:.1idd.ng of ":-tJ to 8] 1 seeds was 0 , C t B , A t C , 

d , b , a. That is, the groatest proportion of fully-developed seeds were alo 

the carpellary margin, fro m the base Df th8 fruit up to the apex or top quarter 

The same trend, from base L!.J apex, 8xisteri far the placental edge sub-regions, 

except for an interchange in ortic:' r betuJecn c and d sub-regions. 

The concor.dance tests of Appendic8s 3 and 5 were largely confirmatory with 

respect to the distribution of Lllldsvelored (1vules "U" or fla", and of fully­

developed seeds "F". A difference betweell the hand- versus non-hand-pollinated 

sets was in the significance of the "P" seed type (cWL plus cOL). The failure 

to find significance for this type in the hand-pollinated set was probably due 

to its generally low proportion in this set. However, when "P" seeds were com­

pared against the total number of seeds (i.e. excluding ovules), their distri­

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

2.5.1.2 
2 

X tests on t~ifference in abortion rates between carpellary 

margin and placental edge regions. Appendix 4 provides the 

basic data from which further tests were applied to the non-hand-pollinated 

autumn set of 1973. Appen dix 6, Table 6.1 presents '!Total X211 on the abortion 

rates (p.) for all sub-regions of each fruit of this set. The additive Total X 
l 

of the individual fruit Total X2 was highly significant; as was the Hetero-

geneity X2, so that the Pooled X2 valu e was somewhat meaningless. However, the 

chi-squ are value (l = [E - 2 In p J) gave another check on the whole set, and 

whilst this chi-square value (with a greater n~mber of degrees of freedom, and . 
hence more str ingent test) was lower than that of the Pooled X2, it was still 

highly significant. The implication, ttlen~ was that there were significant 

differences among fruit SUb-regions with regard to the abo~tion rate p. 
l 

(Appendix 4), and that these differences also occurred throughout the set as a 

whole. 

Following on from that result, Appendix 6, Table 6.2 presents "l differen 

tests on the abortion rates p. between carpellary margin (A 1 B , C , 0) and 
l 

placental edge (a , b , c , d) fruit sub-regions. The additive Total X2 value 

for the individual fruits I "X2 differences l1 values was highly significant. The 

was, again, a highly significant Heterogeneity i, implying that the extent of 

IIdifferences ll varied from one fruit to the next. Thus the Pooled .. l value for 
the whole set is misleading. However, tre alternative i value = [E - 2 In pJ 
was still highly significant. This implios that although the fruits of this se 

varied appreciably in regard to the "d ifferences ll in abortion rates between 

carpoll ary m8I'gin and placental edge sub-regions, these "differences" were 
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nevertheless lElI'ge enough t hrGughout the whole sat when considering one fruit 

afte r the other. 

To test this in another way (Appen d i~ 7), a concordance test on the ranks 

of the abortion rates p. , Lasts the cunsistency of the order of p. rates from 
l ]. 

one fruit to the next. The result was hi g~ly significant, and the ove rall 

rankin g of abortion rates per fruit sub-region was a , b , d , c , A , B , C 

D. That is, abortion rates were consistently higher in the placental edge 

regions, and consistently higher towards the upper part of the fruit for both 

placen tal edge and carpellary margin sub-regions (with ths exception that in thE 

placental edge s ub-regions, the basal d region tended to have a higher rats thar 

that of the adjacent c region). 

2.5.1.3 Concordance test on the distribution of a competition factor. 

Appendix 8 provides a conco rdance test on the rankings of a competition f actor 

x. of Appendix 4, viz. the intensity or extent of early seed development per 
l 

fruit sub-region. The test was highly significant, implying that there was a 

consistent pattern between fruits of the 1973 autumn set. The overall ranking 

was (in order of highest to lowest deg ree of early seed development) A , a , B 

b , C , c , 0 , d. This was as expected, given the findings of 1.3.1 on early 

seed development in the 1971 autumn set, particularly that of the pattern of 

pollen tube penetritions (1 .3. 1.3, Fig. 6), vi z. a pattern virtually the same a: 

the above. 

2.5.1.4 
2 

X and t-tests,..£n the differencs in the compeU tion fac,tpl' intens. 

between carpallary margin and placental edge regions. Tak ing tt 

test of Appendix 8 still further, Appendix 9 shows the overall X
2 = [~ - 2 In p 

on a series of paired t-tests. The t-tests evaluated the associated prohabili­

ties of getting the mean difference in the competition factor (extent or in tens. 

of early seed development) between adjacent four pairs of carpellary margin 

versus placental edge sub-regions for the given individual fruits. The author 

interprets these test results to imply that although about half the individual 

t-tests, (wi th only three degrees of freedom each), proved inconclusive, the 

overall pattern as judged by the overall l = [~ - 2 In pJ was significant. 

That is, even the mean value of the four' pairs of differences (A.- a , B - b , 

C - c , 0 _. d) was likely to be significant. in a given fruit. 
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2.5.1.5 Quantitative X2 t es t s on-l~~13tion between the competition 

facto r and abor t i £n r ~ie q . Given the previous results indicat­

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

fruit, Appendix 10 shows the quantitativa re l ationship between this competit ion 

factor and the abortion rates within the fruit. Appendix 10, Table 10.1 shows 

t tests for the carpellary margin (A , B , C 1 D) sub-regions whereas Appendix 

10, Table 10.2 shows these for the placental edge (a , b , c , d) sub-regicns. 

2 
Taking Appendix 10, Table 10.1 only, the additive Total X on the indivi-

dual Total l 's was highly significant. However, the Heterogeneity t was also 

significant, implying differences between fruits with regard to the differences 

in abortion rates within fruits. Disregarding the Pooled X2 for this "Total X2 

then, the alternative X
2 = [:E - 2 In pJ was still highly significant. That is, 

differences in abortion rates within the carpellary margin sub-regions existed 

for the set of fruit as a whole. 

Testing thereafter, the relationship between the competition factor and 

abortion rates, the additive Total X2 on individual "X2 slope" was highly signi 

ficant. The Heterogeneity X2 for the same series was just significant at the 

five per cent level, so disregarding the significant Pooled X2, the alternative 

Xi = [:E - 2 In pJ was still highly significant. Although not presented here, 

the regression relationship between the competition factor and the abortion 

rates tended to be positive. This trend can be picked up by comparing the pair 

of x. and p. values of Appendix 4. The implication here was that although ~ 
l. l. 

~ of the individual tests on the regression co-efficient, as judged by 

"X
2 

slope", did not reach significance, the overall trend was significant. Th 

is, generally, greater abortion rates tended to be positively associated with 

greater degrees of early seed development within any given fruit. 

22 . 
The additive Total X test on the individual "X linearity" values were 

highly significant, suggesting that the relationship between the competition 

factor and abortion rates was not linear. The Pooled X2 for the series of lit 
linearity" suggest that there was no significance, thus suggesting that the 

differences among fruits with regard to the degree of linearity cancelled each 

other out when data was pooled. However, the Heterogeneity X2 for this series 

was significant. In addition, the 'significant' alternative X2 = [:E - 2 In pJ 

test also sugges ted that the relationship was not well represented by a straigh 

line. To put it in another way, the abo rtion rates within the fruits, although 

tending to be positively associated with the extent of early seed development, 

was neverthel ess not well represented by a single termed linear relationship. 

App en dix 10, Table 10.2 presents the same analysis for t he placental edge 

sub-regions on their own. The rosults are the same as t ho se fo r t he carpellary 
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margin sub-regions, the diff erence being th at the X2 values for just about 

every test were higher for the placental edge sub-regions. 

The above Appendix 10 rel3ted abortion rates found within ripe fruits uJith 

the estimated intensity of early seed development for the same fruits. 

Appendix 11 represents a similar analysis on the effect of early seed develop­

ment or early seed abortion as observed a t the sixth week after anthesis in the 

1971 hand-pollinated autumn set. In Appendix 11, Table 11.1, the estimator for 

early seed development was the mean cross-sectional area of the median longi­

tudinal plane between inner integuments for a given fruit sub-region. The 

measure for early seed abortion was the proportion of pollinated seeds lacking 

normal endosperm. A second estimator of early seed development was used, as 

shown in Appendix 11, Table 11.2, viz. the percentage of pollen tube penetra­

tions. The latter approximates the maasure of early seed development used on 

samples from ripe fruits, already presented in previous appendices, viz. the 

percentage of total ovules plus seeds that were fertilized, 

for each fruit sub-region. 

[ 
F + P + 5 ] 

F + P + 5 + U . 
1. 

Appendix 11, Table 11.1 provides the basic data for this sample under n. , 
1. 

x. and p. • The rest of this table provides details of the regression and 
1. 1. 

X2 types of analyses (only part of which has been presented in previous appen-

dices). Considering now only the X2 analysis, and taking the analysis repre­

sented at the bottom of the table firsts the "X2 total" for the sub-regions 

A , a , o , d was highly significant. The "X2 slope" was also highly signi 

ficant, and negative in slope. The X2 linearity was also significant at the 

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

Considering now only the carpellary margin sub-regions, A , ••• 0 , the 

"X2 total" was just significant at the five per cent level. "X2 slope" was 

significant at the one per cent level, and the slope ll!as negative. "X2 linear-

ity" was not significant, implying that the 

(i.e. between the estimator of intensity of 

measure of the abortion rate) ~ linear. 

relationship between x. and p. 
1. 1. 

early seed development and the 

With regard to the placental edge sub-regions on their own, i.e. a , ••• d 

the "X2 total" was highly sign.i. fi cant; "X2 slope" 1I1as significant at the five 

per cent level, and the slope negative; whilst the "X2 linearity" was signifi­

cant at the one per cent level, implying that the relationship was not linear. 
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The ~ analysis of Appendix 11, Table 11.2 follows very closely that of 

Appendix 11, Table 11.1, suggesting that the percentage of pollen tube pene­

trations was an accurate index for the methodologically more appropriate (para-

metric) measure of x. in Appendix 11, Table 11.1. 
1 

used in the samples from ripe fruits, viz. 

[ fr + S) J 
(F + P -I- S) . 

1 

Perhaps then the index, 

was a good measure of the degree or intensity of early seed development. 

Comparing the results of Appendices 10 and 11 respectively, one marked 

difference was that whereas: 

(i) the effect of a greater degree of early seed development in the hand­

pollinated autumn set of 1971 at the sixth Iveek was associated with 

lower proportions of early seed abortion; and 

x. , 
1 

(ii) in the case of the non-hand-pollinated autumn set of 1973 2t fruit 

ripening, the effect on later and final seed abortions was positive, 

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

abortion rates). 

In comparing x. and p. data of the hand-pollinated set of Appendix 11, Table 
1 1 

11.2 (at the sixth week after anthesis) with that of the non-hand-pollinated 

set of Appendix 4 (at fruit ripening), it is interesting to note that the per­

centage of pollen tube penetrations (x.) was much higher for the hand-pollinate l 
1 

set at the sixth week, whereas the abortion rates of the same hand-pollinated 

set were much lower than those of the non-hand-pollinated set seen at fruit 

ripening. It has already been suggested in 2.3.2 that the bulk of early seed 

abortion occurs afte~ the sixth week. This seems to be supported by the evi­

dence of low levels of apparent seed abortion at the sixth week, and the appar­

ent opposite effect of the intensity of early seed development on seed abortion 

The seed abortion up to the sixth week may have been related more to the late­

ness in arrival of pollen tubes. This lateness in arrival would likely have bel 

negatively correlated with the percentage of pollen tube penetrations. 

2.5.1.6 Qualitative X2 tests on an ordered distribution of abort jon along 

the fru it stem-apex ax~. Appendix 12, Table 12.1 presents the 

result of a qualitative chi-square ()~.2) test on an ordered distribution of seed 

abortions in the carpellary margin sub-regions. This hypothesized order was 

A > B > C > D. This order was confirmed in half the fruit (p 5 0,05), and 
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about two-thirds had associated X2 probability levels less than 10 per cent. 

(The author knows of no overall chi-square test applicable to a series of these 

X2 tests.) 

The results of this test on the aborti on rates of the placental edge sub­

regions was similar to that of the carpellary margin sub-regions. From these 

tests it is apparent that the majority of fruits sampled from the autumn set of 

1973 had a gradient of seed abort ion, increasing from the base to the stigma en 

of the fruit. 

2.5.1.7 X2 tests on the distribution of abortion within the fruit stem-

apex axis. Appendix 13 presents a series of X2 tests on the 

differences in abortion rates between selected sub-regions within either the 

carpellary margin or the placental edge for fruits set in autumn, 1973. An 

addi tive total X2 was applied to each of "these comparisons. The results were a 

follows:-

Within the carpellary margin sub-regions 

(i) there was no significant differences between ABC versus 0 sub-regions 

(Appendix 13, Table 13.1); 

(ii) highly significant differences between A versus BC sub-regions 

(Appendix 13, Table 13.2); and 

(iii) no significant differences between BC versus 0 sub-regions (Appendix 13, 

Table 13.3). 

With regard to the placental edge sub-regions:-

(i) there were significant differences at the five per cent level for 

abc versus d sub-regions (Appendix 13, Table 13,4); 

(ii) there were highly significant differences between a versus bc sub­

regions (Appendix 13, Table 13.5); and 

(iii) there was no significant differences between bc versus d sub-regions 

(Appendix 13, Tabl8 13.6) . 

Since the result of Appendix 13, Table 13.6 was not significant, the signi. 

ficance between abc versus d sUb-regions was real ly due to the abortion rates 

of sub-region a. Thus the results of Appendix 13 indicate that there 

were two significant sub-regions along the fruit stem-apex, viz. at A and a • 
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Wh en "X2 differences" tes t s were applied to the data of early seed abortio 

of the autumn set of 1971, at the sixth week, the results were as follows 

(Appendix 14.):-

(i) There was a significant difference ( fi ve per cent) between the carpellar 

margin fruit sub-regions (A , B , C , D) versus the placental edge 

sub-regions (a , b , c , d); 

(ii) there was almost a significant difference between carpellary margin 

A, B versus C, 0 sub-regions (i.e. top half versus bottom half of the 

fruit) ; 

(iii) there was no significant difference between the corresponding a, b versu 

c, d placental edge sub-regions; and 

(iv) there was a highly significant difference between the bottom quarter 

of the fruit (0, d) and the top three-quarters (A, a, B, b, C, c). 

Thus even at the sixth week after anthesis, differences existed between th 

carpellary margin and the placental edge regions. The difference at the lowest 

quarter would appear to be due to the lateness in arrival of the pollen tubes 

into this sub-region. Again, the component of abortion that appears to have 

taken place as early as the sixth week probably only formed a small part of the 

final abortion rates. 

2.5.1.8 Multiple regression equations on intra-fruit abortion rates. 

Multiple linear regression equations were fitted to data of Appendix 4, and the 

model used is outlined in Appendix 15. A dummy variable was used to represent 

the location of a sub-region as being along the carpellary margin (x1 = 0) or 

along the placental edge (x1 = 1). It was assumed that a sub-region being alan 

the placental edge would have been more subject to seed abortion, and thus this 

region was assigned the dummy variable of one; as opposed to that of zero 

assigned to the carpellary margin. The other independent variable was the degr 

of early seed development, x. of Appendix 4. When regression equations were 
1. 

fitted using just these two independent variables, and even after using the ' 

angular degree transformation of abortion proportions, the residual (e.) still 
1. 

remain ed patterned in an Brc. The square of x. , viz. (X.)2 was then introducE 
1. 1. 

as an additional term, and the residuals tended to be more randomly spread arou 

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 ~ighted 

egu ationJ! of each of eleven fruits of the autumn set of 1973. The reason fo r 
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them being weighted was because on the null hypothesis the abortion rate or 

proportion was taken to be tIle S8me throughout all the fruit sub-regions in a 

given fruit. Any deviations from the fruit's seed abortion rate, (or 2/5th or 

4/5th portion depending on the amount us ed), was assumed to be due to "error". 

HOluever, since the total number of seeds (F + P + S), on which the abortion 

rates were based, varied from sub-region to sub-region, those sub-regions with 

the greater number of these (e.g. Sib to elc sub-regions) could be thought of 

as providing a more accurate estimate of the whole fruit abortion rate than tho: 

of the naturally smaller sub-regions (Ala, Old). Thus, on the null hypothesis 

the regression equations were weighted, i.e. each set of [Pi ' (x1 ' x2 ' x3)iJ 

were weighted by the factor w. of Appendix 4. (Weighted regression equations 
~ 

to estimate proportions were also used in 2.5.1.5 after the computational methol 

of Fleiss, 1973.) 

Appendix 15, Table 15.1 presents the equations together with their multipll 

correlation co-efficients. (These weighted regression equations also provided 

slightly better fits, with slightly higher multiple correlation co-efficients 

than unweighted equations.) The multiple correlation co-efficients ranged from 

0,718 to 0,945. The co-efficient of multiple determination which is the square 

of the correlation co-efficient, (Ezekiel & Fox, 1959), thus ranged from 51 to 

89 per cent. That is, these regression equations accounted for 51 to 89 per 

cent of the variation in the data. 

Concerning the regression constants themselves, only b
1 

(the dummy variabl! 

had a consistent sign, viz. it was positive for all fruits. The b2 and b3 ' 

which indicated the amount of effect on the abortion rate caused by the intensi l 

of early seed development as a competition factor, changed signs relative to eac 

other; i~e. one was always positive and the other negative, (uJith the excaptior 

of fruit No. 15~ where both were positive). The two (b2 and b3) were really a 

division of this total "seed competition" effect into linear and quadratic com­

ponents. For some fruit the best combination to fit the data was a negative 

linear together with a positive quadratic; in others the best combination was 

positive linear together with a negative quadratic. The b
O 

value also varied 

in sign from fruit to fruit, depending on the data and the other 'fitted' re­

gression constants. 

The meaning of these regression co-efficients were as follows, using fruit 

No. 1 as an illustration. In a given intra-fruit sub-region, nne positive unit 

~hange in x1 was calculated to be accompanied by plus 15,09 units of p , the 

proportion of aborted seeds, whose unit was angular degrees. One positive unit 

change in x1 was equivalent to shifting from the carpellary margin to the 

placental edge sub-regions. The calculated effect on abortion in a given 
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intra-fruit sub-region due to changes in x. of Appendix 4, i.e. due to changes 
J. 

in the index of seed competition, tlad a more complex expression. A positive unit 

change in this factor was calculated to be accompanied by a negative component 

(x
2

) of 1,044 angular degrees, and a positive component (x3 of 0,0172 times 

"the square of the change in the competition index", also as angular degrees of 

seed abortion. 

Thus for a change of "x.!! = +1,0 per cent, the nett effect on abortion 
J. . 

would have been a decrease of 1,027 angular degrees. A maximum decrease in 

abortion would have been reached foI' a positive change in "x." close to +30 per 
J. 

cent change, i.e. close to -15,84 angular degrees. With greater increases in 

chanoe in "x." the abortion rate would have started to increase so that with a 
~ J. 

positive change of "x . " = 61 per cent, the nett change in abortion would have bee 
J. 

+0,317 angular degrees. The bO co-efficient = 47,99 means that irrespective of 

changes in either x or "x." (x
2 

' x
3) , a basal value of +47,99 angular degrees 1 . J. 

would have had to have been allowed for. 

And so on for all the other fruits. What would have been the effect of just 

changing "x." , the competition factor? The estimates differ for each fruit, anc 
J. 

for different amounts of change in this factor. But when considered from zero 

up to those changes required to increase "x." to 80 per cent for each sub-region, 
J. 

the nett effect averaged over all those fruits remained close to zero. The 

possibility of this result was suspected on just examining the b
2 

and b
3 

values 

for the whole series (Appendix Table 15.1). 

2.5.1.9 X2 and t-tests on regression co-efficients. Appendix 15, Table 15. 

provides the probability values of t-tests carried out 6n the b
1 

' b
2 

and b
3 

regression co:-efficients for each of the eleven fruits. A X2 == [~ - 2 In pJ test 

was carried out on these t-test (p) values for each of these regression co­

efficients to determine their significance for the whole set of fruits. This 

latter overall test was highly significant for the b
1 

co-efficient, but not signj 

ficant for the b2 and b3 co-efficients. That is, although the regression equatic 

(Appendix Table 15.1) gave reasonably close ,fits to the data, and the b
1 

co-effi­

cient was consistently and accurately estimated, not much store can be given to 

the values of the b2 and b3 co-efficients. Their real values may have actually 

been close to zero. 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 Concordanc e checls.. tes ts on 'U:tL distributio n of the regression 

equation re 3idu als . App endix 15, Table 15.3 presents a con­

cordance test on the ranks of the residuals (8~) formed when the observed set 01 
.L 

x1 ' , x
2 

and x3 values of a particular fr uit were substituted into the computed 

regression equation of such a fruit ( Appendix 15, Table 15.1) and the resultant 

~. compared with the observed p. . Repeating this substitution for each of the 
1 1 

i fruit sub-regions provided a set of e. residuals, and these were ranked accor l 
1 

ing to magnitude , with the largest positive residual in the first rank and t he 

largest negative residual in the eighth rank. This ranking was carried out for 

each of the fruit, with ranks identified to the particular (ith) sub-region 

from which the (x
1 

' x2 ' x3)i arose. The concordance test on the whole set of 

frui twas W = 0,126 or X2 = 9,727 , with an associated probability of p = 0,2041 

This 'implies that the set of regression equations did not have a significant 

pattern of residuals (at the five per cent level). The latter finding would ha 

invalidated the regression model used. When the quadratic term (x
3

) was not 

used, this test ~ significant. 

Nevertheless, this p value of 0,2046 is not too far off significance. 

Interestingly enough, the overall ranking (which would not normally be useful t l 

present with a nonsignificant concordance test) shows that the largest residual 

tended to occur at the A/a fruit sub-regions. 

Thus the regression model and measurements used gave fairly close 'fits' 

to the data, but failed to provide either consistent or accurate measures of thl 

"intensity of seed development" competition effect. Furthermore, it left 

unexplained an almost significant deviation of the data from the fitted regress 

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

2.5.2 Summer sets 

Table 17 presents the distribution of normal and aborted ovule/ 

seed types found in 24 ripe fruit set in summ8r~ 1970. It can be compared with 

that of the 1970 autumn set (2.5.1 and Table 12). Both were hand-pollinated. 

The mean number of total ovules plus seeds was 2016 (versus 1 635 of the autum! 

set). Approximately twelve per cent were unfertilized (U), (30 per cent ir1 

autumn set); about seven per cent (versus 35) were slightly developed (5); 

eight-and-a-ilalf pe r cent reached partial development (p); and nearly seventy­

three per cent reached ful l development (F). Uf the latter nearly nine per cen 

were of the dB ('black') type . In comparison, very few autumn set seeds were 0 

the partiall y-develop ed tYP9 (p); and 35 per cent (nearly all dC, "grey") 

reaohed full development. 
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Seed/ovule 
type 
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Distribution of normal and aborted seeds and ovules from 24 ripe 

whole papay~ fruits set in summer, 1970 (hand-pollinated) 

I Seed/ovule 
Total r"lean no. Mean no. at type % ,0 

designation 
no. per fruit designation 

per fruit 

dB 4 107 171 8,5 
F 1 462 72,5 

dG 30 988 1 291 64,0 

cOL 2 024 8L~ 4,2 
P 172 8,5 

cWL 2 103 88 4,4 

cWs 2 715 113 5,6 
5 133 6,6 

b 472 20 1 ,0 

a 5 978 249 12,4 U 249 12,4 

TOTAL 48 387 2 016 100 TOTAL 2 016 100 

In comparing the subdivisions of the slightly-developed (5) category, only 

a small proportion were of the 'b' (flattened) type, the rest being the unflattE 

ed, slightly larger ' cWs' type. In the autumn set (Table 12), nearly all seeds 

of (5) type were of the 'b' sub-category. In the partially-developed (p) categc 

the summer-set seeds were evenly divided between 'cWL' and 'cOL' types. 

So, there was a more even spread of seed types among the sub-categories of 

the summer set than in the autumn set. Seed abortion would appear, then, to 

have been more evenly 'spread out' in time of occurrence. There were, of courSE 

many more seeds reaching full development in the summer set, and correspondingly 

fewer ovules remaining unfertilized. 

No table corresponding to that of Table 13 for the autumn set, giving a 

breakdown of the OVUle/seed type categories according to fruit sub-regions, is 

available. At the time of making the OVUle/seed counts, the summer-set fruits 

had been cut longitudinally into 1/5th portions$ but not further subdivided. 

From the data gathered there, it was seen that the variation from bne (fifth) 

portion to another, in a fruit~ was seldom great, thus allowing for the use of 

two- to four-fifth portions to estimate whole fruit patterns in subsequent studi 

Table 18 sets out the data for OVUle/seed type relativ8 to fruit sub-region 

found in 21 fruits of the non-hand-pollinated summer set of 1972/73. (This is 

also comparable with that of the 1973 autumn-set data set out in Table 14.) As 



TABLE 18 Di s t r ibut ion of s 8e d/o vu l e t ype s within fruit quarters 

from 2/5 th longi- por t i ons of 21 papaya fruits of 

1972/73 summer se t (non- hand-pollinated) 

S E E D / 0 V U L E T Y P E 
FRUIT Total 

SUB-REGION F P S U 

No. 1 583 154 60 428 2 225 

Aa % 71 ,2 6,9 2,70 19,2 100 

Rank 1 1 1 4 

No. 3 095 274 119 984 4 472 

Bb % 69,2 6,1 2,66 22,0 100 

Rank 2 2 2 3 

No. 2 702 215 73 1 673 4 663 

Cc % 58,0 4,6 1,57 35,9 100 

Rank 3 3 3 2 

No. 1 612 147 53 2 180 3 992 

Dd % 40,4 3,7 1,33 5L~, 6 100 

Rank 4 4 4 1 

Total no. 8 992 790 305 5 265 15 352 

Estimated noo} I per whole 1 124 99 38 658 1 919 
fruit 

Overall % 58,6 5,2 2,0 34,3 100 

- - " 
Hank refers to the % score in a given column, i.e. for 8 parti­

cular seed/ovule type down t he fruit s ub- regions. 
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was fou nd with the two comparable autu mn sets, the estimated mean number of t o t~ 

ovules plu s seeds for hand-pollinnted versus non-hand-pollinated fruits was vel') 

nearly the same, viz. 2016 versus 1 919 respectively (and 1 633 versus 1 579 in 

the respective autumn sets). And again, many more ovules remained unfertilized 

in the non-hand-pollinated summer set (34 versus 12 per cent). There were, of 

course, many more unfertilize d ovulES in the two autumn sets (69 and 30 per. cen ' 

for non- versus hand-pollinate d sets respectively). 

Table 19 is the data of Tabla 18 broken down further into the eight fruit 

sub-regions, just as Table 15 is the more detailed version of Table 14 (2.5.1) 

for the comparable autumn set. From the rankings of the "U" (unfertilized) 

ovules the likely pattern of early pollen tube penetration of ovules would have 

been the reverse of this, viz. 8, A, a, C, b, c, 0, d (A, a, a, b, C, c, 0, d 

for the autumn set, Table 15). Apart from reversals in the first and second, 

and fourth and fift:. rdnkings respectively, the Surnmer- and autumn-sets orderinc 

are identical. 

The rankings for the "5" seed type, viz. a, b, d, C, 8, c, A, 0 compares w: 

that of a, A, b, c, B, d, C, 0 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-edga sub-regions. In both of these non­

hand-pollinated sets, the overall level of abortion was low. The question of 

significance of the ordering the "5" types in the summer set is dealt with in 

2.5.2.1. 

The order for the partially-developed seeds, (p), in the summer set was 

a, b, A, B, C, c, d, 0 as against A, a, 8, b, C, c, d, 0 of the autumn 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 regio! 

were apparently more susceptible to abortions of the "P" type than the carpella: 

margin sub-regions. Otherwise the orderings were the same for both seasons. TI 

top quarter was more susceptible than the second quarter. All in all, it seems 

that the patterns of seed abortion in summer and autumn sets share many similar: 

ties, differing mostly in the degree of abortion and the more detailed distri­

bution within sub-categories. 

The rankings for the fully-developed "F" seeds in the summer set was B, A, 

C, a, b, c, 0, d as against that of B, A, C, b, 0, a, c, d of the autumn set 

(Table 15), The ordering was identical for the first three, and last, places. 

For the remaining (fourth to seventh) places, viz. a, b, c, 0 for summer and 

b, 0, a , c for autumn, the order was more regul a r down the placental edges in 

summer. In the autumn set, whare relatively greater levels of abortions occurrl 



TABLE 19 

FRUIT 
SUB-REGION 

No. 

A % 
Rank 

No. 

a % 
Rank 

No. 

B % 
Rank 

No. 

b % 
Rank 

No. 

C % 
Rank 

No. 

c % 
Rank 

No. 

D % 
Rank 

No. 

d % 
Rank 

Total no. 

Overall % 

Dis t r ibu tion of s eed/o vul e t ypes within the 8 sub­

region s f rom 2/ 5th l ongi-portions of 21 papaya 

fruits of 1972/73 s umme r set (non-hand-pollinated) 

- -
c. E E 0 / o V U L E T Y P E '" -- Total 

F P S U . 
675 57 12 122 866 

77 ,9 6,6 1,39 14,1 100 

2 3 7 7 

908 97 48 306 1 359 

66,8 7,1 3,53 22,5 100 

4 1 1 6 

1 515 104 29 247 1 895 

80,0 5,5 1,53 13,0 100 

1 4 5 8 

1 580 170 90 737 2 577 

61,3 6,6 3,49 28,6 100 

5 2 2 4 

1 418 99 33 479 2 029 

69,9 4,9 1,63 23,6 100 

3 5 4 5 

1 284 116 40 1 194 2 634 

48,8 4,4 1,52 45,3 100 

6 6 6 3 

817 59 15 818 1 709 

47,8 3,5 0,88 47,9 100 

7 8 8 2 

795 88 38 1 362 2 283 

34,8 

I 
3,9 1,66 59,7 100 

8 7 3 1 

8 992 790 305 5 265 I 15 352 I 
58,6 5,2 2,0 34,3 G 

Rank refers to the % score in a given column, i.e. for a 

particular seed/ovule typ e down the fruit sub-regions. 
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in the top quarter placental edge s ub- r eg ion (a), and also earlier pollen tube 

penetrations into 0 (relative to t he nearby placental edge regions), there was 

slight displacement in the ordering r elative to that of the summer set. 

e P+S J Table 20 presents the seed abortion rate Lestimated by (F + P + 5) for thl 

1972/73 non-hand-pollinated s ummer set as a whole. The rank order of abortion 

was b, a; d, c, A, C, 0, B as compared to a, d, c, b, A, B, C, 0 of the autumn 

set (Table 16). LIn both, abortion was greatest in the placental edge sub-regiol 

The overall level (10,86 per cent) in the summer set was much lower than that 

in the autumn set (52,81 per cent)~ So, although there were some changes withil 

the order of both placental edge and carpellary margin sub-regions respectively 

the seed abortion rates within these groups were so close that perhaps the only 

striking feature was that the a/A quarter again had the highest rates. 

Considering the "5" component of total seed abortion for the non-hand­

pollinated summer set (Table 20), the rank ordering was b, a, d, c, C, B, D, A 

compared to a, c, d, b, A, B, C, 0 of the corresponding autumn set. But, the 

overall seed abortion rate for this component ("5") was so low (3,02 per cent 

compared to 26,30 per cent for the autumn set) that, again, the only relevant 

feature is the greater susceptibility of the placental edge sub-regions. 

For the "p" component the summer set rank ordering was d, b, a, c, A, 0, C 

B compared to d, a, A, c, b, C, B, 0 in the corresponding autumn set. The 

overall abortion rate for this component was 7,8 per cent for the summer set 

compared to 26,5 per cent for the autumn set. Again, given the low abortion ra ' 

and relatively narrow range, about the most that can be said is that the placen ' 

edge was, again, more susceptible to abortion. 

The rank ordering of the percentage of fully-developed seeds ("F") relativi 

to all seeds (excluding "unfertilized ovules") was B, 0, C, A, c, d, a, b for 

the summer set (Table 20). The comparative ranking for the autumn set was 

0, C, B, A, b, c, d, a. The overall percentage of "F" seeds was 89,1 per cent, 

ranging from about 86 to 92 per cent (overall 47,2 per cent, range about 27 to 

66 per cent in the autumn set). The striking features, then, were the relative: 

high overall percentage, plus the narrow range of the summer set, and that the 

carpellary margin sub-regions had more developed "F" seeds than the placental 

sub-regions. 

The previous tables represented the pooled data of the summer sets. As wa: 

done with the data of the autumn sets, series of statistical tests were also 

applied to individual fruit s and whole sets (where applicable). The results of 

these follow. 



TABLE 20 

FRUIT 
SUB-REGION 

No. 

A % 
Rank 

No. 

a % 
Rank 

No. 

B % 
Rank 

No. 

b % 
Rank 

No. 

C % 
Rank 

No. 

c % 
Rank 

No. 

D % 
Rank 

No. 

d % 
Rank 

Total no. 

Overall % 

Distribution of see d types and seed abortion rates within 

8 sub-regions fr om 2/5 t h longi-portions of 21 papaya 

fruits of 197 2/73 summer set (non-hand-pollinated) . . 
SEED TYPES "Seeds" Seed abortion 

I 
rate 

F P S I {p + S} at 
(F + P + 5)/0 

675 57 12 744 

90,73 7,66 1 ,61 '100 9,27 

4 5 8 5 

908 97 48 1 053 

86,23 9,21 4,56 100 13,77 

7 3 2 2 

1 515 104 29 1 648 

91,93 6,31 1,76 100 8,07 

1 8 6 8 

1 580 170 90 1 840 

85,87 9,24 4,89 100 14,13 

8 2 1 1 

1 418 99 33 1 550 

91,48 6,39 2,13 100 8,52 

3 7 5 6 

1 284 116 40 1 440 

89,17 8,06 2,78 100 10,83 

5 4 4 4 

817 59 15 891 

91,69 6,62 1,68 100 8,31 

2 6 7 7 
-

795 88 38 921 

86,32 9,55 4,13 100 13,68 

6 1 3 3 

8 992 790 305 10 087 

89,14 7,83 3,02 10,86 

Rank refers to the % score in a giv8n column, i.e. for a particular 

seed type down the fruit sub-regions. 
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2.5.2.1 Concordance t es ts en t he di s t ~i bution of ovule and s 8ed tYEe~. 

Appendix 17 presents th8 re sul ts of concordance tests applied to the data 

derived from Appendix 16. These Appendi x tables correspond to those of Appen­

dices 5 and 3, respectively, of an autumn set. 

From Appendix 17, Table 17.1, it is clear that the overall ranking of sub­

regions with regard to the propo r tion of unfertilized ovules ("U") to t.otal 

ovules and seeds was significant (p < 0,001). This ranking order was d, 0, c, 

b, C, a, A, 8. That of the corresponding autumn set was d, 0, c, C, b f S, a~ 

A. That of the bottom quarter (the furthest from the stigma end) was the same 

for both sets, but the remaining rankings differed just a little, there being 

some minor displacements. 

From Appendix 17, Table 17.2 ranking of slightly-developed seeds (liS") to 

total ovules plus seeds 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 c, d, A, 0 (cf. a, A, b, c, S, d, C, 0 of the autumn set, Appendix 5, 

Table 5.2). There was even a slight variation between the overall ranking of 

Appendix 17, Table 17.2 and that of the pooled data in Table 19, but the abortie 

rates were so low and close to each other that these variations are not importar 

The concordance test on the ranking of the proportion of partially-developE 

seeds ("p") to total ovules plus seeds was not significant (Appendix 17, Table 

17.3). The corresponding test on the autumn set had been highly significant 

(Appendix 5, Table 5.3). This non-significance finding for the "P" seeds was ir 

spite of the fact that there were about twice as many "p" seeds as "5" seeds 

(whose 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 was significant (Appendix 17, Table 17.4); 

the overall ranking having been S, A, C, a, b, c, 0, d (cf. B, A, C, Of b, a, 

c, d of the autumn set, Appendix 5, Table 5.4). The major difference between 

the two sets was that the bottom quarter carpellary margin sub-region (D) came 

a good deal further down the ranking in the summer set. This possibly 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 ovules ("U") were excluded from the calculations and 

"F", "p" and "5" seeds were considered on their own, relative to the total numb , 

of seeds, then both "5" and "P" se8ds had non-significant rank orderings 

(Appendix 17, Tables 17.5 and 17.6). In contrast, the ranking of the "5" sesds 

of the autumn set had been significant. The non-significance of the "5" and 
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"P" seeds was partially du e to the rather low f reque ncies of these tluo in ths 

summer set. 

The ranking of the "F " seed proportions to total seeds still remained sign 

ficant in the s ummer set (Appendix 17 f Table 17 .7). The overall ranking ~as 

B, A, 0, C, c, d, a, b (cf . 0, C, 8, A, c, d, b, a in autumn set, Appendix 5, 

Tabl~ 5.7). In both sets there was an apparently greater proportion of fully­

developed seeds in the carpellary mar gin sub-regions. The ranking of the top 

quarter sub-region (A), i.e. seconds appear s to have reflected a greater capaci 

for sustained development of !IF" se8ds in this sub-region when compared with 

that in the autumn set, i.e. fourth. And, of course, the proportion of seeds 

reaching full, normal development was much higher in the summer set. 

2.5.2.2 X2 tests on the diff e rence in abortion rates between carpella.u 

~rgin and placental edge regions. Appendix 18 presents X2 tes 

on the above differences in abortion rates for a sub-set of five of the 8ummer-

set fruit. Only these five had a sufficient number of aborted seeds in all 

sub-regions to allow for X2 tests to be applied. Appendix 18, Table 18.1 

presents a "total X2" or the abortion rates for all the intra-fruit sub-regions 

This table follows the format of that of Appendix 6, Table 6.1 for the autumn 

set and the results were all significant, as they were for the autumn set 

(2.5.1.2). 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 "'x.,.2 differences" test 

between the carpellary margin (A, B, C, 0) and placental edge (a, b, c, d) sub­

regions, for the summer set. The Total Additive X2 on the individual total X2 

was highly significant, whilst the Heterogeneity ~ was not significant, imply­

ing that the Pooled ~ for these five fruit (which was highly significant) was 

a valid measure for this sub-set. The alternative Overall X2 = [~ - 2 In pJ wa 

also highly significant. For this sub-set, then, just as for the autumn set as 

a whole, differences existed in the abortion rate between the A, B, C, 0 versus 

a, b, c, d sub-regions~ 

Appendix 19, Table 19.1 presents a concordance and X2 test on the ranks of 

the eight intra-fruit sub-regions with regard to seed abortion rates for each 

of the twenty summer-set fruits. The ~ test was significant for this whole 

set, (as had qeen the case, at a greater level ' of significance, with the autumn 
set, App endix 7, Table 7) • The overall ranking was b, a, d, c, D, C, A, B 

(cf. a, b, d, c, A, B, C, 0 for the autumn set~ AppendL< 7 f Table 7). Appendh 

19, Table 19.2 presents the same analysis on the sub-set of five fruits intro­

duced in Appendix 18 , Table 18. Even althou gh there were only five fruits, 
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the rankings were still con s istent enough to reach significance. However, the 

over~ll ranking was: a, A, b, S, d, c, 0, C - somewhat different from that of 

the larger set. The fruit of this sub-set seem to have been more susceptible 

to seed abortion in the top half of the fruit rather than primarily along the 

placental edge. 

2.5.2.3 Concordance test on the dist~ibution of a competition factor. 

Appendix 20, Table 20.1 presents this test on the distribution of a competition 

factor (x. of Appendix 16 - "intensity of early seed development"). The rankin 
]. . 

of the magnitude of this "factor" was highly significant, implying a regular 

pattern from fruit to fruit. The ranking order was 8, A, a, C, b, c, 0, d. 

Appendix 20, Table 20.2 presents the same analysis for the subset of five, whic 

was again significant, with the overall ranking having been 8, A, a, C, b, c, 0 

d - identical to that of the larger common set. In comparison to the two abOVE 

summer sets, the autumn set's rank ordering was a straight A, a, B, b, C, c, 0, 

d (Appendix 8). In the summer set there was a displacement between A and B, 

(and th£3refore 'a' as well); and between band C. The general tendency was th 

still for greater early development in sub-regions closer to the stigma end. 

2.5.2.4 X2 and t-tests on the difference ~n the competition factor intens 

between carpellary margin and placental edge regions. Appendix 

Table 21.1 further shows that there were significant differences even between 

adjacent pairs of sub-regions along the fruit stem-apex-axis. An overall 

X2 =[t - In pJ on the probability values of a series of t-tests on paired diff 

ences was highly significant. These tests were of the same type as those 

presented in Appendix 9 for the autumn set (also highly significant). Appendix 

21, Table 21.2 presents the same analysis on the subset of five fruit of the 

summer set • . The overall X2 = [~ - 2 In pJ was just significant at the five per 

cent level. That is, there were also significant differences in the extent or 

intensity of early seed ~evelopment between adjacent carpellary margin and plac 

tal edge sub-regions along the whole fruit stem-apex-axis for this sub-set. 

2.5.2.5 Quantitative ~ tests on the relation between the competition fac 

and abortion rates. Following on from the establishment of 

differences in the competition factor between carpellary margin and placental 

edge sub-regions, and of differences between these regions in regard to abortio 

rates as well, quantitative X2 were tried on the relation between the competiti 

factor and abortion rates .,!!!ithin each of these longitud~nally l2l.aced. SUb-region 

on their own. 
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Appendix 22, Table 22.1 presents X2 total, X2 slope and '1..2 linearity ana­

lyse s of the sub-set of five summer-set fruit for the carpellary margin sub-· 

region • . These are the same kind of analyses as those of Appendix 10 for the 

autumn set (2.5.1.5). For these five fr uit, the additive Total X2 for individu; 

total X2 was significant at the five per. cent l evel. The heterogeneity X2 for 

this same ~ was almost significant, suggesting that these five were perhaps no ' 

homogeneous enough to be pooled together for one common set. (If one accepts 

them as being homogeneous, then the pooled X2 was very nearly significant at 

the five per cent level.) Although only one of the fruit showed a significant 

total x2, the alternative overall X2 = [~ - 2 In pJ suggests that the trend was 

significant; i.e. the data as a whole, together with the four overall chi 

squares, pointed towards there being differences in the abortion rates within 

the carpellary margin sub-regions. The X2 slope, on the other hand, was not 

significant. That is, the null hypothesis that the slope was zero was not 

negated. The series of overall chi squares on the linearity was significant, 

suggesting that whatever differences there were within the carpellary margin 

sub-regions, these could not be represented by a linear line relating the 

abortion rate to differences in the competition factor, x. • 
]. 

Appendix 22, Table 22.2 presents a similar X2 analysis of the relation 

between the competition factor and seed abortion rates within the placental edg, 

sub-regions on their own. There were far more significant indications of 

differences within these sub-regions (X2 total analysis). There were also sign. 

ficant results in the X2 slope analysis, and the slope was interpreted to be 

positive, i.e. higher values of the competition factor were related to higher 

values of the abortion rate. The X2 linearity analysis was not quite signifi­

cant, suggesting that a linear line gave a satisfactory description of the 

relationship between the competition factor (intensity or extent of early seed 

development) and the seed abortion rate. 

Thus, to sum up, whereas in the autumn set a positive, non-linear relation· 

ship appeared to have existed between the intensity of early seed development 

and seed abortion rates for both the carpellary margin and placental edge sub­

regions, 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-regions. 

2.5.2.6 Qualitative x,2 tests on an ordered distribution of abortion alona 

the fru it stem- apex axis . Chi- square tests of the same kind as 

were applied to a postulated ordering of abortion within carpellary margin and 

placental edge regions, respectively, for an autumn set (Appendix 12; 2.5.1.6) 

were also applied to the subse t of fruit of the 1972/73 non~hand-pollinat6d 
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summer set. In Appendix 23, Table 23.1, two out of the fivB fruit showed ~ 

probability values less than t en per cent cn the postulated ordering of 

A > B > C > D for seed abortion rates (cf. seven out of eleven fruit of the 

autumn set). In the placental edge sub-regions, however, four out of five frui 

had X2 probability values l es8 than ten per cent on the postulated abortion rat 

ordering of a > b > c > d (cf. seven out of eleven fruit in the corresponding 

autumn set, Appendix 12; 2.5.1.6). Thus in the subset of the summer set, at 

least the placental edge sub-regions showed a susceptibility to seed abortion 

increasing in extent from the base of the fruit towards the apex. 

2.5.2.7 ~2 tests on the distribution of abortion within the fruit ste~-

apex axis. Appendix 24 presents the results of chi-square ana­

lyses on the distribution of seed abortion within the fruit stem-apex axis of 

the 1972/73 summer set, viz. between A versus BC (Appendix 24, Table 24.1); 

BC versus D (Appendix 24, Table 24.2); within the carpellary margin region; al 

between a versus bc (Appendix 24, Table 24.3) and bc versus £ (Appendix 24, 

Table 24.4) regions of the placental edge. Of all these tests, only that of 

~ versus bc SUb-regions was significant (Appendix 24, Table 24.3). The autumn 

set, in comparison, showed significant tests for A versus~; abc versus d 

and a versus bc respectively, the last mentioned being the greatest. So, for a' 

least both the autumn and summer sets, significant differences in seed abortion 

rates were detected between the top quarter and middle half of the fruit along 

the placental edge sub-regions. 

