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6.1.2 Classification of Passiflora using seed morphology.

Seed from over 300 Passifloraceae taxa were included in this study. When wild

collected seed could not be obtained, seed from cultivated species were included. The

possibility of variations in the seed-coat morphology between seed produced by self-

pollination and those produced by interspecific pollination was resolved as shown in

6.1.1. Further information concerning the origin, collector, collection number and

date of collection, together with details of seed mass and the colour of fruit and arils

of each accession is provided in the Materials and Methods section. A code for the

classification of the seed type of each accession is also used. This is taken from the

seed classification (group number - subgroup number).

Seed were taken at random from collections and traditional taxonomy and

classification was not considered while the following tasks were undertaken. Seed

were separated into three major types depending on cross-section and surface

sculpturing as described earlier. These types were then re-examined using dissecting

microscopes and scanning electron microscopes and further divided into groups and

subgroups depending on symmetry, shape, type and number of reticulations,

sculpturing of ridges and shape of the chalazal beak as set out in Appendix V. The

fourteen groups and nine subgroups are well-defined and in the majority of seed

samples examined there was no dilemma as to which group they belonged to. A key

to the groups and subgroups can be found in section 6.1.4. The name given to each

group reflects the seed species type, which, where possible, is a species that readily

produces seed and is well-known in herbarium collections. Having physically

established these seed groupings the parameters of each group and subgroup were
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defined. A total of 45 distinct morphological features were recorded in the seed

examined. Each seed sample was then re-examined and assessed for the presence or

absence of each of these 45 features (Appendix V). The number one was used to

represent the presence of a feature and a zero used to represent the absence of a

feature. The binary results (Appendix VI) of212 taxa were then analysed using the

systematics computer program PAUP. Two cladograms are presented: a majority

consensus tree and a majority consensus tree with compatible groupings.

For the most part these seed groups reflect the traditional floral classification of the

genera and highlight close geographical locations where species are endemic.

However some major differences were found, particularly in seed collected from

species belonging to the subgenera Passiflora, Astrophea and Calopathanthus, and in

the genus Decaloba, section Pseudodysosmia. The classification parameters for each

seed group, together with the traditional classification of the species within each

group (with author and date), are detailed in 6.1.5 in the form of a table for each group

and black and white SEM photographs showing detailed seed morphology.
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6.1.3 Passiflora, Adenia and Hollrungia seed separated into groups and subgroups

by similarities and variations in their seed coat morphology and size.

Group 1: Alatas

Subgroup 1 Quadrangularis

Subgroup 2 Nitida

Subgroup 3 Tiliifolia

Subgroup 4 Foetida

Group 2: Morifolias

Group 3: Coriaceas

Group 4: Vitifolias

Group 5: Caeruleas

Subgroup 1 Subpeltata

Subgroup 2 Mollissima

Subgroup 3 Maliforis

Subgroup 4 Lindeniana

Group 6: Aurantias

Group 7: Oerstediis

Group 8: Truxillensises

Group 9: Bifloras

Subgroup 1 Lutea

Subgroup 2 Capsularis

Subgroup 3 Cirrhiflora

Group 10: Tetrandras

Group 11: Discophoras

Group 12: Pittieris
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Group 13: Amoenas

Group 14: Ovalises
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6.1.4 Key to Groups and Subgroups

1 General outline symmetrical, occasionally slightly asymmetrical.
Seed large, medium or small 2

1 General outline asymmetrical 16

2 (1) Large seed (> 1.41g per 100 seed) and medium sized seed
(1.41g - 0.48g per 100 seed) 3

2 Medium sized seed (1.41g - 0.48g per 100 seed) and small seed
« 0.048g per 100 seed) 14

3 (2) Lateral cross-section subrotund or slightly compressed 4

3 Lateral cross-section very compressed or plane with very slightly
convex center 10

4 (3) Lateral cross-section subrotund 5

4 Lateral cross-section slightly compressed 8

5 (4) Outline broadly ovate 6

5 Outline cordate or narrowly obovate 7

6 (5) Margin crenated, depressed triangular chalazal beak with six or less
large transverse smooth sulcate ridges; Guyana, Venezuela, Peru.
Group 9 Bifloras: Subgroup 3 Cirrbiflora

6 Margin narrow, smooth, predepressed triangular chalazal beak with
numerous (> 50) reticulations; Guyana, Brazil. Group 14 Ovalises

7 (5) Outline cordate; depressed triangular chalazal beak; deeply reticulate;
Ecuador. Group 11 Discopboras

7 Outline narrowly obovate; depressed triangular chalazal beak;
Numerous smooth shallow pits reticute-foveate; Colombia;
Group 8 Truxillensises

8 (4) General outline obovate or narrowly cordate 9

8 General outline broadly cordate; surface sculpturing numerous
reticulations; small triangular chalazal beak; northern South America
and Central America; Group 5 Caeruleas: Subgroup 3 Maliformis
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9 (8) Surface sculpturing numerous deep reticulations; acute or obtuse
triangular chalazal beak; northern South America;
Group 5 Caeruleas: Subgroup 1 Subpeitata

9 Surface sculpturing numerous smooth reticulations; acute or obtuse
triangular chalazal beak; northern South America;
Group 5 Caeruleas: Subgroup 2 Mollissima

10 (3) Lateral cross-section very compressed; margin narrow crenated or
dentated 11

10 Lateral cross-section plane; margin crenated 12

11 (I 0) Surface sculpturing granulate or foveate; depressed triangular
chalazal beak; Brazil, Guyana, Venezuela; Group 4 Vitifolias

10 Surface sculpturing deeply reticulate; triangular chalazal beak;
northern South America and Central America; Group 7 Oerstediis

12 (10)Apex tridentate; base obtuse winged; general outline obtriangular;
prominent triangular chalazal beak; surface sculpturing reticulate-foveate;
South and Central America; Group 1 Alatas: Subgroup 3 Tiliifolia

12 Apex tridentate; base bidentate; surface sculpturing reticulate-foveate 13

13 (12)General outline obovate; triangular chalazal beak; very large seeds;
northern South America; Group 1 Alatas: Subgroup 1 Quadrangularis

13 General outline scutiform; small triangular chalazal beak; medium or
large seeds; worldwide distribution; Group 1 Alatas: Subgroup 4 Foetida

14 (2) General outline obovate or circular; cross-section very convex, subrotund;
surface SCUlpturingfew coarse reticulations; obtuse triangular chalazal beak;
northern South America and Central America; Group 2 Morifolia

14 General outline ovate; cross-section compressed; apex rotund;
base acute 15

15 (14)Predepressed triangular chalazal beak; six or more transverse tuberculate
sulcate ridges; South and Central America, some Caribbean, Atlantic
and Pacific Islands; Group 9 Biflora: Subgroup 1 Lutea

15 Obstiped chalazal beak; transverse and rugose sulcate ridges; Australia
and Pacific Islands; Group 6 Aurantia

16 (1) Medium sized seed (1.41g - 0.48g per 100 seed) and small seed
« 0.048g per 100 seed) 17
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16 Large seed (> 1.41g per 100 seed) and medium sized seed
(1.41 g - 0.48g per 100 seed) 18

17 (16) Oblong in outline; narrow smooth margin; prominent triangular
obstiped or subulate chalazal beak inclined towards the raphe;
transverse sulcate or ribbed with smooth ridges; northern South
America and Central America;
Group 9 Bifloras: Subgroup 2 Capsularis

17 Obovate in outline; smooth or crenated margin; obliquely triangular
chalazal beak inclined towards the raphe: coarse reticulate or
reticulate- foveate convex surface; South america, Central America,
Malaysia; Group 3 Coriaceas

18 (16) Slightly compressed, convex or subrotund 19

18 Very compressed or plane 20

19 (18)Orbiculate in outline; angust triangular chalazal beak; coarse deep
sharp reticulate surface; Venezuela, Brazil;
Group 5 Caeruleas: Subgroup 4 Lindeniana

19 Oblique cordate in outline; irregular margin; depressed triangular
chalazal beak; irregular uneven deep and shallow pits and ridges; New
Zealand; Group 10 Tetrandras

20 (18)Oblique obovate in outline; obstiped chalazal beak inclined
towards the raphe; sharp and deep reticulate; Guyana, Colombia;
Group 13 Amoenas

20 Oblique cordate; predepressed triangular chalazal beak 21

21 (20)Margin crenated; apex rotund; predepressed triangular chalazal beak;
very shallow reticulate surface; Costa Rica, Panama, Colombia;
Group 12 Pittieris

21 Margin irregular crenate; apex retuse; small triangular chalazal beak;
reticulate-foveate surface; South and Central America;
Group 1 Alatas: Subgroup 2 Nitida
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6.1.5 Seed classification into groups and subgroups.