2.6 GENERAL DISCUSSION 

Taken as a whole, the results presented in 2.5 point towards the 

general finding that differences existed in the seed abortion rates between the 

placental edge and carpellary margin sub-regions. This was so as early as the 

sixth week after anthesis in the autumn-set fruit. Another general finding was 

that in fruits examined at fruit ripening, a difference existed in the seed 

abortion rates between the top (apical) quarter of the fruit when compared with 

that of the rest of the fruit. In contrast to that, the bottom (basal) quarter 

of fruits at the sixth week after anthesis in an autumn set had significantly 

more seed abortion than in the remainder of the fruit. At that stage, however, 

abortion rates were still relatively low, suggesting that the major phase(s) of 

abortion occurred after that period. Turning again to the abortion rates found 

at fruit ripening, the differences were in the same direction but much more 

marked in the fruits sat in autumn as compared to those set in summer. 
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Differences also exis ted be tween the sub-region~ of the carpellary margin 

versus those of the placental "edge in r egard to the postulated competition fact i 

viz. the extent or intensity of early seed development. This was so even betw81 

adjacent (latitudinal) pairs. These differences existed in fruits set in autum: 

and in summer. 

That this postulated competition factor was actually a contributory factor 

to the abortion rates remains less clear. The deviations from linearity in the 

models used to quantitatively relate the competition factor and abortion rates 

casts doubts on some of the results which suggested such a relationship. A 

more parametric set of measurements may finally clear this issue. 

Again, whether the apparent gradient in abortion rates along the fruit 

stem-apex axis was due to differences in the distance of OVUles/seeds from the 

stalk of the fruit or else to a coincidentally greater susceptibility of the 

top quarter of the fruit remains to be cleared. 

Another set of findings was that higher levels of ovule fertilization 

occurred when fruits were hand-pollinated, in both autumn and summer sets. In 

the autumn sets the levels of overall fertilization [F : ; : ; ! uJ were 70,2 

per cent for the hand-pollinated set (from Table 12) and 31,1 per cent for the 

non-hand-pollinated set (from Table 16). In the summer sets the respective 

contrasting levels were 87,6 and 65,7 per cent (from Tables 17 and 20). 

In the autumn sets the higher ovule fertilization levels had no apparent 

effect on the overall level of seed abortion rate as measured by Cr : ; ! sJ . 
For example, in the hand-pollinated set this abortion rate was 50,2 per cent 

(from Table 12) and the contrasting level in the non-hand-pollinated set was 

52,8 (Table 16). 

In the summer sets the levels of seed abortion were 17,3 and 10,9 per cent 

for the hand-pollinated versus non-hand-pollinated sets respectively. Neverthe 

less, this apparent difference does not appear important by virtue of the 

general low levels of abortion in summer-set fruits. 

The above results thus create a further reservation in the mind of the 

author with regard to the postUlate that higher levels of early seed developmen 

are a major factor in seed abortion. It seems instead that if there was a 

competitive effect leading to seed abortion this was only a secondary factor. 

Again, as regards the earliest signs of seed abortion (sixth week in autumn), 

high levels of early seed development did no t appear to increase seed abortion. 

Turning to the types of seed abortion or their. time of occurrence, the mos 

concentrated and distinctly patterned distribution was that for the slightly-
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occurred over the coldest months of the year for Pietermaritzburg (June to 

August). Another possible contributory factor to this peak in abortion may havE 

been a general lack of assimilates. Extensive leaf abscission often occurs over 

this period at the Ukulinga Re sea rch Station. This possible relationship cOLIld 

be looked into in the future. The relationship between seed growth and fruit 

growth will be examined further in Chapter III. 

\ 
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PLATE 34 (a) Summer set papaya frui t at the bottom, and autumn set 
fruits and flowers at the top, clone 'Honey Gold'. 

(b) Leaf canopy in summer of young plant grown from a 
cutting. 

See Abbrev i ations. 
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PLATE 35 (a) Measuring main leaf vein lengths as index of leaf area. 

(b) Hand-pollination of pistillate flower with pollen of a 
s t aminate flower. 

See Abbreviations. 
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PLATE 36 (a) Stem with fruit set at different times in autumn. 

(b) Fruit set on the same day in autumn, with larger one 
having contained more fertilized and developed seeds. 
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PLATE 37 Apical end of week-1 summer fruit after hand-pollination. 

Thread-like mass on placental surface above and between 

ovules are pollen tubes stained with aniline blue 

(magnification approximately x400). 
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CHAPTER XII 

CORRELATION AND REGRESSION STUDIES ON 

SEED AND FRUIT GROWTH 

3.1 LITERATURE REVIEW 

184 

Crane (1964) and Nitsch (1965) have provided surveys on the extensive 

research on the effect of seeds on fru i t size and shape. Allan (1969), in 

the course of reporting on studies of the effect of seeds on fruit mass in 

Carica papaya noted a number of observations on the findings and conclusions 

from the above reviews and further literature. The following short review is 
I 

meant merely to recap and illustrate some of these and other findings in order 

to set the stage for the studies that follow. 

In pome fruits Schander (1955) found a significant correlation between 

(a) the number of seeds per fruit and fruit mass; and (b) between seed mass 

and fruit mass. Nitsch (1952) had previously concluded that the ultimate size 

of a fruit is 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 seeds 

with normal embryos because in his view seeds have their strongest influence 

on fruit mass in the early stages of development before the embryos abort. 

Denne's (1963) finding that a better correlation existed between apple fruit 

mass and seed number when aborted seeds were included appears to support 

Kobel's (1954) conclusion. Again, in regard to apple fruits, Abbott (1959) 

found that their growth was only dependent on the presence of seeds in the 

early stages of growth. In Allan's (1969) work on papaya, it appears that the 

inclusion of the number of aborted seeds with that of the number of normal 

seeds would improve the fit of the regression of fruit mass on seed number. 

In contrast to the above findings Nitsch (1950) showed that in the strawberry 

the removal of achenes even a short time before maturity stopped further 

growth of the receptacle. 

Nitsch (1950) also showed that the shape of the strawberry receptacle 

could be markedly influenced by the removal of some of the achenes. The 

effect of the distribution of seeds on fruit shape (and hence localized intra­

fruit growth) can also be seen in the pear. If this fruit has seeds on only 

one side, that side of the fruit develops preferentially, resulting in a 

distorted asymmetrical fruit (Luckwill, 1959). 

In all the above cases the relation between seed and fruit mass is con-· 
11 _ .. _ •• __ ~ _ -I:!' _ • I 
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curve, such as in t he peach , the period of s us pended fruit flesh growth is the 

same as that for maximum growth of the seed (Tukey, 1933). From such cases 

it appears that the re may be a competitive interaction between seed and fruit 

growth. This possibility was also implicit in sow.e of the literature revieuJed 

in Chapter II. Generally then, in those fru i ts in which a strong correlation 

exists between seeds and fruit mass (not all fruits have this), the "seeds" 

appear to provide an influence ranging from t he strongly promotive to the 

inhibitory, depending upon the stage of frui t growth measured (Leopold & 

Kriedemann~ 1975). This of course can have some bearing on how important 

ovule fertilization is, and on whether seed abortion is a deleterious, neutral 

or desirable event for the size and shape of the fruit, depending on when it 

occurs and on the fruit in question. 

A number of plant hormones have been correlated with the growth of certain 

fruits. In some cases a particular hormone has been correlated with a fruit's 

growth at a given stage but not at other stages; in other fruits the regulatior 

may be the result of the interactions of multiple hormones (Leopold & Kriedemanr 

1975). In some fruits the hormones have been found to be produced in one or 

other tissue of the fruit itself, in others the richest source has been found 

to be in ovule or seed tissues. Then again in fruits which have shown their 

richest source in the seeds, parthenocarpic or seedless varieties of some of 

these species seem to compensate for the missing seeds by synthesising the 

hormones in fruit tissues instead (Leopold & Kriedemann, 1975). 

The basis then for the oft reported correlations between seeds and fruits 

is generally thought to be due to the complementary production of hormones in 

the fruits' ovules or seeds (Crane, 1965; Jackson, 1968). Allan (1969) has 

speculated that underdeveloped (or aborted seeds) also influence fruit 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 review likewise focuses on studies 

and reports on this fruit. Firstly, Agnew (1948) stated that the mass and size 

of these fruits was roughly proportional to the number of seeds set, varying 

with seasonal conditions at the time of flowering, and the individuality of the 

tree (seedlings). Some trees may even bear seedless or nearly seedless 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 contain up to 2000 seeds per fruit, as opposed to 

the few found in pome 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 seed/fruit correlation. He also wished to check the effect of s eason of 

maturity on the correlation to see whether greate r competit ion between fruits 

at certain periods affected results. This was done in the belief tha t average 

mass of fruits decreases the l ar ger the crop that is borne by a tree. Potter 

(1927) for example, had found a high negative correlation between mass of fruit 

per tree and mean fruit mass in apples. 

Accordingly Allan (1969) picked all t he fruits from a first crop of female 

seedling trees according to three periods: 

(a) from late October to late December ('spring' fruits); 

(b) during peak production in February ('summer' fruits); and 

(c) from March to early June ('autumn' fruits). 

The above groups of fruits were judged to have set (after open pollination) 

during (a) mid- to late summer; (b) late summer to early autumn; and 

(c) mid- to late autumn respectively, in the preceding nine to eleven months. 

From the above one may surmise that individual fruits varied with respect to 

their associated climatic conditions not only 'between seasons' but also 

'within seasons' as well. The significance of the extent of this 'within 

season' variation is unknown to the author. 

Allan (1969) found that the correlations between seed number, and seed 

mass, with that of f r uit mass were highly significant for each of the above 

periods of maturity or setting. The correlations varied from +0,643 to +0,867, 

much larger than many correlations reported in other fruits up to that time. 

The correlation between seed mass and fruit mass was higher than that between 

seed number (of fully developed seeds) and fruit mass for all periods tested. 

In the fruits set in autumn, a proportion of fruits had many underdeveloped 

(aborted) seeds, and the correlations between the number and mass of well 

developed seeds with that of fruit mass from these fruits were lower than that 

found in fruits with relatively few underdeveloped seeds. (Correlations that 

included fully- plus underdeveloped seeds were not calculated.) The corre­

lations between seed and fruit mass in the autumn set fruits (which were also 

smaller sized) were higher than those of the summer set. This seemed to suppor ­

Denne (1963) who had previously quoted other workers who found a better corre­

lation with the smaller fruits on a tree. 

The regression coefficients for fruit mass on seed number or seed mass werl 

significantly higher for fruits maturing in spring (seed number only) and 

autumn than for frui ts maturing in summer when the peak crop was harvested. 

Thus a smaller mass of fruit was 'produced' per unit number or mass of fully 

developed seeds in the summer- ripening fruits which had had to compete with 
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large numbers of other fruits over their entire period of development. The 

spring- and autumn ripening fruits on the other hand experienced shorter 

periods of intense competition and produced a gr.eater mass of fruit per unit 

of seeds. As previously quoted, Allan (1969) also found that the inclusion of 

the number of aborted seeds with that of the number of normal seeds appeared to 

improve the fit of the regression of fruit mass on seed number. 

Taking all these findings together, Allan (1969) suggested that hormones 

influencing fruit growth may be produced in the integuments and nucellus, as 

well as the endosperm and embryo, and that seeds affect fruit growth in the 

papaya fruits not only in their early stages but throughout their whole period 

of development. He also stated (Allan, 1958) that from observation the influ­

ence of the seeds " ••• is greatest on the adjacent fruit tissue, causing 

thicker flesh and better fruit development in that region •••• " 

With regard to the effect of crop load on the number of seeds set, Allan 

(1958) reports a trial in which " ••• an average 4,5 fruits per stem were removec 

from 13 trees or side branches of ••• 'stripped' trees in March (early autumn) 

while on nine 'control' trees or side branches, from which no fruits were 

removed, an average of four fruits were left per stem. After this an average 

of five new fruits per stem set on both the 'control' and 'stripped' trees. 

The average number of fully developed seeds per new fruit was 628 on the 

'stripped' trees compared with only 371 on the 'control' trees". A conclusion 

from this and other trials (Allan, 1967 b) was that by removing fruits that 

set before March (up to early autumn) allows the fruits that set later to be 

subject to less competition, resulting in greater ovule fertilization and fruit 

development and ultimate size. However, from the peculiarly economic or 

marketing ~oint of view, one drawback in increasing fruit size by this method 

is that those fruits that set after the stripping (of competing fruits) mature 

somewhat more rapidly. This tends to defeat the objective of producing a later 

crop in the out-of-season period (Allan, 1967b, 1976). 
~ 

Allan (1958) also made a preliminary comparison of the effects of hand 

versus open pollinaticn on the number of seeds set and the size of fruits. He 

used an average of about five (comparative) pairs per period sampled, the 

range being from eleven (during peak flowering in January) to two·pairs in 

June- July (winter) respectively. Fruits that were pollinatGd from mid­

December to mid-January (start of flowering season) had significantly mOTe 

seeds and were of greater mass than corresponding naturally pollinated fruits. 

There was a comparatively large number of empty testas in these early fruits 

(there 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 

pointed to embryo abortion hrought about by fruit competition (of the previous 

crop not yet harvested). The ovaries of the early set fruits were also small 

with perhaps fewer well-developed ovules. 

Subsequently, in those fruits set in mid-summer, the hand-pollinated ones 

had even more seeds and larger fruits than naturally pollinated fruits, and 

the seed numbers and fruit sizes were greater than those of the early summer 

set. There were also far fewer 'testas' (aborted seeds) in both. 

However, from March until May (autumn), hand-pollination appeared to have 

no beneficial effect on fruit mass or (normal) seed number. But there were 

more empty testas in the hand-pollinated fruits, from which Allan (1958) sur­

mised that competition from fruits that had already set prevented more than a 

certain number of seeds from developing. 

However, with the last few pistillate flowers formed in early winter, 

hand-pollinated ones in June and July had a greater seed number than naturally 

pollinated ones, although very few seeds were formed in both. Allan (1958) 

considered that the difference was due to reduced insect activity brought about 

by the colder weather. The fruits were also much smaller. The small number 

of seeds per fruit in both natural and hand-pollinations was ascribed to 

(a) competition between fruits already set; (b) poor pollen viability and 

pollen tube growth; and (c) small ovaries and possibly poorly developed ovules 

Free (1975) has reported that (in the 'winter' months) in Jamaica, hand 

pollination does not increase fruit set in pistillate flowers of papaya. He 

did, however, refer to literature which indicated that unfertilized flowers can 

produce fruits when these are borne on vigorous trees in a favourable season. 

In Free's study 65 per cent of all pistillate flowers labelled three weeks 

previously (atanthesis) had 'set', there being little difference between hand­

pollinated, insect-pollinated and bagged flowers. 

Although it is fairly well known that mature papaya plants are fairly 

drought resistant, a few weeks of dry weather can cause blossom drop. Under 

Florida (U.S.A.) conditions it is often possible to double production by irri­

gation, and in South Africa both larger and better crops, and better leaf cover 

which reduces the incidence of sunburn, are obtained with iLrigation (Allan, 

1974). Similarzly, in Queensland (Australi3) irrigation during dry spring 

months can induce flowering in early summer. In Hawaii too, plants in high 

irrigation plots grow more rapidly during summer and autumn than those in low 

irrigation plots. The driest months in Pietermaritzburg are from June to 

August/September (winter to early spri~g) with wide and rapid fluctuations 
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between absolu te maximums and minimums in August and September (All an, 1958). 

Hot 'Berg winds are also characte risti c for this latter per i od. Although not 

noted in the litera tu re by the present aut hor, it is conceivable that prolonged 

dry weather, 'Berg winds and rapid wide fluctuations in temperatures could 

stress papaya plants sufficiently to affect seed development and abortion as 

well. 

3.2 RATIONALE, METHODS AND MATERIALS 

3.2.1 Inter-fruit studies 

The studies under this section were undertaken in order to test 

further the seed mass/fruit mass correlation in papayas when certain conditions 

and co-variables were allowed for. Thus in Allan's work (1958, 1969) seedlings 

were used, whereas these studies were based on fruits growing on rooted cutting! 

of the clone Honey Gold. These comprised 102 stems from six rows of a block 

at the University of Natal research farm, Ukulinga. 

As it was of interest to have an indication of the leaf area and fruit 

competition at different times of the year, occasional records were taken of 

the number of leaves and fruit per plant stem (Plate 34a, b) during autumn, 

spring and summer over the period May 1969 to April 1971. Estimates of the 

mean leaf area of thess 102 plant stems were also determined. This was done 

by sampling ten leaves from each row, ranging from the oldest, lowest-most leaf 

to the top of the second tier or tuft or whorl of leaves. The latter is about 

the youngest expanded leaf (Plate 34b) and sub tends a flower close to its 

time of anthesis. 

Since the papaya leaf does not present a simple pattern nor uniformly 

thick tissue for determining leaf area, the petiole and mid-ribs (Plate 34b) 

were cut out, and the leaf area was determined on the remaining leaf blade 

tissue. For each leaf, the mass of the remaining leaf blade was determined 

(A), then the mass (8) of representative sections of the former of determined 

area (C). The latter was found by using a dot-grid method (Benjamin, Freeman 

& Brown, 1968) which on these papaya leaves gave an estimate to within three 

per cent. The la t ter comp ares favourably with a me thod using an air-suction 

device which only estimated leaf area means to within ten per cent, because 
I 

air was sucked through the leaf tissue with that method (particularly on elder 

leaves). 

In April 1971 the lengths of all the leaf veins of 31 leaves were measured 

and the l eaf areas determined as before. Correl ations and regressions wore 
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measured, and the leaf areas determined as before. Correlations and regression: 

were calculated between these l eaf vein lengths and the leaf areas. Looking 

down on the upper surface of the leaf, with the petiole end away from one, as 

in the lower leaf of Plate 34b and the leaf in Plate 35a r the leaf veins were 

numbered clockwise, the shortest veins being number one and ten or eleven, and 

the longest being numbers five, six and seven. Of the individual veins, the 

central number six turned out to be the longest and also had the best corre­

lation, viz. +0,878. Measuring in cm (X), the regression of 

Y (Ie a f are a , c m2
) = - 2 079 + 11 4 , 2 X • 

Summing up vein lengths numbers five, six and seven provided an even better 

correlation, as will be reported later. So in April 1971 the total summed 

length of these three veins for all the leaves from the oldest to the top-most 

leaf of the second tier for each plant stem hav~ng a labelled fruit was deter­

mined. A rapid way of doing this was to extend string from a roll along vein 

number five, pass it on, extend a further section of string along vein number 

six, pass that on, then onto vein number seven, then vein number five of the 

next leaf, etc., until all the expanded leaves of that plant stem had been 

dealt with. The accumulated string was then measured in cm, and this recorded 

as an index of total expanded leaf area for that plant stem at that time. 

In 1969 a record was also kept of the abscission of fruit of a set of 48 

fruits hand-pollinated in the autumn (April) of that year. Measurements of 

fruit diameter were also carried out on these fruits, as depicted in Figure 26 

and already reported on in Chapter I. 

As pointed out in the literature review, Allan (1958, 1969) used ripe 

fruit that had set over extended periods. Since it is highly likely that both 

seed mass and fruit mass are both correlated with temperatures during growth, 

fruits and seeds growing together over a warmer period could be larger than 

those growing over a cooler section of time, even if set over the same season. 

A correlation based on the combined set of such fruit could be 'inflated' by 

the effect of the different temperature regimes experienced by individual 

fruits, assuming these regimes were significantly different from each other. 

An attempt was made to contral for this effect in the late ~ummer/early 

autumn study (March 1971). Fruits were set in four successive weekly batches 

over that month of March. Half the fruit of each batch was harvested exactly 

three months after setting (i.e. over the four weeks of June), whilst the 

other half was harvested exactly seven months after fruit set (i.e. over four 

weeks in September/October). Each of the pistillate flowers were hand-pollinat 

by brushing on the pollen of three stamens (Plate 35b) picked at the male 
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Daily temperature data for t he per iods preceding anthesis and the periods 

of fruit growth were avail able fro m a t he rmo graph instrument situated in an 

adjacent block. An objective of the above procedure was to check for the 

effect of temperature diff erences over the four temperature regimes that were 

expected to r esult (correspond ing to ths f our succseding weeks of fruit set). 

The objective of splitting the batches into the three and seven month 

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 seed 

abortions would occur). This would also have been the period leading up to or 

including the onset of endosperm cellularization. Secondly, to check th9 

correlation at seven months, in spring, after most of the seed abortions would 

have occurred, and seed growth would have started to slow down, and at a time 

of increasing temperatures. To have delayed the harvest further could have led 

to a greater confounding of effectss since the last batches which initially 

grew through assumably the colder periods end up growing through warmer final 

periods. 

A way of accounting for the heat effect was 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 adversely affect cell division in the 

fruits during the first few months of growth, but subsequently growth of fruits 

by cell enlargement continues even between 11 0 and 19°C. Examination of Kuhne 

and Allan's figures, however, show that the rate of fruit volume growth was 

still positive during the coldest month of June when the mean was between 13° 

and 14°C. Young papaya seedling growth has been measured to just occur between 

40 and 12°C (Lange, 1961). Allan (1958) also observed that the minimum tempera' 

ture for papaya flower growth was about 12°C. Thus a base of 12°C was chosen 

for this study, although the true base was unknown. 

The formulas used to measure the heat effect were as follows. In the 

cases where the minimum temperature (woe) for a 24-hour period was above the 

base temperature (t = 12°C), then the degree-day for that period was calculated 

as 

(w - t) + (~- w) 
2 

where h was the maximum temperature for that period. Where the minimum dropped 

below 12°C, the formula used was 

(h - t )2 
2(h - w) 
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For a given period of growth then, the measure of 'effective heat' was the 

summation of degree-days (base 12 0 C). 

Fruit diameters of all l abelled fruit were taken at the time of hand­

pollinat ion. The length of l eaf veins number s five, six and seven for each of 

the sub tending leaves of these labelled fruit were a1so measured with a ruler 

at this time (Plate 35a). Finally, at harvesting (after three and seven 

months) the seed mass and fruit fl esh mas s (i.e. excluding seeds) for each 

fruit was determined . LIn Allan's work (1969) the correlations were between 

seed mass and fruit plus seed mass. Since that entailed an inflated correlatior 

seed and fruit flesh mass were separated for this study~ 

The variables then for the three and seven month growth studies were:-

(i) The sum of degree-days (above 12 0 C) for the 40 days preceding anthesis 

(i.e. over the major portion of flower bud growth); 

. (ii) sum of degree-days (above 12°C) for the three days prior to anthesis, 

a possibly critical period for the relation between mean temperatures 

then and the subsequent germinat i on of fresh pollen, and their tube 

growth, as indicated by studies of Allan (1963); 

(iii) sum of degree-days (above 12°C) for the period from anthesis until 

the 12th week of growth, i.e. June, for the three month study, and 

until the 15th week, in July, for the seven month study; 

(iv) fruit diameter at anthesis (mm); 

(v) the leaf area index of the sub tending leaf (em); 

(vi) the total available leaf area index for April, calculated as the sum 

- of the lengths of veins number five, six and seven of all expanded 

leaves on a plant stem divided by the number of fruit on 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-days after 15 weeks, from t he end of July and onwards, were 

not considered for the seven month growth study because temperatures were on 

the increase then, with the later set batches always baing just slightly warmer. 

Also, since Kuhne and Allan (1970) had shown in a seasonal trial that when 

their pair of clones were set in March in Pietermaritzburg , it was the initial 

12 to 16 weeks respect ively of growth that was crucial to the ulti ma te size of 
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their fruits. The comparative time to maturity of the clone 'Honey Gold' used 

in the present studies fall s between those of the clones reported on by Kuhne 

and Allan (1970). Thus it was considered that the temperature data up to the 

15th week in July would give a reasonable measure of the initial 'temperature' 

effect. 

Total or simple correlations were calculated between fruit flesh mass and 

each of the other variables within each of the three and seven month growth 

studies respectively . A stepwise regression procedure described by Draper and 

Smith (1966) was then applied to the data, examining the partial correlations, 

the residuals and the effect of the variables incorporated into the model at 

each stage of the procedure. 

3.2.2 Intra-fruit studies 

In the summer of 1973, 21 fruits which had set during the 

previous summer of 1972/73 and were just beginning to ripen were picked and set 

aside for an intra-fruit seed/fruit correlation study. Similarly, in the 

autumn of 1974, 17 fruits which had set in late autumn of the previous year 

(1973) were also set aside for similar reasons. These two batches of fruit had 

been left to open pollination, not hand-pollinated. In both batches, the top 

(stigma) end of the fruits just to the plane where the interior (seed) cavity 

begins was cut off. A similar parallel cut was made at the base of the fruit 

so that what was left was the fruit flesh immediately adjacent to the seeds of 

the Aa to Dd intra-fruit seed subregions (see Figure 3 for these subregions). 

The discarded portions averaged 15 per cent of the original total fruit flesh 

mass (excluding seeds). A longitudinal cut from the apex to base along one 

dorsal bu~dle and its apposite ventral bundle (Figures 1 and 2) was made. This 

ensured that the blade of the knife passed between the seed areas of two 

adjacent placental regions, but the opposite placental region was cut, dislodgir 

some of these seeds. This placental region was discarded, leaving four-fifths 

of the fruit entact. Such four-fifth longitudinal sections were used in the 

autumn set study, but in the (earlier) summer set, only twa-fifth portions were 

used. The longitudinal portions were further cut into quarters to provide 

Aa, Bb, Cc and Dd subregions (Figure 3). 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 was further subdivided into 

the four 1/5th longitudinal sections, and from each of these four longitudinal 

sections, the total mass of all seeds (fully to slightly developed) was 

determined for each of the eight intra-fruit subregions (A, a, ••• , 0, d; 

Fig. 3) respectively. In one other fruit three 1/5th longitudinal fruit 
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sections were used, and in two others thr ee 1/5th longitudinal sections. 

For each of the above intra-fruit subregions, length and breadth measure­

ments of a sample of ten unfertilized ovules were made using a graticule placed 

in the eyepiece of a microscope . The product of these two measurements was 

used as an index of the ovule volumes. The mean index of unfertilized ovule 

volume formed one variable. The other variable, a measure of the relative 

concentration of seed mass, was arrived at by dividing the summed mass of 

F + P + S seeds by the total number of seeds and ovules (F + P + S + u). The 

correlation between these two variables was determined. 

The purpose of all the determinations in this section was to test for 

whether the correlations between seed mass and fruit mass reported in inter­

fruit studies also held at more localized regions, i.e. within the fruit. It 

wa~ also intended to test formally Allan's (1958) assertion that in papaya, 

seeds influence the growth of immediately adjacent fruit flesh. 

3.2.3 Further seed growth, abortion and fruit size studies 

These studies in this section focus on the correlations between 

seed numbers (corresponding to the types of seeds of Chapter II), seed mass, 

fruit mass (inclusive and exclusive of seed mass) and seed abortion rates. 

The data was drawn from the following fruit sets:-

(a) Eighteen fruit set in April 1969 (autumn), maturing in February 1970; 

(b) fourteen fruit set late in April 1970 (autumn), maturing early March 

1971; and 

(c) twenty-four fruit set in early February 1970 (summer), maturing late 

November 1970. 

All the above had been hand-pollinated. In addition comparative data was 

available from twenty-one fruits set over the summer of 1972/73 and seventeen 
i 

fruit set over the autumn of 1973, already 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), compara­

tive whole fruit mean values were derived by multiplying the measured values 

by 5/4 or 5/2 etc., depending on whether 4/5th or 2/5th etc. longitudinal 

portions had been used. In addition, the fruit flesh mass was further multi­

plied by a factor of 1,15 to compensate for the fruit flesh previously cut 

away and discarded (3.2.2). 
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The data from (a), the autumn 1969 set presented a peculiar problem. 

These eighteen fruits were part of a larger set (48 fruits) whose diameters 

and lengths were recorded at frequent intervals throughout their growth. 

Some of these fruits abscissed (3.2.1). Some were harvested and sold 

before the author 'saved' the balance of eighteen. The mass of these fruits 

(including their seeds) were determined at the time of harvest. Seed masses 

were not determined. As a preliminary survey, the author had also made seed 

counts on the 1/5th longitudinal portion that seemed to have the most typical 

amount and distribution of seeds for the whole fruit in question. Where a 

fruit appeared to vary more widely than usual between 1/5th longitudinal 

portions, the whole fruit's seeds were counted. Overall then, estimates were 

derived for total fruit seed counts. On the basis of this survey, the author 

decided to carry out more detailed seed count studies (Chapter II). It was 

then not his intention to include in addition the seed counts of the 1969 

study. However, in the light of the analysis of other results, and even in 

the course of having this thesis typed, it suddenly dawned on the author that 

the (correlationally) unanalysed data of the 1969 set could, in fact, supply 

extra information. 

Fortunately when the author had done the seed counts on the 1970 summer 

set (24 fruits) he had cut the fruits into five 1/5th longitudinal portions 

as before, identified again what appeared to be the most typical 1/5th portion, 

and then counted all seeds for each of the five 1/5th portions separately. 

An examination of that data has since revealed that the identified 'typical' 

1/5th estimated the whole fruit's fully developed (F) seed count to within 

14 per cent, and the fully plus partially plus slightly developed seed counts 

(F + P + S) to a similar degree. Being summer set fruits, i.e. with relatively 

few (p) and (5) seeds, the (p + 5) seed counts on their own were only estimated 

to within 23 per cent. The estimates for the total seed plus ovule counts 

(F + P + S + U) ranged between five and fifteen per cent of those of whole 

fruit counts. 

Now the correlations between the estimated (F) seed count (and also that 

of the (F + P + S) counts), and that of fruit flesh mass was less than ten 

per cent different from that of the correlation based on the total fruit's 

seed counts. In the case of the (p + S) seeds alone the difference was 

greater, nearly 20 per cent. But this was understandable in terms of the 

relatively few (p + S) seeds and because of that, the very low correlation 

the (p + 5) seed count alone had with fruit flesh mass. In the light of the 

otherwise reasonably close correlations, and also because in the autumn sets 
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there was a far greater proportion of (p + S) seeds, it was decided to analyse 

the estimates derived from the 1969 autumn set. Naturally the results and 

conclusions from that study mList be made with due regard for margins of error. 

The reason for wanting to use the above data was that for each of those 

18 fruits with their estimated seed-type counts there was a record of their 

diameter and length growth from anthesis to maturity. It became a point of 

interest then to correlate the different seed-type counts (and their combina­

tions) with fruit volume throughout fruit development, thereby possibly isolat­

ing the periods during which seeds affect fruit growth. 

3.2.4 Supplementary survey on pollen tube growth 

In the autumn (April) and winter (June) of 1971 and the summer 

(February) of 1972, sets of unopened pistillate flowers were bagged. At 

anthesis these were debagged and hand-pollinated with the stamens of three male 

flowers or with stored pollen (winter). Starting from the second or third day 

after pollination, and then every two days thereafter, two to three flowers 

were picked per sampling period to measure pollen tube growth. The flowers! 

fruits were cut longitudinally and a few drops of aniline blue were poured 

into the ovarian cavity. Then after a minute the stain was gently washed out. 

The stained pollen tubes (Plate 37) were then measured, from their entrance 

into the ovarian cavity (Aa intra-fruit subregion) to the tips of the further­

most polleri tubes. · The length of the ovarian cavities were also measured. 

Maximum and minimum temperatures (within the row of plants used above) were 

also recorded. 

In the May of 1972 maximum and minimum temperatures were kept within a 

plastic cover structure placed over some papaya plants. Temperatures were 

also recorded in uncovered plants in the same row. 

The purpose of this survey was to see how pollen tube groluth is affected 

by prevailing temperatures in the different seasons of fruit set, and to see 

to what extent plastic or polythene cover structures influence ambient tempera­

tures. 

3.3 RESULTS 

3.3.1 Inter-fruit correlations and regressions 

Two of the factors expected to influence the fruit/seed corre­

lation were leaf area and the number of competing fruit. 80th of these varied 

over the seasons as fruit and leaf abscissions, fruit harvest, and the emergencE 
-~ - -
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Figure 33 gives the rate of frui t abscission for the fruit set in autumn, 
, :rune 

1969. The highest recorded interim r ate (0,17) occurred early in ~, eight 
MOlj 

weeks after anthesis. The second largest rate, (0,06) was in early ~, a 

month before . No fruit abscissions dccurred after October (late spring, six 

months after anthesis). Thus the fruit abscissions were more or less confined 

to the cold spells of mid-winter and the dry ('Berg wind) conditions of spring. 

The accumulated proportion of fruit abscissed was approximately a third of that 

originally set. In comparison Free (1975) found an abscission of 35 per cent 

three weeks after anthesis in winter in Jamaica, whereas in these studies only 

ten per cent had abscissed in that initial period. The period during which 

the major proportion of fruits abscissed in the autumn set fruits corr.esponded 

quite well with the period over which most of the seed abortions occurred. 

The latter can be illustrated in Figures 28 and 29 where the earliest recorded 

aborted-seed measurements and the cessation in growth of the largest aborted 

seeds covers the same period, i.e. mostly between June and October. 

Table 21 provides estimates of mean leaf areas -and number of fruit on the 

102 fruit stems sampled from during a two-year period. The largest mean 

individual leaf areas were recorded during the autumns, at the end of the grow­

ing season and before the major rates of fruit and leaf abscissions occurred. 

-TABLE 21 Estimated leaf areas and number of fruit of 102 papaya stems at 

different times during a two-year period 

Mean leaf Mean number Mean number Mean total 
stem leaf Season area of leaves of fruit 

per fruit (cm2 
) per stem per stem area 

(cm2 
) 

May '69 autumn 3 538 25,2 25,4 3 518 

Oct. '69 spring 1 650 - - -.. 

f" May '70 autumn 3 291 19,8 25,2 2 600 

Oct. '70 spring 828 10,1 23,6 356 

Feb. '71 summer I 2 873 13,6 6,5 6 011 

April '71 autumn I 3 173 23,5 14,7 5 072 . 

Leaf abscissions appear ed to occur throughout the year, but were more pronounce 

during winter and early spring. (Unfortunately no leaf area measurements were 

made during the winter months.) 
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There appeared to be a decl ine in the mean leaf areas of autumn over this 

period. This may have been due t o a decline in vigour of the older plants 

(four of the six rows), although two r ows were just coming into full production 

The above trend can also be see n in the mean number of leaves per stem over 

this period. It was highest in autumn 1969 (25,2), fell to 19,8 in 1970, and 

then increased again in 1971 (23,5) when the younger plants were becoming 

larger. 

The spring mean individual leaf areas were the smallest. This was af ter. 

many of the oldest and largest leaves had abscissed, often leaving only a tuft 

of smaller leaves at the top. This is illustrated by the small number of 

leaves (10,1) for spring 1970. The only recorded summer figures shows that the 

mean individual leaf areas and number of leav6s per stem lay between those of 

spring 1970 and autumn 1971 figures, in the middle of the active growth period. 

The mean number of fruit per stem for the autumns of 1969 and 1970, and 

also the spring of 1970, were very much the same (23,6 to 25,4). The peak 

crop was rather early in the summer of 1970/71, and when the 1971 summer counts 

were made there were only an average 6,5 fruit per stem. Flowering and fruit 

set 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 the correlational and 

regressional growth studies that follow). 

The last column of Table 21 shows what the estimated total stem leaf area 

was per fruit. It is quite apparent that it was the number of leaves to 

number of fruit ratio that largely corresponded with this figure. It can be 

seen 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 cm2 of leaf tissue. Again, although the mean 

individual leaf area of the autumn 1969 was larger than that in autumn of 1971, 

because of the much smaller crop in 1971, there was a greater available leaf 

area per fruit per stem in April 1971 (5072cm2) than in May 1969 (3518cm2 ). 

What was rather peculiar to 1971 was that the available total leaf area 

per fruit in early February 1971 (6011 cm2
) was greater than that in April 1971 

(5072 cmz ). Quite often there has still been a late crop on the trees in early 

February such that summer set fruits usually start off competing with a large 

load of other fruit (as described by Allan, 1969). 

At the time the correlational and regressional studies were undertaken in 

March 1971, leaf area was correl ated with and regressed on the s0mmed length 

of the three longest leaf vein s (Appendix Tabl e 25). Since this correlation 

of 0,909 was highly significant and gave a coefficient of determination of 
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82,7 per cent, it was decided to use the leaf ve in length measurements as an 

index of leaf area in those studies. Henc e two of the ccnditions thought to 

be of importance in fruit growth and seed/fruit correlations, viz. leaf area 

and relative leaf to fruit competition, were measured using this leaf area 

index. (I t should be pointed out that the regression equation based on that 

data could only be used there and not again with different years, different 

trees, etc. Different studies require their own regressions if leaf areas 

~ ~ are needed.) 

3.3.1.1 Three month growth study. Appendix Table 26 provides multiple 

correlation and regression information on the fruit grown for three months 

after setting over the month of March, 1971. Of the variables enumerated in 

3.2.1, the stepwise regression procedure selected (i) seed mass; (ii) the 

index for available leaf area per fruit; and (iii) the sum of degree-days 

above 12°C for the three days preceding anthesis. The partial regression 

coefficients a1 ' a2 and a3 corresponding to (i), (ii) and (iii) above were 

8
1 = 6,75 (very highly significant) ; 

a2 = 0,258 (significant) ; and 

a 3 = 1,47 (nearly significant at the five per cent level). 

The coefficient of multiple correlation R = 94,4 per cent was very highly 

significant. 

Of the individual variables themselves, the mean of the index of available 

leaf area per fruit of 183,2 em was equivalent to 5701 cm2 per fruit, using the 

regression of Appendix Table 25. The mean of the third variable, sum of degree­

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 daily mean range 

of 17°C to 25°C. But note that this variable took on only four values. The 

regression coefficients are all therefore limited by the fact that this last 

variable effectively took on only four values. (It is however a 'continuous' 

type of variable.) 

With regard to the total correlation coefficients, note the very high 

correlation of 0,926 between seed mass and fruit flesh mass after 12 weeks growth 

Of' the other total correlations, the heat variable for the period preceding 

anthesis was correlated with both fruit flesh mass (0,541) and seed mass (0,467). 

Two selected partial correlations are given. That for r 1y ,23 ' viz . 

the correlation between seed mass anp fruit flesh mass after first allowing for 

the apparent associ a tions of both the available l eaf area per fruit (X
2

) and the 
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sum of degre e days above 12°C fo r the t hree days preceeding anthesis (X3) wi t h , 

both the seed and fruit fl esh masses (X1 and Y) was 0,9199, highly significant. 

That for r
2y

,'3 was 0,3898 , significan t a t the five per cent level. That is , 

after first allowing for the apparent effects of seed mass (X1) and the tempera­

ture variable (X3) , available l eaf area per fruit was still found to have a 

significant positive association ~ith fruit flesh mass. 

Another way of expressing some of the apparent relationships in the data 

is in the form of Figure A of Appendix 26. Observed fruit flesh masses have 

been plotted against their respective seed masses, and a regression equation 

y = 66,96 + 7,083 X1 ' represented by the black line, has been fitted to this 

data. This last mentioned equation was for all the data, irrespective of 

variations in X2 and X3 • The simple or , total correlation r 1y = 0,9257 (or 

0,93) "corresponds" to this regression. 

The coloured lines (blue, green and red) again represent simple linear 

regressions of fruit flesh mass (Y) on seed mass (X1) but this time taking 

separate levels of X
2 

' the available leaf area per fruit variable, into account. 

Thus the blue line represents only those fruits (with their respective seed 

masses) which had values of X2 greater than '90. The respective regressions 

and their corresponding simple or total correlations can be found on the figure. 

Finally, the geometric symbols around each associated fruit flesh mass (Y) and 

seed mass (X,) point represent the various levels of X3 ' the temperature 

variable used. 

From this figure it is apparent that the regression of Y on X, was steeper 

for higher levels of X2 • More particularly, at the lowest level of X
2 

there 

was an apparently diminished effectiveness of seed mass on fruit flesh mass. 

That is, the ' apparent influence of seed mass on fruit flesh mass over the first 

three months of growth was limited by the relative amount of available leaf area 

per fruit. Another apparent pair of relationships was that between X
3

, the 

temperature variable, positive with both X1 (seed mass) and Y (fruit flesh mass). 
" 

For the record, the variables not accepted into 'the regression equation were 

(a) the sum of degree-days for the 40 days prior to anthesis (hardly any 

differences between SUb-sets); (b) fruit diameter at anthesis (range 14 to 

20 mm); (c) the index of the leaf area of the sub tending leaf (range 106 to 

148 cm, mean 133,4 cm, the latter equivalent to 3322 ,cm2 leaf tis~ue); and 

(d) the sum of degree-days for the period from anthesis to harvesting at 12 

weeks (the range for which, in terms of mean daily temperatures was equivalent 

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 first 

choice multiple linear regression equation when following strictly the s tepwise 

procedure o~ Drape r and Smith (1966). The first variable accepted was that of 

seed mass. Then in order to correct for a non-random trend in the error residual! 

the second variable was derived from the first, viz. its square~ (That is, 

'seed mass' was expressed by two terms in the linear equation.) This had not beer 

necessary in the three month study. 

The third variable accepted by the procedure was the sum of degree-days 

above 12°C for the forty-day period preceding anthesis. The author feels this 

was a somewhat 'spurious' choice as this variabl e , when converted to mean tempera­

tures for that period, had only the range of 20,4°C to 20,7°C. (It also took on 

only four values.) In terms of the procedure for -fitting variables, after some 

of the variation in fruit flesh mass had been accounted for by the seed mass 

variables, that which remained unaccounted for was best fitted with the above 

temperature variable, i.e. better fitted than by the variations in the other 

remaining variables. Whether this sequence of fitting would occur in a separate 

study remains open to testing. An alternative regression model will be presented 

after this one, using a different temperature variable. 

The fourth variable accepted into this present model was the index of total 

available leaf area per fruit during April. The range was 112 cm to 370 cm with 

a mean of 192 cm (equivalent to about 6000 cm2 leaf tissue per fruit)t slightly 

higher than that for ' the three month growth batch (5700 cm2
) during April. 

The mean for fruit flesh mass after seven months growth was 779 grams. If 

these March-set fruits had been allowed to grow to maturity (at about ten months), 

their mean fruit flesh mass would have been about 1100 grams. This would have 

been between the means of the hand-pollinated summer (February) and autumn 

(April/May) sets of 1970, as would be expected. 

The variables not accepted by the procedure were (i) the diameter of the 

fruit at anthesis (range 14 to 20 mm); (ii) sum of degree-days above 12°C from 

anthesis until the 15th week (which was used in the alternative regression to 

follow); and (iii) the index of the sub tending leaf's area (range 98 to 157 cm, 

mean 133,5 cm, the latter equivalent to about 3400 cm2
). , 

In terms of the simple or total correlations with fruit flesh mass, the 

highest was with seed mass, 0,777 , again highly significant. This was apparently 

less than that for the three month study (0,926). On transf orming these into z 

values, the 'u value' of their difference (Kendall, 1948) was 2,184 , significant 

at the five per cent level. This resul t could be interpreted as a chance result, 



203 

with a very ~mall probability tha t the high correlation of the three month study 

would be repeated again. Other. hypotheses are also possible. It could be tha t 

the period of 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 outside of the effective period is less or uncorrelated. 

Henc~ a lowered total correlation. These hypotheses need to be tested, though. 

The partial correlation between sesd and fruit flesh masses after first 

allowing for the apparent effects of the temperature and 'leaf area' variables, 

viz. r 1y ,34 = 0,8235 was actually higher than the simple correlation. The partia~ 

correlation between the index of available leaf per fruit during April and fruit 

flesh mass (after first allowing for the apparent associations with seed mass and 

the temperature variable), viz. r 4y ,13 = 0,3249 was only significant at the ten 

per cent level. If a more extended measurement of the leaf area variable had beef 

undertaken throughout the course of growth, the unmeasured effects of leaf 

abscission may have been accounted for and a leaf area variable could well be more 

important. That much was apparent in the discussion of the Appendix 26 Figure A. 

That leaf area variable was most likely more adequately representative in the 

three month growth study. 

In an alternative regression model (Appendix 28), the sum of degree-days 

from anthesis until the 15th week was substituted as the third variable in place 

of the degree-days before anthesis (Appendix 27). The averaged mean daily 

temperatures correspondin~ to these degree-days values ranged from 15,9°C to 

17,6°C with an overall mean of 16,8°C, slightly lower than that for the three 

month period's range of 16,2°C to 18,3°C (presumably because of cooler conditions 

in July). The range was again very restricted, and of course there were only four 

values. If a wider range and a greater number of values were represented, the 

author feels a more significant regression co-efficient would be obtained. Simple 

compar.isons between the data of autumn and summer sets in this thesis, and the 

studies of Kuhne and Allan (1970) suggest temperature related conditions are 

important for both seed and fruit growth. 

In qomparison to the model of Appendix 27, this one had only a very slightly 

lower multiple correlation co-efficient (0,8813 versus 0,8867). The variables 

chosen, however, were in reality probably more important. The partial corre­

lation r 1y ,34 = 0,8258 was even slightly higher here than in Appendix Table 27. 