Group 1: Alatas

Subgroup 1 Quadrangularis

Subgroup 2 Nitida

Subgroup 3 Tiliifolia

Subgroup 4 Foetida

Group 1: Alatas (Granadilla)

Subgroup 1. Quadrangularis

Seed type P. quadrangularis

Seed

Large, 7-10 mm long x 5-8 mm wide x 2-2.5 mm deep

Lightest:l00 seed - 2.957g (P. ligularis)

Heaviest:l00 seed - 5.408g (P. quadrangularis)

Seed symmetrical, obovate, highly compressed, flattened, with narrow or wide,

regular or irregular crenate margin, bidentate at base, tridentate at apex with triangular

chalazal beak; middle convex with reticulate-foveate or reticulate surfaces on each

side; colour chocolate brown, charcoal brown or light brown (Table 3, Plate 33).
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Table 3. Seed group 1: Alatas, subgroup 1: Quadrangularis

Code Subgenus Species, author and date Country of origin
and section

15/13 Passiflora, section P. phoenicea Lindl. (1833) Brazil
Quadrangularis

15/13 Passiflora, section P. alata Curtis (1788) Peru, Brazil
Quadrangularis

15/13 Passiflora, section P. quadrangularis var. Central and South
Quadrangularis macrocarpa L. (1759) America

15/13 Passiflora, section P. quadrangularis L. Central and South
Quadrangularis (1759) America

15/13 Passiflora, section P. trialata Feuillet & French Guyana
Laurifoliae MacDougal (1997)

15/17 Passiflora, section P. ligularis Juss. (1805) Venezuela, Peru and
Tiliifolia Central America

P. lancetillensis sp. nov. Central America
ined.

P. microstipula Central America
sp. nov. ined.

Hybrid P. x decaisneana Planchon Madagascar
(1853)

Hybrid P. alata 'Shannon'

Adenia Adenia firingalavensis
Harms (1925)
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Group 1: Alatas
Subgroup 1: Quadrangularis

Scale bar 1mm

1. P. alata (NCP 1031); 2. P. phoenicia (NCP 1175); 3. P. alata Shannon
(NCP 1010); 4. P. trialata (NCP 1333); 5. Pilancetellsis (NCP 1567); 6.
P. microstipula (NCP 1564); 7. Piligularis (NCP 1133); 8. P.
quadrangularis (NCP 1339); 9. P. xdecaisneana (NCP 1064).

Plate 33. Seed group 1 Alatas: subgroup 1 Quadrangularis.
...
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Group 1: Alatas

Subgroup 2. Nitida

Seed type P. nitida

Seed

Large, 6.5-9 mm long x 4.5-7 mm wide x 2-3 mm deep

Lightest: 100 seed - 1.769g (P. cerasina)

Heaviest: 100 seed - 4.9l4g (P. ambigua)

Seed asymmetrical, cordate, highly compressed, flattened with a regular or irregular

crenate margin, acute at base; apex retuse with small triangular chalazal beak; middle

slightly convex with reticulate-foveate or reticulate surfaces on each side; colour deep

chocolate brown to light golden brown (Table 4, Plate 34).
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Table 4. Seed group 1: Alatas, subgroup 2: Nitida

Code Subgenus Species, author and date Country of
and section origin

4/13 Decaloba, section P. brevifila K.illip (1936) Costa Rica
Xerogona and Honduras

15/4 Passiflora, section P. nitida Kunth (1817) Colombia and
Laurifoliae Venezuela

15/4 Passiflora, section P. crenata Feuillet & Cremer (1984) French
Laurifoliae Guyana

15/4 Passiflora, section P. pergrandis Holm-Nielsen & Law Ecuador
Laurifoliae (1987)

15/4 Passiflora, section P. nigradenia Rusby (1927) Venezuela
Laurifoliae and Bolivia

15/4 Passiflora, section P. ambigua Hemsl. (1902) Venezuela,
Laurifoliae Costa Rica,

Panama and
Honduras

15/11 Passiflora, section P. cerasina Feuillet & Annonay French
Passiflora (1998) Guyana

P. comteA French
sp. nov. ined. Guyana

P. comte C French
sp. nov. ined. Guyana
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Group 1: Alatas
Subgroup 2: Nitida

Scale bar 1mm

l.P. nigradenia (NCP 1628); 2. P. ambigua (NCP 1605); 3. P. crenata
(NCP 1632); 4. P. pergrandis (NCP 1304); 5. Pinitida (NCP 1336); 6. P.
comte A (NCP 1615); 7. P. comte C (NCP 1618); 8. P. brevifila (NCP
1450); 9. P.cerasina (NCP 1638).

Plate 34. Seed group 1 Alatas: subgroup 2 Nitida.
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Group 1: Alatas

Subgroup 3. Tiliifolia

Seed type P. serratifolia

Seed

Large, 6-9.5 mm long x 3.5-5.5 mm wide x 1.5-2 mm deep

Lightest: 100 seed - 1.809g (P. magnifica)

Heaviest: 100 seed - 4.374g (P. serratifalia)

Seed symmetrical, occasionally slightly asymmetrical, obtriangular, highly

compressed, flattened, with narrow, smooth or slightly crenate margin; obtuse,

sometimes winged at base, tridentate at apex with pronounced triangular chalazal

beak; middle flattened or slightly convex with scrobiculate or reticulate-foveate

surface on each side; colour very dark brown, golden brown or whitish brown (Table

5, Plate 35).

241



Table 5. Seed group 1: Alatas, subgroup 3: Tiliifolia

Code Subgenus Species, author and date Country of origin
and section

15/5 Passiflora, section P. giberti Brazil, Argentina
Lobatae Brown (1896) and Paraguay

15/5 Passiflora, section P. pallens USA, Cuba and
Lobatae Poepp (1872) Haiti

15/5 Passiflora, section P. sprucei Ecuador
Lobatae Mast. (1872)

15/11 Passiflora, section P. mayarum Guatemala and
Passiflora MacDougal (1989) Brazil

15/14 Passiflora, section P. serratifolia L. (1753) Mexico and Costa
Serratifolia Rica

15/17 Passiflora, section P. tiliifolia L. (1753) Venezuela,
Ti/iifalia Colombia and Peru

15117 Passiflora, section P. magnifica L. Escobar Ecuador and
Tiliifolia (1990) Panama

15/17 Passiflora, section P. triloba Peru and Bolivia
Tiliifolia R&P ex DC (1828)

P. gabrielliana French Guyana
sp. nov. ined.

Hybrid P. 'St. Rule' Wilson (1896) Colombia
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Group 1: Alatas
Subgroup 3: Tiliifolia

Scale bar 1mm

1. P. serratifolia (NC!> 1225); 2. P. gabrielliana (NCP 1434); 3. P.
spruceii (NCP 1376); 4. P. pal/ens (NCP 1176); 5. Pitriloba (NCP 1594);
6. P. mayarum (NCP 1566); 7. P.gibertii (NCP 1092); 8. P. magnifica
(NCP 1598); 9. P. 'St Rule' (NCP 1225).

Plate 35. Seed group 1 Alatas: subgroup 3 Tiliifolia.
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Group 1: Alatas

Subgroup 4. Foetida

Seed type P. foetida var. hirsutissima

Seed

Large or medium-sized, 4-6 mm long x 2.5-3.5 mm wide x 1.25-1.75 mm deep

Lightest: 100 seed - 0.740g (P.foetida maxoni)

Heaviest: 100 seed - 1.609g (P.foetida riparia)

Seed mostly symmetrical, occasionally asymmetrical, scutiform, highly compressed,

flattened, with narrow irregular crenate margin; bidentate at base, tridentate at apex

with small triangular chalazal beak; middle slightly concave or convex with reticulate

or reticulate-foveate surface on both sides; colour brown or dark brown (Table 6,

Plate 36).

Table 6. Seed group 1: Alatas, subgroup 4: Foetida

Code Subgenus and Species, author and date Country of origin
section

1517 Passiflora, section P. seemannii Griseb. (1858) Mexico, Panama and
Tiliifolia Colombia

17 Dysosmia P. arida var. pentaschista Mexico
Killip (1938)

17 Dysosmia P. palmeri Rose (1892) Mexico and USA

17 Dysosmia P. palmeri var. Belize, Mexico and
sublanceolate Killip (1936) Guatemala

17 Dysosmia P. urbaniana Killip (1927) Honduras and
Guatemala

17 Dysosmia P. foetida L. (1753) in over Americas, Asia and
40 varieties Australia

17 Dysosmia P. foetida var. hibiscifolia Central America
(Lam.) Killip (1936)
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Table 6 (continued). Seed group 1: Alatas, subgroup 4: Foetida

Code Subgenus and Species, author and date Country of origin
section

17 Dysosmia P. foetida var. hibiscifolia Central America
(Lam.) Killip (1936)

17 Dysosmia P. foetida var. hirsutissima Central America
Killip (1936)

17 Dysosmia P. foetida var. gossypifolia Mexico, Central and
(Desv.) Mast. (1871) South America

17 Dysosmia P. foetida var.monitziana French Guyana
(Planch.) Killip (1937)

17 Dysosmia P. foetida var. maxoni Guadeloupe
Killip (1930)

17 Dysosmia P. foetida var. orinocensis Venezuela
Killip (1931)

17 Dysosmia P.foetida var. hispida (DC.) Thailand and
Killip (1931) Australia

17 Dysosmia P. foetida var. hastata
(Bertol.) Mast. (1871) Mexico, Guatemala

and Honduras
17 Dysosmia P. foetida var. subpalmata

Killip (1938) Mexico

17 Dysosmia P. foetida Anguilla
Anguilla

17 Dysosmia P. foetida var. riparia
(C. Wright) Killip (1938) Bahamas

17 Dysosmia P. foetida var. parvifolia Mexico
Killip (1938)

17 Dysosmia P. foetida var. lanuginosa Mexico and Guatemala
Killip (1936)

17 Dysosmia P. foetida var. vitacea Argentina and Paraguay
Mast. (1872)

17 Dysosmia P. foetida var. galapagensis Galapagos Islands
Killip (1938)
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Table 6 (continued). Seed group 1: Alatas, subgroup 4: Foetida

Code Subgenus and Species, author and date Country of origin
section
Hybrid P. 'Aurora'

Vanderplank (2002)

Hybrid P. 'Pink Jewel'
Vanderplank (2002)

246



Group 1: Alatas
Subgroup 4: Foetida

Scale bar hum

1. P. foetida hirsuta (NCP 1556); 2. P. foetida monitziana (NCP 1586); 3.
P. aridapentachista (NCP 1553); 4. P.foetida vitacea (NCP 1385); 5. P.
foetida galapagensis (NCP 1388); 6. P.foetida orinocensis (NCP 1580);
7. Pifoetida lanuginosa (NCP 1635); 8. P.foetidaparvifolia (NCP 1426);
9.P. 'Aurora' (NCP 1636). 10. P. urbaniana (NCP 1248); 11. P. foetida
maxonii (NCP 1584); 12. P. seemanii (NCP 1608); 13. P. 'Pink Jewel'
(NCP 1496); 14. Pfoetida hirsutissima (NCP 1078); .15. P. palmeria
sublanceolate (NCP 1287).

Plate 36. Seed group 1 Alatas: subgroup 4 Foetida.



Group 2:

Seed type

Seed

Large or medium-sized, 5-9 mm long x 4-6.5 mm wide x 1.5-2 mm deep

Morifolias

P.morifolia

Lightest: 100 seed - 0.856g (P.gracilis)

Heaviest: 100 seed - 1.836g (P. morifolia)

Seed symmetrical, occasionally very slightly asymmetrical, obovate or occasionally

circular, slightly compressed with narrow, smooth or occasionally crenate margin;

obtuse at base, rotund at apex with obtuse triangular chalazal beak; middle very

convex, almost rotund with few (less than 20) reticulations on each side; colour dark

or light brown (Table 7, Plate 37).
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Table 7. Seed group 2: Morifolias

Code Subgenus Species, author and date Country of origin
and section

4/1 Decaloba, section P. gracilis Costa Rica, Brazil
Cieca Jacq. & Link. (1822) and Venezuela

4112 Decaloba, section P. morifolia South America,
Psuedodysosmia Mast. (1872) Guatemala, Mexico

4/12 Decaloba, section P. adenopoda Mexico, Colombia
Pseudodysosmia DC. (1828) and Ecuador

4/12 Decaloba, section P. dioscoreifolia Costa Rica
Pseudodysosmia Killip (1924)

4/12 Decaloba, section P. pterocarpa Guatemala
Pseudodysosmia MacDougal (1994)

4/12 Decaloba, section P. exsudens Mexico
Pseudodysosmia Zuccarini (1837)

4/12 Decaloba, section P. oaxacensis Mexico
Pseudodysosmia MacDougal (1992)

4/12 Decaloba, section P. sicyoides Mexico
Pseudodysosmia Schle. & Cham. (1830)

4/12 Decaloba, section P. lobata Costa Rica
Pseudodysosmia (Killip) Hutch. (1967)

Adenia Adenia bequaertii subsp. Central and West
occidentalis Africa
de Wilde (1968)
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Group 3.

Seed type

Seed

Small or medium-sized, 3-6 mm long x 1.5-3.5 mm wide x 1.5-2 mm deep

Coriaceas

P. coriacea

Lightest: 100 seed - 0.308g (P. suberosa)

Heaviest: 100 seed - 1.405g (P. guatemalensis)

Seed asymmetrical, obovate or clavate, compressed, with smooth or crenate narrow

margin; obtuse at base, rotund or obtuse at apex with obliquely triangular obstipe

chalazal beak inclined towards the raphe; middle very convex with coarse reticulate or

reticulate-foveate surface on each side; colour very dark brown, grey-brown or golden

brown (Table 8, Plate 37).
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Table 8. Seed group 3: Coriaceas

Code Subgenus Species, author and date Country of origin
and section

4/1 Decaloba, section P. obtusifolia Mexico
Cieca Sesse & Moe. (1887)

4/1 Decaloba, section P.pallida Central America and
Cieca L. (1753) USA

4/1 Decaloba, section P. coriacea Mexico, Central
Cieca Juss. (1805) America and Bolivia

4/1 Decaloba, section P. xiikzodz Mexico and Guatemala
Cieca MacDougal (1992)

4/1 Decaloba, section P. suberosa Central America
Cieca L. (1753)

4/1 Decaloba, section P.juliana Mexico
Cieca MacDougal (1992)

4/1 Decaloba, section P. viridiflora Ecuador
Cieca Cav. (1799)

417 Decaloba, section P. guatemalensis Colombia and Central
Hahniopathanthus Wats. (1887) America

417 Decaloba, section P. hahnii Colombia, Central
Hahniopathanthus Mast. (1872) America, Mexico

4/8 Decaloba, section P. hollrungii Malesia
Hollrungiella K. Sch. (1888)

6 Murucuja P. murucuja Puerto Rico, Haiti and
L. (1753) Dominica

Adenia Adenia mannii Central, East and West
(Mast.) Engl. Africa
(1891)
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Group 2: Morifolias

1.P. morifolia (NCP 1148); 2. P. lobata (NCP 1563); 3. P. gracilis (NCP 1606); 4.
P. adenopoda (NCP 1004).

Group 3: Coriaceas

Scale bar Imm

5. P. viridifolia (NCP 1338); 6. P. murucuja (NCP 1153); 7. P. xiikdodz
(NCP 1254); 8. P. suberosa (NCP 1207); 9. P.juliana (NCP 1116). 10. P.
guatemalensis(NCP 1099); 11. P. hahnii (NCP 1593); 12. P. coriacea
(NCP 1039); 13. P. obtusifolia (NCP 1171).