That of r 4y ,13 = 0,3208 was again only significant at the ten per cent . level, 

with the same qualifying comments made in the discussion of Appendix 27. 

As the simple correlation between seed mass and available leaf area per 

fruit was -0,2205 , and seed mass was significantly correlated with the 
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temperature variable ( r 13 = 0,52 86 ), the partial correlation r 14 ,3 ' i.e. between 

seed mass and the leaf area va riable afte r fi rst allowing for the associations 

with the temperature variations , was checkod (-0,2408). This was not significant . 

As was done in 3.3.1.1 for t he three month study, the relation between seed 

mass and fruit flesh mass given associated measurements of the leaf area and 

temperature variables is shown gr ap hically in one way in Figure A of Appendix 28. 

A number of features will be briefly pointed out. 

Firstly the pattern of the data points around the simple regression line 

(solid black) was the reason for introducing the quadratic term (X 2) which effect: 

vely broke up this pattern in the residuals (not shown here). Secondly the 

regression line most similar to those of the three month study (3.3.1.1) was that 

for those fruits with the highest level of available leaf area per fruit (blue). 

Without accurate information on leaf abscission it is hazardous to make any. 

inferences on this. It can be suggested of course that the relation of seed and 

fruit flesh mass is dependent on the amount of available leaf area. This also 

fits in with expectations. The actual relationships however, need more rigorous 

testing. Thirdly, twelve of the fifteen largest seed masses were associated with 

temperatuies in the upper half of their (admittedly restricted) range. (This was 

the case for only eight of the fifteen largest fruits.) The fifteen smallest 

fruits seem to have been more sensitive to lack of seed mass than to the other 

variables. It seems to the author that these smaller fruits may have suffered 

from a greater lack of viable pollen (possibly too immature when hand-picked) witt 

presumably lower propo r tions of fertilized ovules. 

In ' summary then, the result~ of this section (3.3 •. 1) seem to be that 

(i) seed mass was an important variable, even when allowance was made for the 

other covariables, given the . limitations of their .measurement; (ii) fruit com­

petition for available leaf area (and pres umably assimilates) as measured by the 

index of available leaf area per fruit may have restricted the size of fruits 

even when there was adequate seed mass; and (iii) lack of viable pollen for 

fertilizing ovules may have led to the restricted size of the smallest fruits. 

The pervasive effect of temperature on seed mass, fruit mass and leaf area 

(and abscission) was not adequately measured in these studies and needs further 

attention. 



205 

3.3.2 Intra-fruit correl a tions 

3.3.2.1 Intra-fruit seed/fruit cor re l a tions. Appendix Table 29 refers to 

open pollinated fruits set in the autumn of 1973. The rows across the table 

refer to individual fruits, with the final column providing summed totals for 

seed and fruit flesh mass respectively for the four intra-fruit subregions. 

(The fruit flesh mass excluded the apical and basal bits previously cut off, 

as explained in 3.2.2. The seed and truncated fruit flesh masses were estimated 

from 4/5th longitudinal portions.) Each of the columns provides means and 

seed/fruit correlations for the particular intra-fruit subregion(s) across the 

17 fruits. 

The four seed mass means for the intra-fruit subregions Aa to Dd were 5,49 , 

8,93 , 5,83 and 2,14 grams respectively. In terms of surface (placental) area 

the Bb and Cc regions, being rectangular, were approximately equal in size and 

larger than the more triangular Aa and Dd subregions. That the Bb subregion had 

a larger mean seed mass 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 set (Chapter II). The much smaller mean seed mass for the Dd subregion 

also illustrates the low intensity of pollen tube penetration into that subregion 

in autumn. 

The corresponding four fruit flesh mass means were 107,60 , 120,21 , 93,19 

and 57,95 grams respectively. The Bb subregion was again greater than that of 

Cc, due to a thicker mesocarp. Even the placentally smaller Aa subregion had a 

larger mean fruit flesh mass than that of the Cc subregion, due again to its 

greater thickness. 

The fou~ corresponding seed mass/fruit flesh mass correlations were 0,591 , 

0,617 , 0,635 and 0,658 respectively. The first (for Aa) was significant at the 

five per cent level, the remaining all being significant at the one per cent 

level. That for the four subregions summed together ('whole fruit'), viz. 0,623 , 

was also significant at the one per cent level. 

The overall ratio of the fruit flesh mass to seed mass for this set of fruits 

was considerably greater at the apical and basal ends, even after the end bits 

had been cut off. This may reflect an inherent characteristic of the papaya 

fruit, i.e. that its flesh thickens at the ends irrespective of the further effect 

of seeds. It was because it was suspected that the fruits have such an inherent 

intra-fruit morphological difference that these correlations were within Aa's, 

8b's, etc. rather than within, say, mixtures of Aals and Bble, etc. 
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The append i x f i gures of Appendix 29 (vi z . Fi gures A to E) illustrate the 

simple .re gr ess ions cor r espon ding to the da t a of the five 'column' s ets of the 

correl ation table of Ap pendix 29 . The r egression equation of fruit flesh mass 

on s eed mass (Yon X) ap pear s in each fi gur e, t oge ther with standard errors of: 

the estimate of Y on X (sy. x); of the regression coefficient of X (S1); and 

of the intercept on the Y axis (S). The corresponding correlation coefficients 
a 

(r) are al s o provided. 

If the standard errors are t aken into account, there was much overlapping 

between 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 shown by simple arithmetic that the regression coefficient of Y on X for the 

'whole' fruit (Fig. E) was nearly equal to the average of the same coefficient 

for the four intra-fruit subregions, and similarly for the standard errors of 

this coefficient. This was also the case for the correlation coefficients. 

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 inter­

cept on the four subregions. All the above results were closer if weighted 

according to the average relative sizes of the four subregions. Whether these 

relationships do exist will only be found with further replication. Assuming 

they did seems to suggest that the 'effect' of the seeds on fruit flesh mass was 

both localized (and t hus also dependent on the amount of seed mass in each 

subregion) and yet fairly similar on a per seed gram basis for all subregions. 

The 'effect' over the whole fruit could be an average of all the localized effect 

The intercept values on the Y axis could be interpreted as the resultant of 

other factors, part of which could be inherent morphological factors, other fac t o 

could be the condition of the trees etc. The relative contributions of facto£s 

is a more complex matter, as 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 be desirable to ensure a high degree of ovule fertilization and seed growth 

Similarly Appendix 30 refers to an open pollinated set of fruit set in the 

summer of 1972/73. But in this case the estimates were from randomly chosen 

2/5th truncated longitudinal fruit por t ions (3.2.2). 

An inspection of this Appendix shows tha t the seed and fruit mass means were 

considerably larger than those of the autumn set. The ratio between the highest 

subregion (Bb) and the lowest (Od) was also much narro we r, reflecting a more even 

and higher level of ovule fertilizat i on. 
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With regard to the correlations, apart from the Dd subregion these were 

lower than those in the autumn set. Tllis may in part have been due to the use 

of only 2/5th longitudinal portions. Thus the di s regarded 3/5th portions 

(used only for the seed count studies in Chapter II) may have exerted some 

influence on neighbouring regions, 'distorting' the correlation and probably 

lowering it relative to a study using all five longitudinal portions. 

Again the highest calculated correlations were for the lower half of the 

fruit, where there was less seed mass. And again the apical and basal portions, 

Aa and Dd, had a greater fruit flesh mass to seed mass ratio relative to the 

central portions. But the ratios were generally lower than that of the autumn 

set, with the overall ' whole' fruit ratio (excluding cut portions) being 7,53 

as opposed to 16,95 in the autumn set. When seed masses were included with the 

fruit flesh masses (as in Allan, 1969) then the respective ratios were B,53 and 

17,95 for the summer and autumn truncated fruits respectively. These were of 

the same order as Allan's (1969) ratios of 11,4 , and between 17,4 and 22,1 , 

for untruncated summer and autumn set fruits respectively. More is said of such 

ratios in 3.3.3.4. 

The regressions of fruit flesh mass on seed mass for the summer set of 

1972/73 have not been i llustrated here. Generally the intercept on the Y axis 

is much higher and the regression coefficients for Y on X were lower. For the 

'whole' fruit the regression was Y = 611,25 ± 133,63 + [2,649 : 1,032JX. More 

accurate estimates woul d probably have been found if all five longitudinal 

portions of each fruit had been used. But these estimates illustrate again that 

the regression coefficient of fruit mass on seed mass for summer set fruits may 

be lower than that of autumn set fruits, as it also appeared in Allan's (1969) 

data. In other respects the regressions in this section (3.3.2.1) are not 

comparable to either Al lan's (1969) or those of 3.3.1 because we have been deal­

ing here with parts of fruits only. 
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3.3.2.2 In t r a-f ruit s~od/non-fert il i z~ d ovule s i ze correl ations . In t he 

repor ts and discu s sion on ovule and early seed gr owth in Chapte r I, it was 

noted that there was a patte rn of growt h initi al l y rela t ed to the location of' 

the ovules and thei r proximi t y to the ap ic al end of the floluer/fruit. Note was 

also made that unfertilized ovules in cl ose pr oximity to a concentration of 

developing seeds were large r than simil ar ovules in less developing subregions 

(1.3.1.9). 

Appendix Table 31 associates relative concentrations of seed mass (co­

variable x) for each of the eight intra-fruit subregions with the mean size of 

unfertili zed ovules (covariable y) for these subregions, all measured at fru i. t 

maturity. In the body of this table every pair of figures in a given column 

corresponds to the covariables x and y associated with a specific subregion 

(rows). Each column in turn refers to a given 1/5th longitudinal portion. The 

averages in the 'MEAN' column refer to the mean values for x and y for a specif j 

intra-fruit subregion for the whole set of 1/5th longitudinal portions. The 

'RANK' column refers to the ordering of the above x and y mean values respect­

i vely. 

From these rankings it can be seen that with regard to the x variable 

(concentration of seed mass), on the average the 'A' subregion had the highest 

concentration, the 'd' subregion the lowest. Similarly, with regard to the 

y variable (volume index) the largest unfertilized ovules were in the '8' sub­

region, the smallest in 'd'. Overall the ordering for x was A, 8, C, at 0, b, 

c, d and for y it was 8, A, C, a, b, 0, c, d i.e. a rather similar ordering. 

Appendix Table 32 tests the above apparent association. To ill~strate, t he 

x/y pairs of a given column in Appendix Table 31 (corresponding there to a 

given fruit 1/5th longitudinal portion) have been correlated, the results for 

all such columns appearing in the rows of the column under I' in Appendix 
xy 

Table 32. Each of these correlations have been transformed (Z column) in order 

to carry out the test of homogenie t y. This X2 (with 26 degrees of fr~edom) of 

1,333 was not significant, implying that a common, average correlation coeffi ­

cient could be presented. Its de transformed value was I' = 0,753 , a close 

association. Even when using only a cons ervative six degrees of freedom 

(based on N = 8 for each fruit subregion, that is disregarding a possible 

larger contribution to degrees of freedom from the 27 portions) this correlatior 

was still significant at the five per cent level. 

Thus the influence of developing seeds on ne ighbouring unfertilized ovules 

already measurable be tween the s econd and four t h wee k after ant hesis (1.3. 1 . 9 ) 

was still apparent at fruit maturity. If one rec alls that unfertilized ovules 
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are genet i call y mate rnal tis s ue ) i . e. genetically i denti cal to the fruit (b ut 

not the fe rtilized s eeds ), t hen these r esults are another way of il l ustr a t i ng 

the 'seed'/'frui t ' correla t ion i n papaya at the intra-f r uit level. 

3.3.3 Further s eed growth, abor t ion and fruit size correlations 

3.3.3.1 Autumn 1970 fru i~ set st~~. Ap pendix Table 33 sets out corre­

lations and selected partial cor relati ons of several seed measures, fruit gr ow t 

seed abortion and f r uit competition. The variable x1 ' a measure of the ear ly 

seed development intensity, was used in intra-fr uit studies in Chapter II. I t 

has been used here fo r the whole fruit, and as a check on its rela t ion to abort 

rates when tested between fruits. (In Chapter II it was unclear whether ab ort i 

rates were really related to intra-fruit seed competition.) This x1 was al so 

included here to compare it with the variable x4 ' the sum of fully developed , 

partially and slightly developed seeds, which in turn can be related to Allan's 

(1969) correlations between seed number, seed mass and fruit mass (including 

seeds). 

The reason for transforming x1 (and x2 ' the abortion rate for the whole 

fruit) to angular degrees was again to be able to attach probability statements 

to correlations involving these variables. The x3 and x4 variables were seed 

count measures in contrast to the corresponding mass measures of x5 and x6 

respectively. Allan (1969) used principally the x3 ' x5 and x6 measures. The 

variable y , fruit mass, excluded seed mass in order to avoid the effect of 

self-correlation. The variable x7 was intended to provide some index of fruit 

competition during the early part of fruit growth. The variable Xs was intends 

as another index of the relative competitive advantage/disadvantage of a given 

fruit in terms of the ratio of leaves per fruit on the stem during autumn. 

Total Correlation Coeff i cients 

The variables x1 and x4 were highly correlated (0,868) as could be expec tE 

from the way they were derived. Each of their respective correlations with t hE 

other variables were also similar, with the x4 being generally better correl a t E 

especially wi th y , fruit flesh mass (0,727 ver sus 0,560). Neither of them wa~ 

significantly correla t ed with seed abortion (0, 022 and 0,019 respectively). 

LThe reason x1 (and not x4) had been used in the intra-fruit studies of Chapte I 

was because the subregions A, a, ••• 0, d differed mark edly with respect to 

placental area and the de rivat ion x, sought t o allow for this there. This was 

not considered t o have the same rel e vance between whole fruits~ 
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The fact of non-c orrelation with t he seed abortion rate supports the 

tentative conclusion of Ch apte~ II studies t hat the extent of ear.ly seed 

development was not related to seed abortion (2.5.1.8). A conclu s ion now is 

that boosting the proportion of ovules that are fertilized by means of hand­

pollination does not by itself induce seed abortion. In the Chapter II study 

with open pollination, the average proportion of ovules fertilized was about 

31 per cent (Table 14). In t he present hand-pollinated study, the propo~tion 

of total ovules fertilized varied from 38 to 86 per cent, with a mean of 70 

per cent, yet there was no correlation with seed abortion. The seed abortion 

rate was also not significantly correlated with fruit competition as measured 

either by x7 ' number of competing fruit (-0,069) or x8 ' leaf to fruit ratio 

(-0,272). Nevertheless the correlation measured between seed abortion and the 

leaf area per fruit (r28), i.e. 'fruit competition', was higher than that 

between seed abortion and seed competition (r24). 

Seed abortion was correlated wi th x3 ' the sum of fully developed seeds 

(-0,584), with x5 ' mass of fully developed seed (-0,605) and x6 ' mass of all 

seeds (-0,590), all significant at the five per cent level. This was because, 

given the relatively high proportion of ovules originally fertilized in this 

fruit set, the higher the abortion rate, the fewer the likely number of fully 

developed seeds (and hence seed mass). The abortion rate ~ ~ however, was 

not correlated with fruit flesh mass (0,038). A possible explanation for that 

is presented later · in this discussion of results. 

In regard to the x3/x5 comparison (F seed count and mass respectively), th 

fact that their correlation was not unity pointed to some variation in the 

average seed mass of individual F seeds between fruits. It should also be 

obvious that the correlation between x1 and x3 (r 13 = 0,676) would have been 

greater than that between x1 and x5 (r 15 = 0,623) because x1 and x3 are both 

'count' measures whilst x5 was a 'mass' measure. Similarly for r 34 versus r
45 

and r56 versus r36 • 

However, with regard to y (fruit flesh mass), XC (F seed mass) had a 
~ 

higher correlation (0,661) than x3 ' F seed count, (0,520), the latter being 

non-significant. Allan (1969) also found a higher correlation for F seed mass 

than for F seed count. This probably has to do with the importance of mean 

individual seed mass in different fr.uit s, not accounted for in F seed counts. 

With regard to the fruit competition variables x7 and x8 ' x5 (F seed mass) 

again had a higher correlation (-0, 208 and 0 ,491 versus -0,162 and 0:441 

respectively) than x3 (r seed count), although none of these were significant. 

Allan (1969) had found that stripping off fruits (lowering fruit competition) 
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appeared to i ncrease the numbe r of well developed seeds . Thes e present f indings 

are in t he same direction , with the r at i o of l eaves to f ruit being more i mportar 

than merely the number of fru its. 

The vari ables x4 (sum of F, P and S seeds ) and x6 (mass of all seeds) 

provided interes ting infor mation . In r elation to seed abortion, x6 (mass of 

all seeds) was significantly corre l at ed (-0,590) by virtue of the componen t of 

F seed mass which was affected by seed abortions. In contrast x4 was not corre­

lated (0,019). But with regard to y , frui t flesh mass, x4 (F + P + S count) 

had a greater correlation (0,727) than x6 ' mass of all seeds, (0,670). Both 

were significant. One possible rea son for this was that before the (p + S) 

seeds aborted, all (F + P + S) were affecting f r uit flesh mass growth, but af ter 

abortion, the continued growth of F seeds was not much correlated with further 

fruit growth. Another way to state this is to say that if the mass of (F + P + 

seeds were taken nearer to the time of seed abortions, then x6 (seed mass) 

would more likely have been more correlated. That is what appears to have been 

the case in the three and seven month studies in 3.3.1. This aspec t is examinee 

again in further anal ysis of this and other fruit sets that are to folloul. 

Because of the similarity between x5 (mass of F seeds alone) and x6 (mass 

of all seeds), r 5y (0,661) and r 6y (0,670) were very similar. As found by 

Allan (1969), the inclusion of the mass of the smaller (p + S) seeds increased 

the correlation. In contrast, with the seed count measures x4 and x3 (which 

were more di fferent than x6 and Xs were from each other), r 4y (0 ,727) was markee 

higher than r 3y (0,520). Again it points to the (p + S) seeds having contribute 

to the seed/fruit flesh interaction. And hence a possible reason why abortion 

rates were not correl ated wi t h fruit mass. 

Finally, with regard to the fruit competition variables x7 and Xs ' 
although none were s i gnificant, Xs (leaf to fruit ~atio) was more correlated to 

the seed variables x1 to x6 than x7 (number of competing fruit). But with 

regard to fruit flesh mass, x7 had a higher correlation (-0,425 versus 0,360). 

It may be that seeds were more sensitive to leaf area than were the fruits. 

Interestingly the correlat i ons be t ween Xs and the seed variables were higher 

(and positi ve ) in th i s study than that of the comparable available leaf area 

index of the three and seven month studies of 3.3.1. In those studies the 

apparently (sligh t ) negative e ffec t of l eaf area on seed growth was rather 

puzzling. This aspect needs fur t her clarificati on. 

In summary, t he con clu s i ons from t he analysis of the total correlation 

matrix were as follo ws:-
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(i) The extent of seed fer tilization ~ ~ did not affect seed abortion 

rates. 

(ii) There was some tendency (not significant) for an on-stem competitive 

factor involving leaf area to fruit-load to increase seed abortion 

rates and lower seed mass (through a lowering of the number of fully 

developed seeds). 

(iii) There was also a tendency (not significant) for on-stem fruit com­

petition to lower fruit flesh mass. 

(iv) Seed abortion lowered seed mass (by reducing the number of F seeds) 

but had no significant effect itself an fruit flesh mass, because 

aborted seeds them selves apparently contributed to the latter. 

Selected First Order Partial Correlations 

A number of these were also calculated in order to further assess some of 

the seed/fruit correlations once the effects of seed abortion and fruit com­

petition had been accounted for. 

The partial correlations between seed abortion (x2 ) and x4 ' the number 

of \ (F + P + S) seeds (r24 ,7 or r 24 ,S)' although greater than their correspond­

ing simple correlations, remained non-significant when the effects of fruit 

competition (x7 orxS) were accounted for. The parallel correlations r 21 7 , 
and r 21 ,S were also not significantly affectEd. The correlation r 2S ,4 ~ -0,302 

implied that when possible intra-fruit seed competition was accounted for, 

on-stem leaf/fruit competition factors showed a slightly stronger association 

with seed abortion, but ~his was not significant; similarly for r 2S 1 , 
The correlation between the sum of F seeds and fruit flesh mass 

(r3y = 0,520) increased when the effects of seed abortion on both were elimi­

nated (r3y ,2 = 0,668), being significant at the five per cent level. By 

contrast, eliminating the effects of Xs depressed the r 3y (r3y ,8 = 0,431), 

pointing to the possible importance of x8 to both x3 and y • 

Unlike the effect on x3 (number of F seeds alone), eliminating the effect 

of seed abortion rate on r 4y had no effect (r 4y ,2 = 0,727). But in the case of 

x5 (mass of F seeds) and x6 (mass of all seeds), eliminating the effects of 

abortion increased r 5y and r 6y from 0,661 and Ot670 to OJS60 and 0,S58 respect­

ively. The effect wa s undoubtedly through x3 (number of F seeds). The app are n" 

relat i on between F seeds and fruit flesh mass (as measured by the total corre­

lations) was represented in a distorted way if (p + S) seeds were also affect­

ing fruit growth - hence eliminating t his source (as in r~ 2 ,r
5 

2 and Jy, y, _ 
r~\. 0) increased the strengt h of these associations with fruit flesh Mass. 
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Thus one can conclude t hat sGe d abo r t ion 'mas ks' or 'hides' the full extent t o 

which F s eed is as soci ated wi t h f ruit fl esh mass. Hence Allan's (1969) find­

ings that in fruits with relatively more urlder-developed seeds, the correlation 

between fully develo ped seeds and frui t mas s was lower. 

With regard to eliminat i ng the effects of x7 and x8 ' the latter had the 

greater (depressive) effect on all three (r 4y , r 5y and r 6y ). Since x8 was 

better correlated with fruit flesh mass 8n~ the seed measures, eliminating this 

common co-variable brought down seed/fruit correlations. In fact, only the 

partial correlation between the number of (F + P + S) seeds and fruit flesh mas! 

remained significant. This puts the seed-leaf area-fruit competition complex 

into some perspective. A tentative formulation from this study is that the 

total available leaf area per fruit on a stem is important to both fruit and 

seed growth, nevertheless the early part of seed growth (up to seed abortion) 

itself has a sufficiently determining effect on final fruit size. 

Appendix 34 is a closer analysis of the seed count correlations of the 

1970 autumn set (Appendix 33). Specifically, one can ask about what happens 

correlationally when each category of seed is added to a previous more developec 

type or types. For convenience, the seed type distributions examined in 

Chapter II for this set have been recorded here. Over the whole set F seeds 

comprised 0,349 of all seeds and ovules; P seeds (comprising cTl and cWL -

see glossary) only 0,005; S seeds 0,348 of which cWs was 0,028 and the 

smallest slightly ~eveloped seeds, b, 0,320; and unfertilized ovules the 

remaining 0,298 • 

The correlation between sum of F seeds and fruit flesh mass was 0,520 

(not significant) - already discussed for 'x3' in Appendix 33 . The correlation 

of the sum of (F + p) seeds was slightly less, at 0,516. But that of 

[F + P + (CWs)] seeds was 0,611 , significant at five per cent. It appears 

that even though the cWs portion only averaged 0,03 , it was an important 

enough component to increase the correlation. Finally, when the more numerous 

b seeds in this set were added (x4) , the correlation was 0,727 , significant 

at the one per cent level. Adding the unfertilized ovules, although of about 

the same number as b seeds, reduced the correlation to 0,506. 

Thus from the study of these distributions, it is clear that for a contri­

bution to have been important it had to represent not only a sizeable 'count' 

proportion, but that it at least represented a phase or phases of seed develop­

ment. To relate this to a possible physiological base, if the major influence 

of seeds on papaya fruit growth is indeed hormonal, then the likely quantitativE 

meas~res could be the amount(s) of the effective hormone(s) prodlJced. At the 

critical period(s) of effectiveness, fully developing seeds (F), being larger, 
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may well be producing a greate r qu antit y per seed than abor t ive types , an d 

perhaps for a longer period. Neverthel ess a sizeable proportion of less 

developed seeds could s till conceivably pr oduce effective quantities, thus 

influencing correlati ons based purely on seed counts. Unfertili zed ovules 

would appear to provide l i ttle effect, l i mited as they are in the amount of 

relevant tissues, whichev er these are. 

One -final note on this se t. The overall ratio of fruit flesh' mass to 

seed mass was 14,61. When seed ma ss was included , as in Allan's (1969) studies ! 

this ratio increased by unity to 15,61. Allan's autumn set fruits' ratios 

averaged between 17 and 22 grams. The sets are thus quite comparable. 

3.3.3.2 Summer 1970 fruit set studX. As a comparison Appendix Table 35 

sets out only the simple (total) correlations of certain seed count combination l 

with fruit flesh mass and seed abortion in the 1970 summer set. In this se t 

the overall ratio of fruit flesh mass to seed mass was 9,38 , and 10,38 when 

seed mass was included with fruit mass. The latter compares closely to Allan's 

(1969) summer set fruit (11,4 grams). Again these summer set ratios are con­

siderably smaller than the corresponding autumn set ratios. 

The overall seed type ratios for this summer set were: F seed 0,725 

(far more than in the autumn set); P seed 0,086 (again more than in the 

autumn set); S seed 0,065 (made up of cWs 0,056 and b 0,009), much less than 

in the autumn 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 s8ed; 0,557 for (F + p) seeds, 

0,538 for [F + P + (CWs)] seeds, and 0,523 for (F + P + all S) seeds, the 

latter all significant at the one per cent level. The total number of seeds 

and ovules were not significantly correlated (0,321) with fruit flesh mass, as 

was also the case with the 1970 autumn set. Total seed mass was significantly 

correlated with fruit flesh mass at the one per cent level (0,552). 

From the above it is apparent that with the greater relative proportion of 

P seeds (cf. autumn set, Appendix 34), the (F + p) seed count correlation 

became the largest. The (F + P + S) correlation, by contrast, was less, indica· 

tive of the smaller con t ribution the fewer, smaller aborted seeds made towards 

fruit flesh growth. Since all types were summed t ogether without differentiat­

ing for size perhaps a di s tortion in the correlation occurred. Or to put it in 

another way, the effect of seeds probably covered a period beyond the abortion 

times of the f ewer and smaller abor ted seeds , so that t hese received an infl a t e 

relative weight in t he correla tion. The seed ma ss to fruit flesh mass 
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correlation on the other hand was very close to the (F + p) correlation because 

the seed miss was just about made up by that component in this set. 

Abortion rates were negatively related with fruit flesh mass, but the 

correlation (-0,248) was not significant, as was also found in the 1970 autumn 

set. And again, the level of ovule fertilization (intra-fruit 'seed competitior 

x4 ' which was quite high in the summer set (mean of 87,6 per cent) was not 

correlated with levels of abortion (-0,125). In fact the mean overall abortion 

rate was only 0,158. This adds weight to the accumulative evidence of this 

thesis that intra-fruit seed competition as measured purely by seed number was 

not a factor in seed abortion. 

3.3.3.3 Autumn 1969 fruit set stud.1.' A group of fruit set in the autumn 

of 1969 as described in 3.2.3 provided further information on seed count corre­

lations. These fruit were set on three different classes of plant stem. Type 

(a), the smallest and youngest, and generally a side stem, bore only fruit that 

had set that autumn (Appendix Table 36). Type (b) also bore fruit that had 

set a 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 due to a 

large number of ripening previous autumn set fruit but because they were the 

main stems of the plants. They were more vigorous, and they also had the most 

leaves (25,24). 

In terms of mean individual leaf areas, the order of magnitude was 

c > b > a stems, viz. 3538, 1 882 and 1 434 cm2 in May respectively and 1 650 , 

1 155 and 1 063 cm2 in October. The same order of ranking occurred with regard 

to the number of leaves per stem and the number of fruit per stem at the time 

of fruit set. However, from observation during the course of winter the 

relative mean leaf area ratios appear to have become closer when the oldest, 

largest leaves abscissed. This narrowing of the ratios was reflected in the 

resulting relative ratios of the October measurements. 

In May 1969 the mean total stem leaf area per fruit was much greater for 

a - stems (5241 cm2 per fruit), whilst there was little difference between b­

and c-stems (3658 and 3518 cm2 per fruit) respectively. However, the apparent: 

greater advantage of a-stems was probably nullified by them being the 'weakest' 

stems, and the c-stems probably had the greatest apical dominance. 

Appendix 37 sets out the correlational analyses of this set, using basic­

ally the same set of variables as in Appendix Tables 34 and 35. The difference: 

were that there was no variable for seed mass (not directly measured) and 
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fru i t mass i nclud ed t hat of the seeds . In addition an inde x of fruit volume , 

based on the vol ume form ul a for a prol ate spheroi d, (4/3 'TT 1 b2 
, wher. e 1 and 

b were t he l engths and di ameters of t he fr ui t r espec tively) was calculated for 

each of the 18 fruit t hr ou ghout gr owt h . The i nitial and fin al frui t vol ume 

indices are included i n thi s appendix. 

Appendix Table 37 .1 se t s out the data, t he means for the fruit of a-, 

b- and c-stems (descr i bed in Ap pendix Tabl e 36 ) and overall means for the 18 

fruits. From mere i nsp ection there ap pear ed to be little difference between 

fruits of the diff e r ent s t ems in all the var i ables except perhaps x4 ' x6 ' 

y and z (sum of seeds and ovules, fruit volume a t anthe s is, and final fruit 

volume and mass respectively). There was vir t ual l y no difference in abortion 

rates (x5 ) between stems. Nevertheless t-tests were carried out and these are 

reported on after the following paragraph. 

The mean ratios of seed types for the whole set were 0,371 for F seeds, 

0,182 for P seeds, 0,066 for S seeds and 0,381 for unfertilized ovules respect­

ively. The major differences between these and the autumn set of 1970 

(Appendix 34) was that there was a greater proportion of P seeds relative to 

S seeds in this 1969 autumn set (0,182 versus 0,005) and that the combined 

(p + S) seed proportion was less in 1969 than in 1970 (0,248 versus 0,353). 

There were also more unfertilized ovule s (0,381) in autumn 1969 than in 

autumn 1970 (0,298). 

Appendix Table 37.2 sets out t-tests on the differences between fruit 

stem types for the various variables. The only significant differences occurrel 

in x4 (total number of seeds and ovules per fruit) and x6 (fruit volume at 

anthesis). 

Of the t-tests for the x4 vari able the largest difference was that between 

a- and c-stems, and between a- and b- versus c-stems for the x6 variable. 

The similarity in these two could be expected in that larger flowers at 

anthesis would t end to ha ve a larger number of total ovules. What is interestil 

is that these differences in size of flower betwe en stems did not persist in 

the fruits. Obviously the extent of the variation in ovule fertilization and 

seed developm~nt after. pollination nullified t he differences between stems so 

that these were no longer s i gnific ant . 

Nevertheless the fruits from the more vigorous stems were on the average 

larger. Al s o, because of the rel atively few number of fruits in each stem 

clas s, just on e poor l y fer tili zed frui t in the c-type effectively reduced the 

mean si ze of that whole subset. The se would otherwise ha ve probably been 



significantly greater. Thus one can conclude by saying that 

(i) vigour of stem probably was important; and 

(ii) the effect of that could nevertheless be nullified by the extent of 
ovule fertilization, itself dependent on pollination, conditions for 

pollen germination and pollen tube growth. 

216 

Since it was known from correlation studies on other fruit sets that the 

x4 and x6 variables were not strongly correlated with final fruit mass (and 

therefore volume), it was decided to pool the subsets together and calculate 

correlation coefficients based on all 18 fruits. 

Appendix Table 37.3 sets out the matrix of total (simple) correlations 

between the variables, plus a few selected first order partial correlations. The 

sum of F seed (x1) was obviously highly correlated with x2 and x3 (0,848 and 

0,821) because they shared common elements. Interestingly x1 was not signifi­

cantly correlated with x4 ' the total number of ovules and seeds (0,242). This 

was because there was on the whole a sizeable proportion of ovules not fertilized: 

in spite of using hand-pollination. (Of course the level of fertilization was 

higher than in the open pollination of the 1973 autumn set.) Thus the potential 

implied in flowers having a large number of ovules remains dependent on adequate 

pollination and fertilization and seed development. 

The number of fully developed F seeds (x1) was correlated with the rate of 

seed abortion (-0,454) at the ten per cent level. In other words abortion tended 

to affect the distribution of the number of fully developed seeds per fruit in 

the set. 

The correlation of 0,289 between x1 and x6 ' fruit volume at anthesis was 

not significant. Just as in the case of x4 ' the potential implied in larger 

flowers is dependent on adequate pollination and subsequent fertilization. The 

number of fully developed seeds (x1) was highly correlated with both y (fruit 

volume at fruit ripening, 0,748) and z (fruit mass, including seeds, 0,765). 

(Plate 36b shows two labelled fruits of this set: the difference in fruit size 

was paralleled by their difference in quantity of developed seed.) The two 

variables 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 

clone was a good if not perfect estimator of fruit volume throughout growth, but 

this formula had an even higher correlation (0,989 versus 0,958). The closer 

correlation between x1 and fruit mass z (as compared to x
1 

and y) was partially 

because of the inclusion of seed mass in z. The relation of x
1 

and z is illus­

trated in Figure A of this Appendix. 

With regard to the x2 variable (F + P seed count), the high correlation 

with x3 was again obvious - a high proportion of shared elements. The low 
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correlation (0,046) was because seed abortion levels affected F and P 

seed counts in relatively balanced opposite directions in this set. With 

regard to y and z , x
2 

and these were more highly correlated (0,794 and 0,831 

respectively) than in the case of x1 (F seeds alone). This was the case again 

for x3 (F + P + 5 seeds) and y (0,793), although the latter did not increase 

over that of x
2

• The correlation r 3z also did not increase over that of r 2z • 

In this set, in contrast to the 1970 autumn set, there was a greater differen­

tial between x2 and x1 than between x3 and x
2

• In other words, the P:: 5 

ratio was greater in the 1969 autumn set. Hence the relatively greater 

influence of P seeds on the correlations in the latter set. In the 1970 set, 

the influence of 5 seeds, particularly the more numerous b seeds, were more 

important. (The relation of x3 and z is shown in Figure 8 of this Appendix.) 

The volume of fruits at anthesis (x6 ) was correlated (0,514) with x4 ' 

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, all of these 

were improved by the elimination of the effect of seed abortion rates. Of 

these seed count variables, x1 (sum of F seeds) was the most improved relative 

to its total correlation with z (and obviously y). This was because x1 was 

the most influenced by abortion rates and because aborted seeds themselves were 

probably influencing fruit growth. That is the abortive seeds masked or hid 

the greater degree of association between the number of fully developing seeds 

and fruit growth, as suggested in the discussion on the 1970 autumn set. This 

influence of abortive seeds in this 1969 set is dealt with more directly in 

3.3.3.4. 

The partial correlations presented here (0,830 to 0,845) were all highly 

significant. 80th fully developed seeds, and these plus aborted seeds, had an 

apparently large influence on fruit growth. Their influence as measured by 

these correlations may have been overestimated by virtue of using the parti­

cular 1/5th longitudinal portion estimates (3.2.3). But the total correlation 

between F seed count and fruit (plus seeds) mass of 0,765 lay between the 

correlations of 0,867 and 0,643 found by Allan (1969) for the same measure and 
Afr. T. 31, I 

season of set. Examining the column of figures for x1~(whose frequency distri-

bution appears 'normal') shows an average spread of about 42 per fruit. Since 

the 1/5th longitudinal portions used can be expected to have estimated the 

whole fruit F seed counts to within 15 per cent (3.2.3), and since 0,15 of 

the mean of x1 (558) is about 84, the order or rank of these fruits, in terms 

of the number of F seeds, could have been displaced by up to two positions, 

up or down, for each fruit. Th8 author has randomly changed the x
1 

values by 
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0,15, up and do wn, so as to maintai n t he same mean, and then correlated the new 

series with t he orig i nal z values. Fr om t en s uch sets the lowest correlation 

was 0,61 (significant at one per cent ) and the mean was 0,71. This variation 

in the estimates of t he F seed count cor relation was of the same order as that 

for the 1970 summer set (3. 2 .3). The (p + S) seed count in this autumn set 

was of course higher than tha t of the 1970 summer s e t, and so the autumn set 

correlation estimates for (p + S) seeds can be expected to be much closer than 

those of the summe r set. The results thus appear reliable, and they also 

approximated the results of previous independent studies already discussed. 

3.3.3.4 Comparative and concluding correlation studies. Appendix 38 

provides comparative data and results drawn or extracted from Appendices 34, 

35 and 37. These refer to the hand-pollinated autumn sets of 1969 and 1970, 

and the 1970 summer set. The new extracted values are for the number of P seed! 

alone, and (p + 5) on their own. The purpose of this was to test their signifi­

cance when separated from the sum of F seeds . 

Fruit flesh mass (y) and fruit flesh plus seed mass (z) were both used 

because in the autumn set of 1969 the former (y) was not available, and Allan 

(1969) also worked with (z). 

Appendix Table 38.1 sets out the mean values of selected variables for the 

three sets. The two autumn sets had similar F seed counts (x
1

) whereas that 

of the summer set was about two and a half times larger (1 462). The latter 

summer set's fruit plus seed mass (1 550 grams) was about two times greater 

than that of the autumn sets. 

Although the ratio between the summer and the autumn sets with regard to 

the F seed count (x
1

) was about 212, that for seed mass (x
5

) for the 1970 sets 

was three. It was the additional, relatively large P seeds of the summer set, 

together with the larger individual F seeds in summer (Figure 28, Chapter I) 

that accounted for the increased ratio for x5 relative to x1 between these two 

sets. 

Considering just the total correlations with fruit flesh mass (y, Appendix 

Table 38.2), for the summer and au t umn sets of 1970, then it can be seen that 

the F seed correlations, r 1y , were qu i te simil ar (0,509 and 0,520 respectively : 

But the correlation with (p + S) seeds alone (x
3

) was a good deal higher for 

the autumn set (0,557 versus -0,154). This was pr obably because the complement 

(p + S) relative to x1 was hi gher in the autumn (Appe ndix Table 38.1); 

similar ly for the r 4y correla tions . Wi t h regar d t o total seed mass to fruit 

flesh mass correlation, the hi gher aut umn se t cor relation (0,670 versus 0,552 ) 

was again e vi dent. Bu t because of the higher abortion rates i n the autumn set, 
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the r
4y 

correlation was actually higher than the sGed mass correlation. 

Appendix Table 38.3, using fr uit mass that included the seeds, enables one 

to compare t hree sets. Comparing Appendix Tables 38.3 to 38.2, the effect of 

including the seed mass in that of the fruit mass was to increase all the 

correlations except one (r
3z 

for autumn 1970). Otherwise the pattern between 

the summer and autumn sets of 1970 for r were virtually repeated with r 
y z 

In comparing the two autumn se ts, the (p + S) seed count (x 3) was less in 

1969 (373 versus 576), as was the r 3z (0,478 versus 0,526). But in 1969 there 

was on average a sizeable P seed count (273) so that r 2z reached 0,320 , even 

if not significant. 

Examining the first order partial correlations with y , fruit flesh mass , 

in Appendix Table 38.4 relative to Appendix Table 38.2 shows that for the 1970 

summer set the largest positive change in r 1y was when the effects of x2 (the 

sum of P seeds alone) were eliminated. The correlation went up from 0,509 to 

0,545 , increasing in its level of significance. Similarly, r 2y was also mos t 

affected when the effects of x1 (sum of F seeds alone) was eliminated, the 

correlation between P seed count and fruit flesh mass increasing from -0,143 

to 0,266. This points to the importance of the P seed complement in the 1970 

summer set. 

In the case of the 1970 autumn set there were very few P seeds so that 

this correlation was not even considered. But note the increase of r A from 
Iy 

0,520 to 0,566 , another level of significance, with the elimination of the 

effects of x3 (p + S seeds). 

The same pattern of Appendix Table 38.4 is repeated in Appendix Table 

38.5 for the 1970 autumn and summer sets, except that the correlations were 

higher because of the inclusion of seed mass in fruit mass. In the case of 

the 1969 autumn set, the most marked changes involved x2 (sum of P seeds). 

Thus r 1z increased from 0,573 (Appendix Table 38.3) to 0,818 (r1z ,2) when 

x2 was eliminated, and r 2z increased from 0,320 to 0,533 (r2z ,1) when the effec1 

of x1 were eliminated. The mean sum of P seeds (x2 = 273) was of course quite 

high in relation to the mean sum of F seeds (x
1 

= . 558) in this set. 

One perhaps obvious conclusion from the above findings is that the relativE 

contribution of the F, P and S seeds to fruit growth depends on their relative 

ratios to the sum of F + P + S seeds. What about the individual sizes of 

these seeds? In the 1970 autumn set there were app roximately 500 (p + S) seeds 

per fruit, mostly S seeds. Eliminating the effects of (p + S) seeds increased 

r 1z by about eight per cent. In the 1969 autumn set, eliminating the effects 

of just P seeds (average of about 270 per fruit) increased r,z by about s even 
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per cent. In the 1970 summer se t, elimi na t i ng the effect of about 170 P seeds 

increased r
1z 

by about five per cent. Another way of putting this is that by 

eliminating 

(i) S seeds of 1970 autumn set inc reased r 1z by 0,016 per cent per 5 seed; 

(ii) P seeds of 1969 autumn set increased r 1z by 0,025 per cent per P seed; c 

(iii) P seeds of 1970 summer set increased r 1z by 0,029 per cent per P seed. 

That is, the larger the aborted seed, the greater was its effect on the 

seed/fruit correlations. 

Figure 34 provides a graphic illustration of how the various sBed count 

correlations in the 1969 autumn set varied over time. Three sets of seed 

counts for each of 18 fruits, viz. 

(i) the sum of F seeds alone; 

(ii) the sum of (p + S) seeds alone; and 
I 

(iii) the sum of (F + P + S) seeds together 

were correlated with their corresponding fruit volume (indices) throughout the 

course of fruit development. In addition the fruit volumes of each of the 

fruits at any given sampling (measuring) period were correlated with the fruit 

volumes of these same fruits at the time of fruit ripening, when the seeds were 

counted. Of course at the latter time, forty to forty-three weeks after 

anthesis, these volumes coincided so that the correlation was unity. In con­

trast to this, Figure 34 shows for example correlations between the sum of 

aborted seeds (p + S) with fruit volumes at two weeks after anthesis before 

these seeds had actually aborted. One could view them as potentially abortive 

seeds at that stage. Because (F), (p + S) and (F + P + S) seeds in this autumn 

set on average formed relatively large and relatively balanced components 

(558, 373 and 931 respectively), one could expect them to have had noticeable 

effects on fruit growth, and this should have been reflected in changes in thei 

. respective correlations over time. 

All the correlations started off at relatively low levels. Of these, that 

between fruit volume at anthesis and that at fruit ripening was the highest, 

0,418. In the course of growth the subsequent fruit volumes became more and 

more correlated with their final volumes. This increase was rapid over the 

first six weeks of growth (May, June), followed by a less rapid phase of 

increase up to the 18th week (September) and then a final more gradual phase 

up to unity at fruit ripening, week 43 (March). 

The correlation between the number of fully developed seeds (F) alone and 

fruit volume at a given period develop ed in two main phases. The first phase 
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until just before fruit ripen i ng (0,748). An apparent decline at about the 

15th week (August) could have been merely due to inaccurate measuring or record­

ing of fruit dimensions at tha t time. 

Correlation between the sum of aborted seeds alone (p + S) developed in 

three phases. The first phass ' appeared to last about five weeks (May, June)f 

possibly before the abortions actually set in. This was followed by a slower 

increase to about 0,49 at the 15 t h week (August, when S seeds would have alread) 

aborted and the more numerous P seeds were beginning to) and this level was 

apparently maintained until about the 20th week (September, by which time 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 

developed seeds (F + P + S) also had three phases. It was higher than the (F) 

or (p + S) correlations, and appeared to reflect a resultant of the two latter 

curves, ending finally at about 0,79. 

Looking at Figure 34 as a whole, it can be seen that the correlation curve 

for fruit volume during fruit growth increased and diverged away from that of 

the three seed count correlations, particularly from August onwards. This 

would seem to imply that factors other than seeds were influencing the indivi­

dual fruits in the later stages. 

Figure 35 shows the three seed count correlations over time with the 

increments in fruit volume growth. The "curves" are much sharper than those 

of Figure 34. The F seed curve seems to have risen more sharply than that of 

the (p + S) curve. Perhaps (p + S) seeds, i.e. the ones that finally aborted, 

were seeds that started to develop more slowly, or later (due to delayed 

fertilization) or because of less potent pollen tubes. The (p + 5) curve also 

seems to have peaked after that of the (F) seeds' (August versus June/July). 

It would appear that the (p + S) seeds contrib~ted to increments of fruit 

volume until about the 15th week (August), but with abortions having set in 

(approximately eighth to 15th week, July/August) there was a rapid decline in 

their effectiveness after this. The growth of aborted seeds themselves had 

also ceased from that time (Chapter II). 

The (F) seeds seem to have contributed positively and significantly, (even 

if at a declining rate after the first eight weeks) until about the time the 

endosperm of all seeds had cellularized and the embryos had entered the rapid 

phase of growth. This was by the 27th week in November of the 1969 set (1.3.5). 