Plate 37. Seed group 2 Morifolias and Seed group 3 Coriaceas.



Group 4:

Seed type

Seed

Large or medium-sized, 5-7 mm long x 2.5-4 mm wide x 1-2 mm deep

Vitifolias

P. vitifolia

Lightest: 100 seed - 0.6l4g (P. quadrifaria)

Heaviest: 100 seed - 1.929g (P. vitifalia)

Seed symmetrical or slightly asymmetrical, ovate or obovate, highly compressed with

narrow crenulate margin; acute at base, rotund at apex with triangular or depressed

triangular chalazal beak; middle slightly convex with granulate or reticulate-foveate

surface on each side; colour chocolate brown, brown or whitish brown (Table 9, Plate

38).
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Table 9. Seed group 4: Vitifolias

Code Subgenus Species, author and date Country of origin
and section

13 Distephana P. aimae French Guyana
Annonay & Feuillet (1998)

13 Distephana P. coccinea Guyana, Venezuela,
AubI. (1775) Bolivia and Brazil

13 Distephana P. coccinea subsp. bolivia Bolivia
subsp. nov. ined.

13 Distephana P. coccinea subsp. Surinam
brownsberg
subsp. nov. ined.

13 Distephana P. coccinea subsp. cacao French Guyana
subsp. nov. ined.

13 Distephana P. quadrifaria Brazil
Vanderplank (1998)

13 Distephana P. glandulosa Guyana, Venezuela,
Cav. (1790) Brazil, Colombia

13 Distephana P. variolata Guyana, Venezuela,
Poepp & Endl. (1838) Brazil, Colombia

13 Distephana P. vitifolia Venezuela, Brazil,
Kunth (1817) Bolivia, Nicaragua

Hybrid P. xpiresea
Vanderplank (1998)

Hybrid P. 'Manr_Jane'
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Group 4: Vitifolias

Scale bar Imm

l.P. variolata (NCP 1264); 2. P. glandulosa (NCP 1556); 3. P. aimea
(NCP 1616); 4. P. vitifolia (NCP 1251); 5. Picoccinea ssp. bolivia (NCP
1051); 6. P. coccinea ssp. cacao (NCP 1354); 7. P. coccinea ssp. tortue
(NCP 1356); 8. P. quadrifaria (NCP 1192); 9. P. xpiresae (NCP 1181). );
10. P. 'Mary Jane' (NCP 1511).

Plate 38. Seed group4 Vitifolias.



Group 5: Caeruleas

Subgroup 1 Subpeltata

Subgroup 2 Mollissima

Subgroup 3 Maliformis

Subgroup 4 Lindeniana

Group 5: Caeruleas

Subgroup 1. Subpeltata

Seed type P. caerulea

Seed

Large or medium-sized, 4-6.5 mm long x 2.5-5 mm wide x 1.5-3 mm deep

Lightest: 100 seed - 1.179g (P. tenuifila)

Heaviest: 100 seed - 3.194g (P. cincinnata)

Seed symmetrical, obovate, slightly compressed with smooth or crenate margin; acute

at base, rotund or slightly retuse at apex with acute or obtuse triangular chalazal beak;

middle convex or highly convex with numerous (more than 20) deep, sharp,

occasionally smooth reticulations on each side; colour dark brown, grey-brown or

light brown (Table 10, Plate 39).
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Table 10. Seed group 5: Caeruleas, subgroup 1: Subpeltata

Code Subgenus Species, author and date Country of origin
and section

14 Tacsonioides P. umbilicata Bolivia, Argentina
(Griseb.) Harms (1893) and Paraguay

15/1 Passiflora, section P. serratodigitata Brazil, Bolivia and
Digitata L. (1753) Guyana

15/5 Passiflora, section P. caerulea Brazil and
Lobatae L. (1753) Argentina

15/5 Passiflora, section P. mooreana Argentina
Lobatae Hook. (1840)

15/5 Passiflora, section P. subpeltata Venezuela and
Lobatae L. (1753) Mexico

15/5 Passiflora, section P. eichleriana Brazil and
Lobatae Mast. (1872) Paraguay

15/5 Passiflora, section P. tenuifila Brazil, Bolivia and
Lobatae Killip (1927) Paraguay

15/5 Passiflora, section P. naviculata Bolivia and
Lobatae Griseb. (1874) Argentina

15/11 Passiflora, section P. cincinnata Brazil, Bolivia and
Passiflora Mast. (1868) Paraguay

15/16 Passiflora, section P. actinia Brazil
Simplicifolia Hook. (1843)

15/17 Passiflora, section P. serrulata Venezuela and
Tiliifolia Jacq. (1767) Colombia

16 Calopathanthus P. racemosa Brazil
Brot. (1818)

Hybrid P. caerulea 'Constance Eliott'

Hybrid P. 'Incense'
Gard Chron.(1973)
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Group 5: Caeruleas
Subgroup 1: Subpeltata

Scale bar l mm

l.P. caerulea (NCPI035); 2.P. umbilicata (NCP 1503); 3; P..tenufila
(NCP 15.04); .4. P. -aCtinia (NCP 1003); 5. P. racemosa (NCP 1197); 6. P.
mooreana (NCP 1308); -7. P. serratodigitata (NCP 1625); 8. P. cincinnata
(NCll 1565); 9. Pisubpeltata (NCP 1223); 10,.P. serrulata (NCP 1221);
11. P. naviculata (NCP 1161); 12. P. 'Incense' (NCP 1111).

Plate 39. Seed group 5 Caeruleas: subgroup 1 Subpeltata.
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Group 5: Caeruleas

Subgroup 2. Mollissima

Seed type P. tarminiana

Seed

Large or medium-sized, 4-6.5 mm long x 2.5-5 mm wide x 1.5-2.5 mm deep

Lightest: 100 seed - 0.492g (P. matthewsii)

Heaviest: 100 seed - 4.095g (P. pinnatistipu/a)

Seed symmetrical, obovate or occasionally narrowly cordate, slightly compressed

.with smooth or crenulate narrow margin; acute at base, rotund at apex with small

acute or obtuse triangular chalazal beak; middle convex or highly convex with

numerous (usually more than 30) smooth, shallow reticulations on each side; colour

dark brown (Table 11, Plate 40).
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Table 11. Seed group 5: Caeruleas, subgroup 2: Mollissima

Code Subgenus Species, author and date Country of origin
and section

417 Decaloba, section P. membranacea Mexico and
Hahniopathanthus Benth (1881) Costa Rica

4/12 Decaloba, section P. bryonioides Mexico
Pseudodysosmia Kunth (1817)

4/12 Decaloba, section P. podadenia Mexico
Pseudodysosmia Killip (1924)

4/12 Decaloba, section P. pilosa subsp. dimidata Mexico and
Pseudodysosmia Ruiz & Pavon (1828) Guatemala

4/12 Decaloba, section P. colimensis Mexico
Pseudodysosmia Mast. & Rose (1899)

4/12 Decaloba, section P. karwinskii Mexico
Pseudodysosmia Mast. (1872)

4/12 Decaloba, section P. quercetorum Mexico
Pseudodysosmia Killip (1938)

11/1 Tacsonia, section P. ampullacea Ecuador
Ampullacea (Mast.) Harms (1893)

11/3 Tacsonia, section P. mollissima Venezuela and
Bracteogama (H.B.K.) Bailey (1753) Colombia

1113 Tacsonia, section P. tarminiana Widely distributed
Bracteogama Jorgensen &MacDougal(200 1)

1113 Tacsonia, section P. zamoriana Ecuador
Bracteogama Killip (1960)

1113 Tacsonia, section P. cumbalensis Ecuador, Peru and
Bracteogama (Karst) Harms (1894) Colombia

11/4 Tacsonia, section P. cuatrecasasii Colombia
Colombiana Killip (1960)

1117 Tacsonia, section P. pinnatistipula Colombia and Chile
Poggendorffia Cav. (1799)

1117 Tacsonia, section P. pilosicorona Bolivia
Poggendorffia Sacco (1973)
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Table 11 (continued). Seed group 5: Caeruleas, subgroup 2: Mollissima

Code Subgenus Species, author and date Country of origin
and section

11/8 Tacsonia, section P. schlimiana Colombia
Tacsonia Tr. & Planch. (1873)

1118 Tacsonia, section P.matthewsii Ecuador and Peru
Tacsonia (Mast.) Killip (1927)

1118 Tacsonia, section P. schlimiana Colombia
Tacsonia Tr. & Planch. (1873)

11/8 Tacsonia, section P.matthewsii Ecuador and Peru
Tacsonia (Mast.) Killip (1927)

11/8 Tacsonia, section P. mixta var. mixta Bolivia, Venezuela
Tacsonia L. (1781) and Colombia

1118 Tacsonia, section P.mixta var. pinanqa
Tacsonia

1119 Tacsonia, section P. bracteosa Colombia and
Tacsoniopsis Planch. & Lind. (1873) Venezuela

12 Manicata P. manicata Colombia, Ecuador
(Juss) Pers. (1807) and Venezuela

15/4 Passiflora, section P. laurifolia Venezuela, French
Laurifolia L. (1753) Guyana, Brazil and

Peru

15/5 Passiflora, section P. elegans Brazil, Uruguay
Lobatae Mast. (1872) and Argentina

15/5 Passiflora, section P. stipulata Venezuela and
Lobatae Aubl. (1775) Guyana

15/11 Passiflora, section P. incarnata USA
Passiflora L. (1753)

15/11 Passiflora, section P. edulis Ecuador, Venezuela
Passiflora Sims. (1818) and Brazil

15/11 Passiflora, section P. edulis f.jlavicarpa
PassifJora Degener

261



Table 11 (continued). Seed group 5: Caeruleas, subgroup 2: Mollissima

Code Subgenus Species, author and date Country of origin
and section

P. tikilili French Guyana
sp. nov. ined.

P. comte B French Guyana
Sp. nov. ined.

Hybrid P. x smythiana
Mast. (1891)

Adenia Adenia isaloensis Madagascar
(Perr) de Wilde (1972)
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Group 5: Caeruleas
Subgroup 2: Mollissima

1. P. manicata (NCP 1621); 2. P. edulis f.flavicarpa (NCP 1340); 3. P.
pinnatistipula (NCP 1263); 4. P. edulis (NCP 1582); 5. P.incarnata (NCP
1562); 6. P. comte B (NCP 1620); 7. P. tikilili (NCP 1435); 8. P. elegans
(NCP 1410); 9. P. bryonoides (NCP 1558); 10. P. laurifolia (NCP 1135);
11. P. karwinskii (NCP 1120); 12. P. xsmythiana (NCP 1222); 13. P.
stipulata (NCP 1578); 14. P.mixta var. Pinaqua (NCP 1581); 15. P.
tarminiana (NCP 1341); 16. P. matthewsii (NCP 1390); 17. P. mixta var.
mixta (NCP 1410).

Scale bar lmm

Plate 40. Seed group 5 Caeruleas: subgroup 2 Mollissima.



Group 5: Caeruleas

Subgroup 3. Maliformis

Seed type P. maliformis

Seed

Large, 5-6 mm long x 3-4.5 mm wide x 1.5-2 mm deep

Lightest: 100 seed - 0.983g (P. mucranata)

Heaviest: 100 seed - 1.846g (P. platylaba)

Seed symmetrical, broadly cordate, compressed with narrow crenulate margin; acute

at base, retuse at apex with small triangular chalazal beak; middle convex with

numerous (more than 30) smooth or sharp reticulations on each side; colour dark

brown (Table 12, Plate 41).
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Table 12. Seed group 5: Caeruleas, subgroup 3: Malifonnis

Code Subgenus Species, author and date Country of origin
and section

14 Tacsonioides P. reflexiflora Ecuador
Cav. (1899)

15/4 Passiflora, section P. acuminator Brazil
Laurifoliae DC (1828)

15/16 Passiflora, section P. mucronata Brazil
Simplicifolia Lam. (1789)

15/17 Passiflora, section P. maliformis Venezuela,
Tiliifolia L. (1753) Colombia, Ecuador

15/17 Passiflora, section P. platyloba Venezuela,
Tiliifolia Killip (1922) Guatemala and

Costa Rica

15/17 Passiflora, section P. serrulata Venezuela and
Tiliifolia Jacq. (1767) Colombia

P. loefgrenii Brazil
sp. nov. ined

Adenia Adenia globosa subsp. globosa East Africa
Eng. (1893)

Adenia Adenia standtii West Africa
Harms J18991
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Group 5: Caeruleas

Subgroup 4. Lindeniana

Seed type P. lindeniana

Seed

Large, 4.5-6.5 mm long x 3.5-5.5 mm wide x 2-3 mm deep

Lightest: 100 seed - 1.527g (P. lindeniana)

Heaviest: 100 seed - 2.780g (P. caratocarpa)

Seed asymmetrical, orbiculate, slightly compressed with smooth or dentate margin;

obtuse at base, rotund at apex with angust triangular chalazal beak; middle convex

with coarse (less than 20) sharp, deep reticulations on each side; colour dark brown

(Table 13, Plate 41).

Table 13. Seed group 5: Caeruleas, subgroup 4: Lindeniana

Code Subgenus Species, author and date Country of origin
and section

20/3 Astrophea, section P. lindeniana Venezuela,
Euastrophea Tr. & Planch. (1873)

20/5 Astrophea, section P. ceratocarpa Brazil
Pseudoastrophea Silveira (1930)

Adenia Adenia hondala India
(Gaertn.) de Wilde (1970)
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Group 6: Aurantias

Seed type P. aurantia

Seed

Medium-sized or small, 3-4.5 mm long x 2-3 mm wide x 1-1.5 mm deep

Lightest: 100 seed - 0.289g (P. herbertiana)

Heaviest: 100 seed - 0.835g (P. cinnabariana)

Seed symmetrical or slightly asymmetrical, ovate, compressed with smooth narrow

margin; acute at base, rotund at apex with obstipe chalazal beak inclined towards the

raphe; middle convex, rugose, with prominent sulcate transverse and obverse elevated

ridges that appear as reticulations on some individual seed; colour dark brown (Table

14, Plate 41).

Table 14. Seed group 6: Aurantias

Code Subgenus Species, author and date Country of
and section origin

4/5 Decaloba, section P. aurantia Australia
Distemma Forst. (1786)

4/5 Decaloba, section P. cinabariana Australia
Distemma Lindl. (1855)

4/5 Decaloba, section P. herbertiana Australia
Distemma Ker-Gawl (1823)

4/5 Decaloba, section P. herbertiana subsp. howinsula Lord Howe
Distemma Green (1972) Island (Western

Australial
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Group 5: Caeruleas
Subgroup 3: Maliformis

1. P. maliformis (NCP 1283); 2. P. mucronata (NCP 1458); 3. P. acuminata (NCP
1609); 4. P. platyloba (NCP 1177); 5. P. reflexiflora (NCP l369).
Group 5: Caeruleas Subgroup 4: Lindeniana .

6. P. ceratocarpa (NCP 1650); 7. P. lindeniana (NCP 1336).
Group 6: Aurantias

Scale bar hnm

8. P. aurantia (NCP 1370); 9. P. herbertiana ssp. Howinsula(~CP 1607);
10. P. cinnabarina (NCP 1341); 11. P. herbertiana (Nct"·ri04) ..
Plate 41. Seed groupS Caeruleas: subgroups 3 Maliformis and 4
Lindeniana. Seed group 6 Aurantias.
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Group 7.