This was also the most likely time according to the F seed data on Figure 35 

that the F curve went lower than the 0,46 correlation level, the five per cent 
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level of significance . The la t er rise i n the graph at week 32 is puzzling. 

Was it due to me asuring, r ecording or random errors, or was there actually a 

late seed influence on increments of fruit grow t h associated with the late 

testal developments of F s eGd prior to final thickening of these tissues? The 

author is inclined to believe it was a spurious effect, but these results reall~ 

need further checking, and of course using more accurate whole fruit seed count~ 

The correlation curve f or the (F + P + S) seed counts again generally 

reflect a resultant of the subsets (F) and (p + S), as in Figure 34. All seed 

effects were negligible in the iater third to half of fruit developm8nt. Why 

then, were the correlation curves at a high level over this period in Figure 34: 

Partially because the accumUlative effects on increments of fruit growth for 

the first half ensured a high total correlation at that stage. At that stage 

(week 20) the fruit volumes were to be highly correlated with their final fruit 

volumes (0,90 , Figure 34). Since the cell division phase of fruit growth 

(which determines the number of cells available for further enlargement) occurs 

in the first third to half of growth, according to season of fruit set (Kuhne 

& Allan, 1970) the strong correlation was understandable. These results also 

indicate though that the seeds had little or no effect on the process of cell 

enlargement in the last half of fruit growth. 

What was surprising was that the later increments in growth were poorly 

correlated with the fruits' previously achieved volume (Figure 35). This again 

seems to point to other unmeasured on-tree or site factors influencing the 

later cell enlargement phase. Such possible factors could have been soil 

moisture, and leaf to fruit ratios, during the spring and summer months 

(September onwards). 

One final point about Figures 34 and 35. They were based on the median 

1/5th longitudinal fruit portion estimates, and the correlations at fruit ripen­

ing may have been overestimated by ten per cent or so. But the general 

character of the curves themselves (rather than the actual height or level of 

correlation) has been the point of this presentation. In the author's opinion 

the curve types, and the approximate times during development at which the seed 

type/fruit mass associations increased or diminished were probably reliable 

representations. Assuming their reliability suggests an explanation for 

observed differences in correlations of the other studies in this thesis and in 

Allan's studies (1958 , 1969). Thet is that beth fully developing and abortive 

seeds influence fruit growth positively. Fully developing seeds do so to a 

greater individual extent and for a longer period. The positive effect of 

abortive seeds is limited by their individual size and to the time before their 

abortion. This explains why in the comparison between autumn and summer set 
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correlations, both here and in Allan ' s work, allowance needs to be made for 

the presence of aborted seeds in autumn sets (especially). It also offers an 

explanation as to why the seed mass/f r uit mass correlations appeared 

higher after 12 weeks than af ter 28 weeks in the studies in 3.3.1. Fur t her 

growth in seed and fruit flesh masses after the onset of the cellularization 

of endosperm and rapid growth of embryos could have been uncorrelated, thus 

leading to a 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 a greater opportuni t y for influencing final fruit size than 

in summer sets with 12 weeks to endosperm cellularization. Hence the higher 

autumn correlations. 

Finally, Table 22 provides a comparative display of several seed/fruit 

measures from five of the fruit sets looked at in this thesis. In order to 

render these more comparable, fruit mass here includes seed mass, and the esti­

mated fruit mass of the apical and basal fruit portions cut off in the 1972/73 

summer and 1973 autumn sets have also been included. 

TABLE 22 Ratibs of types of seeds and of fruit plus seed mass to 

seed mass and counts in several sets of papaya fruits 

S E A SON 0 F F R U I T S E T 

Summer Autumn Autumn Summer Autumn 
1970 1969 1970 1972/73 1973 

Type of pollination Hand Hand Hand Open Open 

Number of fruit 24 18 14 21 17 

] 

Mean ratio of 83:10:7 60 : 29 : 11 50 : 1 : 49 89 : 8 : 3 47 : 26 : 26 F : P : S seeds I 

Mean sum of all F, 1 767 931 1 148 1 261 491 P and S seeds 

Mean seed mas s (g) 149,4 - 46,4 125,2 22,4 

Mean fruit plus 1 550 713 725 1 240 470 seed mass (g) 

Ratio of fruit plus 
seed mass to seed 10,4 - 15,6 9,9 21,0 
mass 

Ratio of fruit plus o,eel?? seed mass t o sum I 

of F, P and S 0,63 I 0,98

1 

0,96 

seeds I 
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Wi th regard to the mean F: P : S seed count ratios, the two summer sets 

(one hand-pollinated, the other open) had similar ratios (83: 10 : 7 end 

89 : 8 : 3 respectively). The three autumn sets differed. The one hand-polli-· 

nated autumn set (1969) had a similar ratio relation as that of the summer 

sets, viz. that F > p > S. Otherwise this autumn set had a relatively smaller 

F seed proportion: 60 per cent as against the 80 per cent plus of the summer 

sets. The other hand-pollinated autumn set (1970) had nearly all its aborted 

seeds in the form of S , and the proportion between F and S seeds was nearly 

equal. The open-pollinated autumn set (1973) also had an approximate even 

proportion between fully developed and aborted seeds, but in this case the 

aborted seeds were evenly distributed between P and S seeds. 

The relative seed type ratios was one thing. The mean total sum of F, P 

and S seeds together was something else. The hand-pollinated summer set (1970) 

had the largest mean number (1767), followed at a good deal lower level by the 

open-pollinated 1972/73 summer set (1261). This was followed closely by the 

hand-pollinated autumn set of 1970 (1 148) and then by the other hand-pollinate 

autumn set of 1969 (931). Much lower down wa& the open-pollinated 1973 autumn 

set (only 491). Three of the interesting points here were that firstly hand­

pollination to the extent used greatly increased the total number of fertilized 

. ovules in the autumn sets, almost to the level of the open-poJJinated summer 

set. This was, however, still far below that of the hand-pollinated summer 

set. Secondly, that although the relative ratios of the two summer sets ' seed 

types were similar, hand-pollination had increased the total number of ovules 

fertilized. This was also apparent in the figures for Allan's (1958) summer 

and late autumn sets. Thirdly, temperature (during season of set and early 

development) was a crucial factor influencing both the total number of ovules 

fertilized and also the relative ratio of fully developed seeds. Thus hand­

pollinated fruits set in summer had the greatest number of ovules fertilized 

and also the greatest number of fully developed seeds. 

The highest measured mean seed masses per fruit were in the summer sets, 

with the hand-pollinated 1970 set being the highest (149 versus 125 grams 

respectively). The relative difference between the two was not as great as for 

the sum of F, P and S seeds. This was in part due to the slightly higher ratio 

of fully developed seeds in the open pollinated 1972/73 summer set. The 

autumn sets on the other hand had much lower mean seed masses, with the hand­

pollinated 1970 set in turn having approximately twice tho mean seed mass of 

the 1973 set (46 versus 22 grams respectively). The large difference between 

the open-pollinated 1972/73 summer set and the hand-pollinated 1970 autumn set, 

even though they had similar mean total (F + P + 5) seed counts was due to 
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(i) t he higher F seed r a t io i n t he s ummer se t; and (ii) the larger size of 

individual F seeds f ound in summer sets (e.g. Figure 28). 

The rank of the mean f rui t masse s ( i ncluding seeds) was firstly the hand­

pollinat ed summer set (1 550 grams ), follo wed by the open-pollina ted summer 

set (12 40 grams), t hen the two hand-po l linate d autumn sets (724 and 713 grams) 

and lastly, the open-pollinated autumn set (470 grams). In terms of the ratio 

of fruit plus s ee d mass to seed mass, the two slimmer sets were similar (10,4 

and 9,9). The two autumn sets measured averaged higher ratios (15,6 and 21 , 0), 

with the latter open- pollinated set'sbeing nearly twice as great as the summer 

sets'. In Allan's (1969) data the autumn set fruits also averaged a higher 

ratio than the summer set fruit. This might appe ar to indicate the presence 

of some general competition between seeds and fruit tissue for substrates ~ 

resulting in a diminishing ratio as the total seed mass increases. 

However, when the ratio involving fruit plus seed mass was expressed 

relative to the number of (F + P + S) seeds, the resultant ratios were much 

closer. The open-pollinated summer and autumn sets had the highest estimated 

ratios (0,98 and 0,96 respectively). This was followed by the hand-pollinated 

summer set (0,88) and then the two hand-pollinated autumn sets (0,77 and 0,63). 

The difference in the two latter autumn sets seems to lie in their different 

relative proportions of S seeds, the 1970 autumn set with the more numerous 

S seeds having the lowest fruit mass to seed count ratio. 

The latter results seem to suggest that even if seeds did compete to some 

extent with frui t flesh for available substrates, the larger P seeds neve rthe­

less contributed more to fruit flesh growth than S seeds. P seeds that aborted 

at the time of endosperm cellularization (Chapter II) could have contributed 

for as long as F seeds, even if not to the same individual quantitative ex t ent. 

3.3.4 Supplementary survey on pollen tube growth 

Table 23 shows that ~ollen tube growth at different seasons of 

fruit set was qui t e markedly influenced by prevailing temperatures. In the 

time (seven days) tha t it took pollen t ubes to first reach the mid-point of 

flowers pollina ted in autumn (April 1971), their counterparts in summer had 

nearly reached t he basal-most ovules. In the latter season, pollen tubes had 

already reached the mid-point of the flowers after four days. The mean tempera· 

tures for the autumn-set batch was 17 to 17,5°C, whereas that of the summer 

set wa s 22°C. 

On the ot her hand in the time it took pollen tubes to r each the base of 

flower s i n the above au t umn set , t heir counterp arts in flowers pollinate d in 



TABLE 23 Times t aken fo r poll en tubes t o reach mid-point and base of 

papaya fruit s wh en pollina t ed in April ( autumn), June 

(winter) and February ( s umm er) 

Numbe r of days 
Nu mber of days Mean temperature 

Date of to first reach 
hand-pollination 

to first reach basal ovules of 
during growth 

Cc subregion Dd subregion 
(DC) 

17 April, 1971 7 14 17 ,0 

23 April, 1971 7 13 17,5 

1 June, 1971 12 
Not reached 

13,1 after 24 days 

27 June, 1971 16 
Not reached 

14,3 aftor 28 days 

8 February, 1972 4 9 22,0 
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flowers the pollen tubes never reached the base. Prevailing mean temperatures 

there were between 13,1 and 14,3DC. 

The above findings corroborate with those of the pollen tube growth and 

ovule fertilization studies in Chapter I (1.3.1.3). Together they indicate the 

importance of prevailing temperature for the speed and extent of ovule fertili­

zation. Together with the type of fertilization {hand- versus open-pollination 

and source of pollen), it appears to determine to a large extent the quantity 

and quality of further seed development, which in turn has been shown to be wel 

correlated with fruit growth. 

Table 24 gives some indication of how much prevailing temperatures can be 

influenced by using a plastic or polythene cover structure. In a rather warm 

TABLE 24 

Covered 
trees 

Uncovered 
trees 

Mean temperatures in uncovered papaya trees 

versus trees under a plastic structure over 

a twelve-day period in May 1972 (autumn) 

MEAN TEMPERATURES: DC 

Maximum Overall mean Minimum 

34,9 23,0 11 ,1 

27,0 19,6 12,3 
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period in May, 1972 (autumn) the prevailing mean temperature in a row of 

papaya trees for a 12-day p3riod was 19,6°C. In trees of the same row covered 

with the structure the mean te mperature for the same period was 23,00C. The 

latter temperature compares with the summer (February, 1972) mean of 22°C in 

Table 23. The possibility thus exists for raising prevailing temperatures in 

marginal climatic areas to ensure a more rapid and more extensive fertili­

zation of ovules. However, it should be noted that the minimum temperatures 

were hardly affected (in fact recorded lower) under the plastic structure. 

If low temperatures in some way promote growth inhibitive factors then such 

plastic structures (e.g. cloches) may not be a sufficient means for improving 

ovule fertilization, seed and fruit development. This apsect needs further 

study. 
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GEN ERAL DIS CU SS I ON AND CONCLUSIONS 

The anatomical s t ud ies of the fir s t ch8pt er have provided a basis for 

compar ing the dev elopment of s eeds in t he clone Honey Gold with that of 

papaya s eeds r eported in the li terature . No striking differ ences were seen. 

The development of nucleated cytoplasmic nodul es in the endo s perm reported by 

Singh (1 961) to occur i n plants from cold re gion s was not seen. But Singh's 

(1960) contention that the bo ttom layer of the 'sarcotesta' at the base 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 inner 

testa (integument) in this clone loo ked more like longitudinally elon ga ted 

fibres (Winton & Winton, 1935) than stone cells (Foster, 1943; Singh, 1960). 

But this interpretation may depend on the orientation of examination, as dis­

cussed in 1.3.3.5 (a). The vascular supply was not seen to enter the inner 

integument, which supports Singh's (1960) finding over against the apparent 

implication that it does (Foster, 1943). 

The measurement of growth of all seed tissues, which had not been report­

ed in the literature before, together with the description of their 'corre­

lative' developments formed a useful bas is for comparing seeds of fruits set 

in summer and autumn. The above was also useful for estimating the develop­

mental periods at which seed abor~ions occurred. 

Seed development in fruits hand-pollinated in February (late summer), 

during peak flowering in Pie t ermarit zburg, can be placed . into five phas es (see 

also SUMMARY and Q in ABB~tVIATIqNS). The first phase lasted about ten 

weeks, from anthesis and pollination in February (late summer) to mid-April 

(mid-autumn). This was a period characterized by rapid increase in free nuclea l 

endosperm but very little embryo development. Seed size during this period 

was well correlated with the number of free nuclear endosperm nuclei • . There 

was also a rapid increase in the amount of nucellus tissue, even though some 

of it was being consumed by the endosperm. The latter was inferred from the 

anatomical appe arance of the nucellus close to the endosperm and from the fact 

that seeds which had just started to abort at the end of this phase had less 

endosperm but more nucellus than normally developing seeds , whereas both of 

these types had far more endosperm and nuc ellus than seeds which had aborted 

earlier on (2.3.1). 

The second phase cov ered roughl y the next t en weeks, from mid-April to 

mid-June (mid-aut umn t o mid- win te r r espe ctively ). It was characterized in the 

beginning by t he transi t ion of endospe r m f rom t he fr ee nucl ear to the cellul ar 
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state. It was a period during which the embr yo began to develop rapidly, with 

the final shape (but not size) being attained by the end of this phase. Calcium 

oxylate crystals began to form in the inner epidermis of the outer testa, and 

for a short period in this phase this epidermis virtually ceased to grow. The 

adjacent outer epidermis of the inner testa virtually ceased growing throughout 

this phase. The adjacent inter-epidermal tissues of the inner testa reached 

their final sizes during this phase. During this phase too, the cell walls of 

the endotestal ridges took on a buckled appearance, which lasted through to the 

fourth phase and provided one of the tell-tales for estimating abortion times. 

Thus in this phase crucial developmental changes in the state of the endosperm 

and the embryo were correlated with abrupt slowing down in growth or changes in 

the testal tissues. Nucellus tissue stopped dividing and began to slow down in 

expansion, all the ~hile being consumed by the endosperm. 

The third phase lasted about eight weeks, from mid-June to mid-August (mid­

to late winter). Throughout this phase the innermost band of the endotesta 

virtually ceased to grow, but the previously quiescent outer epidermis of the 

adjacent inner testa quickened much in growth. The outer testal tissues beyond 

the quiescent band of the endotesta also reached maximal rates of cell expansion, 

although cell divisions had ceased at the beginning of this phase. At approxi­

mately similar times the embryo and cellular endosp~rm stopped dividing and then 

reached maximal rates of cell expansion, in the middle of this phase (July). 

The fourth phase of deve~opment lasted about a month, between mid-August 

and mid-September (late winter to early spring). It was characterized by a 

quickening of growt~ of the inner 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 tissues were thickening 

considerably, with wall pittings becoming evident in the inner band of the endo­

testa and testal tissues within this band. With the thickening of testal walls 

in general, the buckled appearance of the endotestal ridge cell walls disappeared. 

The fifth and final phase of seed development began in mid-September (early 

spring) and was characterized by a general maturation of tissues and the tailing 

off of growth. At first numerous vacuoles formed in the endosperm and embryo, 

followed by general amorphous cytoplasmic depositions. In normal seeds reserve 

materials were deposited in the form of aleurone grains. The thickening of 

the testal tissues together with cytoplasmic depositions in the sarcotesta 

contributed to the darkening and colouring of normal seeds during this phase. 

Adjacent f~uit tissue also began to colour up in this phase. 
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Wh en seed development in t he summer set was compared to that of fruit 

development , it was found that the seeds r eached the stage of endosperm tran­

sition (phase two ) and maximal rate of whole seed (volume) growth in the period 

that frui ts r eached t heir maximum rate of growt h. Both of these occurred 

with i n three months of fruit set, in the period late summer to mid-autumn. 

Most of the other major seed developments (and maximal rates of seed cell 

enlargements) occurred only after t his stage, in the remaining six to seven 

months growth during winter and spring . This was also the period of later, 

continuing cell enl argement of fruit (mesocarp) tissue. Although cell division 

in several seed tissues carried on beyond the inflexion point of the whole seed 

growth curve, the maximal rates of cell division in the endotesta, and the 

fastest expansion of the embryo sac occurred near the inflexion point, hence 

the position of this inflexion. 

The seeds of autumn set fruits went through similar tissue and phase 

correlated stages of development. But the inflexion point of both the seed and 

fruit growth curves occurred only about half way through the total developmenta 

period. Thus the first phase of seed development (free nuclear endosperm 

development) and the cell division stage in the fruit growth was dragged out 

over nearly five months, from April/May to mid-September, October (late autumn y 

winter and spring). The remaining four phases of seed development and continu­

ing cell enlargement in fruit tissue was compressed into the remaining five 

months (spring, summer, early autumn). 

From the above account it is evident that the cell division stage in fruit 

tissue growth, whether the fruits set in summer or autumn, covers approximately 

the period of rapid increase in free nuclear endosperm nuclei and the most 

rapid stages of cell divis~n in the nucellus and testal tissues of normally 

developing seeds. The cell division stage in the (fruit) mesocarp is impor tant 

for laying one limit to the potenti al of t he fruits' size, as later growth can 

only be by further enlargement of the existing cells. The latter process is 

less affected by cold weather than the cell division process (Kuhne & Allan, 

1970), hence the larger summer set fruits, even though both sets receive 

similar amounts of total heat units. By getting the mesocarp cell division 

stage over before the winter sets i n , the summer set fruits produce a larger 

number of cells in a shorter time than their autumn set counterparts. Similarl ' 

the seeds of the summer set fruits had both a larger number of cells and bigger 

individual cell s at the inflexion point of the growth curves compared to their 

autumn counterparts. As will be discussed later, the fruits set in summer 

had in addition a larger number of normally developing seeds throughout this 

crucial first stage . 
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The differences in the timo taken for endosperm to begin cellularizing in 

these studies, and in comparison to Foster' s (1943) studies, are no doubt 

related to differences in climatic conditions 1 particularly temperatures. But 

apart from that, what triggers the transit ion? Why does it occur when it does? 

This could be an interesting developmental question to pursue. 

Using a recently formulated clearing fluid enabled the author to make a 

detailed survey of the positional pattern of ovule development at the time of 

anthesis, of the pattern of pol len tub e penetrations and fertilizations, and 

the subsequent early seed growth in relation to position within the fruit. To 

the author's knowledge this has not been done in this detail with papaya before. 

A brief sketch of the results of these and more conventional anatomic and 

dissection studies can be found in the SUMMARY. One of the main features there 

was the more rapid and more extensive development in the fruits set in summer. 

versus those set in autumn. Another main feature in both autumn and summer sets 

was the tendency for pollen tubes to enter only mature ovules. One can surmise 

from these studies ~ that the last seeds to start developing did so either 

because as ovules they were late to mature, or else they only received the late 

to arrive or slow to grow pollen tubes, or both sets of reasons applied. These 

could be the most likely seeds to abort. 

The anatomical studies on aborted seeds revealed that the approximate perio 

at which a seed aborted could be judged by comparing the developmental phase 

that the various seed tissues had reached relative to the developmental sequence 

of normal seeds. The measurements of cell sizes and whole aborted seeds 

corroborated such estimates. The studies on the contents of dissected seeds als 

helped to indicate the general extent of intra-testal development. The studies 

on the relBtive frequency of each of the seed abortant types provided further 

information for inferring when the bulk of the abortions occurred in varioLJs 

seasons of set. The following general picture emerged. 

Those ovules that were not fertilized hardly grew .larger than fertilized 

seeds at the second week after anthesis in summer or the fourth week after 

anthesis in autumn. Within this period their amount of nucellus had increased. 

The further diFferentiation of the integuments into testal tissues seemed to 

have required fertilization and subsequent endosperm/embryo develcipment. In 

only a few cases of those examined were there testal developments without signs 

of previous endosperm. But even in those cases it may have happened that the 

last traces of endosperm had been consumed in the course of testal development . 

However, there is also the further possibility that in some cases development 

in adjacent seeds may have stimulated testal de velopment. The branches in the 



vascular connections of adja cent ovule and s eed funicula or stalks can be 

quite close, as seen through the 01earing fluid. 
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Referring now just to seed abortions in fruits set in summer, the little 

abortion that did occur (average of ten per cent of fertilized ovules) only 

began to do so in Ma rc h (ear ly autumn)9 about five weeks after an t hesis. These 

were mostly of the cWs type, with a few of the earlier and smaller b type 

also occurring. The last abortions in summer fruits occurred about 30 weeks 

after anthesis (end of Augu s t, l ate win ter ). The 'frequency distribution' in 

terms of time to abort was fairly evenly spread between early autumn and late 

winter. 

The seeds of the top (apical) quarter of the fruit were more prone to 

abortion than those of the lower three-quarters. Comparing the frequencies 

along a different spatial location, seeds closer to the placentary edges wer a 

also more prone to abort than those closer to the carpellary margins. 

Examination of the contents and development of aborted seeds of the 

autumn sets revealed that most of these occurred before the transition phase of 

endosperm development (before phase two). The major period of abortion was 

from the end of May until the end of July, the coldest period in Pietermaritz­

burg. Most of the remainder aborted between August and October (late winter to 

mid-spring). Even though in one year (1969) the seed abortant types were more 

equally represented, the majority of abortions still occurred before the endo­

sperm began to cellularize. 

The very earliest signs of abortion (in May) were more concentrated in 

the basal (stalk) end of the fruit, implying perhaps that such seeds and/or thej 

pollen tubes were too old or degenerating at the time of fertilization. But 

in fruits looked at after harvesting the greatest proportions were again in 

the apical quarter, and also generally greater nearer the placentary edges, 

as in summer set fruits. Even the earliest signs of abortion in May were more 

prevalent near the placentary edges. Seed abortion rates were much highe!' in 

autumn set fruits (50 per cent of ovules that were fertilized, whether by 

hand- or open pollination). 

What were the most likely reasons for seed abortion? Haw would these 

explain the times at w~ich abortion occurred and the positional patterns within 

the fruits? In Chapter II it was argued that although the positional patterns 

of concentration of early seed growth in open pollinated fruits were like that 

of the patterns for concentration of seed abortions, it ulas doubtful whether 

there was a causal link between the two. If there was, then one could expect 

that in comp aring fruits set and grown at the same time, fruits with overall 
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higher proportions of early seed develo pme nt s hould also have had overall 

higher abortion rate s . When this was exami ned in Chapter III, it was found 

not to be the case. Seed compe tition therefore is not considered to have been 

a cause of seed abortion. The two pat terns were merely coincidental. It was 

in fact more likely that fruit com~etition affected seed abortion rates 

(3.3.3.1). Allan's (1958) da ta had also suggested that fruit competition may 

increase sGed abortion levels. However , this trend in the present studies did 

not reach statistical significance. 

Another postulated cause of seed abortion had been that adverse climatic 

conditions in spring, in the form of rapid and steep fluctuations in available 

moisture would have brought on abortions. Furthermore, the seeds at the 

apical end, and those nearer the placentary edges along the whole longitudinal 

axis, being presumably at a positional disadvantage in the vascular network, 

shOUld have been subject to the greatest stress. There may well have been 

moisture and nutritional stresses during the spring months, but these did no t 

result in the predicted positional pattern of abortions in the seeds that abort! 

during that period (2.5.1.1). The pattern at that time was random. In additior 

relatively little abortion occurred in this period in both summer and autumn 

set fruits. Since the bulk of the abortions occurred earlier, during late 

autumn and winter months, a more likely factor was low temperatures. How could 

this then have affected the striking positional patterns? 

The postulated explanation is as follows. At anthesis the ovules nearer 

the carpellary margins are more ma t ure than those nearer the placentary edges. 

The first and most vigorously growing pollen tubes (Allan, 1963) are drawn 

chemotropically in the present author's opinion by the more mature ovules, 

entering such ovules nearer the stigma end first, but continuing on towards the 

'0' subregion. The lower q~arter, 'Od' , but particularly the placentary edge 

'd' subregion received the last of the longer growing pollen tubes. In the 

autumn sets this was occurring even four weeks after pollination. Thus the 

first abortions tended to occur there in the autumn sets but not the summer setf 

Pollen tubes reached the base of fruits by the second week in the latter sets. 

Between the second and fourth weeks in the autumn sets pollen tubes were 

still entering the ovules along the whole length of the placentary edges. This 

pattern of later entrances into these subregions also occurred in the summer 

set fruits, but these were still much earlier than in the autumn sets. Thus 

the postUlat e is that it was the late t o start seeds that were the most likely 

to abort. Sizes of seeds in the earlier part of phase one were correlated with 

the number of free nuclear endosperm nuclei, and the earlier developing seeDs 

were also larger. When older seeds (twelve weeks after pollination in autumn) 
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were teased open and examined in the clearing fluid, the smaller, abortive 

seeds had far less endospermic nuclei and the endospermic strands were flimsier 

in comparison with those of l arger , normal s8eds. 

The above explanation seems to account for the pattern of abortion between 

the placentary and carpellary margins in both summer and autumn sets, and for 

the pattern at the base of the fruits in autumn sets. But what about the upper 

quarter? An explanation could be that the pollen ulhich was slowest to germinat 

and made the slowest growth (as co~related by Allan, 1963) could only penetrate 

as far as the top quarter. Presumably, ovules fertilized from such a source 

develop for a , limited period only. This needs further study. 

The above explanations could account for the patterns of the bulk of 

abortions. On this basis the differences between autumn and summer sets are 

due to differences in temperatures at the time of pollination and fertilization 

Low temperatures not only reduce the "number of mature ovules, but reduce 

germination and pollen tube growth, leading to reduced fertilizations and 

greater abortion. It can even happen then that hand-pollination does not 

increase fruit size, as found in one batch by Allan (1958). 

One motivating reason for these studies on normal and abortive seed devalol 

ment 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 allowed for, then the importance of pollination, seed 

development and seed abortion for fruit growth warranted further assessment. 

Using vegetatively propagated material, setting some fruits together so as to 

have similar conditions of growth, measuring initial sizes as well as leaf area 

and fruit competition - the resulting analyses still showed that seeds were 

highly correlated with fruit growth. The effect could even be measured in the 

fruit tissue beneath the seeds for all subregions along the fruits' longitudina, 

axis. 

Temperature was important not only for leaf abscission and seed abortion. 

It was important too, for seed and fruit growth, as could be inferred from the 

growth graphs for individual seeds and fruits set in autumn and summer, and 

as also shown for fruit growth by Kuhne and Allan, (1970). Fruits and seeds 

that started their growth in summer achieved a greater size than those starting 

in autumn. 

In the studies on fruit set over March (early autumn) in 3.3.1.2, it was 

felt that the temperature range used was too limitsd to make a proper assessmen 

between temperature, seed and fruit mass. In the study on 32 fruits grown for 

28 weeks the simple correlations be tween 
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(i) seed mass; 

(ii) sum of deg~ee-days during flower bud development before anthesis; and 

(iii) sum of degree-days for the 15 weeks after anthesis with that of fruit 

fle sh mass we re 

(i) 0,777 (ii) -0,2083. and (iii) 0,208 respectively. 

Only that between seed mass and fruit flesh mas s was significant. The partial 

correlations involving just those four variables taken together (not given in 

3.3.1.2) were (a) 0,809 (b) 0,185; and (c) -0,2195 between 

(a) seed mass; 

(b) the 'temperatures' before anthesis; and 

(c) 'temperatures' after anthesis with fruit flesh mass respectively. 

Again only the seed mass partial correlation was significant. The partial 

correlation between the temperature variable after anthesis and seed mass 

(0,3317) was nearly significant. 

But the author also has further data not presented here on fruits set later 

in April and May of that same year. These were set in a separate papaya block, 

about 50 metres from the one used in the studies reported in 3.3.1.2. No leaf 

area measurement or initi al fruit sizes and fruit competition data had been 

taken on these and on some of them various strengths of a boric acid solution 

had been applied to the stigma before hand-pollination. Therefore the data fro m 

this had not been included with that of 3.3.1.2. However, in the light of the 

limited temperature range used in the March settings, and the suspected import­

ance of temperature , all the data has since been pooled together (54 fruits as 

against 32 in 3.3.1.2) and the following comparative correlations were obtained. 

After 28 weeks . growth the simple correlations foi 

(i) seed mass; 

(ii) sum of degree-days during flower bud development before anthesis; and 

(iii) sum of degree-days for 15 weeks after anthesis Las (i) - (iii) above-J7 
with that of fruit Flesh mass were 

(1) 0,919; (ii) 0,829 and (iii) 0,785 respectively; all highly signifi 

cant. These figures show that when seed and fr~it mass correlations were calcu­

lated from fruits set at different times within one season (early to late autumn 

the correlations increased because of the correlations with temperatures, as 

previously suspected. This can also be seen from partial correlations involving 

just these four variables, viz. (3) 0,725; (b) 0,412 and (c) -0,186 for 

(a) seedmass; (b) 'temperatures' before anthesis; and (c) 'temperatures' 

after anthesis with fruit flesh mass respectively. 
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The first two were (highly) significant; but the partial correlation 

between the third, 'temperatures' after anthe s is and seed mass (0,550) was also 

highly significant. That for the temper atures before anthesis and seed mass 

was not significant. 
• 

The above results appear to support the results reported in 3.3.1.2. That 

is, that when temperatures were taken into account, the correlation between 

seed mass and fruit flesh mass, although dropping, was still highly significant. 

Nevertheless the temperature variables were still less extensively sampled than 

the seed variable, and the low "temperature after anthesis" to "fruit mass" 

correlation may have been due to this. Since seed mass seems to have been an 

important variable in its own right, and also quite sensitive to temperatures 

after anthesis, and because of the nature of the sampling used, some of the 

apparent seed-effect could still have been a temperature effect disguised (by 

the partial correlation and regression procedures) in the seed-fruit mass associ 

ations. On the other hand, the apparent effect of temperature conditions after 

anthesis on fruit growth could come in (at least) two forms: · one directly on 

physiological processes in the fruit flesh itself, and another 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 relatively 

rapid growth, reaching the inflexion point in the sigmoid growth curve about 

a third of the way through development and before the cold winter conditions set 

in. In such fruits cell enlargement during the coldest ~onths is not adversely 

affected. Fruits set in autumn, however, have to go through winter and half 

way through development, before they complete the earlier phase encompassing 

cell division. The cell division period is adversely affected during the 

coldest months. 

From the above discussions it could be that part of tho critical temperatur 

effect on the fruits' cell divisions could be through the temperature effect on 

ovule fertilization, early seed growth and physiological processes localized in 

these seeds. 

The correlation analyses of 3.3.3 also suggested that the seed effect on 

fruit growth could be limited to the period up to the inflexion point, i.e. the 

period of fruit cell divisions. This appeared to be supported by the comparison 

between seed/fruit mass correlations after 12 and 28 weeks growth (3.3.1). 

This however needs further testing. Seeds that aborted also appeared to influ­

ence fruit growth, their postulated positive influence being limited by the 

time of their abortion and their relative size. The apparently better correlati 
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between the number of fully de veloped se8ds and fruit mass in autumn compared 

to summer set fruits, and the higher f r uit per seed mass regressions could 

be due to the postulated more prolongod effect of seeds in autumn sets~ and 

sometimes to the unaccounted effects of abor t ed seeds (where the numbers of 

fully developed and aborted seeds are positively correlated). 

It is not clear whether seeds affect the relatively little fruit cell 

enlargement that occurs before the inflexion point. The specific effects of 

seeds on fruit cell divisions and cell enlargement could be partially tested by 

anatomically comparing fruits with many and few seeds at the inflexion point 

and again at maturity. (Even better would be appropriate physiological in­

vestigations.) 

Kuhne (1967) made a preliminary limited trial on the effects of 2,4,5-T , 

GA, NAA, Kinetin and IAA on papaya fruit growth. Of these 2,4,5-T appeared to 

have slightly increased fruit volume and mass throughout growth for fruits set 

in summer, autumn and spring. The other substances, except for IAA, for an 

initial period on fruits set in winter had no effects, although only one level 

of each of the substances was used. The greater effectiveness of the 2,4,5-T 

sprays may have been due to a greater and quicker absorption of the chemical. 

There appeared to be no effect on cell number, (although the number of repli­

cates used was low) so that the effect of 2,4,5-T appears to have been on cell 

enlargement and not cell division. These substances had toxic and distorting 

effects on the leaves. 

The possible basis, then, for the effect of seeds on fruit growth during 

the first stage of fruit growth remains unclear. Assay for growth substances, 

particularly during specific phases of seed growth could prove quite useful. 

It would be of interest to test abortive seeds (generally the smaller seeds 

after three to four weeks growth) as well. The anatomy sections of this thesis 

should prove useful as a guide with ~egard to the times to test testal and 

intra-testal tissues. It would also be useful to assay the fruit flesh itself. 

Apart from the possibility of finding some particular substances, or a 

sequence of substances promotive of fruit growth at different times dUI'ing 

development, what else can be said about boosting fruit size in fruits maturing 

out of season? What can be done with the inferences made from these studies? 

There is little doubt that hand-pollination increases the proportion of ovules 

that are eventually fertilized. The data presented has suggested that flower 

buds developing in warmer (summer-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 proportio~8 of such early maturing ovules could be 



fe r tili ze d if go od pollen were used and condi t i on s f or pollen tube growth over 

the fir s t two to t hree weeks were more summer-like. LLack of temperatu r.e uJo ul d 

appe ar to have l ed t o little r espo nse from hand-pollination trials (e.g. Allan, 

1958 );] The above would ins ure a more exte ns ive, even and rapid development 

of those ovules that were fertili zed. If warme r conditions were maintained 

during the winter mon t hs (Jun e t o Augu s t) as \~811, the greater pr oportion of 

fully developing seeds could be more effec t i ve and for a longer period than 

abortive seeds. This could r esult in a l arger number of fruit cells which could 

be avail able for enl argement even on ce the seeds presumably ceased to have 

further effect. 

Adequate irrigation and soil fertility could also help in the later stages , 

as could be t ter leaf cover. The two would go together. Allan and De Jager (1 97 

have found that under conditions of water stress(wilting) the assimilation of 

CO
2 

ceases, and measureable pho t osynthesis only begins about three days after 

irrigation . In that study Allan also found that net photosynthesis decreased 

rapidly at flu x densities below about 300 Wm-2
• It could be advantageous, t hen , 

to ensure firstly that papaya plants do not wilt; and secondly, that leaf covel 

be increased to the point where average flux densities did not go below 300 Wm-2 

The clone Honey Gold in fact is inclined to lose much of its leaf cover over 

winter, a characteristic apparently inherited through Hortus Gold. The latter 

is the chief genetic source of papayas in South Africa hence this problem could 

be quite general in Sou~h Africa (Allan, 1979). 

Until the first crops are harvested in spring (October onwards in 

Pietermaritzburg) the plants are carrying peak crop loads with minimal leaf 

cover. This is a critical period for fruit growth when seeds are apparently 

losing their effect on frui~ 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 a way of retaining leaves by some 

chemical means (such as cytokinins) or for breeding for leaf retention. Better 
, 
leaf cover at maturity also ensures sweeter, better flavoured fruits (Allan, 

1977) • 

To what extent could these various measures increase the size of fruits se i 

in late autumn in cool sub-tropical conditions such as at Pietermaritzburg? 

Some idea can be es timated from making the following comparisons. Allan (1958) 

quoted long term mean tempera t ure s i n Pie t ermaritzburg, for example February 

(21,4°C); March (20,2°C); Apr i l (1 9 s 0oC); May (17,2 0 C); June (14,1 0 C); 

July (14,7 0 C); Au gus t (15,BoC); Septemb er (1 6 ,BoC); and October (18,8 0 C). 

Since plastic or polythene cover s tructures (e.g . cloches ) might increase the 
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mean tempera tu r es about 15 per cent (3.3 .4 ), the mean temperatures could become 

April (21,9°C); May (19 s 8°C ) ; June ( 16 , 2°C); July (16,9 0 C); August (1 8 ,2°C); 

September (1 9,3° C); and Oc tober. ( 21,6 0 C). The mean temperatures for t he first 

critical four months of uncover.ed fruits se t in February (late summer) ~ould 

be about 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, i.e. comparable to frui ts 

set without covering in March. However , t he effect of low minimum temperRtures 

still attained under cloches still needs to be tested. 

Now the fruits set over the month of March (3.j~1.2) would probably have 

averaged 1 180 g to 1 240 g (including seed mass) if allowed to grow to matur ity 

(~ to 10 months respectively) the next February. So although Allan (1976 a) 

felt that the use of 'tunnels' may only be of practical use ih areas with warmel 

winters than Pietermaritzburg, he was referring specifically to flower and 

fruit set through winter, not the growth of fruits set in late autumn. 

Thus using hand-pollination in April/May and cloches for the period late 

March (for flower, bud and ovule development) to August, could well result in 

a mean fruit mass of about 1 200 g in Febr.uary/March during the out-of-season 

period the following year. Better leaf retention, and reduced fruit compe titior 

(by stripping some of the recently set summer fruits to ensure better flower 

production for autumn fruit setting and also to increase the total leaf area 

per fruit ratio) could increase this still further. Limiting the time under 

covers to the coldest period could help to limit the hastening of fruit matu­

rity brought about by warmer temperatures. It could also limit the occasion 

for deleterious effects of high temperatures on photosynthesis. Allan and 

De Jager (1978) have found that from 31°C to 41°C the net rate of photosynthesiE 

drops to half its maximum rate. 

An average of 1 200 g for fruits ripening in February/March in Pietermaritz­

burg is considerably larger than that of fruits left to open pollination and 

no covering. The latter average between 400 g to 500 g. In fact, fruits set in 

summer with open pollination only average about 1 200 g to 1 300 g themselves . 

Allan's (1958) data suggest that fruits set in early spring in Pietermaritz 

burg have significant ra te s of seed abortion. The same may apply to the 

Transvaal lowveld areas. Thus in these areas, the use of pollen from a good 

source which has been stored in a refrigerator over winter (Allan, 1963), 

together with cloches during flower bud develcpment over winter and in the 

first month or two in spring, may also lead to increased fruit sizes in fru i ts 

also destined to mature during the out-of-season period. However, care would 

have to be taken that temperatures di d not rise too high during these later 
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months, as it is the maximum temperatures that are induced to rise the most, 

and not the minimum temperatures (Allan, 1976 a ). 

These studies, together with Allan ' s (1 958 , 1963, 1969) on pollen, seeds 

and fruits; and Kuhne and Allarl's (1 970) on temperature and fruit growth, have 

helped to crystallize the major probable s ources of the small fruit problem 

mentione d in the introduction. The problems s eem to revolve around low tempera­

tures leading to limited pol lan and ovule quality and development; slow and 

low rates of ovule fertilization and early see d development; increased leaf 

abscission; and slow rates of fruit development during the cell division stage 

of the latter. 

The means for overcoming these deficiencies in cool regions or seasons 

could be by using sufficient and timely applications of good pollen (i.e. from 

one to three staminate buds at the balloon stage, per pistillate flower at 

anthesis); and providing that temperatures during the pre-anthesis to fruit 

cell division stage of development were increased sufficiently. Given sufficien" 

leaf cover, this is predicted to result in a greater number of larger, normally 

developing seeds and larger fruits. 

These ideas warrant testing, including an economic assessment of the worth 

of such practices. Included here could be an assessment of the best height for 

plants and the cost of cloches for these. (Plastic growth tunnels would probabl) 

be too expensive.) . Prospects could be good in the cooler sub-tropical areas 

(if the minimum temperatures do not prove problematic), particularly over the 

first few years if vegetatively propagated plants are used. These bear their 

first crop low down on the stem. Thought would also need to be given for the 

best time for starting such cuttings. 

r " To put parts of this th~sis into a nutshell then, it has supported the 
"Ti~if\q 
~~ ~hat there exist significant positive correlations bet~J8en seed number 

{and mass} and fruit flesh mass in Carica ~~. It has been suggested that 

increasing the proportion of ovules fertilized does not increase the rate of 

seed abortion (with the possible exception of the case of using inferior pollen), 

whereas such a practice could increase fruit size. Due to the significant seed 

number (and mass) - fruit flesh mass correlations, seed abortion can be con­

sidered to be deleterious to the extent that abortion curtails the duration of 

time, and the qu antitative intensity, of the apparent effect of seeds on fruit 

growth. Low temperatures during early seed growth has been considered to be 

one of the main factors retarding pollen tube growth, ovule fertilization and 

increasing seed abortion. The rela tive ratic of total leaf area to fruit crop 
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load, and prevailing tempera tures, have also been considered to be important 

factors affecting seed and fruit growth. The thesis has also drawn attentio~ 

to a number of possible research topics, one of which could 'practically' solve 

the (out-of-season) small-fruit prob15m. 
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SUMMARY 

In cool subtropical areas the fruits of Carica papaya l. that set in 

autumn mature in the out-of-season period the following late summer and autumn. 

These, however, are usually much smaller than those set in summer and matured 

during peak production. The following is a summary of studies on the relation 

of ovule and seed development to frui t growth, with the out-of-season small 

fruit problem in mind. These studies were conducted in Pietermaritzburg on 

clonal material of a recently named cultivar, Honey Gold, developed from the 

variety Hortus Gold. 

A special clearing fluid enabled an extensive whole mount examination of 

ovule and early seed development. At anthesis the ovules nearer the carpellary 

margins had more advanced megagametophytes, larger integuments and a more exten 

sive vascular system than those nearer the placentary edges. 

After hand-pollination in autumn the initial pattern of pollen tube pene­

tration was into the closest mature ovules, predominantly those nearer the 

carpellary margins. Up to the second week pollen tubes appeared to enter only 

ovules with mature megagametophytes. At this time all but the basal quarter 

of the fruit had received appreciable numbers of penetrations. Between the 

second and fourth weeks more ovules were penetrated, particularly those closer 

to the placentary edges. It was evident that by the fourth week some pollen 

tube penetrations had not stimulated further embryo sac developments . After 

the fourth week only the ovules in the basal quarter received significant 

additional penetrations. 

Following fertilization cell divisions occurred throughout the nucellus 

but after eight weeks this ·was confined to the periphery. Over the first six 

weeks it ~Jas evident that the earlier a se8d was fertilized, the greater were 

i t s amounts of nucellus and endosperm. Four weeks after pollination in autumn 

more than 80 per cent of those ollules that were fertilized appeared to have 

normally developing endosperm, but by the sixth week this dropped to 50 per 

cent in seeds at the base of the fruits particularly those nearer the placental 

edges. In these initial weeks embryo development was very slow in comparison 

to that of the free nuclear endosperm. 

Tannin was deposited into a region above the hypostase between the second 

and fourth weeks in autumn pollinated fruitsj the process occurring first in 

ovules and seeds closer to the carpellary margins. Over the first eight weeks 

the outer integument had increased in size through cell division and enlarge­

ment and had differentiated into six cell types, which included sarcotestal and 
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endotestal tissues. The apparent innermost tissue of the sarcotesta at the 

bottom of the furrows between endotestal ridge s was actually derived from the 

endotesta. 

In this initial period the number of layers between the epidermises of the 

inner integument increased to six, the fin al number. Tannin was being deposite( 

into the innermos t epide rmis. 

The s ize of unfertili zed but mature ovules also incre ased over the fir st 

six weeks after anthesis in autumn. These also had increasing amounts of 

nucellus, having as much nucellus as seeds wi t h defective endosperm, but were 

smaller, with less nucellus, than seeds with normally developing endosperm. 

The largest unfertil ized but mature ovules came from intra-fruit subregions 

with the greatest amounts of seed development. 

A brief comparative study on ~arly seed development in a summer sot was 

also made using the clearirlg technique. The proportion of mature ovules at 

anthesis was higher than that in autumn, with a similar, but less pronounced, 

difference between carpellary margin and placental edge ovules. Tho initial 

rate of development was also faster in summer; the sizes and development reac~ 

ed after eight weeks in autumn set fruits being reached in three to four wee ks 

in summer fruits. There were more layers in the endotesta of summer fruit seed: 

at this stage. 

Correlations ranging from 0,62 to 0,84 were found between the number of 

free nuclear endosperm nuclei and seed size within a given intra-fruit subreg iol 

two weeks after pollination. 

Normal seed development beyond the fourth week in summer set fruits was 

studied with standard sectioning and staining techniques. Seed development 

could for convenience be grouped into five major phases. The first lasted t wo 

to three months, from the time of anthesis in late summer until mid-autumn. It 

.was characterized by rapid increases in the amount of free nuclear endosperm 

and nucellus, and by cell divisions ill the integumentary tissues. 

The second phase lasted about two months, from mid-autumn until mid-winter 

It began with the transition of free nuclear endosperm into the cellular form, 

and by the end ne arly all of the central vacuole had been replaced with cellula 

endo sperm. During this phase the previously slow growing embryo underwent 

rapid changes, reaching its final shape but not size. Some testal tissues 

virtually stopped growing. 

The third phase lasted about two months , from mid- to 2ate winter. Cell 

divisions ceased in the endotesta , embryo and endosperm, follow ed by maximal 
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rates of cell enl argements in t hese and other testal tissues . Slowing down 

or increasing r ates of growth occurred in some tes tal tissues. 

The fourth phase lasted four to six weeks, from late winter to early sprint 

Final spurts of growth occurrod in so me testal tissues, and the process of cell 

wall thickening became prominent. 

The final phase, from early spring until fruit ripening lasted another 

four to six weeks. During thi s phase final testal cell wall thickenings occurr( 

and general maturation of the endosperm an d embryo took place. 

In terms of specific tissues, the key features were as follows. From the 

beginning, nucellus tissue was broken down and utilized by both the embryo and 

even more extensively the endosperm. Cell divisions in the nucellus stopped 

early in phase two, followed soon after by maximum cross-sectional areas and 

then rapid consumption by the endosperm. 

Four specialized subregions of the nucellus at the chalazal end, as 

described by previous workers, were also found in this material. Tannin deposi· 

tion was along cell walls (although occasionally into the centre of cells) in 

one of these subregions. The cell walls of the hypostase tissue thickened in 

the final phase. 

The formation of cellular endosperm in the second phase progressed inwards 

from the periphery~ Cell expansion followed a sigmoid pattern, the inflexion 

occurring in phase three. Aleurone grains were deposited in the final phase. 

Some endosperm breakdown occurred at the embryo interface during the final phasl 

At the onset of endosperm cellularization (phase two) the embryo was still 

small and globular, then became heart-shaped and finally torpedo or cotyledonar: 

shaped (but not full sized} at the end of this phase. Rate of length growth wa: 

slow during phase one, then speeded up and reached a maximum at the end of 

phase two. All divisions ceased early in phase three, followed shortly by 

maximum rate of cell expansion. Cell expansion virtually stopped during the 

final phase. 

With regard to the testal tissues derived from the cuter integument, the 

outer epidermal cells above the -endotestal ridges reached maximum rates of cell 

expansion in phase three, just after that of the ridge cells. The outer epi­

dermal cells between the ridges reached maximum rates of cell expansion in 

phase two, before the ridge cells. The sub-epidermal cells of the sarcotesta 

in the testel furrows reached maxi~um rates of cell expansion at the end of 

phase three . The colour of seeds in ripe fruit was partly due to the cellular 

depo si tions into t his tissue during the final phase, a nd partly due to the 

gener al thickenjng of cell walls of the testal tiss~es durinG the fin al twn 
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In the l arge-celled tissue of the endotasta , which for ms the ridges , 

periclinal divisions ceased early in phase three, resulting in about 28 layers 

in summer frui t seeds. Maximum rates of colI expansion occurred at about the 

same time, fin all y ceasing during the fi fth phase. Cell walls took on a bUckle( 

appearance at the beginning of phase t wo, and the buckling disappeared with the 

onset of cell wall thickening at the beginning of phase four. Wall thickening 

began in the corners. The process began first in tis~ue adjacent to the inner 

band of endotesta, and lastly at the crest of the ridges. 

Periclinal divisions in the small-celled, inner band tissue of the endo­

testa ceased early in phase three, re sulting in about 29 layers in the seeds of 

summer fruits. Cell expan s ion in this tissue followed a double sigmoid form. 

Apparent cessation in cell expansion lasted for virtually the whole of the thir( 

phase. The second growth period was limited to the fourth phase. · Cell walls 

began thickening and forming pits during their second growth period. 

The inner epidermis of the outer testa also had a double sigmoid form of 

cell expansion. Its period of quiescence was shorter, occurring in the middle 

of phase two, that is ahead of that of the adjacent inner band of the endotesta. 

Calcium oxylate crystals began to appear at the beginning of phase two, were 

conspicuous by the end of this phase, and a crystal filled each of the cells of 

this epidermis at maturity. The inner walls began thickening at the end of 

phase three. 

With regard to the testal tissues derived from the inner integument, the 

depth of the outer spidermis, adjacent to the outer testa, also underwent a 

double sigmoid pattern of growth. The period of quiescence lasted the second 

phase of seed development. This was the first and innermost of the testal 

tissues with this pattern to enter quiescence. The order of entrance into 

quiescence was from the innermost to the outermost of these three juxtaposed 

tissues. Virtually 70 per cent of growth in depth in this epidermis occurred 

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 t8sta reached a final number of 

four to six l ayers in phase one and final cross-sectional areas were reached by 

the middle of phase two. Cell walls began thickening only in the middle of 

phase three, finally becomi ng pitted. 

The inner epidermis of the inner testa reached final cross-sectional cell 

size early in phase three. Tannin deposi tion, usu ally into the centre but some­

times along cell walls, followed a variety of shapes. The tannin appeared qUitE 

pliable . 
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The vascular s upply in to the seeds app eared confined to the chalaza, not 

entering into the inner integument . Normal de velopment of seeds in fruits set 

in autumn was not followed t o the same de tailed extent after tIle cellulari­

zation of endo sperm (phase t~Jo ). Cursory examinations indicated that the co­

ordination of tissue developments i n the fin al three phases were similar to 

that of the summer seeds. Differences lay mainly in the time to reach major 

phases. Whils t it · took two to three months for seeds in summer set fruit to 

begin endosperm cellularization, t he seeds in autumn fruits took four to six 

months. The approximate timings of the last three phases was not ascertained. 

The number of layers in the ridge and inner band of the endotesta were 

about 23 each, that is, less than in the summer seeds. Mean individual cell 

cross-sectional areas in all tissues were about 80 per cent of those in summer 

seeds. 

When whole seed and fruit volumes were measured, peak fruit grow~h rates 

were reached at the t ime the endosperm became cellular in the most advanced 

seeds, those along the carpellary margins. In autumn set fruits this occurred 

after about 18 weeks, whereas in summer set fruits it took only about 10 weeks. 

Individual seed volume growth patterns virtually paralleled that of fruit volumE 

growth, both being s i gmoid. Seeds nearer the carpellary margins always remainec 

larger than those nearer the placentary edges, the latter attaining about 90 pel 

cent the volume of . the former. At fruit ripening, normal individual seeds in 

autumn set fruits 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, but seeds 

in autumn set fruits only accelerated in growth after the coldest months in 

mid-winter. Seeds and fruits set in summer took nine-and-a-half to ten months 

t9 develop to maturity, whilst their counterparts in autumn sets took ten to 

eleven months. 

Testal development of unfertilized ovules did not proceed beyond that of 

fertilized seeds at the fourth or eighth week after pollination in summer or 

autumn respectively. Such ovules also lost most of their nucellus, inner integl 

mentary and part of their outer integumentary tissues in the course of fruit 

growth. 

The small, 'empty', slightly developed white 'cWs' seeds had a relatively 

more rigid endotesta than the similar or slightly smaller, flattened 'b' seeds. 

Six months after anthesis in summer the t es tal development of empty 'cWs' seeds 

was similar to t hat of normal seeds at the beginn ing of endosperm cellulari·­

zation, phase two, three months after anthesis. The size, however, of such 

'cWs' seeds after six months was s maller than that of normal s eeds at three 
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Some !b' and 'cWs' s eeds had received no pollen, although most had. A 

few unfertilized ovules reached the testal developments but not siz9, of normal 

seeds at the beginning of phase two. Endosperm and embryo tissue, when still 

present in 'b' and 'cWs' seeds at fruit ripening, was rather distorted and 

disorganized. 

There was a range of developments in the 'filled cWs' to the darkened, 

partially develop ed 'filled cOL' seeds . In general there was a closer associ­

ation between the degree of endosperm and embryo tissue development with that of 

cell development of the inner testal tissues thRn with the cell development of 

the endotestal tissues. The size of the endotestal tissues, however, was associ 

ated with the quantity of endosperm. The difference between the smaller slightl 

developed S seeds (b and cWs) and the larger, partially developed P seeds 

(cWL and cOL) lay largely in the differences in quantity of endosperm. Growth 

in size, but not necessarily cell development or degeneration, generally ceased 

at the time of abortion. 

At the beginning of phase two, with the transition of the form of the 

endosperm, P seeds actually had more nucellus than normally or fully developing 

F seeds. The latter had more endosperm which was consuming more nucellus. At 

this time, too, F seeds had larger amounts of endotesta than P seeds. 80th F 

and P seeds had greater amounts of endosperm, nucellus and endotesta than S 

seeds at this time. 

The endosperm and embryo tissue found in P seeds at fruit ripening had less 

content than that of F seeds. Cytoplasmic deposition in the final phase was in 

the form of phytin globoids and crystaloids and not aleurone grains. The 

embryos were small, often distorted and had often failed to complete all the 

normal changes in shape. 

In in the appar.ently normally developed F seeds, some of the black seeds 

in this clone were defective with regard to endosperm and embryo development. 

All the as yet grey seeds appeared normal, although some embryos were small. 

Most of the abortiqns in one autumn set occurred before the cellularization 

of the endosperm (phase two), the major period of abortion being from the end of 

May until the end of July, the coldest two months of the year. Most of the 

remainder to abort did so between August and October (spring). In another 

autumn set there was a more even spread in abortion period, but the peak time ane 

major proportion was again before phase t~o. In a summer set most abortions 

occurred at a later stage in development than in the autumn sets, and the spread 

in the time to abort was more evenly represented. However, summer fruits had 

set earlier, so that nearly all abortions had occurred before the end of winter 

(Au gust). 
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With regard to t he po sitional pattern of abortion, in autumn set fruit s , 

this was already mor e evident neare r t he placental edges in general, and the 

basal quarter of the fruit s, s i x weeks after anthesis. In ripe fruits, howe ver , 

the greates t proportions occurred nearer the apical end, in both hand- and open­

pollinated fruits. Abortions were still more frequent nearer the placental 

edges than nearer the carpellary margins. 

A greater proportion (0,7) of ovules were fertilized with hand-pollination 

in autumn than with open-pollinat ion (0,3). Of those fertilized, about 50 per 

cent aborted, in both hand- and open-pollinated fruits. 

The pattern for the concentration of early seed development followed that 

of early pollen tube penetration. It appeared from patterns in ripe fruits 

(but not six-week-old fruits) that there had been a positive association betweer 

the concentration of early seed development and abortion rates for intra-fruit 

subregions in a given fruit. This relationship was not consistent. A closer 

examination of the data against the statistical models used, suggested that 

it was doubtful that seed competition caused abortion. 

Examination of f ruits set in summer showed that these had a greater total 

number of ovules than autumn set fruits (2000 versus 1600). In a hand-polli­

nated set nearly 90 per cent of summer ovules were fertilized, as against 65 

per cent in an open-pollinated summer set. Abortion rates in summer fruits werE 

much lower than in · autumn fruits (10 per cent versus 50 per cent). Positional 

patterns within the fruits, however, were similar. Although there were 

higher levels of early seed development in summer fruits, the positional 

patterns were again similar. In spite of higher concentrations of early seed 

developme~t, abortion rates along the carpellary margins were not related to 

the postulated seed competition. As in autumn, hand- versus open-pollination ir 

summer when using basically the same pollen source had no apparent effect on 

abortion rates. 

A third of the l eaves that sub tended fruits set in autumn abscissed over 

winter and spring, peak abscission occurring over mid-winter. This correspondec 

with the periods of seed abortion. Largest mean leaf areas were recorded in 

autumn, at the end of fruit setting. Smallest mean leaf areas were recorded 

in spring. Leaf area available to the fruits also depended on the number of 

fruits. This ratio was smallest in spring before the first harvests and before 

new leaves had grown out. Leaf area was highly correlated (0,9) with the lengtt 

of the three longest leaf veins. The latter was used as an index of leaf area. 

Multiple regress ional and correlational analyses were carried out between 

fruit flesh mass and seven other covariab les for fruit set at weekly intervals 
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a low and restricted range of initial growth temperatures for the four batches, 

the three most important covar i ables as moasure d for the three-month growth 

luere 

(i) seed mass ; 

(ii) available leaf area per fruit; and 

(iii) s um of effec tive heat units in thp three days preceding 
anthesis. 

After seven months growth the most important coyariables had been 

(i) seed mass; 

(ii) available leaf area per fruit; and 

(iii) s~m of effective heat units from anthesis until the 

15th week. 

Covariables not finally included in the models were 

(i) diameter of fruit at anthesis; 

(ii) area of the leaf sub tending the labelled fruit; and 

(iii) a restricted range of effective heat units over the period 

of flower bud development. 

Later evidence suggested that this last covariable could in fact be important. 

Total and partial correlational coefficients for seed and fruit flesh masses 

were highly significant after three and seven months growth. There was, however 

a significant drop in these correlations from the third to the seventh months. 

Seed mass was correlated with temperatures for at least the first 15 weeks after 

pollination. 

The seed mass/fruit mass correlation held at the intra-fruit level in both 

autumn and summer set fruit q • The size of unfertilized ovules from intra-fruit 

subregions in ripe fruits was also correlated with the relative amount of seed 

from the same subregions. Similar results had been found after only two and 

four weeks growth. 

In a further inter-fruit correlation study on fruits set with hand-polli­

nation in autumn, the extent of ovule fertilization and early seed development 

was not correlated with see d abortion rates. There was some tendency (but not 

significant) for an on-stem competition factor involving leaf area to fruit-load 

. to increase seed abortion rates. There was also a tendency (not significant) f OI 

-bn-stem fruit competition to lower fruit flesh mass. The sum of fully developed 

and aborted seeds was more highly correlated with frlJit flesh mass (0,727) than 

the mass of all (F + P + S + U) seeds (0, 670 ). Seed abortion lowered seed mass by 

reducing the number of fully developed seeds but had no significant effec t on 

fruit flesh mass because aborted seeds contributed t o the latter to some extent. 
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A basically similar set of results was found fur fruit set with hand­

pollination i~ summer. The seed/frui t correlations were lower (but still sign~ 

ficant) when compared with those set in autumn . The extent of early seed 

development and presumably seed competition was again not correlated with seed 

abortion rates. 

In yet another hand-pollinated autumn set (1969) there was virtually no 

difference in abortion rates in fruits from stems of different vigour. An inde 

of fruit volume was highly correlated with fruit mass (0,99). Ovary volume at 

anthesis was correlated with the total number of ovules (0,51). The number of 

all fertilized seeds was agairl more highly correlated with fruit mass than just 

the number of fully developed seeds (0,83 versus 0,77). Seed abortion masked 

and lowered the actual correlation between the number of fully developed seeds 

and fruit mass in autumn sets. 

Comparison of results for various fruit sets indicated that the larger arid 

more advanced an aborted seed was the more it had influenced fruit growth. An 

examination was made of the correlations between the estimated numbers of 

various combinations of seeds and the increments in fruit volume growth from 

anthesis until maturity in one autumn set. Tentative conclusions were as 

follows. All seed influence was negligible in the latter third to half of grow 

of fruits set in autumn. Fully developing seeds had a positive influence on 

fruit growth from fertilization until the phase of endosperm cellularization 

(October), but in subsequent phases of seed development their influence dimin~ 

ished to zero. Their peak influence in autumn fruits was over the first eight 

weeks. Abortive seeds had a slower and smaller positive influence, lasting 

about 15 weeks (until August), but when most abortions had set in by then, thei: 

influence ceased. 

The apparent influence of seeds coincided approximately with phase one of 

seed development and the cell division phase of fruit 9~owth, but not with the 

following phase comprising only fruit cell enlargement. · It seems that other 

factors affected increments in fruit growth in the later stages. The higher 

seed/fruit correlations of autumn versus summer sets was probably due to the 

proportionately more protracted phase ona of sBed development and fruit cell 

divisions in autumn sets (22 out of 42 weeks), in comparison to summer sets 

(12 out of 38 weeks). 

Further comparisons between fruits of different seasons of setting showed 

that hand-pollination increased the proportion of total ovules fertilized in 

comparison to open pollination. The warmer the ssas on of fruit set and initial 

growth the greater the total number of ovules fertili ze d and also the greater 

the proporticn of seeds that reached full development. 
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Supplementary surveys on pollen tube growth within fruits during summer, 

autumn and winter indicated that such growth was markedly influenced by pre­

vailing temperatures. Placing a plastic tunnel over plants in autumn raised 

the mean temperature to that found in uncovered plants in late summer. 

An overall inference was that low temperatures in the winter months was a 

major cause of seed abortion in fruits set in summer and autumn. Seeds in 

autumn sets, particularly late starters, having made less growth and development 

before the onset of winter, were thought to have been more susceptible. Poor 

development and lower potency of some pollen was thought to be a contributory 

factor. The latter, slow to germinate and grow, was thought to contribute to 

the abortions that occurred in the upper quarter of the fruit. 

It was suggested that further trials be undertaken in which cloches be 

placed over young cuttings from a period extending from one month before actual 

anthesis in late autumn until the end of winte~, in order to increase tempera­

tures during this period. It was further suggested that if the flowers opening 

in late autumn under SLJch cloches are hand-pollinated with good pollen, and that 

if the developing fruits have an adequate leaf cover, and also if minimum 

temperatures attained are not inhibitive, then it was predicted that the result­

ing mean size of such out-of-season fruits would be the same as that of open 

pollinated uncovered fruits set during the summer period. The latter, howeve~, 

are harvested during peak production. Using closer spacing and genetically 

superior plants propagated from cuttings, which bear their first crop lower 

down the stem, may minimize the relative costs associated with using cloches anc 

hand-pollination. Removing some of the fruits that might set in summer may 

ensure bath a larger set of fruits in late autumn and a better leaf to fruit 

ratio. 

--000--
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APPENDI X 

CORRELA TION BETWEEN NUM[JER or ENoosrERr~ NUCLEI MO SIZE OF DEVELOPING SEED 

TABLE 1.1 Cor re l etion between numbar of 'rea nuclea r endo3porm nuclei And tha intra-integumentary 

cross-sectional at:ea along ttl(! tnc1dian plana of saeds two weaks ef t or anthasis, in 

frui t set in summer, 1970 

- ... - .... 

~ F R U I T 5 U 13 - R E G I 0 N 5 

A a c 

No. of "Seed size" No . of "Sead size" No . of II Sced size" No . of "Seed size " I No . of "See d si ze" 
nucl e i ",m2 x 10-3 I nuclei mm2 x 10- 3 "uclei mm2 x 10- 3 nuclai mm2 x 10-3 nuclei mm2 >: 10-3 

62 455 118 454 52 277 34 228 17 277 

84 552 104 437 33 258 78 405 44 329 I 

52 447 100 441 57 291 101 4'18 13 2S8 

29 295 70 405 111 350 85 453 21 371 

67 349 41 422 28 198 81 451 54 428 

60 461 58 433 51 343 51 353 44 381 

66 433 72 393 93 416 54 349 6 295 

31 309 43 399 68 350 17 284 33 345 

32 399 10 338 84 378 9 195 3D 334 

66 403 87 467 112 383 17 282 14 198 

42 356 19 319 21 200 51 268 42 346 

33 305 BO 392 105 47B 77 405 45 335 

83 493 33 371 53 343 79 405 

24 349 51 390 94 411 104 405 

47 469 17 390 80 383 73 412 

44 379 32 341 94 439 99 376 

47 470 38 375 59 351 73 412 

50 346 32 420 44 239 37 314 

70 360 47 354 

47 354 70 439 

83 460 52 376 

70 362 62 497 

90 478 

Mean no. of nuclai 55,11 55,81 30,33 

Mean "sea d size" 
I 403,11 347,89 mm2 x 10-3 324,92 

Corrl'lat io:1 
co-afficiant V +0,6167 +0,8444 +0,7438 

No. of 0 05<1 1'- I vaticns 45 36 12 

Pr obabili ty p I p < 0 , 0005 P < 0,0005 I 0 ,0025 < P < 0 , 0::15 
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APPENDI X 2 

INTRA-FRUIT DIFFERE NCES IN PROPORTION OF OVULES 

WITH MATURE MEGAGAMETOPHYTES AND YOUNG SEEDS 

WITH NORMAL ENDOSPERM 

261 

TABLE 2.1 X2 tests on proportion of ovules with mature megagameto­

phytes at anthesis, autumn fruit-set, 1971 

i 
Fruit/flower n. P. I sub-r.egion 1 1 

I 

1 A 50 0,92 

2 a 50 0,42 

3 B 50 0,96 

4 b 50 0,28 

5 C 50 0,94 

6 c 50 0,40 

7 D 50 0,86 

8 d 50 0,44 

Sub-regions Total 
2 

X Degrees of freedom Probabili ty j 

A, B, C, D only 3,804 3 NS 

a, b, c, d only 3,273 3 NS 

A, a, ... , D, d 130,886 7 < 0,00001 

i . th b· . t = 1 su -reglon, correspondlng wi h fruit sub-regions. 
b fl· d· . th b . ni = num er 0 ovu es examlne In 1 su -reglon. 

P. = proportion of n. with mature megagametophytes. 
]. ]. 



APPENDIX 2 (contd.) 

2 
TABLE 2.2 X tests on proportion of ovules/seeds with normal 

A, 

a, 

A, 

A, 

C, 

i 

1 

2 

3 

4 

5 

6 

7 

8 

Sub-regions 

B, C, 0 

b, c, d 

secondary endosperm four weeks after anthesis, 

autumn-set, 1971 

Fruit P. 
sub-region 

n. 
1 1 

A 50 0,86 

a 50 0,82 

B 50 0,78 

b 50 0,64 

C 50 0,66 

c 50 0,44 

0 50 0,32 

d 50 0,20 

2 
Total X Degrees of freedom Probability 

37,593 3 < 0,00001 

42,727 3 < 0,00001 

a, ... , 0, d 86,151 7 < 0,00001 

a, B, b 7,885 7 NS 

c, 0, d 23,965 7 0,001 

. th . 
i = 1 sub-r.eglon, corresponding with fruit sub-regions. 

n. = number of ovules/seeds examined in ith sub-region. 
1 

I 

P. = proportion of n. with apparently normally developing second-
1 1 

ary endosperm. 
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APPE NDIX 2 (con td .) 

2 
TABLE 2.3 X tests on proportion of ovules with mature megagameto-

phytes at anthesis, summer fruit-set, 1970 

i 
Fruit/flewer n. P. 

sub-region J. J. 

'1 A 50 0,84 

2 a 50 0,56 

3 8 50 0,82 

4 b 50 0,58 

5 C 50 0,88 

6 c 50 0,64 

7 0 50 0,86 

8 d 50 0,56 

Sub-regions Total l Degrees of freedom Probability 

A, 8, C, 0 only 0,784 3 NS 

a, b, c, d only 0,886 3 NS 

A, a, ... , 0, d 36,200 7 < 0,00001 

i = ith sub-region, corrrsponding with fruit sub-regions. 

b fl' d' . th b . ni - num er 0 ovu es 8xamJ.ne J.n J. su -regJ.on. 

P. = proportion of n. with mature megagametophytes. J. J. 



APPENDIX 3 

DATA AND CONCORDANCE (W) TESTS ON RANKS OF THE INTRA­

FRUIT PROPORTION or CIFFERENT OVULE/SEED TYPES FOR 

FRUIT HAND-POLLINATED AND SET IN AUTUMN, 1970 

NOTA nON 

i = ith sub-region being ranked. 

j = jth fruit providing the rankings. 

264 

P _ proportion of ovule/seed type being tested relative to total number of 

ovules/seeds in the ith sub-region of the jth fruit. 

R = rank of i for the jth fruit. 

R. = sum of ths ranks assigned to the ith sub-region by the k fruits. 
J 

Kendall's co-efficient of concordance: W. 

s W = -----.;;;....-~=--
J.. k2 (n3 - n) - k\ T 
12 L 

T 

k -- number of sets of rankings, viz. number of fruits providing the rankings. 

n = number of sub-regions ranked, viz. for Appendix 3 n = 4 • 

_ I:( t 3 - _t) 
T - - 12 = correction factor for tied ranks. 

t = number of observations in a group tied for a given rank ~ here directs one 

to sum over all groups of ties within anyone of the k rankings. 

I: 
T directs one to sum the values of T for all the k rankings. 

For ovule/seed types a, b, cWs, cWL, cOL, dG and dB, see Plate 2(b). 
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APPEN DIX 3 (contd.) 

TABLE 3.1 Test on "a " ovules in proportion to total ovules/seeds per 

fruit sub~regi o n 

s U B - REG I 0 N 
FRUIT 

Aa Bb Cc Dd Proportion 

~ 
of Ita" for 

1 2 3 4 whole fruit 
No. 

p R P R P R P R 

1 L~ 1 0,108 4 0,165 3 0,375 2 0,640 1 0,355 

37 2 0,099 4 0,102 3 0,127 2 0,266 1 0,146 

2 3 0,098 4 0,114 3 0,183 2 0,354 1 0,188 

28 4 0,276 3 0,176 4 0,361 2 0,535 1 0,339 

16 5 0,102 4 0,102 3 0,199 2 0,377 1 0,189 

26 6 0,139 4 0,173 3 0,495 
I 

2 0,896 1 0,557 

27 7 0,152 4 0,229 3 0,397 2 0,448 1 0,318 

54 8 0,091 4 0,186 3 0,267 1 0,218 2 0,198 

55 9 0,119 4 0,149 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 ° J 140 4 0,183 3 0,348 2 0,439 1 0,305 
40 12 0,526 3 0,419 4 0,561 2 0,883 1 0,624 
58 13 0,167 4 0,181 3 0,377 2 0,606 1 0,345 
13 14 0,125 3 0,076 4 0,154 2 0,216 1 0,142 

Rj 52 46 27 15 

Overall 
rank 4 3 

I. 
2 1 

W = 0,892 • 

s = 874,16 (p ~ 0,01) • 
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APPENDIX 3 (contd.) 

TABLE 3.2 Test on "b" ovule/seeds in proportion to total ovules/seeds 

per fruit sub-region 

s U B - REG I ° N 
FRUIT 

Aa Bb Cc Dd Proportion 

~ 
of "b II for 

1 2 3 4 whole fruit 
No. 

P R P R P R P R 

14 1 0,464 1 0,384 2 0,192 3 0,122 4 0,265 

37 2 0,442 1 0,384 ·2 0,355 3 0,282 4 0,366 

2 3 0,397 1 0,290 2 0,196 3 0,141 4 0,248 

28 4 0,591 2 0,602 1 0,289 3 0,275 4 0,440 

16 5 0~577 1 0,466 2 0,352 3 0,204 4 0,406 

26 6 0,344 1 0,214 2 0,152 3 0,018 4 0,129 

27 7 0,444 1 0,338 2 0,145 4 0,207 3 0,269 

54 8 0,588 1 0,401 I 2 I 0,333 3 0,313 4 0,396 

55 9 0,490 1 0,436 2 0,309 3 0,296 4 0,374 
9/l 10 0,319 1 0,279 2 0,255 3 0,199 4 0,258 
65 11 0,673 1 0,555 2 0,463 3 0,338 4 0,480 

40 12 0,188 2 0,205 1. 0,120 3 0,013 4 0,117 
58 13 0,631 1 0,417 2 0,220 3 0,130 4 0,318 
13 14 0,612 1 0,496 2 0,334 3 0,246 4 0,405 

R. 16 26 43 55 J 

Overall 
1 2 3 4 rank 

W = 0,924 • 

s = 906,00 (p ~ 0,01) • 

I 

I 
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APPENDIX 3 (eontd.) 

TABLE 3.3 Test on "eWs" 3eeds in proportion to total ovules/seeds per 

fruit sub-~egion 

5 U B - R E G I ° N 
FRUIT -

Aa Bb Ce Dd Proportion 

~ 
of ItclJJs" for 

1 2 3 4 whole fruit 
No. 

p R P R P R P R 

14 1 0,130 1 0,062 3 0,103 2 0:016 4 0,072 

37 2 0,019 4 0,026 2 I 0,038 1 0,020 3 0,026 

2 3 0,012 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 4 0,055 

16 5 0,058 1 0,043 2 0,028 4 0,034 3 0,041 

26 6 0,020 3 0,022 2 0,051 1 0,010 4 0,025 

27 7 0,058 2 0,040 3 0,077 1 0,029 4 0,052 

5'~ 8 0,018 2 0,032 1 0,010 4 0,014 3 0,019 

55 9 0,007 2 0,006 3 0,004 4 0,010 1 0,006 

94 10 0,023 2 0,042 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 0,024 '1 0,019 2 0,015 3 0,014 4 0,017 

13 14 0,011 1 0,008 3 0,000 4 0,010 2 0,007 

R. 27 35 35 43 
J 

W = 0,131 • 

s = 128,00 (NS). 
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APPENDIX 3 (contd.) 

TABLE 3.4 Test on "CWL" seeds in proportion to total ovules/seeds per fruit 

sub-region 

--
S U B - REG I o N 

FRUIT 
P.a Bb Cc Dd Proportion 

~ 
of It cWL II for 

1 2 3 4 whole fruit 
No. 

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 

16 - - - - - - - - - 0,000 

26 3 0,000 4 0,009 1 °t009 2 0,002 3 0,005 

27 - - - - - - - - - 0,000 

54 - - - - - - - - - 0,000 

55 - - - - - - - - - 0,000 

94 4 0,003 4 0,005 3 0,012 1 0,009 2 0,008 

65 5 0,004 2 0,000 3,5 0,000 3,5 0,009 1 0,003 

40 6 0,000 3 0,000 3 0,002 1 0,000 3 0,00'1 

58 - - - - - - - - - 0,000 

13 - - - - - - - - - 0,000 

R. 20 14,5 14,5 11 
J 

W = 0,231 • 

s = 35,95 (NS). 
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APPENDIX 3 (contd.) 

TABLE 3.5 Test on "cOL" sesds in proportion to total ovules/seeds per fruit 

sub-region 

5 U B - REG I ° N 
FRUIT 

Aa Bb Cc Od Proportion 

~ 
of ~ cOL" for 

1 2 3 4 whole fruit 
No. 

P R P R P R P R 

14 1 0,000 3,5 0,002 2 0,014 1 0,000 3,5 0,005 

37 . - - - - - 0,000 - - - -
2 2 0,000 3 0,000 3 0,002 1 0,000 3 0,001 

28 3 0,000 3 0,000 3 0,003 1 0,000 3 0,001 

16 - - - - - - - - - 0,000 

26 4 0,007 3 0,035 1 0,014 2 0,002 4 0,012 

27 - - - - - - - - -- 0,000 

54 5 0,000 3 0,002 1 0,000 3 0,000 3 0,001 

55 - - - - - - - - - 0,000 

94 6 0,040 1 0,020 3 0,008 4 0,031 2 0,023 

65 7 0,000 3 0,000 3 0,000 3 0,002 1 0,001 

40 8 0,000 3 0,000 3 0,002 1 0,000 3 0,001 

58 9 0,004 1 0 ',000 3,5 os002 2 0,000 3,5 0,001 

13 - - - - - - - - - 0,000 

Hi 23,5 22,5 18 26 

W = 0,083 

s = 25,31 (NS). 
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APPENDIX 3 (contd.) 

TABLE 3.6 Test on "dG" seeds in proportion to total ovules/seeds per 

fruit sub-region 

s U B - REG I ° N 
FRUIT 

Aa Bb Cc Dd Proportion 

1;\ 
of "dG" for 

1 2 3 4 whole fruit 
No. 

p R P R P R P R 
I I 

14 1 0,289 3 0,370 1 0,311 2 0,215 L~ 0,293 

37 2 0,426 3 0,469 1 0,467 2 0,413 4 0,445 

2 3 0,489 4 0,590 2 0,599 1 0,494 3 0,550 

28 4 0,091 4 0,154 2 0,269 1 0,151 3 0,164 

16 5 0,242 4 0,368 3 0,416 1 0,386 2 0,352 

26 6 0,457 2 0,538 1 0~247 3 0,070 4 0,256 

27 7 0,340 3 0,387 1 0,379 2 0,312 4 0,357 

54 8 0,300 L~ 0,379 3 0,388 2 0,455 1 0,385 

55 9 0,384 4 0,408 2 0,488 1 0,391 3 0,423 

94 10 0,326 3 0,415 1 0,333 2 0,157 4 0,307 

65 11 0,140 4 0,241 1 0,166 3 0,172 2 0,180 

40 1.2 0,274 3 0,361 1 0 9 306 2 0,097 4 0,248 
58 13 0,171 4 0,369 1 0,365 2 0,226 3 0,301 

13 14 0,246 4 0,420 3 0,510 2 0,528 1 0,445 

Rj 49 23 26 42 

Overall 
4 rank 1 2 3 

W = 0,480 • 

s = 470,00 (p < 0,01). 
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APPENDIX 3 ( contd.) 

TABLE 3.7 Test on "dB" seeds in proportion to total ovules/seeds pe r fruit 

sub-region 

s U B - REG I o N 
FRUIT 

Aa Bb Cc Dd Proportion - of "dBII for 

f;\ 1 2 3 4 luhole frui t 
No. 

P R P R P R P R 

14 1 0,010 2 0,014 1 0,006 3 0,004 4 0,008 

37 2 0,013 4 0,020 1 0,014 3 0,020 2 0,017 

2 3 0,006 1 0,00 2 3 0,002 4 0,005 2 0,003 

28 - - - - - - - - - 0,000 

16 4 0,022 1 0,020 2 0,004 3 0,000 4 0,012 
26 5 0,033 1 0,009 3 I °t0 32 2 0,003 4 0,016 

27 6 0,006 2 0,007 1 0,002 4 0,005 

I 
3 0,005 

54 7 0,003 1 0,000 3,5 0,002 2 0,000 3,5 0,001 

55 - - - - - - - - - 0,000 

94 8 0,039 3 0,042 2 0,051 1 0,034 4 0,042 

65 9 0,016 1 0,000 4 0,011 2 0,007 3 0,008 
40 10 0,004 2 0,009 1 0,002 3 0,000 4 0,004 
58 11 0,004 4 0;014 3 0,021 2 0,024 1 ° ,017 
13 12 0,007 1 0,000 3,5 0,00 2 2 0,000 3,5 0,002 

R. 23 
J 

28 31 38 

~J = 0,1 68. 

s = 118,00 (NS). 



APPENDIX 4 

ABORT ION AND REL ATED DA TA OF FRUIT ORIGINALLY SET 

WITHOUT HAND-PO LL INATION IN AUTU MN, 1973 

TABLE 4. 'I Da t a for 2/5th portion of fruit No. 1 

i 

1 

2 

3 

4 

5 

6 

7 

8 

Fruit 
sub- re gion w. x. p. 

3. 3. 3. 

A 42 61,76 

I 
0,5476 

a 42 42,86 0,6190 

8 32 44,44 0,4063 

b 25 27,17 0,4000 

C 18 21,95 0,2778 

c 15 11,72 0,7333 

0 6 7,59 0,3333 

d 8 9,09 0,7500 

i = ith sub- region corresponding to fruit sub­
region. 

w. = weighting factor = (F + P + S) seeds in i • 
3. 

xi = competition fac t or = [(F+ P_+ S)/(f+ P+ S+ U)J. i % , 
index of early s eed development intensity. 

Pi - pro portion of seeds aborted in i = ~ : -l~: ~ . 
~ / 3. 

272 
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APPENDIX 4 (contd.) 

TABLE 4.2 Data for 2/5th po r tion of fruit No. 2 

.-
i Fruit 

sub-region w. x. p. 
l. l l 

-
1 A 25 69 f 44 0,2800 

2 a 38 39,58 0,8947 

3 B 27 43,55 0,1852 

4 b 44 36,36 0,3636 

5 C 21 25,00 0,0476 

6 c 30 33,71 0,2333 

7 0 15 20,00 0,1333 

I 8 d 13 17,11 0,1538 

Notation as for Appendix Table 4.1 

TABLE 4.3 Data for 2/5th portion of fruit No.3 

i Fruit 
sub-region w. x. p. 

l l l 

I 

1 A 23 62,16 0,3043 

2 a 34 58,62 0,7647 

3 B 46 57,50 0,3478 

I~ b 37 43,53 0,5135 

5 C 28 29,17 0,2500 

6 c 27 18,75 0,4815 

7 0 14 17,95 0,4286 

8 d 5 5,81 O.600~ 
-

Notation as for Appendix TablG 4.1 
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APPENDIX 4 ( con t d.) 

TAB LE 4.4 Data for 2/ 5th portion of f ruit No. 5 

i 
Fruit 

s ub- r egio n w. >: • p. 
l. l. l. 

I A 45 69,23 0,9556 

2 a 62 64,58 1,0000 

3 B 47 55,29 0,7447 

4 b 76 67,86 1,0000 

5 C 51 57,95 0,5490 

6 c 76 52,78 0,9868 

7 D 19 48,72 0,5263 

8 d 39 43,82 0,9487 

Notation as for Appendix Table 4.1 

TABLE 4. 5 Data for 2/5th portion of fruit No. 7 

i Frui t 
sub-region w. x. p. 

l. .1 l. 

1 A 29 76,32 0,5862 

2 a 37 74,00 0,8919 

3 8 43 84,31 0,1628 

4 b 52 55,91 0,7308 

5 C 45 54,22 0,1333 

6 c 34 25,95 0,5000 

7 D 20 35 , 71 0,0500 

8 d 8 9, 41 0, 2500 

No tat ion as for Appendix Tabl e 4.1 
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APPENDIX 4 (contd.) 

TABLE 4. 6 Data for 3/5th portion of fruit No. 9 

-
i Fruit 

sub-region w. x. p. 
J. J. J. 

1 A 23 57,50 0,5652 

2 a 40 38,83 0,7250 

3 8 42 36,84 0,3333 

4 b 29 19,46 0,6897 

5 C 22 17,74 0,3636 

6 c 17 12,23 0,5294 

7 D 10 18,52 0,4000 

8 d 15 23,81 0,6667 

Notation as for Appendix Table 4.1 

TABLE 4.7 Data for 4/5th portion of fruit No. 10 

i Fruit 
sub-region w. x. p. 

J. J. J. 

1 A 52 81,25 0,3846 

2 a 67 54,03 Os 4328 

3 B 98 67,12 0,2653 

4 b 86 32,70 0,3372 

5 C 81 49,69 0,1975 

6 c 61 22,18 0,3279 

7 D 52 34,44 0,2308 

8 d 40 14,23 0,5000 

Notation as for Appendix Table 4.1 
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APPEND IX 4 (contd.) 

TABLE 4.8 Data for 4/5th portion of fruit No. 12 

I 
M_ 

i Frui t 
sub-reg i on w. x. Pi l. l. 

1 A 

~->-I--~-~ 

34 48,57 0,6471 

2 a 37 29,60 0,9459 

3 B 65 41,67 0,6000 

4 b 50 20,16 0,6600 

5 C 63 35,20 0,5714 

6 c 36 16,36 0,6944 

7 0 25 21,93 0,5600 

8 d 23 20,00 0,9130 

Notation as for Appendix Table 4.1 

TABLE 4.9 Data for 4/5th portion of fruit No. 13 

i Fruit 
sub-region w. x. Pi J. J. 

1 A 22 59,46 0,6818 

2 a 23 45,10 0,8261 

3 8 23 26,74 0,6957 

4 b 44 39,29 0,8636 

5 C 15 18,52 0,8667 

6 c 28 28,87 0,8571 

7 0 7 14,00 0,7143 

8 d 11 22,00 1,0000 

Notation as for Appendix Table 4.1 
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APPENDIX 4 (con t d.) 

TABLE 4.10 Data for 4/5th portion of fruit No. 14 

I 
Fruit I 

i 
sub-region 

w. x. p. 
~ ~ ~ 

1 A 29 45,31 0,8621 

2 a 38 33,63 0,9737 

3 B 19 13,29 0,4737 

4 b 61 27,60 0,9836 

5 C 10 6,37 0,5000 

6 c 28 12,79 0,9286 

7 0 5 5,38 0,2000 

8 d 15 14,85 0,6667 

Notation as for Appendix Table 4.1 

TABLE 4.11 Data for 4/5th portion of fruit No. 15 

i 
Fruit 

sub-region w. x. p. 
~ ~ ~ 

1 A 63 80,77 0,8413 

2 a 96 64,00 0,9167 

3 B 131 75,72 0,6870 

4 b 126 54,55 0,7937 

5 C 93 46,50 0,6022 

6 c 79 37,09 0,6962 

7 0 43 38,74 0,4651 

8 d 32 25,81 0,7500 

Notation as for Appendix Table 4.1 



APPENDIX 5 

CONCORDANCE (W) AND X2 TESTS ON THE RANKS OF THE INTRA-FRUIT PROPORTION OF DIFFERENT 

OVULE/SEED TYPES FOR FRUIT SET WITHOUT HAND-POLLINATION IN AUTUMN, 1973 

lTATION: As for Appendix 3, except that n = 8 • 
2 

X tests each with df = 7 • 

For ovule/seed types F, P, 5 and U, S88 Plate 2(b). 

TABLE 5.1 Test on "u" ovules in proportion to total ovules/seeds per fruit sub-region 

5 U B - - R E G I 0 N 
FRUIT 

A a El b C c D d 

~ 
1 2 3 4 5 6 7 8 

). 

P R P R P R P R P R P R P R P R 

I 
1 1 0,382 8 0,571 6 0,556 7 0,728 5 0,780 4 0,883 3 0,924 1 0,909 2 

2 2 0,306 8 0,604 6 0$565 7 0,636 5 0,750 3 0,663 4 0,800 2 0,829 1 

3 3 0,378 8 0,414 7 0,425 6 0,565 5 0,708 4 0,813 3 0,821 2 0,942 1 

5 4 0,308 8 0,354 6 0,447 4 0,321 7 0,421 5 0,472 3 0,513 2 0,562 1 

7 5 ° ,237 7 0,260 6 0,157 8 0,441 5 0,458 4 0,741 2 0,643 3 0,906 1 

;J 6 0,425 8 0,612 7 0,632 6 0,805 4 0,823 2 0,878 1 0,815 3 0,762 5 

] 7 0,188 8 0,460 6 0,329 7 0,673 3 0,503 5 0,778 2 0,656 4 0,858 1 

2 8 0,514 8 0,704 5 0,583 7 0,798 3 0,648 6 0,836 1 0,781 4 0,800 2 

3 I 9 0,405 s-- 0,549 I 7 0,733 4 0,607 6 0,815 2 0,711 5 0,860 1 0,780 3 

i 10 0,547 8 0,664 7 0,867 4 0,724 6 0,936 2 0,872 3 0,946 1 0,851 5 

j 11 0,192 8 0,360 6 0,243 7 0,455 5 0,535 4 I 0,629 2 0,613 3 0,742 1 

R. 87 69 67 54 41 29 26 23 1 , 

lerall rank 8 7 6 I 5 4 I I 3 I 2 1 I 

W: 0,760 

P < 0~ O01 
2 

X : 58 , 485 

Overall P 

0,734 

0,667 

0,678 

0,422 

0,543 

0,748 

0,634 

0,729 

0,693 

0,815 

0,482 

I 

I 

I 

I 

r-J 
--J 
CD 



)ENDIX 5 (contd.) 

TABLE 5.2 

FRUIT 
A a 

~ 
1 2 

J. 

P R P 

1 1 0,118 2 0,133 

2 2 0,056 
I 

1 0,042 

3 3 0,027 I 2 0,103 

5 4 0,354 4 0,406 

7 5 0,211 3 0,380 

9 ! 6 0,125 2 0,194 

° 7 0,016 8 0,021 

2 8 0,143 2 0,224 

3 9 0,243 2 0,275 

4 10 0,219 2 0,292 

5 11 0,385 2 0,467 

I 
I R.i 30 

verall 
2 I I rank 

i 

Test on "5" seeds in proportion to total ovules/seeds per fruit sub-region 

5 U B - R E G I ° N 

B b C c 0 

3 4 5 6 7 

R P R P R P R P R P R P 

1 0,097 3 0,054 5 0,024 7 0,055 4 0,000 8 0,034 

3 0,000 7 0,041 4 0,000 7 0,045 2 0,013 5 0,000 

1 0,025 3 0,000 8 0,021 5 0,007 7 0,013 6 0 , 023 

2 0,153 8 0,500 1 0,216 6 0,382 3 0,154 7 0,281 

1 0,039 5 I 0,247 2 0,036 6 0,069 4 0,018 7 0, 000 

1 0,061 4 0,054 5 0,032 6 0,022 7 0,0.19 8 0,079 

1 0,007 4 0,004 7 0.,006 6 0,007 4 0,007 4 0,011 

1 0,103 3 0,069 6 0,073 5 0,055 7 ° ,0 44 8 0,096 

1 0,081 6 0,232 3 0,037 8 0,206 4 0,080 7 0,100 

1 0,000 7 0,199 3 0,000 7 0,059 4 0,000 7 ° ,040 

1 0,289 4 0,320 3 0,105 7 0,188 5 0,081 8 0,145 

14 54 47 70 51 75 

1 5 3 7 4 8 

d 

8 

R 

I 
6 I 
: I 
5 I 
8 I 
3 

2 

I 4 , 
I 5 

5 

6 

55 

6 

W: 0, 5 45 

P < 0 ,001 

2 
X : 4 1 ~ 970 

Overall P 

0 ,064 

0 , 0 25 

0,0 2 3 

0 ,329 

0 , 1 1 ·1 

0,067 

0,009 

0 ,091 

0,156 

0,0. 9 7 

0.,244 

, 
I 

I 
I 
I 
I 
! 