Seed type

Seed

Large or medium-sized, 6-7 mm long x 3-4 mm wide x 1.25-1.75 mm deep

Lightest: 100 seed - 0.982g (P. gritensis)

Oerstediis

P. oerstedii

Heaviest: 100 seed - 1.7l4g (P. resticulata)

Seed symmetrical or slightly asymmetrical, narrowly obovate, highlycompressed or

flattened with crenate or dentate margin; obtuse at base, tridentate at apex with

straight triangular chalazal beak; middle slightly convex, highly reticulate with deep

pits and sharp or smooth ridges; colour light or dark brown (Table 15, Plate 42).
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Table 15. Seed group 7: Oerstediis

Code Subgenus Species, author and date Country of origin
and section

15/4 Passiflora, section P. guazomaeJolia Venezuela and
Laurifoliae Juss (1805) Colombia

1515 Passiflora, section P. gritensis Venezuela
Lobatae Karst. (1859)

ISIS Passiflora, section P. resticulata Colombia and
Lobatae Mast. & Andre (1883) Ecuador

ISIS Passiflora, section P. garckei French Guyana
Lobatae Mast. (1872)

ISIS Passiflora, section P. amethystina Brazil
Lobatae Mikan (1825)

ISIS Passiflora, section P. retipetala Brazil, Venezuela
Lobatae Mast. (1893) and Guyana

ISIS Passiflora, section P. exura French Guyana
Lobatae Feuillet (1994)

15/8 Passiflora, section P. nephrodes Peru, Bolivia and
Men isperm ifoliae Mast. (1890) Brazil

15/8 Passiflora, section P. menispermifolia Colombia and
Men isperm ifoliae Kunth (1817) Nicaragua

15/12 Passiflora, section P. kermesina British Guyana and
Kermesinae Link & Otto (1826) Brazil

15/16 Passiflora, section P. oerstedii Venezuela
Simplicifolia Mast. (1872)

15/16 Passiflora, section P. oerstedii var. choconiana Guatemala, Costa
Simplicifolia (Wats.) Killip (1936) Rica and Honduras

Hybrid P. 'Amethyst'
Vanderplank (1991)

Hybrid P. x kewensis
Nicholson (1888)

Hybrid P. 'Pura Vida I'
Vanderplank (1991)
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Group 7: Oerstediis

Scale be

1. P. oerstedii (NCP 1560); 2. P. garckei (NCP 1626); 3. P. nephrodes
(NCP 1290); 4. P. exura (NCP 1573); 5. P. oerstedii var. choconiana
(NCP 1167); 6. P. resticulata (NCP 1202); 7. P. xkewensis (NCP 1611);
8. P. gritensis (NCP 1576); 9. P. menispermifolia (NCP 1151); 10. P.
amethystina (NCP 1627); 11. P. retipetala (NCP 1203); 12. P. kermesina
(NCP 1568); 13. P. 'Amethyst' (NCP 1012); 14. P"Pura Vida' (NCP
1179).

Plate 42. Seed group 7 Oerstediis.
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Group 8: Truxillensises

Seed type P. truxillensis

Seed

Large, 6.5-7.5 mm long x 4-5 mm wide x 2-2.5 mm deep

Lightest: 100 seed - 1.556g (P. antioquiensis)

Heaviest: 100 seed - 7.080g (P. truxillensis)

Seed symmetrical, narrowly obovate, compressed with smooth or crenate margin;

acute at base, rotund at apex with depressed triangular chalazal beak; middle convex,

subrotund, with numerous (more than 30) reticulate-foveate smooth-sided pits; colour

light or dark brown (Table 16, Plate 43).

Table 16. Seed group 8: Truxillensises

Code Subgenus Species, author and Country of
and section date origin

11/4 Tacsonia, section P. truxillensis Planch. Colombia and
Colombiana & Lind. (1873) Venezuela

11/4 Tacsonia, section P. trianae Killip Colombia
Colombiana (1938)

11/4 Tacsonia, section P. jlexipes Triana & Colombia
Colombiana Planch. (1873)

1114 Tacsonia, section P. antioquiensis Karst Colombia
Colombiana (1859)

11/6 Tacsonia, section P. parritae Colombia
Parritana (Mast.) Bailey (1916)

1117 Tacsonia, section P. pilosicorona Bolivia
Poggendorffia Sacco (1973)

Hybrid P. x exoniensis Bailey
(1916)
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Group 9: Bifloras

Subgroup 1 Lutea

Subgroup 2 Capsularis

Subgroup 3 Cirrhiflora

Group 9: Bifloras

Subgroup 1. Luteas

Seed type P. lutea

Seed

Medium-sized or small, 2-5.5 mm long x 1.5-4 mm wide x 1-2 mm deep

Lightest: 100 seed - 0.162g (P. sexflora)

Heaviest: 100 seed - 1.147g (P. lutea)

Seed symmetrical or slightly asymmetrical, broadly or shallowly ovate, compressed

with very narrow, smooth or crenulated margin, often with a very prominent raphe;

acute or obtuse at base, rotund at apex with perdepressed triangular chalazal beak,

occasionally slightly inclined away from the raphe; middle convex with six or more

transverse tuberculate-sulcate ridges (rugulose ridges Killip 1936, verrucose ridges

MacDougal 1994); colour dark brown or black (Table 17, Plates 43 and 44).
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Table 17. Seed group 9: Bifloras

Code Subgenus Species, author and date Country of origin
and section

2 Astephia P. penduflora Cuba and Jamaica
Bert. (1828)

4/1 Decaloba, section P. holosericea Mexico, Honduras,
Cieca L. (1753) Colombia and

Venezuela

4/2 Decaloba, section P. candollei Peru and Bolivia
Decaloba Tr. & Planch. (1873)

412 Decaloba, section P. lancearea Costa Rica
Decaloba Mast. (1885)

4/2 Decaloba, section P. affinis USA
Decaloba Engelm. (1850)

4/2 Decaloba, section P. alnifolia Colombia
Decaloba H.B.K. (1817)

412 Decaloba, section P. allantophylla Guatemala
Decaloba Mast. (1891)

4/2 Decaloba, section P. ornithoura Costa Rica and
Decaloba Mast. (1891) Guatemala

412 Decaloba, section P. gilbertiana Costa Rica
Decaloba MacDougal (1989)

4/2 Decaloba, section P. lutea USA
Decaloba L. (1753)

4/2 Decaloba, section P. biflora South and Central
Decaloba Lam. (1789) America

4/2 Decaloba, section P. jorullensis Mexico
Decaloba Kunth (1818)

4/2 Decaloba, section P. yucatanensis Mexico
Decaloba Killip (1930)

4/2 Decaloba, section P. cuneata Venezuela and
Decaloba Willdenow (1809) Colombia
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Table 17 (continued). Seed group 9: Bifloras

Code Subgenus Species, author and date Country of origin
and section

4/2 Decaloba, section P. cuneata 'Miguel Molinari' Venezuela
Decaloba Vanderplank (1998)

4/2 Decaloba, section P. punctata L. (1753) Peru, Colombia and
Decaloba Ecuador

4/2 Decaloba, section P. standleyii Killip (1924) Costa Rica and El
Decaloba Salvador

412 Decaloba, section P. sexj10ra Juss. (1805) Colombia and
Decaloba Central America

4/2 Decaloba, section P. apetala Killip (1922) Costa Rica and
Decaloba Panama

412 Decaloba, section P. organensis Gardn. (1845) Brazil
Decaloba

412 Decaloba, section P.tuberosa Jacq. (1804) Brazil, Guyana and
Decaloba Venezuela

412 Decaloba, section P. vespertilio L. (1753) Venezuela, Guyana,
Decaloba Colombia, Brazil

4/2 Decaloba, section P. helleri Peyr. (1859) Mexico and
Decaloba Guatemala

4/2 Decaloba, section P. bauhinifolia Kunth (1817) Ecuador and
Decaloba Colombia

4/2 Decaloba, section P. colinvauxii Wiggins (1970) Galapagos Islands
Decaloba

4/2 Decaloba, section P. fanchonae Feuillet (1986) Guyana
Decaloba

4/2 Decaloba, section P. boenderii MacDougal Costa Rica
Decaloba (1997)

412 Decaloba, section P.trifasciata Lemaire (1868) Peru and Ecuador
Decaloba

4/2 Decaloba, section P. tricuspis Mast. (1872) Peru and Paraguay
Decaloba
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Table 17 (continued). Seed group 9: Bifloras

Code Subgenus Species, author and date Country of origin
and section

412 Decaloba, section P.amalocarpa Rodriguez Peru and Brazil
Decaloba (1891)

4/2 Decaloba, section P. malletii MacDougal (1989) Panama
Decaloba

4/2 Decaloba, section P. sanctae-mariae MacDougal Mexico and
Decaloba (1995) Guatemala

4/2 Decaloba, section P. nubicola MacDougal Costa Rica
Decaloba (1989)

6 Murucuja P. tulae Puerto Rica
Urban (1899)

Dominica and
6 Murucuja P. murucuja Puerto Rica

L. (1753)

7 Pseudomurucuja P. perfoliata Jamaica
L. (1753)

7 Pseudomurucuja P. cuprea Cuba, Haiti and
L. (1753) Bahamas

P. pardifolia Brazil
sp. nov. ined.

Hybrid P. 'Sunburst'
Worley (1983)
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Group 8: Truxillensises

1.P. pilosicorona (NCP 1185); 2. P. truxillensis (NCP 1600); 3. P.
antioquiensis (NCP 1597); 4. P. x exoniensis (NCP 1066).

Group 9: Bifloras
Subgroup 1: Lutea

Scale bar 1mm

5. P. boenderii (NCP 1029); 6. P.fanchonae (NCP 1571); 7. P.
jorullensis (NCP 1119); 8. P. tulae (NCP 1238); 9. P. lutea (NCP
1137); 10. P. cuneata (NCP 1647); 11. P. allantophylla (NCP 1612); 12.
P. 'Sunburst' (NCP 1211).

Plate 43. Seed group 8 Truxillensises. Seed group 9 Bifloras: subgroup 1
Lutea.
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Group 9: Bifloras
Subgroup 1: Lutea

1. P. colinvauxii (NCP 1590);2. P. alnifolia (NCP 1631); 3. P. apetala
(NCP 1570); 4. P. punctata (NCP 1178); 5. P. pardifolia (NCP 1499); 6.
P. candollei (NCP 1355); 7. P. vespertilio (NCP 1557); 8. P. amalocarpa
(NCP 1002); 9.P. tYicuspis(NCP 1229); 10.P. affinis(NCP 1551); 11.P.
helleri (NCP .1105);. tz. P. 'standleyii (NCP 1589); 13. P. gilbertiana
(NCP 1089); 14. P. biflora (NCP 1026); 15. P. lancearia (NCP 1485);
16. P. ornithoura (Ncp 1624); 17. P. yucatanensis(NCP 125~).

Scale bar Imm

P1ate44. Seed group 9 Bifloras: subgroup 1 Lutea.



Group 9: Bifloras

Subgroup 2. Capsularis (capsule-fruited)

Seed type P. capsularis

Seed

Small, 3-4 mm long x 1.5-2.5 mm wide x 1-1.5 mm deep

Lightest: 100 seed - 0.213g (P. rubra)

Heaviest: 100 seed - 0.395g (P. citrina)

Seed asymmetrical, oblong, compressed with smooth, narrow margin; acute at base,

obtuse at apex with prominent triangular or subulate obstipe chalazal beak inclined

towards the raphe; middle very convex with eight or less transverse sulcate ridges, or

ribbed with smooth ridges; colour dark brown or black, shiny (Table 18, Plate 45).

Table 18. Seed group 9: Bifloras, subgroup 2: Capsularis

Code Subgenus Species, author and Country of origin
and section date

4/13 Decaloba, section P. capsularis Paraguay, Uruguay and
Xerogona L. (1753) Guatemala

4/13 Decaloba, section P. rubra (capsule- Venezuela, Bolivia, Colombia,
Xerogona fruited) L. (1753) Cuba, Central America,

Caribbean Islands and Antilles

4/13 Decaloba, section P. sanguinolenta Ecuador and Colombia
Xerogona Mast. (1868)

4/13 Decaloba, section P. citrina Guatemala and Honduras
Xerogona MacDougal (1992)

4/13 Decaloba, section P. costaricensis Mexico, Colombia and
Xerogona Killip (1922) Ecuador

P. rufa French Guyana
sp. nov. ined.

Hybrid P. 'Adularia'
Vanderplank (1994)

279



Group 9: Bifloras

Subgroup 3: Cirrhiflora

Seed type P. cirrhiflora

Seed

Large or medium-sized, 3.25-7 mm long x 2.5-4.5 mm wide x 1-3 mm deep

Lightest: 100 seed - 0.413g (P. auriculata)

Heaviest: 100 seed - 3.102g (P. cirrhiflora)

Seed symmetrical in general outline, broadly ovate, slightly compressed with narrow,

smooth or crenate margin; acute at base, rotund at apex with depressed triangular

chalazal beak; middle slightly convex with seven or less major, transverse, sulcate,

smooth ridges; colour dark chocolate brown (Table 19, Plate 45).

Table 19. Seed group 9: Bifloras, subgroup 3: Cirrhiflora

Code Subgenus Species, author and date Country of
and section origin

4/2 Decaloba, section P. auriculata French Guyana,
Decaloba Kunth (1817) Venezuela and

Central America

4/2 Decaloba, section P. ferruginea Peru
Decaloba Mast. (1872)

4/13 Decaloba, section P. brevipes Costa Rica
Xerogona Killip (1936)

4/13 Decaloba, section .P. conzattiana Mexico
Xerogona Killip (1927)

18 Polyanthea P. cirrhiflora French Guyana
Juss. (1805)

P. luismanvelii Venezuela
sp. nov. ined.
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Group 9: Bifloras
Subgroup 2: Capsularis

1. P. capsularis (NCP 1045); 2. P. rubra (berry fruited) (NCP 1194); 3. P.
costaricensis (NCP 1602); 4. P. 'Adularia' (NCP 1016); 5.P. rubra (capsule fruited)
(NCP 1332); 6. P. citrina (NCP 1058); 7. P. sanguinolenta (NCP 1213); 8.P. rufa
(NCP 1359).

Group 9: Bifloras
Subgroup 3: Cirrhiflora

Scale bar l mm

9. P. brevipes (NCP 1450); 10.P. conzattiana (NCP 1040); 11.P. cirrhiflora
(NCP 1650); 12.P. lui~manvlii (NCP 1622).

Plate 45. Seed group 9 Bifloras: subgroups 2 Capsularis and 3 Cirrhiflora.
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Group 10: Tetrandras

Seed type: P. tetrandra

Seed

Large, 7 mm long x 5.5 mm wide x 2.5 mm deep

100 seed - 3.670g (P. tetrandra)

Seed asymmetrical, obliquely cordate, compressed with irregular crenate margin;

obtuse at base, rotund at apex with depressed triangular chalazal beak; middle convex,

with very irregular, uneven surface with deep and shallow pits and ridges; colour light

brown (Table 20, Plate 46).

Table 20. Seed group 10: Tetrandras

Code Subgenus Species, author and Country of
and section date origin

20 Tetrapathaea P. tetrandra Banks & New Zealand
Sol. (1828)

Hollrungia H. aurantioides Malaysia
K. Sch. (1888)
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Group 11: Discophoras

Seed type P. discophora

Seed

Large, 8.5 mm long x 6.5 mm wide x 4 mm deep

100 seed - 6.210g (P. discophora)

Seed symmetrical, cordate, slightly compressed with crenate margin; acute at base,

rotund at apex with predepressed triangular chalazal beak; middle very convex,

almost semi-circular with deeply reticulate surface; colour black (Table 21, Plate 46).

Table 21. Seed group 11: Discophoras

Code Subgenus Species, author and date Country of origin
and section

4/4 Decaloba, section P. discophora Ecuador
Discophora Killip (1924)

Adenia Adenia monadelpha Madagascar
Perr (1945)
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Group 12: Pittieris

Seed type P. pittieri

Seed

Very large, 11 mm long x 8.5 mm wide x 3 mm deep

Lightest: 100 seed - 1.140g (P. candida)

Heaviest: 100 seed - 13.668g (P. pittieri)

Seed asymmetrical, obliquely cordate, highly compressed with crenate margin; acute

at base, rotund at apex with predepressed triangular chalazal beak; middle slightly

convex, almost semi-circular with very shallowly reticulate surface; colour brown or

dark brown (Table 22, Plate 46).