I 
N 
---J 
ill 



,PPENDIX 5 (contd.) 

TABLE 5.3 Test on "P" seeds in proportion to total ovules/seeds per fruit sub-region 

s U B - R E G I ° N 
FRUIT 

A a B b C c 0 

\ 1 2 3 4 5 6 7 
No. 

p R P R P R P R P R P R P R P 

1 1 0,221 1 0,133 2 0,083 3 0,054 4 0,037 5 0,031 7 0,025 8 0,034 

2 2 0,139 2 0,313 1 0,081 4 0,091 3 0,012 8 0,034 5 0,013 7 0,026 

3 3 0,162 4 0,345 1 0,175 3 0,224 2 0,052 7 0,083 5 0,064 6 0,012 

5 4 0,308 1 ° ,240 3 0,259 2 0,179 4 0,102 8 0,139 5 0,103 7 Of 1 35 

7 5 ° ,237 2 0,280 1 0,098 4 0,161 3 ° ,036 6 0,061 5 0,000 8 O~024 

9 6 0,200 1 0,087 2 0,061 5 0,081 3 0,032 8 0,043 7 0,056 6 0,079 

10 7 0,297 1 0,210 2 0,171 3 0,106 4 0,092 5 0,065 7 0,073 6 0,060 

12 8 0,171 1 0,056 8 0,147 2 0,065 6 0,106 3 0,059 ? 0,079 5 0,087 

13 9 0,162 1 0,098 6 0,105 5 0,107 4 0,123 2 0,041 7 0,020 8 0,120 

14 10 0,172 1 0,035 6 0,063 3 0,072 2 0,032 7 0,059 5 0,011 8 0,059 

15 11 0,295 1 0,120 4 0,231 2 0,113 5 0,175 3 0,070 7 0,099 6 0,048 

R. 16 36 36 40 62 67 75 
J 

Overall 
1 12 ,5 12,5 

I 4 t_ 5 II 7 8 rank _______ L . ___ 1 _____ J ____ 
- - ----- - -- - -----~--- - --- --~ 

_______ _ L __ 

d 

8 

R I 
6 I 
6 

8 

6 i 

I '7 
I 

4 

8 

4 

3 

4 

8 

64 

I 6 

W: 0,571 

P < 0,001 

2 
43,939 X : 

Ove r all P 

O ~ O72 

0,091 

0, 124 

0 ,181 

0 , 095 

0,069 

0,108 

0,089 

0,094 

0,059 

0,136 

I 

J 
I 
I 
I 
I 

I 
I 

I 
! 

I 

..., 
I 
I N 

cc 
o 



ENDIX 5 (contd.) 

TABLE 5.4 Test on "F" 'seeds in proportion to total ovules/seeds per fruit sub-region 

s U B - R E G I ° N 
FRUIT 

A a B b C c 0 

~ 
1 2 3 4 5 6 7 

I . 

I P R P R P R P R P R P R P R P 

1 1 0,279 1 0,163 3 0,264 2 0,163 4 0,159 5 ° ,031 7 0,051 6 0,023 

2 2 0,500 1 0,042 8 0,355 2 0,231 5 Os238 4 0,258 3 0,173 6 0,145 

3 3 0,432 1 0,138 5 0,375 2 0,212 4 0,219 3 0,097 7 0,103 6 0,023 

j 4 0,031 4 0,000 7,5 0,141 3 0,000 7,5 0,261 1 0,007 6 0,231 2 0,023 

r 5 0,316 4 0,080 7 0,706 1 0,151 5 0,470 2 0,130 6 0,339 3 0,07 1 

; 6 0,250 
,. 

0,107 c: 0,246 2 0,060 7 0,133 3 0,058 8 0,111 · 4 0,079 I -, 

) 7 I 0,500 1 0,306 4 0,493 2 0,217 6 0,399 3 0,149 7 0,265 5 0,071 

~ 8 0,171 2 0,016 8 0,167 3 0,069 5 0,218 1 0,050 6 0,096 4 0,017 

) 9 0,189 1 0,078 3 0,081 2 0,054 4 0,025 7 0,041 6 0,040 5 0,000 

~ 10 0,063 2 0,009 7 0,070 1 I 0,005 8 0,032 4 0,009 6 0,011 5 0,050 

j 11 0,128 4 0,053 8 0,237 1 0,113 6 0,185 3 0,113 5 0,207 2 0,065 

I R i 22 65,5 21 61,5 36 67 48 

'erall 
2 6 1 5 rank I 3 I 7 4 

d 

8 

R , 

I I 
8 i 

I I 
7 

8 

5 , 
I 

8 

6 

8 

7 

8 

3 

7 

75 

8 

W: 0,612 

P < 0,001 

2 
47,114 X : 

OV8r A.ll P 
~ 

0,1 30 

0,2 18 

0,176 

0)068 

0::250 

0,116 

0,249 

0,091 

0,057 

0,029 

0,138 

I 
I 
I 

I 
I 

I 

I 
N 
CD 



NDIX 5 (contd.) 

TABLE 5.5 

RlJIT 
A 

1\ 1 

j \\ P R P 

1 0,191 6 0,310 

2 0,081 4 0,106 

3 0,043 15,5 0~175 

4 I 0,512 I 5 0,628 

5 I 0,277 I 3 0,514 

6 I 0,217 I 4 0,500 

7 I 0,020 I 4,5 0,039 

8 0,294 5 0,757 

9 0,408 6 0,610 

10 0,483 I 3 0,869 

11 0,476 I 5 0,730 

I Rj 
51 

)t'ell 
5 'ank 

Test on "5" seeds in proportion to total (F + P + 5) seeds per fruit sub-region 

5 U 8 - R E G I ° N 

a 8 b C c 0 d 

2 3 4 5 6 7 8 

R P R P R P R P R P R P 

3 0,218 4 0,199 5 0,109 7 0,470 1 0,000 8 0,374 

3 0,000 7 0,113 2 0,000 7 0,134 1 0,065 5 0 ,000 

2 0,043 5,5 0,000 8 0,072 4 0,037 7 0,073 3 0,397 

4 0,277 8 0,736 1 0,373 6 0,723 2 0,316 7 0,642 

1 0,046 7 0,442 2 0,066 5 0,266 4 . 0,050 6 0,000 

1 0,166 7 0,277 3 0,181 5 0,180 6 0,103 8 0,332 

2 0,010 8 0,011 7 0,012 6 0,032 3 0,020 4,5 0,077 

1 0,247 6 0,342 3 0,207 7 0,335 4 0,201 8 0,480 

2 0,303 7 0,590 3 0,200 8 0,713 1 0,571 4 0,455 

1 0,000 7 0,721 2 0,000 7 0,461 4 0,000 7 0,268 

1 0,362 6 0,587 2 1 0,226 7 0,507 4 0,209 8 0,562 

I I 
21 72,5 38 ! 69 37 68,5 

1 8 3 I 
~ 

6 2 
I I ! , 

R 

2 
I 

I 7 

1 

3 

8 ! 
I 

'J I L , 

1 I 
2 

5 

5 

3 

39 

4 

W: 0,489 

p < 0 ,001 

2 
X : 37,629 

Overall P 

o ~ 241 

D,075 

0,071 

0,559 

0,243 

Ot 266 

0,025 

0,335 

0,508 

0,524 

0,471 

I 
I 

I 
I 

I 

I'V 
OJ 
N 



:NDIX 5 (contd.) 

TABLE 5.6 

RUIT 
A a 

\ I 1 2 . 
I P R P 

I 1 0,358 I 2 0,310 

2 0,200 3 0,790 

I 
3 0,260 6 0,589 

4 0,445 2 0,372 

5 0,311 2 0,378 

6 O~348 3 0,224 

7 0,366 3 0,389 

8 0$352 5 0,189 

9 0,272 . 4 0,217 

10 0,380 5 0,104 

11 0,365 2 0,188 

Ri I 37 

Test on "P" seeds in proportion to total (F + P + 5) seeds per fruit sub-region 

5 U B - R E G I 0 N 

B b C c 0 d 

3 4 5 6 7 8 

R P R P R P R P R P R P 

I 
4 0,187 7 0,199 6 0,168 8 0,265 5 0,329 3 I 0,37 4 

1 0,186 4 0,250 2 0,048 8 0,101 6 I 0,065 7 0,152 

1 0,304 5 0,515 2 0,178 8 0,444 3 0,358 4 0,207 

3 0,468 1 0,264 5 0,176 8 0,263 6 0;·211 7 0,308 

1 0,116 6 0,288 3 0,066 7 0,236 5 0,000 8 0,255 

6 0,166 8 0,415 1 0; 181 7 0 ,352 2 Os303 5 0,332 

2 0,255 6 0,324 4 0,185 8 0,293 5 0,212 7 0,423 

8 0,353 4 0,322 6 0,301 7 I 0,360 3 0,361 2 0,435 

6 0,393 

I 
3 0,272 5 0,665 1 I 0,142 8 0,143 7 0,545 

8 0,474 2 0,261 6 I 0,500 1 0,461 3 0,204 7 0,396 
I 

7 0,305 I 3 0,207 5 0,376 1 0,189 6 0,256 4 0,186 

I I 49 . _ ~ _ .J 6.~. J I 52 
I I 61 47 ! 45 I , . ..L 

R 

I 1 I 
5 

7 

4 

4 

4 

1 

1 

2 

4 

8 

41 

W: 0,119 

NS 

2 
X : 9,152 

Overall P 

0,271 

o ~ 273 . 

0,385 

0,313 

0,208 

0 1 274 

0,295 

0,328 

0,306 

0 ,31 9 

0,263 

-

I 
I 
i 

I 
I 

I 
i 
I 

I 

/>,) 

OJ 
c.N 



:NDIX 5 (contd.) 

TABLE 5.7 Test on "F" seeds in proportion to total (F + P + S) seeds per fruit sub-region 

SUB REG ION W: 0,649 l 
-RUIT I 

A a B bee 0 d p < 0,001 I 
i\i 1 I 2 3 I 4 5 6 7 8 l: 49 f 962 

• . j \ P Rip R P ' R P R P R P R P R P R, over.~l.~ 

I 1 0,451 5 0,380 6 0,595 4 0,599 3 0,723 1 0,265 7 0,671 2 0,253 I 8 I 0,489 I 

2 10,720 6 0,106 8 0,816 4 0,635 7 0,952 1 0,766 5 0,865 2 0,848 I 3 0,655 

3 I 0,695 2 0~235 8 0,652 3 0,487 6 0,750 1 0,5 19 5 0,575 4 I 0,397 I 7 0,547 

4 10,045 5 0,000 7,5 0,255 3 0,000 7,5 0, 451 2 0,013 6 0, 474 1 I 0,053 4 I Ot 118 

5 0 , 414 6 0,108 8 0,837 3 0,270 7 0,867 2 0,502 5 0,950 1 I 0,755 4 I 0,547 

6 

7 

8 

9 

10 

11 

R _ 
J 

erall 
r ank 

0,435 5 0,276 I 8 I og668 1 0,308 7 0,638 2 0,475 4 0,600 

0,616 6 0,567 7 0,735 3 0,664 5 0,803 1 0,671 4 0,770 

0,352 4 0,054 8 0,400 3 0,342 5 0,491 1 0,305 6 0,438 

0,318 1 0,173 4 0,303 2 0,137 6 0,135 7 0,142 5 0,286 

0,139 5 0,027 7 0,526 2 0,018 8 0,500 3 0,071 6 0,796 

0,158 7 0,083 8 0,313 J 3 0,207 6 I 0,398 I 2 0,304 4 0,535 

52 79,5 I I 31 67,5 23 57 

4 8 3 7 2 5 

3 I 0 ,332 

2 

2 

3 

1 

1 

22 

1 

0,500 

0,085 

0,000 

0,336 

0,252 

6 

8 

7 

8 

4 

5 

64 

6 

0,460 

0, 680 

0,336 

0,186 

0,157 

0,266 

tv 
OJ 
P 



APPENDIX 6 

2 X TESTS ON THE DIFFERE NCE IN ABORTI ON RATES BETWEEN 

CARPELL AR Y MARGIN AND PLACENTAL EDGE REGIONS 

FOR FRU IT SET IN AUTUMN, 1973 

2 
TABLE 6.1 "Total" X on p. of Appendix 4 for fruit sub-regions 

1 

A, a, B, b, C, c, 0, d 

Fruit No. 
2 df Probability, X p 

l ' 14,293 7 0, OL~64 

2 69,122 7 < 0,00001 

3 23,197 7 0,0016 

5 116,375 7 < 0,00001 
, , 

7 95,006 7 < 0,00001 

9 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 < 0,00001 

15 48,615 7 < 0,00001 

Total 
individual 503,794 77 < 0,00001 

2 
X 

Pooled ' 2 299, 604 X 7 < 0,00001 

Heterogeniety 
204,190 70 < 0,00001 

X2 

-
2 

X = l: - 2 In p ::: 171,743 22 < 0,00001 

285 



APPENDIX 6 (contd . ) 

2 . ) ( ) TABLE. 6.2 X "dlffeI'sn C8S" between (A , B, C, D vs a, b, c, d 

fruit sUb-regions with regard to p. of Appendix 4 
1 

Fruit No. 
2 

X df Probabili ty, P -
1 4,230 1 0,0397 

2 20,721 1 0,00001 

3 15,473 1 0,0001 

5 70,166 1 < 0,00001 

7 57 t 393 1 < 0,00001 

9 14,663 1 0,0001 

10 9,500 1 0,0021 

12 13,111 1 0,0003 

13 5,074 1 0,0243 

14 30,155 1 < 0,00001 

15 16,177 1 0,0001 

Total 
individual 256,663 11 < 0,00001 

2 
X 

2 
Pooled X 225,250 1 < 0,00001 

Hetel'ogeniety 
31,413 10 0,0005 ? 

X-

2 = I: - 2 X In p > 189,808 22 < 0,00001 -

286 



CONC ORDANCE (w) 
2 

AND X 

287 

APPENDIX 7 

TESTS ON THE RANKS OF· ABORTION RATES 

p. OF APPENDI X 4 FOR FRU I T SET IN AUTUMN, 1973 
l. 

FRUIT S _ U B 

A a 

No. ~ 1 2 

1 1 4 3 

2 2 3 1 

3 3 7 1 

5 4 4 1,5 

7 5 3 1 

9 6 4 1 

10 7 3 2 

12 8 5 1 

13 9 8 5 

14 10 4 2 

15 11 2 1 

Ri 47 19,5 

Ove~all 
5 ·1 

rank 

TABLE 7 ~ 1 

R A N 

- R E 

B b 

3 4 

5 6 

5 2 

6 3 

6 1,5 . 

6 2 

8 2 

6 4 

6 4 

7 3 

7 1 

6 3 

68 31,5 

6 2 

w = 0,650 
2 

X = 50,023 

df = 7 

P < 0,00001 

K 

G 

S 

I 0 N S 

C c D d 

5 6 7 8 

8 2 7 1 

8 4 7 6 

8 4 5 2 

7 3 8 5 

7 4 8 5 

7 5 6 3 

8 5 7 1 

7 3 8 2 

2 4 6 1 

6 3 8 5 

7 5 8 4 

75 42 78 35 

7 4 8 - 3 



P,PPE NOJ:)( 8 

CO NCORDANCE (W) AND i TESTS ON THE RAN KS or A CO MPETI TION 

FACTOR ( x . OF APPENDI X 4 ) FOR FRU IT SET I N AUTU MN, 1973 
]. 

FRUIT S 

A 

No . ~ 1 

1 1 1 

2 2 1 

3 3 1 

5 4 1 

7 5 2 

9 6 1 

10 7 1 

12 8 1 

13 9 1 

14 10 1 

15 11 1 

R .i 12 

Overall 
1 

rank 

U 8 

a 

2 

3 

3 

2 

3 

3 

2 

3 

4 

2 

2 

3 

30 

2 

TA BLE B.1 

R A 

- R E 

8 b 

3 4 

2 4 

2 4 

3 4 

5 2 

1 4 

3 5 

2 6 

2 6 

5 3 

5 3 

2 4 

32 45 

3 4 

W = 0 ,760 
2 

X = 58,485 

df = 7 

p < 0,00001 

N K S 

G I 0 N S 

C c D d 

5 6 7 8 

5 6 8 7 

6 5 7 8 

5 6 7 8 

4 6 7 6 

5 7 6 8 

7 8 6 4 

4 7 5 8 

3 8 5 7 

7 4 8 6 

7 6 8 4 

5 7 6 8 

58 70 73 76 

5 6 7 8 

288 
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APPENDIX 9 

i A,ND t-TESTS ON THE DI FF ERENCE IN TH E COMPETITION FACTOR 

INTENSITY ( x. OF APPENDIX 4) BETWEEN CARPELLARY MARGIN 
~ 

AND PLACENTAL EDGE REGIONS FOR FRUIT SET IN AUTUMN, 1973 

TABLE 9.1 

Fruit No. Ox. t-Valu8 Probabili ty, P (df :::, 3) 

1 

2 

3 

5 

7 

9 

10 

12 

13 

14 

15 

Ox. = 
~ 

~ 

11r23 2,419 0,0960 

7,81 0,966 0,4056 

10,02 4,398 0,0232 

0,54 0,123 0,9222 

21,32 3,357 ° ,0461 

9,07 1,611 0,2070 

27,34 9,424 0,0056 

15,31 3,401 ° ,0452 

-4,14 -0,663 0,5564 

-4,63 -0,816 0,4761 

15,07 5,960 0,0098 

l = E - 21n P = 51,956 
P < 0,0003 

with df = 22 

mean difference in x. between A-a, B-b, C-c, D-d 
fruit sub-regions.~ 

289 
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APPEND IX 10 

QUANTITATIVE X2 TESTS ON THE RELA TIO N BETWEEN A COMPETITION 

FACTOR AND ABORTI ON RATES IN FRU I T SET WITHOUT HAND-POLLINATION 

IN AUTU MN , 1973 

TABLE 10.1 For fr ui t sub-regions A, B, C, D only 
. - T . ~ 

TOTAL SLOPE LINEARITY 
J Fruit No. 2 l 2 I 

X df P df P X df P I 

1 4,322 3 0,2289 3,837 1 0,0502 0,485 2 0,7848 

2 4,551 3 0,2079 3,820 1 0,0507 0,731 2 0,69L~0 

3 1,558 3 0,6690 0,0001 1 0,9999 1,558 2 0,4590 

5 23,255 3 0,00004 15,188 1 0,0001 8,067 2 0,0177 

7 28,220 3 0,00001 6,206 1 0,0127 22,015 2 0,00002 

9 3,508 3 0,3200 1,750 1 0,1860 1,758 2 0,4153 

10 6,060 3 0,1088 3,981 1 0,0460 2,079 2 0,35L~1 

12 0,660 3 0,8825 0,520 1 0,4713 0,141 2 0,9322 

13 1,833 3 0,6078 0, 602 1 0,4379 1,231 2 0,5405 

14 13,453 3 0,0038 12,253 1 0,0005 1,200 2 0,5488 

15 18,394 3 0,0004 14,222 1 0,0002 4,173 2 0, 12 L~2 

Total 
individual 105,814 33 < 0,00001 

2 
62 1 379 111 < 0,00001 43,438 22 0,0043 

X 

2 
Pooled X 44,469 3 < 0,00001 43,021 1 < 0,00001 1,448 2 0 , 4850 

Heterogeniety 61,345 30 0,0007 19,358 10 0,0360 41,990 20 0,0028 X2 

l = l: - 2ln P 84,928 22 < 0,oOO01 i84 ,015 22 < 0,00001 43,057 22 0,0048 
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APPENDIX 10 (contd.) 

TABLE 10.2 For fruit sub-regions a, b, c, d only 

TOTAL SLOPE LINEARITY . 
Fruit No. 

l df 2 df l df p X P P 

1 5,991 3 0,1121 0,360 1 0,5498 5,632 2 0,0599 

2 41,460 3 < 0,00001 17 ,856 1 0,00002 23,604 2 0,00001 

3 6,510 3 0,0894 3,549 1 0,0597 2,961 2 0,2277 

5 6,837 3 0,0773 5,597 1 0,0180 1,240 2 0,5381 

7 20,323 3 0,0002 19,975 1 0,00001 0,348 2 ° ,8406 

9 2,125 3 0,5471 1,347 1 0,2460 0,778 2 0,6779 

10 4,546 3 0,2084 0,033 1 0,8562 4,513 2 0,1048 

12 14,074 3 0,0028 7,905 1 0,0049 6,169 2 0,0458 

13 2,060 3 0,5603 1,111 1 0,2920 0,949 2 0,6224 

14 21,591 3 0,0001 7,568 1 0,0059 14,023 2 0,0009 

15 14,113 3 0,0028 10,461 1 0,0012 3,651 2 0,1613 

Total 
individual 139,630 33 < 0,00001 75,762 

l 
11 < 0,00001 63,868 22 0,00001 

2 Pooled X 33,551 3 < 0,00001 24,449 1 0,00001 9,102 2 0,0106 

Heterogeniety 
106,079 30 < 0,00001 51,313 ·10 < 0,00001 54,766 20 0,00005 l 

2 = ~- 2 In p 101,821 22 < 0,00001 X 99,464 22 < 0,00001 63,282 22 0,00001 
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APPENDIX 11 

DATA AND QUANTITATIVE l TE STS ON RELATION OETWEEN ESTIMATORS Of COMPETITION FACTOR AND 

ABORTION RATES AT THE SIXTH WEEK IN '-RUIT 5[1' WITH HAND-POLLI NA TION IN AUTUMtJ, 1971 

TABLE 11.1 l tests on relatiGn or f hst estimator of competition factor and 

Beed s bortion rate 

i 
fruit 

sub-region ni xi Pi ~i 

1 A 4B 978,8 0,0417 0,0778 

2 8 45 729,2 0,1778 0,2096 

3 B 43 903,8 0,1163 0,1174 

4 b 39 703,7 0,1795 0,2231 

5 C 92 868,1 0,1848 0,1362 

6 c 49 547,9 0,1633 0,3054 

7 0 39 683,1 0,2564 0,2340 

8 d 29 507,9 0,5517 0,3265 

fruit sub-region n x p 9 

A, ••• t 0 only 222 866,5 0,1532 +0,7639 

a, .. ,' d only 162 628,6 0,2408 +0,7937 

A, a, ... , 0, d 384 766,1 0,1901 +0,5948 

Type of l 2 df X 

Total · ....... 8,963 3 

fl. , ••• , 0 only Slope ........ ., ,574 1 

Linearity .... 1,389 2 

Total · ....... 18,724 3 

a, ••• , d only Slope .. . . . . . . 5,999 1 

Linearity .... 12,725 2 

Total ........ 34,444 7 

~, a, ... , 0, d Slope · ....... 15,750. 1 

Linearity .... 18,694 6 

i'~ ith sub-reyion corresponding to A, ••• , d fruit sub-regions. 

ni = number of seeds on which Pi is based. 

n = tni • 

(Pi -Pi) 

-0,0361 

-0,0318 

-0,0011 

-0,0436 

+0,0486 

-0,1421 

+0,0224 

+0,2252 

h 

-0,0007 

-0,0009 

-0,0005 

Comments 

* 
** ..... (-) 
NS, .. linear 

*** 
* ..... (-) 

** non-li"e<.r 

*** 
*** . .... (-) 

* non-linear 

Xi = competition factor: first ostimator for early seed development in i , viz. mean cross­
sectional area of median lon9itudinal plana batwaen inner-integumonts (~2 x 103 ) • 

X = weighted mean of Xi 

Pi = sstimator f or early seed abortion in i I proportion of pollinated seods without normel 
endosperm. 

P = weighted mean of Pi • 

h = regression co-efficient. 

~i = P + h(xi - i); weighted estimate of Pi • 

9 = P - hi constant. 

Probebility levels 1- NS p> 0,05 

* P'::: 0,05 

*It p:s 0,01 

p :s O,OO~ 

1 

I 
I 
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APPENDIX 11 (contd.) 

TABLE 11.2 X2 tests on relation of second estimator of competition factor and eeed abortion 

re t e 

i fruit 
sub-region 

ni xi Pi ~i 

1 A 49 96.00 0.0417 0,0900 

2 a 45 90.00 0,1779 0.1215 

3 B 43 96.00 0.1163 0.1491 

4 b 39 79.00 0.1795 0,2045 

5 C 92 92,99 0,1949 0,1707 

6 c 49 61,25 0,1633 0,3203 

7 0 39 79.00 0,2564 0,2045 

9 d 29 59,00 0,5517 0,3427 

fruit sub-region x -n p g 

A, ... , D only 222 95,46 0.1532 +1.1499 

8, ... , d only 162 72,69 0,2409 +0,6429 

A, a • .. ,' D. d 394 90,07 0,1901 +0.7439 

Type of l l df 

Total · ....... 9,963 3 

A. •••• D only Slope ... .. .. . 9.523 1 

linearity . .. . 0,439 2 

Total ........ 19.724 3 

8. ••• , d only Slope · ....... 4,563 1 

linearity .... 14.161 2 

Total ........ 34.444 7 

A. 8. ••• , 0, d Slope · ....... 15.734 1 

lineerity .... 19.71 6 

i ~ ith Bub-region corrasponding to A ••••• d fruit sub-regions. 

ni = number of seede on which Pi ie based. 

n = tni • 

Xi = competition factor: second estimator for early seed development in i 
tube penetrations. 

x = weighted mean of Xi 

(Pi - ~i) 

-0.0393 

+0.0563 

-0.0329 

-0,0250 

+0,0141 

-0,1570 

+0.0519 

+0,2090 

h · 

-0,0117 

-0,0055 

-0.0069 

Comments 

* 
** . .... (- ) 

NS. .. linear 

*** 
* . .... (-) 

*** non-linear 

*** 
*** . .... (- ) 

iI* non-linear 

viz. % pollen 

estimator for early seed abortion in i 
endosperm. 

proportion of pollinated seeds without normal 

p wei9hted mean of Pi • 

h = re9rassion co-efficiant 

~i = P + h(Xi - x); weighted estimate of Pi • 

9 = P - hi( constant. 

Probability levale:- N5 p> 0.05 

* P S 0.05 

** p. S 0.01 

*** p S 0.001 



QUALITATIVE 

TABLE 12.1 

S 
FRUIT 

A 

No. w. p . 
1 1 

1 42 0,5476 

2 25 0,2800 

3 23 0,3333 

5 45 0,9556 

7 29 0,5862 

9 23 0,4154 

10 52 0,3846 

12 34 ° f 6471 

13 22 0,7334 

1l~ 29 0,8621 

0,8413 

-2 
X TESTS ON 

APPENDIX 12 

AN ORDERED DISTRIBUTION OF ABORTION 

AXIS FOR FRUIT SET IN AUTUMN, 1973 

ALONG THE FRUIT STEM-APEX 

On the qualitative ordering of .fruit sub-regions with respect to the weighted p. of 
. 1 

Appendix 4, viz. that A > B > C > D 

U B - R E G I 0 N 

8 C D C
1 

-2 
C

2 X Probabili t y, p 

w. p. w. Pi w. Pi I 
1 1 1 1 

, I 

32 0,4063 18 0,2917 6 0,29 -17 0,45 0,40 4,265 0,05 < P < 0, 10 , , 
27 0,1852 21 0,0833 15 0,0833 0,46 Q,48 4,097 0,05 < P < 0,10 , , , 
46 0,3333 28 0,3095 14 0,3095 I O. 36 0,46 0,063 P > 0 ,1 0 

47 0,7447 51 0,5490 19 0,5263 0,50 0,36 23,257 P < 0,00 5 

43 0,1628 45 0,1333 . 20 I 0,0500 0,45 0,39 28,220 P < 0,005 , , , , 
42 0,4154 22 0,3750 10 0,3750 0,35 0,45 0,1 46 P > 0,10 

I 

98 0,2653 81 0,2105 . 52 0,2105 0,40 0,46 5,880 0,025<p<0,050 
I 

65 0,6000 63 0,5714 25 0,5600 0,41 0,38 0,660 P > 0,10 
I , I 

23 0,7334 15 0,7334 7 0,7143 0,44 0,44 0,012 p>0,10 , I 

19 0,4828 10 0,4828 5 0,2000 0,46 0,47 13,433 p < 0,005 

131 0,6870 93 0,6022 43 0, t~651 O~37 0,43 18,394 P < 0 , 005 

I 

I 
I 

1~3 
'---- --------- -- - -- - - ----- -- - -- - - -- ---- - -- -- --- - - - - -- ----- - ----- ---- -_ .. - -- -- -~-! 

(,) - over a p. value denotes a revised proportion after Bartholomew's method for ordered qualitat ive X
2 

1 

(Flei s s , 1973) 

N 
\D 
~ 



APPENDIX 12 (contd.) 

FRUIT 

No. 

1 

2 

3 

5 

7 

9 

10 

12 

13 

14 

15 
- ----- ------

TABLE 12.2 On the qualitative ordering of fruit sub-regions with respect to the weighted p. of 
1 

Appendix 4, viz. that a > b > c > d 

s U B - R E G I 0 N 

a b c d C
1 

C
2 

-2 
X Probability, p 

w. p. w. p. w. p. w. Pi 1 1 1 1 1 1 1 

, , , 
42 0,6190 25 0,5625 15 0,5625 8 0,5625 0,48 0,47 0,295 P > 0,10 

38 0,8947 44 0,3636 30 0,2333 13 0,1538 0,43 0,42 41,459 P < 0,005 , 
34 0,7647 37 0,5135 27 0,5000 5 0,5000 0,45 0,30 6,265 0,01 < P < 0,025 

62 1,0000 76 1,0000 76 0,9868 39 0,9487 0,47 0,41 6,837 0,025 < P < 0,01 

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 0,5938 15 0,5938 0,46 0,54 1,441 P > 0,10 , , , 
67 0,4328 86 0,3690 61 0,3690 40 0,3690 0,43 0,48 0,842 P > 0,10 , r , 
37 0,9459 50 0,7247 36 0,7247 23 0,7247 0,42 0,48 7,896 0,01 < P < 0,025 , r r 
23 0,8679, 44

1

0'8679, 28 0,8679 11 0,8679 0,37 ° ,42 0,000 p>O,1o 

38 0,9798 61 0,9798 28 0,9286 15 0,6667 0,35 0,49 21,553 P < 0,005 

96 t 0,9167 __ 126 _D,7937 
, , 

79 0,7117 32 0,7117 0,41 ° ,42 13,699 P < 0,005 
- -- - --- - ~ -- ---- - -- - ----- - - - --- --

(') - see Appendix Table 12.1 

I 

tV 
\.0 
U1 



APPENDIX 13 

l TESTS ON THE DISTRIBUTION OF ABORTION WITHIN THE FRUIT 

STEM- APEX AXIS FOR FRUIT SET WITHOUT HAND-POLLINATION 

IN AUTUMN, 1973 

TABLE 13.1 X2 tests on the differences in proportions of 

aborted seeds p. (Appendix 4) for fruit 
l. 

sub-regions ABC vs 0 

ABC 0 2 
Fruit X df 

No. - - "differences" 
rl1 P1 n2 P2 

1 92 0,4457 6 0,3333 0,2890 3 

2 73 0,1781 15 0,1333 0,1767 3 

3 97 0,3093 1 L\ 0,4286 0,7946 3 

5 143 0,7413 19 0,5263 3,8134 3 

7 117 0,2564 20 0,0500 4,1558 3 

9 87 0,4023 10 0$4000 0,0002 3 

10 231 0,2684 52 0,2308 0,3107 3 

12 162 0,5988 25 0,5600 0,1352 3 

13 60 0,7334 7 0,7143 0,0116 3 

14 58 0,6724 5 0,2000 4,4316 3 

15 287 0,6934 43 0,4651 8,7315 3 , 

rx~ 22,850 :j: 33 

:j: Probability, 0,85 < P < 0,95 

I 

296 
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APPENDIX 13 (contd.) 

TABLE 13.2 
2 

X tests on the differences in proportions of 

aborted seeds p. (Appendix 4) for fruit 
1 

sub-regions A vs Be 

Fruit A Be ·l df No. - - I1differences l1 

n1 P1 n
2 P2 

1 42 0,5476 50 0,3600 3,2517 3 

2 25 0,2800 48 0,1250 2,6979 3 

3 23 0,3043 74 0,3108 0,0035 3 

5 45 0,9556 98 0,6429 15,7225 3 
-

7 29 0,5862 88 0,1477 21,9978 3 

9 23 0,5652 64 0,3437 3,4521 3 

10 52 0,3846 179 0,2346 4,6170 3 

12 34 0,6471 128 0,5859 0,4188 3 

13 22 0,6818 38 0,7632 0,4721 3 

14 29 0,8621 29 0,4828 9,4713 3 

15 63 0,8413 224 0,6518 8,3053 3 

EX2 
70,410 * 33 

* Probability, p < 0,00015 
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APPENDIX 13 (contd.) 

TABLE 13.3 2 
X tests on the differences in proportions of 

aborted seeds p. (Appendix 4) for fruit 
~ 

sub-regions BC vs D 

Fruit BC 0 l df No. - - "differences" n
1 P1 n

2 P2 

1 50 0,3600 5 0,3333 0,0166 3 

2 48 0,1250 15 0,1333 0,0071 3 

3 74 0,3108 14 0,4286 0,7395 3 

5 98 0~6429 19 0,5263 0,9222 3 

7 88 0,1477 20 0,0500 1,3790 3 

9 64 0,3437 10 0,4000 0,1203 3 

10 179 0,2346 52 0,2308 0,0032 3 

12 128 0,5859 25 0,5600 0,0577 3 

13 38 0,7632 7 0,7143 0,0765 3 

14 29 0,4828 5 0,2000 1,3834 3 

15 224 0,6518 43 I 0,4651 5,3470 3 

r, X2 
10,053 :1= 33 

:1= Probability, p > 0,95 
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APPENDIX 13 (contd.) 

TABLE 13.4 
2 

X tests on the differences in pxoportions of 

aborted seeds p. (Appendix 4) for fruit 
1 

sub-regions abc vs d 

Fruit abc d X2 
df No. - - "differences" n

1 P1 n2 P2 

1 82 0,5731 8 0,7500 0,9421 3 

2 112 0,5089 13 0,1538 5,8936 3 

3 98 0,5918 5 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 

9 86 0,6744 15 0,6667 0,0034 3 

10 214 0,3645 40 0,5000 3,2040 3 

12 123 0,7561 23 0,9130 2,7871 3 

13 95 0,8526 11 1,000 1,8682 3 

14 127 0,9685 15 0,6667 20,5780 3 

15 301 0,8073 32 0,7500 0,5976 3 

r.l 49,5370* 33 

-
* Probability, 0,01 < p < 0,05 
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APPENDIX 13 (contd . ) 

TABLE 13.5 
2 X tests on the differences in proportion of 

aborted seeds p. (Appendix 4) for fruit 
J. 

sub-regions a vs bc 

Fruit a bc 2 
X df No. - - "differences" n1 P1 n2 P2 

1 42 0,6190 40 0,5250 0,7400 3 

2 38 0,8947 74 0,3108 34,2503 3 

3 34 0,7647 64 0,5000 6,4407 3 

5 62 1,0000 152 0,9934 0,4111 3 

7 37 0,8919 86 0.,6396 8,0887 3 

9 40 0,7250 46 0,6305 0,8702 3 

10 67 0,4328 147 0,3333 1,9670 3 
, 

12 37 0,9459 86 0,6744 10,3394 3 

13 23 0,8261 72 0,8611 0,1699 3 

14 38 0,9737 89 0,9663 0,OLa8 3 

15 96 0,9167 205 0,7561 10,8423 3 

I:l 74,167 :I: 33 

. * Probability, p < 0,0001 
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APPENDIX 13 ( contd .) 

TABLE 13.6 
2 X tests on the differ ences in proportions of 

aborted seeds p. (Ap pendix 4) for fruit 
~ 

sub-regions bc vs d 

bc d 2 
Fruit X df 

No. - - "differences" 
n1 P1 n

2 P2 

1 40 0,5250 8 0,7500 1,3714 3 

2 74 0,3108 13 0,1538 I 1,3311 3 

3 64 0,5000 5 0,6000 0,1856 3 

5 152 0,9934 39 0,9487 4,0060 3 

7 86 0,6396 8 0,2500 L~, 6546 3 

9 46 0,6305 15 0 , 6667 0,0643 3 

10 147 0,3333 40 0,5000 3,7527 3 

12 86 0,6744 23 0,9130 5,1790 3 

13 72 0,8611 11 1,0000 1,7369 3 

14 89 0,9663 15 0,6667 16,2284 3 

15 205 0,7561 32 0,7500 0,0056 3 

E X2 38,516 :f: 33 

~ Probability, 0,20 < p < 0,25 



APPENDIX 14 

2 
X TESTS ON THE DISTRIBUTION OF ABORTION BETWEEN FRUIT SUB-REGIONS AT THE SI XTH WEEK I N FRUIT SET 

WITH HAND-POLLINATION IN AUTUMN, 1971 

TAB LE 14.1 

F R U I T S U B - R E G I 0 N S 

A, B, C, 0 vs a, b, c, d A, B vs C, 0 a, b vs c, d A, a, 8, b , C, c vs 0, d 

n 222 162 91 131 84 78 316 68 

-
P 0,1532 ° ,2408 0 , 0770 0,2061 0,1786 0,3077 0, 1488 0, 3823 

1 - -= , (q = 1 - p) 6,4946 pq 7,7096 5,4707 6, 4946 

df 1 3 3 7 

2 

I X "differences" 4,668 6,900 3,688 19,815 

Probability I 0,02 < P < 0,05 0,05 < P < 0,10 0,25 < p < 0,30 0 , 001 < p < 0,005 
I I I 

I 

I 

I IJ.l 
o 
tV 



APPENDIX 15 

MULTIPLE REGRESSION EQUATIONS ON INTRA-FRUIT ABORTION RATES 

fOR FRUIT SET WITHOUT HAND-POLLINATION IN AUTUMN, 1973 

303 

NOTATION AND MODEL fOR WEIGHTED REGRESSION EQUATIONS - using (weighting factor) 

x. and p. (transformed to angular degrees) of Appendix 4. 
~ ~ 

Model: 

where . . . p = ·regression function for the proportion of aborted 
seeds, in the transformed mode of angular degrees; 

b
O 

, b
1 

, b
2 

b
3 = regression constants for a given fruit; 

x1 = dummy variable = 0 for A, B, C, D fruit sub-regions 

and = 1 for a, b, c, d fruit sub-regions; 

x2 = x. of Appendix 4 and 
~ 

x3 = (x. )2 
~ 

In addition, the following derived notations are also used:-

p. = estimated proportion of aborted seeds (in the transformed mode of angular 
~ 

degrees), estimated by P of a given fruit for the ith fruit sub-region 

when appropriate regression constants and x. values are used; 
~ 

e. = p. - p. = a residual value when an estimated p. is subtracted from a given 
~ ~ ~ ~ 

observed p. (in transformed mode). Used as a goodness-of-fit check 
~ 

between observed and estimated values of abortion rates. 



APPENDIX 15 (cont d . ) 

TABLE 15.1 Regression constants of weighted equations for seed abor­

tion with associated multiple correlation co-efficients 

Fruit 
Multiple 

DO b1 b2 b
3 

correlation 
No. co-efficient 

1 47,99 15,09 - 1,044 0,0172 0,853 

2 -23,22 20,68 1,905 -0,0157 0,718 

3 39,88 17,35 -0,684 0,0109 0,888 

5 141,93 25,64 -3,777 ° ,0397 0,945 

7 -17,85 36,95 1,087 -0,0057 0,923 

9 35,95 18,84 -0,201 0,0071 

I 
° ,949 

10 36,57 10,55 -0,535 0,0069 0,917 

12 3,36 22,91 2,367 -0,0285 0,833 

13 95,72 18,07 -2,144 0,0246 0,833 

14 32,52 23,59 0,992 -0,0048 0,928 

304 

15 39,25 14,90 0,022 0,0033 0,910 
J " 

TABLE 15.2 

Fruit 
No. 

1 

2 

3 

5 

7 

9 

10 

12 

13 

14 

15 

2 

2 
X tests (df = 22) on regression co-efficients b1 ' b2 ' 

b
3 

based on series of (two-tailed) t-test probability 

. values (p) (df=4) 

b1 b2 b3 

t P t P t P 

3,01~ 0,0394 1,849 0,1385 2,206 0,0921 

1,395 0,2355 0,802 0,4678 0,585 0,5901 

3,776 0,0195 0,811 0,4633 1,013 0,3686 

4,725 0,0097 0,736 0,5033 0,897 0,4206 

4,648 0,0097 1,198 0,2972 0,683 0,5327 

5,997 0,0039 0,372 0,7288 0,907 0,4157 

3,610 0,0226 1,843 0,1394 2,378 I 0,0763 

2,763 0,0508 1,220 0,2896 0,976 0,3849 

2,517 0,0656 1,431 0,2260 1,264 0,2754 

2,162 0,0968 0,533 Os6226 0,135 0,8996 

3,852 0,0183 0,027 0,9796 0,452 0,6753 

X = ~ - 2 In p 78,531 21,827 

2~ 
P < 0,00001 0,4704 0,3908 
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APPENDIX 15 (contd.) 

TABLE 15.3 
2 

Concordance (W) and X test on the ranks of e. derived from 
l. 

FRUIT 

No. ~ 
1 1 

2 2 

3 3 

5 4 

7 5 

9 6 

10 7 

12 8 

13 9 

14 10 

15 11 

Hi 

Overall 
rank 

the regression equations 

S U B 

A a 

1 2 

5 4 

3 1 

8 2 

1 4 

1 2 

4 6 

4 2 

4 3 

3 6 

4 6 

2 1 

39 37 

2 1 

R A N 

- R E 

B b 

3 4 

3 8 

6 7 

4 5 

2 6 

8 7 

7 2 

6 7 

6 8 

5 2 

5 3 

8 6 

60 61 

7 8 

W = 0,126 
2 

X = 9,727 

df = 7 

P = 0,2046 

K S 

-
G I 0 N S 

C c D d 

5 6 7 8 

6 1 7 2 

4 8 2 5 

3 7 1 6 

8 3 7 5 

6 3 5 4 

3 8 1 5 

5 8 3 1 

7 5 2 1 

4 7 8 1 

2 1 7 8 

3 7 5 4 

51 58 48 42 

5 6 4 3 



NOTATION 

APPENDIX 16 

ABORTION AND RELATED DATA OF FRUIT SET WITHOUT 

HAND-POLLI NATION IN SUMMER, 1972/73 

306 

i = ith sub-region corresponding to fruit s ub-regions indicated in the tables. 

w. = a weighting factor = (F + P + S) seeds in i • 
~ 

xi = a competition factor = [(F + P + S)/(F + P + S + U)Ji % , as an index of 

early seed development intensity. 

p. = proportion of seeds aborted in 
~ 

i = 

F, P, S, and U refer to seed/ovule types - Plate 2(b). 

NOTE: Data from each fruit refers to 2/5th longitudinal portions. 

TABLE 16.1 Fruit No. 1 

i Fruit , 

sub-region w. x. p. 
~ ~ ~ 

1 A 18 78,26 0,0000 

2 a 27 57,45 ° ,0370 

3 B 74 86,05 0,0676 

4 b 80 64,52 0,1375 

5 C 67 73,63 0,1791 

6 c 63 45,00 0,0794 

7 0 37 50,00 0,1351 

8 d 36 33,64 0,0833 
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APPE NDIX 16 (contd.) 

TA BLE 16 .2 FruIt No . 2 
I 

i 
Fruit 

p. sub-region 
to). x. 

1 1 1 

1 A 38 86,36 0,0263 

2 a 45 77 ,59 0,1111 

3 B 78 83,87 0,0513 

4 b 92 75,41 0,1087 

5 C 103 79,84 0,0680 

6 c 74 56,92 0,1351 I 
7 D 46 59,74 0,0652 

8 d 55 43,65 0,1636 

TABLE 16.3 Fruit No.3 

i Fruit 
sub-region w. x. p. 

1 1 1 

1 A 23 88,46 0,0435 

2 a 29 78,38 0,0345 

3 8 82 90,11 0,0000 

4 b 87 87,88 0,0345 

5 C 88 93,62 0,0455 

6 c 89 80,18 0,0225 

7 D 48 73,85 0,0000 

8 d 65 59,63 0,0769 

TABLE 16.4 Fruit No.4 

i Fruit 
sub-region w. x. p. 

1 1 1 

1 A 32 88,89 0,0313 

2 a 60 85,71 0,0667 

3 8 75 85,23 0,0267 

4 b 87 83,65 0,1609 

5 C 79 80,61 0,0127 

6 c 58 58,59 0,0690 

7 D 49 59,76 I ° ,0408 
8 d 43 43,43 I 0,0930 
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APPENDIX 16 (con td. ) 

TA BLE 16.5 Fruit No. 5 

i 
Fruit 

w. ., 
Pi sub-region A. 

1 1 

1 A I 28 77,78 0,071 4 

2 a 68 86,08 0,1029 

3 B I 64 78,05 0,0625 

4 b 103 77,44 0,2136 

5 C 52 50,98 0,1346 

6 c 41 33,88 0,1463 

7 0 20 25,97 0,2000 

8 d 12 10,71 0,0833 

TABLE 16.6 Fruit No. 6 

i Fruit 
sub-region w. x. Pi 1 1 

1 A 26 78,79 0,0769 

2 a 55 77,46 0,0909 

3 B 76 93,83 0,1053 

4 b 81 68,64 0,1235 

5 C 53 64,63 0,0566 

6 c 41 39,05 0,0976 

7 0 26 29,89 0,1154 

8 d 15 14,02 0,0000 

TABLE 16.7 Fruit No.7 

i Fruit 
sub-region w. x. p. 

1 1 1 

1 A 15 83,33 0,0667 

2 a 13 46,43 0,1538 

3 B 44 78,57 0,0682 

4 b 31 24,80 0,0323 

5 C 22 40,74 0,0909 
6 c 28 17,18 0,0714 
7 D 17 14,17 0,1176 

8 d 4 3,03 0,0000 
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APPENDIX 16 (contd.) 

TABLE 16.8 Fruit No . 9 

i Fruit 
sub-regi on w. x. p. 

1 l. 1 

1 A 48 84,21 0,0417 

2 a 64 59 ,26 0,1094 

3 B 74 88,10 0,0541 

4 b 73 76,04 0,1507 

5 C 73 76,84 0,0548 

6 c 66 73,33 0,1061 

7 D 38 74,51 0,0263 

8 d 46 51,11 0,0435 

TABLE 16.9 Fruit No. 10 

i Fruit 
sub-region w. x. p. 

1 l. 1 

1 A 29 82,.86 0,0000 

2 a 41 '51,25 0,1463 

3 B 53 76,81 0,0943 

4 b 57 32,20 0,0175 

5 C 34 45,95 0,0882 

6 c 26 14,86 0,0000 

7 0 20 21,98 0,1000 

8 d. 3 2,16 0,0000 

TABLE 16.10 Fruit No. 11 

i Fruit 
sub-region w. x. p . 

1 l. 1 

1 A 56 91,80 0,0179 

2 a 87 89,69 0,0345 

3 B 92 92,00 0,0543 

4 b 107 89,92 ° ,0374 
5 C 70 83,33 0,0286 

6 c 83 72,17 ° ,0482 
7 0 49 56,32 0,0204 

8 d 45 42,06 0,1333 
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APP ENDIX 16 (contd. ) 

TABL E 16. 11 Frui t No. 12 

i 
Fru it 

sub-region w. x. p. 
1. 1. 1. 

--
1 A 24 75,00 0,0417 . 

2 a 41 69 ,49 0,1220 

3 B 56 67,47 0,0357 

4 b 67 53,17 0,2239 

5 C 30 37,04 0,0667 

6 c 34 18,99 0,0588 

7 D 26 23,64 0,1154 

8 d 7 3,85 0,1429 

TABLE 16.12 Fruit No. 13 

i 
Fruit 

sub-region w. x. p. 
1. 1. 1. 

1 A 26 89,66 0,0000 

2 a 25 78,13 0,0000 

3 B 75 89,29 0,0133 

4 b 68 73,12 0,0000 

5 C 74 88,10 0,0270 

6 c 70 60,87 0,0000 

7 D 41 51,25 0,0244 

8 d 29 34,94 0,0690 

TABLE 16.13 Fruit No. 14 

i 
Fruit 

sub-regi on w. x. p. 
1. 1. 1. 

1 A 28 82,35 0,1071 

2 a 54 71,05 0,2222 

3 B 76 88,37 0,1053 

4 b 87 61,27 
I 

0,2299 

5 C 64 90,14 0,0781 

6 c 58 41,43 0,0517 

7 D 38 58, 46 0,0526 

8 d 33 42 ,31 0,2121 
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APPEND IX 16 (con td. ) 

TABLE 16.14 Fruit No . 15 

i Fruit 
sub-region w. x. p. 

~ ~ ~ 

1 A 51 96,23 0,0392 

2 a 57 83,82 0,0351 

3 B 106 93~81 0,0094 

4 b 124 96,12 0,0645 

5 C 124 94,66 0,0403 

6 c 107 90,68 0,0374 

7 D 59 89,39 0,0169 

8 d 94 91,26 0,06'38 

TABLE 16.15 Fruit No. 16 

i Fruit 
sub-region w. x. p. 

~ ~ ~ 

1 A 47 88,68 0,0638 

2 a 61 87,14 0,0984 

3 8 107 94,69 0,0374 

4 b 110 89,43 0,0909 

5 C 105 87,50 0,0476 

6 c 97 85,09 0,1134 

7 0 64 79,01 0,0938 

8 d 49 72,06 0,1224 

TABLE 16.16 Fruit No. 20 

i Fruit I sub-region w. x. p. 
~ ~ ~ 

1 A 40 68,97 0,0500 

2 a 61 88,41 0,1803 

3 8 67 78,82 0,0299 

4 b 70 57,38 0,1286 

5 C 53 55 1 21 0,1509 
6 c 31 27,93 0,0645 
7 0 26 23,21 0,0769 
8 d 19 14,18 0,0000 
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APPENDIX 16 (contd.) 

TABLE 16.17 Fruit No. 17 

i 
Fruit 

sub-region 4 Wi 
x. p. 
~ ~ 

-~ 

1 A I 50 87,72 0,2400 

2 a 58 76,32 0,2069 

3 8 103 88,79 0,0777 

4 b 111 78,17 0,1622 

5 C 92 69,17 0,0652 

6 c 82 72,57 0,0732 

7 D 54 60,00 0,0556 

8 d 59 51,30 0,1186 

TA8LE 16.18 Fruit No. 18 

i 
Fruit 

sub-region w. x. Pi ~ ~ 

1 A 66 90,41 0,0909 

2 a 81 92,05 0,1728 

3 8 103 94,50 0,1165 

4 b . 120 83,33 0,0667 

5 C 91 91,00 0,0549 

6 c 103 66,88 0,0194 

7 D 54 84,38 0,1481 

8 d 56 71,79 0,0536 

TABLE 16.19 Fruit No. 19 

i 
Fruit 

sub-region w. x. p. 
~ ~ .1 

1 A 34 94,44 0,6176 

2 a 44 91,67 0,5909 

3 8 76 96,20 0,4868 

4 b 94 90,38 0,6489 

5 C 82 95,35 0,4146 

6 c 89 93,68 0,5730 

7 D 

~2 
87,50 0,3810 

8 d 80 89,89 0,5375 

" 
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APPENDIX 16 (con t d.) 

TABLE 16.20 Fr uit No. 21 

i 
Fruit 

sub-region w. x. p. 
~ ~ ~ 

1 A 52 94,55 0,1346 

2 a 64 95,52 0,2188 

3 B 108 94,74 0,0741 

4 b 108 92,3'1 0,1204 

5 C 102 92,73 0,0784 

6 c 98 91,59 0,1429 

7 D 49 83,05 0,1224 

8 d 63 78,75 0,0476 
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APPENDIX 17 

CONCORDANCE (W) AND X2 

OVULE/SEED TYPES 

TESTS ON THE RANKS OF THE INTRA-FRUIT PROPORTION OF DIFfERENT 

FOR fRUIT SET WITHOUT HA ND-POLLINATION IN SUMMER, 1972/73 

TABLE 17.1 

fRUIT 
A 

I~ 
1 

No. 

I P R 

1 1 D,217 

2 2 0,136 

3 3 0,115 

4 4 0,111 

5 5 0,222 

6 6 0,212 

7 7 0,167 

9 8 0,158 

10 9 0,171 

11 10 0,082 

12 11 0,250 

13 12 0,103 

14 13 0,177 

15 14 0,038 

16 15 0,113 

17 16 0,123 

18 17 0,096 

19 18 0,056 

20 19 0,310 

21 20 0,C55 

NOTATION: As for Appendix 3. 

for f, P, S, and U ovula/saed types, aee Plate 2(b). 

X
2 

teata each with df = 7 • 

Tast on "U" ovules in proportion to total ovulas/seeds par fruit sub-region 

S U B - R E G I 0 N W: 0,76D 

I a B b C I c D d P < 0,D01 

2 3 4 5 I 6 I 7 I 8 
2 

X : 1D6,330 

p R , P R I P R P R I P R P R I P R Ovorall P 

7 0,426 4 D,140 8 0,355 1 5 0,26 4 61 o,55D 2 D,50D 3 0, 664 1 0,419 

8 0,224 5 0,161 7 0,246 1 4 0,202 6
1
0,431 2 O,4D3 3 0,563 1 0,318 

6 0,216 3 O,099! 7 0,121 1 5 0,064, 8 0,198 4 0, 26 2 2 0,404 1 0,191 
1 I 

50,1941 1 8 0,143 7 0, 148
1 

6 
0,

163
1 

4 0,414 2 0,402 31 0 ,566 1 0,286 
I 

6 0,139 8 0,220

1 

7 0,226 5 o,49D I 4 0,661 3 0,740 2 0,893 1 0,477 
7 0,225 6 0,062 8 

0, 3141 5 0,3541 4 0,610 3 0,701 2 0, 8601 1 0,455 
1 I 

8 0,536 6 0,2141 7 0,752 4 0,593 1 5 0,828 3 0,858 2 0,970 1 0,750 
8 0, 407 2 0,119 7 O,240 j' 5 0,232 6 0,267 3 0,255 4 0,489 1 0,282 
8 0,488 6 0,232 7 I 5 0,851 2 0,780 3 0,978 1 0,687 0,678

1 

40,541 ' 

7 0,103 5 0,080 8 0,101

1 

6 0,167 4 0,278 3 0,437 2 0,579 1 0,235 
8 0,305 7 0,325 6 0,468 , 5 0,630 4 0,810 2 0,764 3 0,962 1 0,666 

i 
8 0, 219 5 0,107 7 0, 269

1 
4 0,119 6 0,391 3 0,488 2 0,651 1 0,320 

6 0,290 5 0,116 7 0,387 4 0,099 8 0,586 1 0,415 3 0,577 2 0,367 
B 0,162 1 0,062 5 0,039 7 0,053 6 0,093 3 0,106 2 0,087 4 0,076 

! 
6 0,129 4 0,053 0 0,106 7 0,125 5 0,149 3 0,210 2 0,279 1 0,138 
7 0,239 5 0,112 8 u,218 6

1

0,308 3 0,274 4 0,400 2 0,487 1 0,277 
5 0,080 7 0,055 8 0,167 3 0,090 6 0,331 1 0,156 4 0,282 2 0,168 
6 0,083 4 0,038 8 0,096 3 0,047 7 0,063 5 0,125 1 0,101 2 0,075 
6 0,116 8 0,212 7 0, 426 5 0,448 4 0,721 3 0,768 2 0,858 1 0,534 
6 0,045 8 0,053 7 0,077 4 0,073 5 0,084 3 0,170 2 0,213 1 0,092 

Rj 
139 106 143 96 

1
106 55 49

1 
26 

Over ill! 7 rank 5,5 8 <\ 5,5 :3 2 1 
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APPENDIX 17 (contd.) 

TABLE 17.2 Test on "5" seeds in proportion to totel ovules/seeds per fruit sub-regions 

5 U 8 - R E G I 0 N W: 0,10ge 
FRUIT 

A a B b C c 0 d P < 0,05 

~ 
1 2 3 4 5 6 7 B X

2 
: 15,2f 

No. 
p R P R P R P R P R P R P R P R Over all F 

1 1 0,000 B 0,021 6 0,023 5 0,048 2 0,055 1 0,029 3 0,027 4 0,019 7 0,032 

2 2 0,0227 7 0,052 2 0,000 8 0,041 3 0,023 6 0,062 1 0,039 5 0,040 4 0,036 

3 3 0,038 1 0,027 3 0,000 7,5 0,030 2 0,021 4 0,009 6 0,000 7,5 0,018 5 0 ,016 

4 4 0,028 5 0,043 2 0,000 7 0 ,1 06 1 0,000 7 0,030 3,5 0,000 7 0,030 3,5 0 ,031 

5 5 0,028 4 0,076 2 0,000 6,5 0 ,135 1 0,000 6,5 0,033 3 0,000 6,510,000 6,5 0,039 

6 6 0,000 7 0,042 2 0,037 3 0,059 1 0,0366 4 0,010 5 0,000 7 0,000 7 0,025 

7 7 0,000 5,5 0,000 5, 5 0,054 1 0,000 5,5 0,019 2 0,000 5,5 0,000 5,5 0,000 5,5 0,006 

9 B 0,000 7'5

1

0 '0191 4 0,012 5 0,094 1 0,021 3 0,033 2 0,000 7,5 0,011 6 0,027 

10 9 0,000 6 0,0251 2 0,043 1 0,006 3 0,000 6 0,000 6 0,000 6 0,000 6 o,oo? 
11 10 0,000 6 0,000 6 0,000 6 0,008 3 0,000 6 0,0087 2 0,000 6 0,0091 1 0,004 
12 11 0,031 3 0,051 2 0,0120 5 0,079 1 0,0123 4 0,000 7 0,000 7 0,000 7 0,019 
13 12 0,000 5 0,000 5 0,000 5 0,000 5 0,012 1 0,000 5 0,000 5 0,000 5 0,002 
14 13 0,000 7 0,053 1 0,023 4 0,021 5 0,042 2 0 ,000 7 0,031 3 0,000 7 0,020 
15 14 0,01 89 3 0,029 1 0,009 5 0,016 4 0,000 7 0,000 7 0,000 7 0,019 2 0,010 
16 15 0,038 1 0,014 5 0,0177 3 0,0081 8 0,0083 7 0,0175 4 0,012 6 " 0,029 2 0,016 
17 16 0,000 6 0,000 6 0,000 6 0,000 6 0,023 1 0,000 6 0,022 2 a,009 3 0,00? 
18 17 0,027 5 0,080 1 0,064 3 0,021 7 0,030 4 o.OOf 0,078 2 0,026 6 0,037 
19 18 0,000 6,5 0,000 6,5 0,013 1 0,000 6,5 0,012 2 0,0105 4 0,000 6,5 0,0112 3 0,007 
20 19 0,000 7 0,145 1 0,012 4 0,049 2 0,021 3 0,009 5 0,000 7 0,000 7 0,025 
21 20 0,018 2 0,000 7 0,000 7 0,0085 5 0,0091 4 0,0093 3 0,000 7 0,025 1 0, 009 

Rj 102,5 70 93 72 80,5 93 114,5 94,S 

Ovorall 
7 rank 1 4,5 2 3 4,5 8 6 
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AP PENDIX 17 (contd.) 

TABLE 17.3 Test on "P" seeds in proportion to total ovules/seeds per fruit sub-region 

5 U 8 - R E G I 0 N W: 0,0793 
fRUIT 

A a 8 b C c 0 d N5 

~I 1 2 3 I 4 5 6 7 8 l: 11,102 
No. 

I I p R P R P R P R P R P I R P R P R Overall P 

0, 021
1 

I 
6 1 1 0,000 8 51 0 ,035 4 0,040 3 0,077 1 0,007 7 10 ,041 2 0,009 0,029 

2 2 0,000 7,5 0,034 , 3 0,043 1 0,041 2 0,031- 5 0,015 6 0,000 7,5 0,032 4 0,027 

3 3 0,000 6 0,000 1 6 0,000 6 0,000 6 0,021 2 0,009 3 10,000 6 0,028 1 0,009 

4 4 0,000 8 0,014 4 0,023 3 0,029 1 0,0102 5 0,0101 6,5 0,024 2 0,0101 6,5 0,016 

5 5 0,028 5 0, 0131 7 0,049 3 0,030 4 0,069 1 0,017 6 0,052 2 0,009 8 0,032 

6 6 0,061 2 0,028 , 5 0,062 1 0,025 6 0,000 7,5 0,029 4 0,034 3 0,000 7,5 0,026 

7 7 0,056 2 0,071 1 0,000 7,5 0,008 6 0,019 3 0,012 5 0,017 4 0,000 7,5 0,013 

9 8 0,035 4 0,046 1 0,036 3 0,0208 6 0,021 5 0,044 2 0,020 7 0,011 8 0,030 

10 9 0,000 6,5 0,050 1 0,029 3 0,000 5,5 0,041 2 0,000 6,5 0,022 4 0,000 6,5 0,013 

11 10 0,016 7 0,031 3 0,050 1 0,025 5 0,024 6 0,026 4 0,011 8 0,047 2 0,030 

12 11 0,000 8 0,034 2 0,012 5 0,040 1 0,0123 4 0,011 5 0,027 3 0,005 7 0,018 

13 12 0,000 6,5 0,000 6,5 0,012 3,5 0,000 6,5 0,012 3,5 0,000 6,5 0,013 2 0,024 1 0,008 

14 13 0,088 4 0,105 2 0,070 5 0,120 1 0,02B 6 0,021 7 0,000 8 0,090 3 0,067 

15 14 0,019 5 0,000 7,5 0,000 7,5 0,047 1 0,038 3 0,034 4 0,015 6 0,039 2 0,027 

16 15 0,019 7 0,071 3 0,018 8 0,073 2 0,033 6 0,079 1 0,062 4 0,059 5 0,053 

17 16 0,211 1 0,158 2 0,069 4 0,127 3 0,023 7 0,053 5 0,011 8 0,052 6 0,078 

18 17 0,055 2 0,080 1 0,046 4 0,035 5 0,020 6 0,006 8 0,047 3 0,013 7 0,035 

19 18 0,583 2 0,542 3 0,456 6 0,587 1 0,384 7 0,526 4 0,333 8 0,472 5 0,487 

20 19 0,034 2 0,014 5 0,012 6 0,025 3 0,063 1 0,009 7 0,018 4 0,000 8 0,020 

21 20 0,109 3 0,209 1 0,070 6 0,103 4 0,064 7 0,122 2 0,102 5 0,013 8 0,095 

R
j 

95,5 69 87,5 73 88 100,5 96,5 109 
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APPENDIX 17 (contd.) 

TABLE 17.4 Teat on "F" seeds in proportion to total ovules/seeds per fruit sub-region 

--, 
5 U B - R E G I 0 N W: 0,6914 

FRUIT 

I A a B b C c D d P < O,u01 

IX 
1 2 3 4 5 6 7 8 l: 96,796 

No. 
IR 

-
P R P P R P R P R P R P R P R Overall P 

1 1 O,7B3 2 0 , 553 5 0,802 1 0,556 4 0,504 3 0,414 7 10 ,432 6 0,308 8 0,520 

2 2 0,841 1 0 ,590 4 0,795 2 0,672 5 0,744 3 0,492 7 0,558 6 0,365 8 0,619 

3 3 0,846 4 0 , 757 6 0,901 1 0,1348 3 0,894 2 0,784 5 0,738 7 0,550 8 O,7B3 

4 4 0,861 1 0 , 800 3 0,830 2 0,702 5 0,796 4 0,545 7 0,573 6 0,394 8 0,667 

5 !i 0,722 3 0 , 772 1 0,732 2 0,609 4 0,441 5 0,289 6 0,208 7 0,098 8 O,A51 

6 6 0,727 2 0 , 704 3 0,840 1 0,602 5 0,610 4 0,352 6 0,264 7 0,140 8 0,494 

7 7 0,778 1 0 ,393 3 0,732 21 0 ,240 5 0,370 4 0,160 6 0,125 7 0,030 8 0,231 
, 

9 8 0,807 2 0 ,528 7 0,833 1, 0,646 6 0,726 3 0,656 5 0,726 4 
0,

489
1 

8 0,662 

10 9 0,829 1 0 , 438 3 0,696 210,316 5 0,419 4 0,149 7 0,198 6 0,022 8 0,293 , 
11 10 0,902 1 0,866 3 0,870 210 ,865 4 0,810 5 0,687 6 0,552 7 0,365 8 0,731 

12 11 0, 719 1 1 0,610 3 0,651 21 0 ,413 4 0,346 5 0,179 7 0,209 6 0,033 8 0,298 

13 12 0, 897 1 1 0,781 4 0,881 2 0,731 5 0,857 3 0,609 6 0,500 7 0,325 B 0,670 

14 13 0,735

1 

3 0,553 5 0,791 2 0,<172 6 0,831 1 0,393 7 0,554 4 0,33 8 0,546 

15 14 0,925 , 2 0,809 8 0,929 1 0,899 4 0,908 3 0,873 6 0,879 5 O,8~5 7 0,887 . 
0, 754

1 
16 15 0,830 3 0,786 5 0,912 1 0,81:5 4 0,833 2 6 0,716 7 0,632 8 0,794 

I 
17 16 0,667 3 0,605 6 0,819 1 0,655 4 0,647 5 0,673 2 0,567 7 0,452 8 0,638 

18 17 0,822 3 0,761 5 0,835 2 0,778 4 0,860 1 C,656 8 0,719 6 0,680 7 0,761 
19 18 0,361 7 0,375 6 0,49<1 3 0,317 8 0,558 1 0, <100 5 0,5<12 2 0,416 <\ 0,431 
20 19 0,655 3 0,725 2 0,765 1 0,500 4 0,469 5

1

0,261 6 0,214 7 0,142 8 0,421 
21 20 0,818 3 0,746 7 0,877 1 0,812 ~ 0,85·5 2 0,785 5 0,729 8 0,750 , 6 0,505 

R
j 

47 
1
89 32 93 11221 

I 

65 120 
1

152 

Overall 
2 rank I 4 1 5 3 I 6 I 7 I 8 

--
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APPENDIX 17 (contd.) 

TA8LE 17.5 Teat on "S" seeds in proportion to total (r + P + S) seeds per fruit sUb-region 

S u 8 R E G o N W: 0,09 

rRUIT~------~---------T--------~-------T----'-----r--------~--------~--------+-------
A 8 8 b c c D d NS 

I
x 1 2 3 i 4 5 5 7 8 X

2
: 12, 

No. J ~--~I----~----~--+' -----r--4-----~--~-P--~--R-+--P--~-R--~-P--~--R--t-----~--r-------
P R P R P R P R P R Overall 

1 1 0,000 

2 2 0,025 

3 3 0,043 

4 4 0,031 

5 5 0,035 

5 6 0,000 

7 7 0,000 

9 8 0,000 

10 9 0,000 

11 10 0,000 

12 11 0,042 

.13 12 0,000 

14 13 0,000 

15 14 0,020 

16 15 0,043 

17 16 0,000 

18 17 0,030 

19 18 0,000 

20 19 0,000 

21 20 0,019 

8 0,037 

7 0,067 

1 0,034 

5 0,050 

4 0,088 

7 0,055 

5,5 0,000 

7,5 0,031 

6 0,049 

6 0,000 

:3 0,073 

5 0,000 

7 0,074 

3 0,035 

1 0,0154 

6 0,000 

6 0,086 

5,5 0,000 

7 0,154 

2 0,000 

103,5 

6 0,027 

3 0,000 

2,5 0,000 

4 0,000 

3 0,000 

3 0,039 

5,5 0,058 

3 0,014 

2 0,057 

5 0,000 

2 0,018 

5 0,000 

1 . 0,026 

1 0,009 

5 0,019 

6 0,000 

2 0,06.8 

6,5 0,0132 

1 0,015 

7 0,000 

74,5 

7 0,075 

8 0,054 

7,5 0,034 

7 0,126 

1 0,0745 

5 0,029 i 
2,5 0,023 

1 0,000 

6,5 0,175 1 0,000 

4 0,086 1 0,057 

1 0,000 

6 0,123 

1 O,OHl 

6 0,009 

5 0,149 

5 0,000 

5 0,034 

5 0,016 

4 0,009 

6 0,000 

5,5 0,045 

1 0,027 

3 0,000 

3 0,000 

1 0,033 

5 0,014 

4 0,047 

4 0,000 

8 0,010 

6 0,033 

3 0,025 7 0,033 

1 0,000 6,5 0,012 

5 0,086 2 0,038 

7 0,009 5 0,0098 

100 172,5 

2 0,063 

6 0,108 

5 0,011 

7 0,052 

6,51 0 ,098 

2 0,024 

2 0,000 

4 0,045 

6 0,000 

6 0,012 

4 0,000 

1 0,000 

3 0,000 

7 0,000 

7 0,021 

2 0,000 

5 0,010 

3 0,011 

3 0,032 

4 0,010 

85,S 

3 0,054 

1 0,065 

6 0,000 

3 0,000 

2 0,000 

5 0,000 

5,5 0,000 

2 0,000 

6 0,000 

2 0,000 

7 0,000 

5 0,000 

7 0,053 

7 0,000 

3 0,0155 

6 0,037 

8 0,093 

4 0,000 

4 o,eoo 
3 0,000 

89,S 

5 0,056 

4 0,091 

7,5 0,031 

7 0,070 

6,5 0,000 

7 0,000 

5,5 0,000 

7,5 0,022 

6 0,000 

6 0,022 

7 0,000 

5 0,000 

2 0,000 

7 0,021 

6 0,041 

1 0,017 

1 0,036 

6,5 0,0125 

7 0,000 

7 0,032 

111,5 

4 

2 

4 

2 

5,5 

7 

5,5 

5 

5 

1 

7 

5 

7 

2 

2 

I ~ 
2 

7 

1 

83 

0,055 

0,053 

0,020 

0,043 

0,075 

0,045 

0,023 

0,037 

0,023 

0,005 

0,055 

0,002 

0,032 

0,011 

0,019 

0,010 

0,045 

0,007 

0,054 

0,009 
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APPENDIX 17 (contd.) 

TABLE 17.6 Test on "PH seeds in proportion to total (F + P + 5) seeds per fruit sub-region 

5 U 8 - R E G I 0 N W: 0,0310 
FRUIT 

A a B b C c 0 d NS 

I~ 
2 

4,340 1 2 3 4 5 6 7 8 X : 
No. 

P R P R P R P R P R P' R P R P R Overall P 

1 1 0,000 7,5 0,000 7,5 0,041 4 0,063 3 0,104 1 0,016 6 0,081 2 0,028 5 0,050 

2 2 0,000 7,5 0,044 4 0,051 3 0,054 2 0,039 5 0,027 6 0,000 7,5 0,073 , 1 0,040 

3 3 0,000 6 0,000 6 0,000 6 0,000 6 0,023 2 0,011 3 0,000 6 0,046 1 0,012 

4 4 0,000 8 0,0167 6 0,027 3 0,034 2 0,013 7 0,017 5 0,041 1 0,023 4 0,023 , 
5 5 0,036 7 0,015 8 0,063 4 0,039 6 0,135 2 0,049 5 0,200 1 0,083 3 0,062 

6 6 0,077 2 0,036 6 0,066 4 0,037 5 0,000 7 ,5 0,073 3 0,115 1 0,000 7,5 0,048 

7 7 0,067 4 0,154 1 0,000 7,5 0,032 6 0,045 5 0,071 3 0,118 2 0,000 7,5 0,052 

9 8 0,042 3 0,078 1 0,041 4 0,027 5,5 0,027 5,5 0,061 2 0,026 7 0,022 8 0,041 

10 9 0,000 6,5 0,098 2 0,038 4 0,000 6,5 0,088 3 0,000 6,5 0,100 1 0,000 6,5 0,042 

11 10 0,018 8 0,034 4 0,054 2 0,028 6 0,0291 5 0,036 3 0,020 7 0,111 1 0,039 

12 11 0,000 8 0,049 5 0,018 7 0,075 3 0,033' 6 0,059 4 0,115 2 0,143 1 0,053 

13 12 (J,OOO 6,5 0,000 6,5 0,013 4 0,000 6,5 0,014 3 0,000 6,5 0,024 2 0,069 1 0,012 

14 13 0,107 4 0,148 3 0,079 5 0,195 2 0,031 7 0,052 6 0,000 a 0,212 1 0,105 

15 14 0,020 5 0,000 7,5 0,000 7,5 0,048 1 0,040 3 0,037 4 0,017 6 0,043 2 0,029 

16 15 0,021 7 0,08197 2 0,019 8 0,08182 3 0,038 6 0,093 1 0,078 5 0,08163 4 0,061 

17 16 0,240 1 0,207 2 0,078 5 0,162 3 0,033 7 0,073 6 0,019 8 0,102 4 0,108 

18 17 0,061 2 0,086 1 0,049 4 0,042 5 0,022 6 0,010 8 0,056 3 0,018 7 0,042 

19 18 0,618 2 0,591 3 0,474 6 0,649 1 1°,402 7 0,562 4 0,381 8 0,525 5 0,527 

20 19 0,050 3 0,016 6 0,015 7 0,043 4 0,113 1 0,032 5 0,077 2 0,000 8 0,044 

21 20 0,115 4 0,219 1 0,074 6 0,111 5 0,069 7 0,133 2 0,122 3 0,016 8 0,104 

R
j 

102 82,5 101 181 ,5 96 89 82,5 1 85,5 
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APPENDIX 17 (contd.) 

TABLE 17.7 Test on "F" seeds in proportion to totsl (F + P + 5) seeds per fruit sub-region 

5 U B - R E G I ° N W: 0,1474 
FRUIT 

A a B b C c D d P < 0,01 

~ 
2 

20,636 1 2 3 4 5 6 7 B X : 
No. 

P R P R P R P R P R P R P R P R Overall P 
1 

1 1 1,000 1 0,963 2 0,932 3 0,863 7 0,821 8 0,921 4 0,865 6 0,917 5 0,896 

2 2 0,974 1 0,889 6 0,949 2 0,891 5 0,932 4 0,865 7 0,935 3 0,836 8 0,908 

3 3 0,957 6 0,966 4,5 1,000 1,5 0,966 4,5 0,955 7 0,978 3 1,000 1,5 0,923 8 0,969 

4 4 0,969 3 0,933 5 0,973 2 0,839 8 0,987 1 0,931 6 0,959 4 0,907 7 0,934 

5 5 0,929 2 0,897 4 0,938 1 0,786 8 0,865 5 0,854 6 0,800 7 0,917 3 0,863 

6 6 0,923 3 0,909 4 0,895 6 0,877 8 0,943 2 0,902 5 0,885 7 '1,000 1 0,906 

7 7 0,933 3 0,846 8 ° ,932 4 0,968 2 0,909 6 0,929 5 0,882 7 11 ,000 1 0,325 

9 8 0,958 2 0,891 7 0,946 4 0,849 8 0,945 5 0,894 6 0,974 1 10 ,957 ~I 
0,921 

10 9 1,000 2 0,854 8 0,906 6 0,982 4 0,912 5 1,000 2 0,900 7 1,000 0,935 
11 10 0,982 1 0,966 4 0,946 7 0,963 5 0,971 1 3 0,952 6 0,980 2 0,867 8 0,956 
12 11 0,958 2 0,878 6 0,964 1 0,776 8 0,933 4 0,941 3 0,885 5 0,857 7 0,891 

13 12 1,000 2,5 1,000 I 
5 1,000 2,5 0,973 7 1,000 2,5 0,976 6 0,931 8 0,985 2,5 0,987 

14 13 0,893 5 0,778 7 0,895 4 0,770 8 0,922 3 0,948 1 0,947 2 0,788 6 0,863 
15 14 0,961 5 0,965 3 0,991 1 0,935 8 0,960 6 0,963 4 0,983 2 0,936 7 0,960 
16 15 0,936 2 0,902 6 0,963 1 0,909 4 0,952 3 0,887 7 0,906 5 0,878 8 0,920 
17 16 0,760 8 0,793 7 0,922 4 0,838 6 0,935 2 0,927 3 0,944 1 0,881 5 0,882 
18 17 0,909 5 0,827 8 0,883 6 0,933 4 0,945 3 0,981 1 0,852 7 0,946 2 0,914 
19 18 0,382 7 0,409 6 0,513 3 0,351 8 0,565 2 0,427 5 0,619 1 0,463 4 0,466 
20 19 0,950 3 0,820 8 0,970 2 0,871 6 0,849 7 0,935 4 0,923 5 1,000 1 0,902 
21 20 0,865 6 0,781 8 0,926 2 0,880 4 

I 
0,922 3 0,857 7 0,878 5 0,952 1 0,887 

R j 69,5 114 65,5 118 86 87,5 84,5 95 

Overall 
2 7 1 8 4 5 3 6 rank 

I I 



APPENDIX 18 

2 
X TESTS ON THE DIFFERENCE IN ABORTION RATES BETWEEN 

CARPELLARY MARGIN AND PLACENTAL EDGE REGIONS FOR 

A SUB-SET OF FRUIT SET IN SUMMER, 1972/73 

TABLE 18.1 

Fruit No. 

14 

17 

18 

19 

21 

Total 
individual 

l 
2 

Pooled X 

2 
"Total" X on p. of sub-set of fruit 

1 

(Appendix 16) for frui t sub-regions 

A, a, B, b, C, c, 0, d 

X2 df Probability 

19,837 7 0,0060 

21$274 7 0,0034 

19,892 7 0,0058 

16,392 7 0,0218 

13,863 7 I 0,0538 

91,258 35 < 0,0001 

32,290 7 < 0,0001 

H8t8ro~8ni8ty 58,968 28 0,0006 
X 

2 
X = r: - 2 ln p 45,396 10 < 0,0001 
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APPENDIX 18 (contd.) 

TABLE 18.2 X
2 

"differences" between (A, B, C, D) vs 

(a, b, c, d) fruit sub-regions with 

regard to p. of sub-set of Appendix 16 
l. 

Fruit No. X2 df Probabili ty 

14 8,086 1 0,0045 

17 2,539 1 0,1113 

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 

X2 differences 

X2 pooled 17,445 1 < 0,0001 differences , 

Heterogeniety 
5,569 4 0,3505 X2 

X2 = ~- 2 In p 33,602 10 0,0002 
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AP PENDIX 19 

CO NC ORDANCE (W) AND X2 TESTS ON THE RA NKS OF ABORTION RATES 

OF APPENDIX 16 FOR FRUIT SET IN SUMMER, 1972/73 

TABLE 19.1 For all t he f r uit of Ap pendix 16 

FRUIT 

No. lli 
1 1· 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

9 8 

10 9 

11 10 

12 11 

13 12 

14 13 

15 14 

16 15 

17 16 

18 17 

19 18 

20 19 

21 20 

R. 
J 

Overall 
rank 

R 

5 U B 

A a B 

1 2 3 

8 7 6 

8 3 7 

3 4,5 7,5 

6 4 7 

7 5 8 

6 5 3 

6 1 5 

7 2 5 

7 1 3 

8 5 2 

7 3 8 

6,5 6,5 4 

4 2 5 

3 5 8 
, 

6 3 8 

1 2 5 

4 1 3 

2 3 6 

6 1 7 

3 1 7 

108,5 65 114,5 

7 2 8 

W = 0,147 
2 

X = 20,608 

df == 7 

A N K S 

- R E G I 0 N 

b C c D 

4 5 6 7 

2 1 5 3 

4 5 2 6 

4,5 2 6 7,5 

1 8 3 5 

1 4 3 2 

1 7 4 2 

7 3 4 2 

1 t~ 3 - 8 

5 4 7 2 

4 6 3 7 

1 5 6 4 

6 , 5 2 6,5 3 

1 6 8 7 

1 6 4 7 

5 7 2 4 

3 7 6 8 

5 6 8 2 

1 7 4 8 

3 2 5 4 

5 6 2 4 

62 98 91,5 95,5 

1 6 4 5 

d 

8 

4 

1 

1 

2 

6 

8 

8 

6 

7 

1 

2 

1 

3 

2 

1 

4 

7 

5 

8 

8 

85 

3 

323 

p. 
l. 
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APPENDIX 19 (contd.) 

TABLE 19.2 For a sub-set of Appendix 16 

R A N K S 

FRUIT S U B - R E G I 0 N 

A a B b C c D d 

No. ~ 1 2 3 4 5 6 7 8 

I I 
14 1 4 2 5 1 6 8 7 3 

17 2 1 2 5 ·3 7 6 8 4 

18 3 4 1 3 5 6 8 2 7 

19 4 2 3 6 1 7 4 8 5 

21 5 3 1 7 5 6 2 4 8 

R. 14 9 26 15 32 28 29 27 
J 

Overall 2 1 4 3 8 6 7 5 rank 

W = 0,482 
2 ' X = 16,867 

Probability, 0,01 < P < 0,02 
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CONCORDANCE (W) AND X2 TESTS ON THE RANKS OF A COMPETITION 

FACTOR (x. OF APPENDIX 16) FOR FRUIT SET IN SUMMER, 1972/73 
l. 

TABLE 20.1 For all the fruit of Appendix 16 

FRUIT S U B 

A a 

No. Ix 1 2 

1 1 2 5 

2 2 1 4 

3 3 3,5 6 

4 4 1 2 

5 5 3 1 

6 6 2 3 

7 7 1 3 

9 8 2 7 

10 9 1 3 

11 10 2 4 

12 11 1 2 

13 12 1 4 

14 13 3 4 

15 14 1 8 , 

16 15 3 5 

17 16 2 4 

18 17 4 2 

19 18 3 5 

20 19 3 1 

21 20 3 1 

R. 42,5 74 
J I 

Overall 
2 3,5 rank 

R A N 

- R E 

B b 

3 4 

1 4 

2 5 

2 3.5 

3 4 

2 4 

1 4 

2 5 

1 4 

2 5 

1 3 

3 4 

2 5 

2 5 

4 2 

1 2 

1 3 

1 6 

1 6 

2 4 

2 5 

36 83,5 

1 5 

W = 0,758 
2 

X = 106,071 

df = "1 

K S 

G I 0 N 

C c D 

5 6 7 

3 7 6 

3 7 6 

1 5 7 

5 7 6 

5 6 7 

5 6 7 

4 6 7 

3 6 5 

4 7 6 

5 6 7 

5 7 6 

3 6 7 

1 8 6 

3 6 7 

4 6 7 

6 5 7 

3 8 5 

2 4 8 

5 6 7 

4 6 7 

74 125 131 

3,5 6 7 

S 

d 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

7 

5 

8 

8 

7 

7 

8 

8 

154 

8 

325 



APPENDIX 20 (contd.) 

TABLE 20.2 For a sub-set of Appendix 16 

FRUIT 

A 

No. l~ 1 

14 1 3 

17 2 2 

18 3 4 

19 4 3 

21 5 3 

R. 15 
J 

Overall 
2 rank 

R 

S U B 

a B 

2 3 

4 2 

4 1 

2 1 

5 1 

1 2 

16 7 

3,5 1 

W = 0,743 

X2 = 26,000 

df = 7 

A N K 

- R E 

b C 

4 5 

5 1 

3 6 

6 3 

6 2 

5 4 

25 16 

I':: 3,5 u 

Probability, p < 0,001 

S 

G I 

c 

6 

8 

5 

8 

4 

6 

31 

6 

326 

° N 

0 d 

7 8 

6 7 

7 8 

5 7 

8 7 

7 8 

34 38 

'7 8 
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APPENDIX 21 

x2 
AND t-TESTS ON THE DIFFERENCE IN THE COMPETITION FACTOR 

INTENSITY (x. OF 
l. 

AND PLACENTAL EDGE 

APPENDIX 16) BETWEEN CARPELLARY MARGIN 

REGIONS FOR FRUIT SET IN SUMMER, 1972/73 

TABLE 21.1 For all the fruit of Appendix 16 

Fruit No. Ox. t-Value Probabili ty, P l. 

1 21.,83 8,603 0,0031 

2 14,06 4,088 0,0265 

3 9,99 3,648 0,0382 

4 10,78 2 t 157 - 0,1201 

5 6,14 1,014 0,3855 

6 16,99 2,990 0,0582 

7 31,34 3,429 0,0416 

9 15,98 3,163 0,0508 

10 31,78 6,272 0,0082 

11 7,40 2,366 0,0990 

12 14,41 4,531 0,0214 

13 17,81 5,347 0,0135 

14 25,82 3,104 0,0532 
, 

15 3,05 0,889 0,4397 

16 4,04 3,222 0,0485 

17 6,83 1,976 0,1428 

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 

2 I 
X = r.: - 2 In P = 108,765 P < 0,00001 

~Jith df = 40 

-Ox. = mean difference in x. between A - a, 8 - b, 
l. l. 

C - c, 0 - d • 
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APPE NDIX 21 (contd . ) 

TABLE 21.2 For a sub-set of Appendix 16 

. 
Fruit No. Ox. t-Vaiue Probabili ty, P 

l 

14 25,82 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 

X2 = l: - 2 in p = 19,332 P = 0,0363 
with df = 10 

Ox. = mean difference in x. between A - a, B - b, 
~ ~ 

C-c,D-d. 
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APPENDIX 22 

2 QUANTITATIVE X TESTS ON THE RELATION BETWEEN A COMPETITION 

FACTOR AND ABORTION RATES FOR A SUB-SET OF FRUIT SET 

IN SUMMER, 1972/73 

TABLE 22.1 For fruit sub-regions A, B, C, D only 

T 0 T A L S LOP E LIN EAR I T Y 
Fruit No. 

X2 X2 ldf X2 df P P df P 

14 1,088 3 0,7780 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 3 0,2776 0,369 1 0,5447 3,L~87 2 0,1751 

19 5,350 3 0,1480 0,955 1 0,3288 4,395 2 0,1111 

21 2,279 3 0,5168 0,458 1 0,4995 1,821 2 0,4024 

Total 
individual 

X2 
26,802 15 0,0306 5,932 5 0,3130 20,870 10 0,0222 

Pooled l 7,210 3 0,0655 0,743 1 0,3892 6,467 2 0,0395 

Heterogeniety 
19,592 12 0,0753 5,189 4 0,2685 14s 403 8 0,0720 X2 

2 = L: - 2 1n P 20,111 10 0,0289 X 12,085 10 0,2796 20,822 10 0,0225 
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APPENDIX 22 (contd . ) 

TABLE 22.2 For fruit sub-regions a, b, c, d only 

T ° T A L S L OPE LIN E A R I T Y 
Fruit No. 

l df P X2 df P X2 df P 

1 t~ 8,777 3 0,0324 4,648 1 0,0311 4,129 2 0,1270 

17 5,915 3 0,1159 0,822 1 0,3649 5,093 2 0,0785 

18 16,246 3 0,0010 13,272 1 0,0003 2,974 2 0,2262 

19 2,365 3 0,5003 0,042 1 0,8378 2,323 2 0,3134 

21 8,345 3 0,0394 6,471 1 0,0110 1,874 2 0,3919 

Total 
individual 

X2 
41,648 15 0,0003 25,255 5 0,0001 16,393 10 0,0891 

2 7,772 7 . 0,0510 4,497 10,0340 3,275 2 0,1947 Pooled X J 

Hetf3 ro geniety 
i 33,876 12 0,0007 20,758 4 0,0004 13,118 8 0,1081 

·X2 = l::- 2 In p 32,898 10 0,0003 34,554 10 0,0002 16,383 10 0,0894 



. QUALITATIVE 
-2 
X 

TABLE 23.1 

S 
FRUIT 

A 

No. w. Pi 1 

14· 28 ° , 1071 

17 50 0,2400 

18 66 0,1065 

19 34 0,6176 

21 52 0,0938 

, 

, 

TESTS 

APPENDIX 23 

ON AN ORDERED DISTRIBUTION OF ABORTION ALONG THE 

FOR A SUB-SET OF FRUIT SET IN SUMMER, 1972/73 

FRUIT STEM-APEX AXIS 

On the qualitative ordering of fruit sub-regions with respect to the weighted Pi 

of Appendix 16, viz. that A > B > C > D 

U B - R E G I 0 N 

B C D C1 C2 
-2 

Probabili ty, P X 

1 
w. p. w. Pi w. p. 

1 1 1 1 1 

76 0,1053 64 0,07~1 38 I 0,0526 0,35 0,45 1,088 p > 0,10 

103 0,0777 92 0,0652 54 0,0556 0,39 0,44 14,229 p < 0,005 
, , , I 

103 0,1065 91 0,0896 54 0,0896 0, 43
1 

0,44 0,251 p>0,10 

76 0,4868 0,025 < P < 0,05 82 ° ~ 4146 42 0,3810 0,40 0,40 5,350 
, 

~~0_92~J_49_J 0,0927' ! 0,40 108 0,0938 102 0,41 0,001 J p> 0,10 
--- _ _L _______ 

(') - over a p. value denotes a revised proportion after Bartholomew's method for ordered qualitative X2 • 
1 

(Fleiss, 1973) U-l 
U-l 
-" 



APPENDIX 23 (contd.) 

TABLE 23.2 

s 
FRUIT 

a 

1\10. w. Pi 1-

, 
14 54 0,227 

17 I 58 0,2069 

18 81 0,1728 
, 

19 44 ° ,6304 

21 64 0,2188 

On the qualitative ordering of fruit sub-regions with respect to the weighted p. 
~ 

of Appendix 16, viz. that a > b > c > d 

U B - R E G I 0 N 

b d C
1 

C
2 

-2 Probabili t y, p c X 

wi -, w. p. w. p. p. 
1- 1 1- 1- 1-

, , , 
87 0,2270 58 0,1099 I 33 0,1099 0,39 0,47 5,114 0, 0 25 < P < 0,0 5 

, , 
111 0,1622 82 0,0922 59 0 , 0922 0,38 0,49 5,323 0,02 5 < P < 0 ,05 

120 0,0667 103 0,0314 .... 56 0,0314 .... 0,43 0, 4 4 15,647 P < 0, 005 

I 
, 

94 I 0,6304 89 , 0,5730 80 0,5375 0,39 0,49 1,948 P > 0,10 

108 I 
, , 

0,1311 98 0,1311 63 0,0476 0,42 0,45 8,118 I 0,005 < P < 0 , 01 

2 
(') - over a p . \/alue denotes a revised proportion after Bartholomew's method for ordered quali t ative X 

1-

(Fleiss, 1973) 

I 
I 
I 

I 

I 

IN 
IN 
I'J 



APPENDIX 24 

l TESTS ON THE DISTRIBUTION OF ABORTION WITHIN THE FRUIT 

STEM-APEX AXIS FOR A SUB-SET OF FRUIT SET 

IN SUr~MER, 1972/73 

333 

TABLE 24.1 y: tests on the differences in proportions of aborted seeds 

p. (Appendix 16) for fruit sub-regions A vs BC 
J. 

BC 
I 

A 2 
Fruit No . 

X df - - difference n1 P1 n
2 P2 

14 28 0,1071 140 0~0929 0,059 3 

17 50 0,2400 195 0,0718 12,853 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 0,0762 1,681 3 

I: X2 17,788:f 15 

* Probability, 0,20 < P < 0,30 

TABLE- 24.2 
2 

X · tests on the differences in proportions of aborted seeds 

p. (Appendix 16) for fruit sub-regions Be vs D 
J. 

Be 0 X2 
Fruit No. 

difference df - -n1 P1 n2 P2 

14 140 0,0929 38 0,0526 0,609 3 

17 195 0,0718 I 54 0,0556 0,127 3 

18 194 0,0876 54 0,1481 1,738 3 

19 158 0,4493 42 0,3810 0,523 3 

21 210 0,0762 49 I 0,1224 1,003 3 

!: X2 4,099* 15 

* Probability, p > 0,99 



APPENDIX 24 

TABLE 24.3 

Fruit No. 

14 

17 

18 

19 

21 

334 

( contd. ) 

2 X tests on differences in proportions of aborted seeds p. 
~ 

(Appendix 16) for fruit sub-regions a vs bc 

a I be X2 - df - I - difference 
n1 P1 n

2 P2 

54 I 0,2222 145 0,1586 1,074 3 

I 58 I 0,2069 193 ° , 12 i~4 2,541 3 

81 0,1728 223 0,0449 14,010 3 

44 0,5909 183 0,6120 0,065 3 

64 0,2188 206 0,0113 18,331 3 

r. X2 36,021:1: 15 

:I: Prob ability, 0,001 < 0,01 

TABLE 24. i~ X2 tests on the differencE's in proportions of aborted seeds 

p. (Appendix 16) for fruit sub-regions bc vs d 
~ 

bc d 2 

Fruit No. X df - - difference n1 P1 n2 P2 

14 145 0,1586 33 0,2121 0,519 3 

17 . 193 0,1244 59 0,1186 0,013 3 

18 223 0,0449 56 0,0536 0,049 3 

19 183 0,6120 80 0,5375 1,277 3 

21 206 0,0113 63 0,0476 0,554 3 -
r.l 2,412:1: 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 

X (em) 

141,6 

124,5 

137,2 

112,4 

149,5 

131,0 

140,6 

154,5 

140,3 

143,0 

No. of 

Regression 

LEAF VEINS, MARCH 1971 

TABLE 25.1 

Y (em2
) X (em) Y (em2

) X (ern) Y (em2
) 

3 826 131,5 3 081 133,1 3 232 

2 617 128,4 3 142 124,5 2 652 

3 474 103,9 2 555 116,2 2 530 

2 316 132,7 3 240 126,8 2 696 

4 055 117,6 2 632 134,0 3 162 

3 075 130,3 3 446 122,8 3 031 

3 226 147,2 4 046 132,8 2 847 

5 188 139,4 3 522 128,3 3 488 

3 526 122,6 ~ 677 119,2 2 567 

3 866 123,5 2 782 97,8 1 626 

130 t 7 3 268 

observations = 31 Regression line is: 

Mean X = 129,6 em Y= -3048,8+ 47,76x 

Mean Y = 3 141,6 em2 

CD-efficient of determination: 

eo-effieients: R2 = 82,70% 

a = o : - 3 048,8 Correlation co-efficient: 
a1 = + 47 s 76 

Y = +0,9094 (p < 0,001) xY 

Standard error of estimate of Y on x: 

s = 277,9 y.x 

standard error of a
O

: 

So = 528,1 

Standard error of a
1

: 

51 = 4,06 

I 
I 



NOTATION 

APPENDIX 26 

MULTIPLE LINEAR REGRESSION EQUATION FOR PAPAYA FRUIT 

SET AT WEE KLY INTERVALS OVER MARCH 1971 AND 

PI CKED AFTER THREE MONTHS GROWTH, 

OVER JU NE 1971 

X, - Seed mass after 3 months: g • 

336 

X2 - An index of the leaf area available to that fruit at the time it was set: 

the sum of the lengths of the three main leaf veins of each of all the 

expanded leaves on the main 

stem at fruit set: cm/fruit 

stem, divided by the number of fruit on that 

(see text, 3.2.1). 

X - Sum of the degree-days (above 12°C) for the three days preceding anthesis . 3 

.y - Fruit mass (excluding seeds) after 3 months: g • 

No. of multiple observations = 29 • 

X 1 X2 X3 Y 

43,71 158 25 340,32 

43,03 190 25 436,00 

51,45 135 25 362,80 

48,10 292 25 449,18 

46,40 
, 

157 25 391,43 

41,68 181 38 367,76 

49,03 138 38 370,62 

29,63 179 38 307,19 

34,99 243 38 332,37 

58,80 189 38 497,77 

29,85 -143 38 353,50 

36,57 187 38 337,12 

32,22 223 28 332,09 

35,64 144 28 319,07 
I 

26,15 158 28 240,45 
38,05 138 28 325,76 



APPENDIX 26 (co ntd.) 

._-
X1 X2 

X 
3 

Y 

37,59 112 28 332,69 

27,38 151 28 255,08 

27,41 190 28 223,93 

25,46 242 28 218,60 

39,61 189 28 342,09 

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 

16,88 170 15 179,71 

14,26 187 15 145,59 

Means: 
33,872 183,2 27,7 306,88 

Multiple correlation co-efficient: R = 94,41%*** 

Partial regression co-efficients: 

Total 

8 2 = 0,258 

a3 = 1,47 

Constant term in regr.ession 

correlation co-efficients: 

X1 1,0000 

X2 -0,1378 1,0000 

t-values for testing regression 
co-efficients (df = 25) 

11,728 *** 

2,117 * 
1,793 :I: 

equation: a -° - - 9,685 

X3 0,4672* -0,0394 1,0000 

Y 0,9257*** 0,0140 0,5405** 1,0000 

X1 X2 X3 Y 

337 
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APPENDIX 26 (contd.) 

Selected partial correlation coefficients: 

r 
1y,23 

0,9199-H-* 

r 2y,13 0,3898* 

=1= p::5 0 ,10 

* P .:s 0,05 

** P .:s 0,01 

*** P ::5 0,001 



APPENDIX 26 (contd.) 

v 

500 

400 

,...... 
01 

'-' 

(J) 
300 

(J) 

ro 
E 

.r:. 
(J) 

w 
r-I 
~-

+l 
'r-! 
::J 
~ 

L... 

'00 Va 27,3+8,82SX,;(X Z >190) r.0,97 ... ~ 

V. 39.4+7.844X,;( X 2150-190) r-O. 97 ••• 

v. 66,96 + 7,08J X,:(X 2 112-310) ,-0.93". 

Y=185.2+3.739X 1;(X 2 <150) r-0.75:f: 

o ~--________________ ~ ________________ ~ __________________ ~ 

o 

FIGURE A 

10 40 
Seed mass (9) 

Regression of Y on X1 after three months. 

I X 
60 1 

339 



NOTATION 

APPENDIX 27 

MULT IP LE LI NEA R REGRESSION EQUATION FOR PAPAYA FRUIT 

SET AT WEEKLY INTER VALS OVER MARCH 1971 AND 

PICKED AFTER SEVEN MONTHS GROWTH 

OVER OCTOBER 197 1 · 

X1 - Seed mass after seven months: g • 

[ 

-1 2 
-1 2 

X2 - X1J x 10 : g- • . 

X3 - Sum of degre e-days (above 12°C) for the 40 days preceding anthesis. 

340 

X - An index of the leaf area available to that fruit at the time it was set: 
4 

the sum of the lengths of the three main leaf veins of each of all the 

expanded leaves on the main stem, divided by the number of fruit on 

that stem at fruit set: em/fruit (see text, 3.2.1). 

Y - Fruit mass (excluding seeds) after seven months: g • 

No. of multiple observations = 32 • 

X1 X2 X3 X4 Y 

86,58 750 337 204 576,04 

145,33 2 112 337 168 952,08 

103,51 1 071 337 370 922,34 

123,00 
, 

1 513 337 144 1 000,93 

127,84 1 634 337 138 962,70 

123,38 1 522 337 147 822,26 

79,35 630 337 242 566,66 

106,74 1 139 337 190 803,66 

98,66 973 337 136 775,89 

156,17 2 439 337 157 1 015,44 

150,78 2 273 349 144 1 017,07 

78,72 620 349 151 805,25 

41,79 175 349 243 355,19 

65,41 428 349 242 497,77 
I 

80, 46 647 349 292 785,15 

83,83 703 349 189 902,22 

I 
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APPENDI X 27 (contd . ) 

I 

X1 X2 X3 
·1 X4 Y 

96 ,97 9t~0 349 143 869 1 73 

85,51 731 349 136 685,37 

107,25 1 150 349 203 935,34 

99,34 987 348 370 1 023,82 
I 

84,46 713 348 144 951,94 

96,69 935 348 181 733,52 

97,13 943 348 197 917,61 
; 76,51 585 348 112 725,37 

57,05 325 348 156 390,09 

82,54 681 348 190 718,46 

97,57 952 348 136 917,72 

78,05 609 348 187 673,61 

70,92 503 348 179 529,99 

69,54 484 346 158 600,58 

72,36 52t~ 346 292 848,61 

61,04 373 346 203 654,88 

Means: 
93,265 939,5 344,7 192,0 779,29 

Mul tipls corr.-elation co-efficien t : R == 88,67% *** 

Partial regression co-efficients: t-values for testing regression 

a1 = 19,39 

a2 = -0,620 

a 3 = 10,73 

a4 = 0,503 

co-efficients Cdf = 27) 

5,171 *** 
3,446 H · 

2,928 ** 
1,889 :j: 

Constant term in regression equation: aD = -4241,91 
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APPENDIX 27 (contd . ) 

Total correlation coefficients: 

X1 1,0000 

X2 0,9862*H-

X3 -0,5193** 

X4 -0,2205 

Y 0,7769*** 

X1 

1,0000 

-0,5059** 

-0,2299 

0,7149*** 

X2 

1,0000 

0,0118 

-0,2083 

X3 

Selected partial correlation coefficients: 

r 1y,34 0,8235*** 

r 4y,13 0,3249* 

* P ~ 0,10 

* P :5 0,05 

** P :S 0,01 

-)(-** P ::: 0,001 

1,0000 

-0,0142 

X4 

342 

1,0000 

Y 



APPENDIX 28 

AN ALTERN ATE LI NEAR REGRESSION EQ UATION FOR PAPAYA FRUIT 

SET AT WEE KLY INTER VALS OVER MARCH 1971 AND PICKED AFTER 

SEVEN MONTHS GROWTH, OVER OCTO BER 1971 

343 

NOTA TI ON 

X1 As in Ap pendi x 27. 

X2 As in App endix 27. 

X - Sum of degree-days ( above 3 
(over March-June ). 

12°C) f or the 15- week period after anthesis 

X -4 As in Appendix 27. 

Y - As in Appendix 27. 

No. of multipl e observa tions = 32. 

Alternate 
X1 X2 X3 

86,58 750 584 204 576,04 
etc. etc. 584 etc. etc. 

584 
584 
584 
584 
584 
584 
584 
584 

150,78 2 273 529 144 1 017,07 
etc. etc. 529 etc. etc. 

529 
529 
529 
529 
529 
529 
529 

99,34 987 438 370 1 023,82 
etc. etc. 438 etc. etc. 

438 
438 
438 
438 
438 
438 
438 
438 
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APPEND I X 28 (contd . ) 

Al te rn a t e 
X1 X2 X3 X4 Y 

----
69,54 484 413 158 600,58 
etc. etc. 41 3 etc. etc. 

413 

Means: 93, 265 939,5 
i 

506 ~ 9 192,0 779,29 

Mul tiple correl a tion co-efficien t : R = 88,13% *** 

Partial reg r e ssion co- efficients : 
t-values for testing regression 

co-efficients (df = 27) 

a1 = 18,43 4,050 *** 

a2 - - 0,577 3,132 ** 

a 3 = - 0,797 2,660 * 

a 4 = 0,487 1,792 :j: 

Constant t erm in regression equation: aD = - 87,14 

Total correlation co-efficients : 

X1 1,0000 

X2 0,9862*** 1,0000 

X3 0,5286** 0,5275** 1,0000 

X4 - 0,2205 - 0,2299 -0,0306 1,0000 

Y 0,7769*** . 0,7149**~ 0,2078 - 0,0142 1,0000 

X1 X2 X3 X4 Y 

Selected partial correlation coefficients: 

r'y,34 0,8258*** 

r 4y,.13 0,3208* 

r 14 3 -0,2408 NS , 

:f p S 0,10 

* P S 0,0 5 

** P ~ 0,01 
.lI** P S 0,001 
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APPENDIX 28 (contd.) 

y 

X3 

0 584 

<> 529 
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FIGURE A Regression of Y on X1 after seven months. 
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APPENDIX 29 

SEED MASS-FRUIT MASS CORRELATIONS FOR INTRA-FRUIT SUB-REGIONS OF PAPAYA FRUIT 

SET IN AUTUMN 1973 WITHOUT HAND-POLLINATION 

G R A M S 

Aa Bb Cc Od As + ••• + Od 

---
Seed Fruit Seed Fruit Seed Fruit Saed Fruit Seed Fruit 

7 t 10 102,95 13,05 109,70 10,71 93,05 5,83 70,78 36,69 376,48 

9,06 138,63 9,76 130,15 3,61 75,11 0,56 50,10 23,00 393,99 

0,9a 90,11 2,79 122,55 2,80 103,54 0,94 62,2B 7,50 378,48 

2,00 135,68 6,34 150,28 5,60 109,64 2,73 67,61 16,66 463,20 

5,40 92,34 7,24 86,21 5,21 70,33 1,40 35,61 19,33 284,49 

2,56 70,43 2,45 72,94 1,61 61,45 0,20 32,28 6,83 237,09 

5,58 132,63 8,34 126,70 3,76 91,45 0,70 49,33 18,38 400,10 

10,54 103,13 17,43 124,96 11,36 93,20 3,45 60,85 42,78 382,14 

5,74 107,49 17,28 136,79 17,68 128,86 7,85 84,31 48,55 457,45 

8,19 126,75 9,56 131,16 3,29 97,84 0,31 67,31 21,35 423,06 

1,65 72,05 4,10 91,05 0,66 63,63 0,05 28,03 6,46 254,75 

8,15 158,80 11,94 186,80 6,44 149,10 2,41 81,38 28,94 576,08 

10,28 117,18 18,01 151,70 13,28 114,71 6,00 72,80 47,56 456,39 

3,26 68,39 3,05 51,59 1,18 62,94 0,80 49,09 8,29 232,00 
.-

7,95 140,18 13,76 165,24 7,88 122,49 1,24 78,23 30,83 506,13 

2,00 91,78 2,48 106,28 1,13 74,33 0,40 41,03 6,00 313,40 

2,81 80,71 4,16 99,56 2,75 72,49 1,35 54,21 11,08 306,90 

Maan Mass: 
S,49 I 107,60 8,93 120,21 5,83 93,19 2,14 57,95 22,36 378,95 

Correlation: 
+ 0,591* + 0,617** +0,635** + 0,658** +0,623** 

i 
* p S 0,05 

** P::: 0,01 

Numbor of fruit 17. NOTE: 5eed and fruit flesh masses estimated frol 
4/5th longitudinal portions. 
See text, 3.2.2. 

o9\ll3ra11 ratio of fr uit fl esh mass to seed r1la ss .. : 

Ae subrsgion: 19,60 

Bb subregion: 13,46 

Cc subregion: 15,98 

Dd Bubrogion: 27,08 

Aa + ... + Od subregions : 16,95 
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FIGURE B Regression of Y on X for Bb sub-regions. 
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APPE NDIX 30 

SEED MASS-FRUIT MASS CORREL ATIONS FOR INTRA-F RU IT SU8-REGIONS OF PAPAYA FRUIT 

SET IN SU i'li'lER 1972/71 WiTHOUT HA ND-POLLINATION 

-
G R A M 5 

Ae Bb Cc Dd Aa + ••• + Dd 

Seed Fruit Seed Fruit S6ed Fruit Seed Fruit Seed fruit 

B,63 177,48 38,08 339,90 37,20 365,63 17,95 253,08 101,85 1 136,08 

13,18 217,13 46,95 314,80 49,35 354,28 29,30 266,70 138,78 1 152,90 

28,08 295,33 49,33 303,15 55,88 397,25 32,20 266,50 165,48 1 262,23 

27,13 239,93 37,20 214,98 34,83 205,23 20,15 185,30 119,30 845,43 

16,98 274,43 42,33 302,05 25,80 254,98 12,23 174,75 97,33 1 006,20 

28,08 252,15 40,55 295,70 26,83 264,40 10,25 171,80 105,70 984,05 

14,98 195,25 33,63 231,70 19,70 159,98 11,43 98,20 79,73 685,13 

18,7B 288,18 60,73 390,50 53,70 312,28 38,60 260,45 171,80 1 251,40 

29,45 335,80 55,78 382,70 47,35 300,83 31,83 196,85 164,40 1 216,18 

22,80 257,18 32,38 223,90 23,45 226,10 9,00 146,50 87,63 853,68 

27,98 234,53 47,35 239,95 41,08 230,00 21,48 178,90 138,63 883,38 

16,40 232,23 28,43 212,08 14,70 167,1 e 6,55 134,95 66,08 746,43 

13,60 196,53 48,80 229,45 35,40 216,55 14,45 1<\6,93 I 112,25 789,45 

21,30 241,65 38,00 286,50 38,13 264,00 24,15 211,58 121,58 1 003,73 

27,88 203,13 66,73 273,95 53,63 263,43 27,25 178,48 175,48 918,98 

29,78 227,23 57,20 242,38 47,08 229,30 21,40 159,05 155,45 857,95 

32,05 277,93 47,45 293,00 33,90 274,50 13,70 179,75 127,10 1 025,18 

36,08 225,45 62,85 237,95 57,00 215,38 27,45 157,28 183,38 836,05 

15,70 190,53 40,65 229,08 32,58 191,88 18,35 161,55 107,28 773,03 , 
24,15 262,55 34,08 230,85 24,18 194,50 11,73 148,98 94,13 836,88 

24,98 186,55 39,93 204,53 30,78 171,75 20,35 173,18 116',03 736,00 

Mean Mass: 
22,76 I 238,62 45,16 270,43 37,30 250,45 19,99 183,37 125,21 942,87 

Correlation: 
+ 0,437* +0,422:f: +0,602- + 0,705*** + 0,507i(' 

* pSO,10 

* pSO,05 

i.Yf P S 0,01 

P S 0,001 

Overall r a tio 

As 
Bb 
Cc 

Dd 
As + ... + Od 

Numbor of fruit = 21. 

of fruit fl esh ~ass to sG s a mass: 

subregion: 10,48 
eubregion: 5,99 
aubregion: 6,71 
subrogion: 9,17 
subregions: 7,53 

NOTE: Seed and fruit flesh masses estimated from 
2/5th longitudinal portions. 
See text, 3.3.2. 

I 
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APPENDIX · 31 

CONCENTRATION or SEED MASS AND SIZE Dr UNrERTILIZED OVULES IN INTRA-rRUIT SUB-REGIONS or 

RIPE PAPAYA rRUIT SET IN AUTUMN 1973 

r R U I T / 1 / 5 th P 0 R T I 0 N N U M B E R 

8 9 10 11 12 13 14 15 

1 2 1 2 :3 1 2 3 4 1 2 3 4 1 2 3 4 1 4 1 2 3 4 1 2 3 4 

222 434 251 153 203 505 422 388 353 320 494 461 507 148 88 82 50 186 99 11 57 47 40 137 107 75 83 

70 74 65 77 62 108 86 73 49 63 80 72 81 43 60 65 36 64 61 61 59 70 63 85 93 89 90 

79 259 99 124 39 254 227 332 157 150 288 358 275 10 23 13 2 34 82 4 3 8 20 49 92 26 42 

57 59 63 81 68 78 61 '70 58 62 60 68 58 35 45 40 44 62 76 64 57 64 53 72 88 80 88 

211 342 124 129 204 426 380 374 446 134 308 223 269 92 66 91 74 90 36 32 37 64 45 205 169 151 189 

63 64 76 71 66 91 67 66 58 73 82 73 90 64 47 77 62 73 '11 71 65 74 73 77 98 87 75 

87 191 77 42 32 201 121 244 1201 82 146 118 92 32 48 52 23 49 31 10 13 5 8 117 116. 49 56 

4Z 41 59 59 65 51 50 43 46 55 59 57 64 45 52 49 57 63 66165 66 61 59 67 85 77 66 

140 185 95 62 62 312 326 365 312 60 101 98 112 55 115 109 67 36 6 27 25 1 28 150 189 83 137 

69 68 72 64 63 68 75 64 63 44 67 61 68 71 59 57 56 56 54 74 66 70 68 71 88 75 86 

40 52 38 30 91 143 89 136 92 31 30 78 11 53 13 34 32 55 o 23 5 6 3 93 128 44 84 

36 35 48 56 55 47 49 37 40 49 37 43 44 36 49 44 44 61 51 65 53 62 64 71 76 65 70 

I 

29 87 130 76 9 189 213 210 212 0 0 35 59 62 41 32 101 29 23 0 o 64 28 99 164 184 154 

52 51 71 62 58 60 59 40 41 36 47 51 51 59 45 57 ,\9 57 59 48 49 72 57 77 77 74 77 

0 o 139 18 27 55 54 45 68 0 0 0 0 12 14 5 5 9 4 19 21 58 24 54 29 82 24 

30 28 52 45 50 40 38 31 36 28 30 37 35 50 40 49 52 48 44 52 65 68 52 52 62 73 59 

~ ,. 

MEAN 

219,37 

70,33 

112,93 

63,37 

181,89 

72.41 

80,07 

58,11 

120,67 

66,56 

53,11 

51,37 

82,59 

55,93 

28,41 

46,59 

RANK 

x y 

1 

2 

4 

4 

2 

1 

6 

5 

3 

3 

7 

7 

5 

5 

8 

8 

I 

IN 
Ui 
IN 
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APPENDIX 32 

AVERAGE CORR ELATION BETWEEN THE CONCENTR ATION OF SEED MASS AND 

THE SIZE OF UNFERTILIZ ED OVULES FROM INTRA-FRUIT SUB-REGIONS OF 

RIPE PAPAYA FRUIT seT I N AUTUMN 1973 

NOTATION 

x = [summed mass of (F + P + S) seeds x 10
4J 1- [Total no. of (F, P, S , U) 

ovules, seeds] • 

y = Index of volume of U unfertilized ovules: directly proportional to 

(length x diameter) of ovules. 

For values of x and y correlated here, see the x and ydown the columns 

of the body of the table i n Appendix 31. 

N = 8 , the number of intra-fruit sub-regions over which individual r 
xy 

calculated. 

r = Correlation co-efficient between paired x and y of intra-fruit sub­xy 
regions of a given 1/5th- fruit portion ( s ee columns of Appendix 31). 

Z = Transformed value of r 
xy 

Fruit/(1/5th) 
r portion no. xy 

8.1 0,8300 

8.2 0,8513 

9.1 0,3167 

9.2 0,9264 

9.3 0,2889 

10.1 0,9620 

10.2 0,9499 

10.3 0,9440 

10.4 0,6621 

11.1 0,7274 

11.2 0,8359 

11.3 0,8191 

11.4 0,7573 

Z 

1,188 

1,261 

0,328 

1,632 

0,297 

1,972 

1,831 

1,774 

0,796 

0,923 

1,207 

1,154 

0,990 

Fruit and 
(1/5th) portion r Z 

number xy 

12.1 0,1772 0,179 

12.2 0,8357 1,206 

12.3 0,7182 0,904 

12.4 0,2198 0,224 

13.1 0,5682 ° ,645 
13.2 0,6573 0,788 

14.1 0,6518 0,778 

14.2 0,4611 0,509 

14.3 0,7499 0,973 

14.4 0,4168 0,444 

15.1 0,4987 0,548 

15.2 0,5859 0,671 

15.3 0,1922 0,195 

15.4 0,2973 0,307 



APPENDIX 32 (conto.) 

Test for homogeneity of correlation co-efficients, r 's: 
xy 

x2 = l: (N - 3) Z2 

(df = 26) 

[>: (N - 3) Z ] 2 

l:(N - 3) 
= 138,927 - ---­

135 

= 1,333 NS. 

355 

Thus these r 's are homogeneous enough for computing a common, average co­
xy 

efficient. 

118,62 
= 135 + 0,879 • 

Detransformed, mean r = + 0,7527 • 
xy 

Using D.F. = ~ , this is significant at p(0,05) level. 



APPEI~DIX 33 

CORR ELATIONS AND SELECTED PARTIAL CORRELATIONS OF FACTORS 

ASSU ME D RELATED TO SEED GROWTH, SEED ABORTION AND 

FRUIT GROWTH OF PAPA YA FRUIT SET WITH HAND-POLLINATION 

I N AUTUMN, 1970 

356 

NOTATION 

X1 = Early seed development intensity of the whole fruit, given by 

(L:F, P , S)/(L:F , p. , S , U) : transformed to angular degrees. 

X2 = Seed abortion rate for whole fruit, given by (L:P, S )/(L:F , P , s) : trans­

formed to angular degrees. 

X3 = L:F seeds of whole fruit. 

x4 :.= L:F , P , S seeds of whole fruit. 

x5 = Mass of F seeds only: g 

x6 = Mass of all seeds: g . 
y = Mass of whole fruit (excluding seeds) : g 

'1..7 = Number of fruit on stem, early May (autumn). 

Xs = (Number of leaves)/(number of fruit) of stem, early May (autumn). 

(i) Number of multiple observations for {X1 , ... X6 ' y} = 14 , Le. excludin 

X7 and Xs • 

Degrees of freedom: total correlation = 12 ; partial correlation = 11 • 

(ii) Number of mul tiple observations for {x1 ' ••• y, x7 ' xs} = 11 • 

Degrees of freedom: total correlation = 9; partial correlation = S. 



357 

APPENDIX 33 (contd.) 

Fruit No. x1 x2 x3 x4 x x6 y x7 x8 5 ,----
2 65,21 34,33 1 001 'I 469 69,43 71,51 744 24 0,88 

13 68,14 43,80 761 1 462 64,57 67,39 836 23 '1,00 
14 57,55 46,89 532 1 140 ItS, 1O 47,86 791 29 0,76 
16 65,34 47,93 665 1 481 47,48 49,86 819 19 0,95 
26 54,33 38,47 415 677 36,52 39,84 516 43 0,65 
27 56,91 43,28 611 1 153 49,70 51,76 843 29 0,69 

28 56,21 60,13 234 944 19,49 21,79 690 25 0,76 
37 67,97 42,65 608 1 124 47,07 48,82 705 - -
40 42,95 35,18 364 545 28,22 29,10 398 20 0,93 
54 63,90 38,23 569 1 390 55,41 59,15 837 - -
55 64,11 43,45 728 1 382 44,26 46,06 601 34 0,79 
58 56,90 45,74 514 1 058 32,63 34,60 453 40 0,62 
65 57,66 58,63 300 1 108 20,47 23,08 557 28 0,70 
94 56,23 43,45 599 1 136 53,80 58,75 703 - -

Mean (14) 59,53 44,44 571,5 1 147,8 43,87 46,40 678,1 - -
Mean ( 11 ) 58,66 45,26 556,8 1 129,0 41,62 43,90 658,9 28,5 0,794 

Total correlation co-efficients: 

x1 1,000 

x2 0,022 1,000 

x3 0,676** -0,584* 1,000 
,. 

x4 0,868*** 0,019 0,764** 1,000 

x5 0,623* -0,605* 0,931*** 0,677** 1,000 

x6 0,619* -0,590* 0,915*** 0,686** 0,998*** 1,000 

Y 0,560* 0,038 0,520 0,727"1.-* 0,661-)("* 0,670** 1,000 
x7 -0,105 -0,069 -0,162 -0,288 -0,208 -0,193 -0,425 1,000 

Xs 0,304 -0,272 0,441 0,381 0,491 0,479 0,360 -0,821** 1,00 
x1 x2 x3 x4 Xs x6 y x7 Xs 
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Selected first order partial correlations: 

I'24 7 = -0, 001 r 21 ,7 = 0,015 , 
r 24 8 = 0,138 r 21 8 = 0,114 , , 
r 26,4 = -0,302 r 28 1 = -0,293 , 

r 3y,2 = 0,668* 

r 3y,7 = 0,505 

r 
3y,8 = 0,431 

r = 0,727** r = 0,656* 4y,2 1y,2 
r = 0,697* r = 0,679-1(' 4y,7 1Ys7 
r 

4y,8 = 0,684* r 
1y,8 = 0,615 

r 
5y,2 = 0,860*** 

r 
5y,7 = 0,647* 

r 
5y,8 = 0,596 

r6 2 = 0,858*-** y, 
r 

6y,7 = 0,662* 

r 
6y,8 = 0,608 

* = p ::;; 0,05 

** -- P ::;; 0,01 

*** = P :s 0,001 



APPEND I X 34 

SEED-COUN TS AND -MASS CO RRE LATIONS WITH FRUIT-MASS 

IN HAND-POLLI NA TED AUTUM N SET, ·1970 

NOTATION 

x 1 = L; F seeds. 

x2 = L; F and P seeds . 

x3 = L; F , P and cWs s eeds (L e. excluding b seeds). 

x 4 = L;F, P and S seeds (L e . including b seeds). 

x5 = L; F, P~ S a nd U seeds · and ovules. 

x6 = Mass of all seeds (g). 

y = Mass of fruit flesh ( excl uding seeds ) (g). 

No. of mul tiple observation s = 14 • 

Mean: 

Correlation 
with y: 

x1 

1 001 

761 

532 

665 

415 

611 

234 

608 

364 

669 

728 

514 

300 

599 

571,5 

0,520 

x2 

1 002 

761 

543 

665 

442 

611 

237 

608 
.. 

366 

670 

728 

516 

306 

651 

579,0 
-

0,516 

x3 x4 

1 021 1 469 

772 1 462 

671 1 140 

740 1 481 

480 677 

698 1 153 

316 944 

642 1 124 

376 545 

703 1 390 

739 1 382 

544 1 058 

342 1 108 

693 1 136 
-

624 ,1 1 147,8 

0,611* 0,727** 

* P:5 0,05 

** P:S 0,01 

1 

x5 x6 

1 808 71,51 

1 703 67,39 

1 767 47,86 

1 826 49,86 

1 529 39,84 

1 690 51,76 

1 427 21,79 

1 316 48,82 

1 448 29,10 

1 733 59,15 

1 720 46,06 

1 616 34,60 

1 595 23,08 

1 716 58,75 

635,3 46,40 

0,506 o ,670~'* 

359 

y 

744 

836 

791 

819 

516 

843 

690 

705 

398 

837 

601 

453 

557 

703 

678,1 

-
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APPENDIX 34 (con td.) 

Overall ratio of seed type to L: F, P, 5 and U: 

F 0,3 49 

P 0,005 [CTl + cWll 
-' 

{cws 0,028 
S 0,348 

b 0,320 

U 0,298 

Overall ratio of fru it flesh mass to: 

- Seed mass 14,61 

and 15,61 when seed mass added to ~ruit flesh mass. 



{iPPE NDI X 35 

SEED- COUNTS AND -MASS CORRELA TIONS WITH FRUIT-MAS S 

AND SEED ABORTION RATES, IN FRUIT SET 

WITH HAND- POL LIN ATI ON IN SUMMER, 1970 

NOTATIO N 

X1 = 2::F s ee ds . 

x2 = 2:: F and P seeds. 

x3 = 2:: F, P and cWs seeds (i. e . excluding b seeds). 

x4 = 2::F, P and S seeds ( L e. including b seeds). 

x5 = 2:: F, P, Sand U s eeds and ovules. 

x6 = Mass of all seeds (g). 

y = Mass of fruit flesh (excluding seeds) ( g ). 

361 

x7 = Seed abortion rate 2:: P and S 
2:: F, P and S , transformed to angular degrees. 

Number of multiple observations = 24 • 

X1 x2 x3 x4 x5 x6 Y x7 

1 348 1 414 1 498 1 503 1 653 133,99 864 18,73 

1 811 1 904 1 952 1 966 2 167 178,88 1 643 16,31 

508 553 586 601 2 306 51,29 908 23,16 

1 246 1 416 1 935 . 1 946 2 235 132,74 1 527 36,85 

1 481 1 626 1 843 1 870 1 978 150,18 1 163 27,14 

1 839 1 890 . 1 954 1 966 2 349 178,60 1 797 14,72 

764 1 228 1 492 1 600 1 906 96 ,94 830 {~6, 29 

1 513 1 623 1 675 1 705 1 869 147,82 1 687 19,61 

1 590 1 608 '1 641 1 644 1 865 1.52,87 1 613 10,44 

1 736 1 873 1 935 1 953 2 0811173,05 866 19,4.7 

1 915 1 997 2 109 2 129 2 273 189,94 1 792 18,48 

1 840 1 918 1 998 2 086 2 249 181,03 1 627 20,08 
1 805 1 924 1 984 1 992 2 031 179,22 1 801 17 ,84 
1 365 1 592 1 715 1 732 

I ~ 
874 1{~1,81 1 359 27,41 

1 017 1 036 1 047 1 05 2 679 98,29 1 256 10,51 
1 651 1 706 1 807 1 824 1 967 162,37 1 5'10 17,94 
2 108 2 159 2 203 2 - 209 2 341 206,57 1 362 12,35 
1 761 1 870 1 92 2 1 928 1 983 174,56 1 552 17,12 



APPENDIX 35 (contd.) 

Mean: 

Correlation 
with y: 

Correlation 
with ~: 

x1 

1 731 

1 508 

1 156 

381 

1 365 

1 656 

1 462 

0,509* 

x2 

1 847 

1 649 

1 571 

1 329 

1 676 

1 813 

1 634 

0,557** 

~---I-

x3 x4 -
1 940 1 966 

1 727 1 731 

'j 747 1 759 

1 547 1 554 

1 781 1 789 

1 899 'j 904 

1 747 1 767 

0,538H - 0,523** 

-0,125 

x5 x6 y 

2 168 171,79 1 525 

1 784 146,59 1 272 

1 947 132,72 1 572 

1 817 89,71 1 385 

1 865 147,68 1 343 

2 000 167,37 1 375 

2 016 149,42 1 401 

0,321 0,552** -

:j: When detransformed, mean x7 = 0,158. 

* p:::: 0 , 05 

** P S 0,0 -1 

Overall r at io of seed type to L: F, P , Sand U: 

F · 0,725 · 
P 0,086 

{c~s 0,056 
S · 0,065 · 0,009 

U : 0,124 

Overall ratio of fruit fl esh mass to: 

- Seed mass 9,38 
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x7 

20,23 

21,03 

35,84 

60,32 

29,13 

21,16 

23,42* 

-0,248 

and 10,38 when seed mass added to fruit flesh mass. 



NOTATION 

a = stem 

b = stem 

c = stem 

APPENDIX 36 

ESTIMATED LEAF AREA AND OTHER RELATED DATA OF 

PAPAYA FRUIT-BEARING STEMS USED FOR THE 

1969 AUTUMN FRUI T SET 

bearing only 1969 autumn set fruit; 

bearing 1968/1969 summer plus 1969 autumn set fruits; 

bearing ripening 1968 autumn set fruit, 1968/69 summer 

363 

and 1969 

autumn set fruits. 

M A Y 1 9 6 9 OCTOBER 1969 

Type of Stem Mean leaf Mean Mean no. Mean total Mean leaf no. stem leaf area area leaves fruit per fruit area 
(cm2 

) per stem per stem 
(crn2 

) 
(cm2 

) 

a 1 434 11,22 3,07 5 241 1 063 

b 1 882 13,78 7,09 3 658 1 155 

c 3 538 25,24 25,39 3 518 1 650 



APPENDI X ~57 

SEED COUNTS, SEED ABORTION, FRUIT DIAMETER AND FRUIT MASS 

CORRELATIONS FOR PAPAYA FRU I T SET WITH HAND-POLLINATION 

IN AUTUMN, 1969 

NOTATION 

x1 = L; F seeds. 

Xz = r. F and P seeds. 

x3 = L; F, P and S seeds. 

x4 = L; F, P, Sand U seeds and ovules. 
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x5 = Seed abortion rate: Cr : ; ! sJ ' transformed to angular deg~ees. 

x6 = Index of Fruit Volume at anthesis: formula of prolate spheroid. 

y = Index of Fruit Volume at fruit ripening: formula of prolate spheroid. 

z = Fruit mass (including seeds): (g). 

r = Correlation co-efficient. :j: p:::0,10 

Number of fruits from a-stems: 8 · * P ~ 0,05 
Number of fruits from b-stems: 5 · ** P ~ 0~O1 
Number of fruits from c-stems: 5 · .*** P ::: 0,001 
Total number of fruits and multiple observations: 18 . 

TABLE 37.1 Data and means 

Type of 
x1 x2 x3 stem x4 x5 x6 y z 

a 836 1 150 1 299 1 511 36.66 6.1 699

1 

660 
.-

a 306 569 590 1 121 43,93 3,4 476 ltl~3 

a 429 896 1 040 1 375 50,04 5,7 822 759 

a 480 807 824 1 083 40,25 6,5 919 816 

a 391 773 811 1 265 46,02 5,5 820 704 
a 531 956 1 015 1 622 43,67 5,4 820 708 

! 

a 637 684 726 1 172 20,50 5,0 779 684 

a 638 829 905 1 117 32,90 5,21 826 729 , 
b 768 1 023 1 061 1 859 31,70 5,5 897 799 

b 471 959 1 1 '12 1 494 49,40 3,9 873 780 
b 454 679 908 1 273 45,00 3,0 710 615 , 
b 412 616 654 1 4~.4 37,47 4,1 575 4·70 
b 857 1 040 1 1 L~21 1 622 129,9715,5 966 862 
c 794 947 1 100 I 1 834 \31,83

1
9,9 1 097 921 
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APPENDIX 37 (contd.) 

I , 
-

Type of 
x1 x2 x3 x4 [ x5 x6 Y z 

stem 

c 832 1 146 1 367 1 685 38,73 6,5 1 145 1 063 

c 552 832 938' 1 893 39,90 4,7 835 740 

1571 c 106 157 1 830 34,75 7,1 380 327 

Mean for a 531,0 833,0 901,3 1 283,3 39,25 5,4 770,1 687,9 

Mean for b 592,4 863,4 975,4 1 538 ,4 38,71 4,4 
, 

8ol~,2 705,2 

Mean for c 568,0 798,0 934,0 1 822,8 38,02 7,4 865,6 762,4 

Overall 
558,3 831,7 930,9\1 504,0 38,76 5,6 806,1 713,4 

mean : 

Overall ratio of seed type to L:F, P, S and U ovules and seeds: 

F 0,371 

P 0,182 

S 0,066 

U 0,381 

TABLE 37.2 t-val ues and tests for differences between fruits of stem 

types a, band c for variables x1 ••• to ••• z 

t - V A L U E S 

VARIABLE 
.. 

a vs [b & c ] [a & b] vs c a vs b a vs c b vs c 

x1 -0,590 -0,295 0,154 - -

x2 -0,288 0,230 0,343 - -

x3 -0,614 0,175 0,184 - -

x4 -2,159* -5,653*** -2,727* -4,000** -4,011** 

x5 0,105 0,268 0,157 - -

x6 1,690 -2,502* -2,917* -0,642 -3 333** , , 

Y -0,417 -0,791 -0,401 -0,703 -0,810 

z - 0, 23 3 -0,694 -0,400 -0,547 -0,734 
-
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APPEND I X 37 (contd.) 

TABLE 37.3 Total correlation co-efficients for 18 fruits 

X1 x2 x3 X4 1 X5 X6 Y z 

I r -x1 1,000 

, 
x2 0 , 848*** 1,000 

x3 0,821*** 0,975*** 1,000 

x4 0,248 0,196 0,233 1,000 

x5 -0,454* ° ,046 0,119 Of 076 1,000 

x6 0,289 0,182 0,194 0,514* -0,215 1,000 

Y ° 748*** , . 0,794*** 0,793*** 0,272 -0,085 0,418 1,000 

z 0,765*** 0,831*** 0,831 *** 0,210 -0,060 Of 379 0,989*** 1,000 

Selected First Order Partial Correla t io ns: 

r 
1z,5 = 0,830,'(-** 

r 2z,5 = 0,836*** 

r 
3z,5 = 0,845*** 



APPENDIX 37 (contd.) 

1200 

.--.. 800 
01 ....... 

400 

z 

• 
Z . 351,95 + 0,647 )(, 

5z,x, :I: 114,93 

50 :t 80,67 

S1 :!: 0,136 

/' • 0,765 t .... 

o ~--------------~--~ ________ ~~ ____________ ~ __________ ~ 

o 400 800 1200 
X, 

Seed count (r: F) 

FIGURE A Regression of .Z on X
1 

• 
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APPENDIX 37 (contd.) 

z 
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APPENDI X 38 

COMPARATIVE MEAN VALUES, TOTAL AND PARTIAL CORRELATIONS 

OF SELECTED SEED COUNT, SEED MASS AND FRUIT MASS 

VARIABLES FROM ONE SUMMER'S AND TWO AUTUMNS' 

HAND-POLLINATED PAPAYA FRUIT SETS 

NOTATION 

X1 
x2 
x3 
x4 
x5 
y 

z 

= ~ F seeds. 

= ~ P seeds. 

= ~ P and S seeds. 

= ~ F, P and S seeds. 

= Mass of all seeds (g). 

= Fruit flesh mass (g). 

= Fruit flesh plus seed mass (g). :I: p ~ 0,10 

S70 = Summer Set, 1970: from Appendix 35. * P ~ 0,05 

A69 = Autumn Set, 1969: from P.ppendix 37. ** P ~ 0,01 

A70 = A.utumn Set, 1970: . from Appendix 34. *** p ~ 0,001 

TABLE 38.1 Mean values of selected variables 

Set 

S70 

A69 

A70 

No. of 
fruit x1 x2 x3 x4 x5 y 

24 1 462 172 305 1 767 149 1 401 1 

18 558 273 373 931 - -
14 572 .. - 576 1 148 46 678 

TABLE 38 . 2 Selected total correlations with Yt fruit 

flesh mass 

S70 I A69 A70 
Degrees of -

freedom ... 22 - 12 

r 1y 0,509* - 0,520* 

r -0,143 - -2y 
r 3y -0,154 - 0,557* , 
r 4y 0,523H - - 0,727** 

r 5y 0,552** - 0,670** 

z 

550 

713 

724 
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APPENDIX 38 (contd.) 

TABLE 38.3 Selected total correlations with z, frui t 

flesh plus seed mass 

Degrees of ~ __ S_7._0 _____ +-- A69 
A70 

12 fre edom ••• 22 I 16 

~,-7-6-5-~--*-*----~--0-,-5-7-3-*----~ 
r

1z 
0, 584** 

r 2z -0!181 

r
3z 

-0,191 

r 4z 0,589** 

r 5z 0,629** 

0, ~20 

0,478-* 

0,831 *** 

0,526:1: 

0,744** 

0,716** 

TABLE 38.4 Selected first order partial correlations 

with y, fruit flesh mass 

S70 A69 A70 
Degrees of -

freedom ••• 21 - 11 

r 0,531** - 0,566* 1y,3 
r 0,545*"l(- - -1y,2 
r 0,232 - 0,598* 3y,1 
r 0,266 - -2 y, 1 

TABLE 38.5 Selected first order partial correlations with 

z, fruit flesh plus seed ma ss 

570 A69 A70 
Degrees of 

freedom ••• 21 15 11 

r 1z,3 0,602-)(* 0,791*** 0,619* 

r 1z,2 0,615** 0,818*** -
r 
3z,1 0,260 0,552* 0,579* 

r 2z,1 0,297 0,533* -
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