Table 22. Seed group 12: Pittieris

Code Subgenus Species, author and date Country of
and section origin

19/2 Astrophea, section P. pittieri Costa Rica,
Dolichostemma Mast. (1897) Panama and

Colombia

19/5 Astrophea, section P. candida Guyanas and
Pseudoastrophea Mast. (1871) Brazil

Adenia Adenia penangiana (Wall ex. G. Malaysia
Don.) de Wilde (1967)

Adenia Adenia repanda (Burch.) Engl. Central South
(1891) Africa and West

Africa
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Group 13: Amoenas

Seed type P. amoena

Seed

Large or medium-sized, 6-6.75 mm long x 3.5-4 mm wide x 1.25-1.5 mm deep

Lightest: 100 seed - 0.919g (P. amoena)

Heaviest: 100 seed - 1.118g (P. macrophylla)

Seed asymmetrical, obliquely obovate, highly compressed with serrate margin; acute

at base, rotund at apex with acute or depressed, obstipe, triangular chalazal beak

inclined towards the raphe; middle slightly convex, with sharply and deeply reticulate

surface; colour light brown or black (Table 23, Plate 46).

Table 23. Seed group 13: Amoenas

Code Subgenus Species, author and date Country of
and section origin

19/1 Astrophea, section P. amoena L. Escobar (1994) Guyana
Botryastrophea

19/3 Astrophea, section P. macrophylla Spruce (1883) Colombia and
Euastrophea Ecuador
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Group 14: Ovalises

Seed type P.ovalis

Seed

Very large, 7.5-8 mm long x 5-6 mm wide x 2.5-3 mm deep

Lightest: 100 seed - 2.010g (P. gracillima)

Heaviest: 100 seed - 6.832g (P. ovalis)

Seed symmetrical, broadly obovate, slightly compressed with crenate margin; acute at

base, rotund at apex with predepressed, triangular chalazal beak; middle very convex,

subrotund, with numerous (more than 50) indentations, reticulate surface; colour light

brown, dark brown or black (Table 24, Plate 46).

Table 24. Seed group 14: Ovalises

Code Subgenus Species, author and Country of origin
and section

date

3 Tryphostemmatoides P. gracillima Panama, Colombia and
Killip (1924) Ecuador

19/3 Astrophea, section P. ovata Martin (1828) Guyana
Euastrophea

22 Tetrastylis P. ovalis VeIl. (1827) Brazil
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Group 10: Tetrandras

1. P. tetrandra (NCP 1619).

Group 11: Discophoras

2. P. discophora (NCP 1065).

Group 12: Pittieris

3. P. pittieri (NCP 1561); 4. P. candida (NCP 1569).

Group 13: Amoenas

5. P. amoena (NCP 1555); 6. P. macrophylla (NCP 1138).

Group 14: Ovalises Scale bar lmm

7. P. gracillima (NCP 1097); 8.P. ovata (NCP 1575); 8. P. ovalis (NCP
1573).

Plate 46. Seed groups 10 Tetrandras; 11 Discophoras; 12 Pittieris; 13
Amoenas; 14 Ovalises.



6.1.6 Cladogram

Majority Consensus Tree

Phylogenetic analysis using Parsimony (PAUP) was used to produce a majority

consensus phylogenetic tree using 45 morphological features of Passiflora seed from

212 accessions. PAUP is generally used when there are many more characters than

samples (G. Thomas, unpublished). In this study there were only 45 characters and

212 samples, so it was anticipated that there would inevitably be misplacing or

questionable placing of some samples within minor or major clades, but this has only

been the case in very few samples.

The tree was amenable to being divided into two major clades, A and B.

Clade A has eight well-defined minor clades containing four or more samples:

Al Contains species from the seed group 1, Alatas with only one exception, that

being P. garckei from group 7, Oerstediis

A2 Contains only species from seed group 5, Caeruleas, except for three species

from seed group 14, Ovalises

A3 Contains all the species from seed group 4, Vitifolias, and some species from

groups 5.7 and 8

A4 Contains 14 species from seed group 1, Alatas, particularly subgroup 4,

Foetida, and three species from seed group 8, Truxillensises

A5 Has two well-defined small clades, one containing species from seed group 1,

Alatas, and the other from group 5, Caeruleas

A6 Contains the well-defined seed group 7, Oerstediis

A7 A small clade with species from seed groups 13, Amoenas and 5, Caeruleas
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A8 A small clade with four species from seed group 2, Morifolias.

The remainder of this clade is non-differentiated with species from several seed

groups occurring randomly.

Clade B has four well-defined minor clades containing six samples or more:

B9 Contains only species from seed group 9, Bifloras, subgroup 1, Lutea

BI0 Contains a strong grouping of species from seed group 9, Bifloras, subgroup 2,

Capsularis, and a well-defined group from seed group 3, Coriaceas

Bll Contains a well-defined group from seed group 6, Aurantias

B12 Contains species from seed group 9, Bifloras, subgroup 1, Lutea

The remaining clade is poorly defined with species from seed groups 9, Bifloras, 3,

Coriaceas and 5, Caeruleas.

Seed groups 1-9 are well-defined in major and minor clades but seed groups 10-14 are

poorly defined, probably because of the few samples available for this study.

However, the two samples from seed group 13, Amoenas, appear consecutively in the

same clade and the three samples from seed group 14 appear consecutively in a

section of clade A2.
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6.1.7 The morphology and mass of seed produced by interspecific hybrids.

The mass of the interspecific hybrid seed was always intermediate between the mass

of the seed of each parent. The morphological features of the testa of interspecific

hybrids closely resembled those of the maternal parent, but the influence of the

paternal parent is also evident (Table 25, Plates 47 and 48).
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Table 25. Comparison of the seed mass of seed produced by interspecific hybrids

with that of seed from each parent.

Interspecific hybrid, its seed and Mass of
pollen parents and collection number 100 seed

(2)
P. 'Adularia', NCP 1016 (P. citrina x P. sanguinolenta) 0.357
P. citrina, NCP 1058 (pollen parent) 0.395
P. sanguinolenta, NCP 1288 (ovule parent) 0.339
P. x decaisneana, NCP 1064 (P. alata x P. quadrangularis) 3.877
P. alata, NCP 1031 (pollen parent) 2.814
P. quadrangularis, NCP 1193 (ovule parent) 5.821
P. x exoniensis, NCP 1066 (P. tarminiana x P. antioquiensis) 1.842
P. tarminiana, NCP 1341 (pollen parent) 3.067
P. antioquiensis NCP 1597 (ovule parent) 1.556
P. x haematiteii, NCPI046(P. sanguinolenta x P. capsularis) 0.351
P. sanguinolenta, NCP 1213 (pollen parent) 0.339
P. capsularis, NCP 1045 (ovule parent) 0.367
P. 'Incense', NCP 1111 (P. incarnata x P. cincinnata) 3.338
P. incamata, NCP 1562 (pollen parent) 3.855
P. cincinnata, NCP 1565 (ovule parent) 3.099
P. x piresae, NCP 1181 (P. vitifolia x P. quadrifaria) 1.376
P. vitifolia, NCP 1251 (pollen parent) 1.914
P. quadrifaria, NCP 1191 (ovule parent) 0.698
P. 'Purple Haze', NCP 1660 (P. caerulea x P. amethystina) 1.384
P. caerulea, NCP 1034 (pollen parent) 1.072
P. amethystina (ovule parent) 1.417
P. 'Star of Bristol', NCP 1219 (P. caerulea 'Constance Eliott' x P. 'Amethyst') 0.853
P. caerulea 'Constance Eliott', NCP 1033 (pollen parent) 0.978
P. 'Amethyst', NCP 1012 (ovule parent) 0.818
P. 'Sunburst', NCP 1211 (P. jorullensis x P. gilbertiana) 0.278
P. jorullensis, NCP 1119 (pollen parent) 0.297
P. gilbertiana, NCP 1341 (ovule parent) 0.187
P. 'Pink Jewel' NCP 1496 (P.foetida hirsutissima x P. palmeri sublanceolate) 1.791
P. foetida hirsutissima, NCP 1078 (pollen parent) 1.750
P. palmeri sublanceolate, NCP 1287 (ovule parent) 2.289
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l.P. alata (NCP 1031); 2. P. xdecaisneana (NCP 1064); 3. P.
quadrangularis (NCP 1193); 4. P. incarnata (NCP 1562); 5. P. 'Incense'
(NCP 1111); 6. P. cincinnata (NCP 1565); 7. P. tarminiana (P.
mollissima) (NCP l341); 8. P. xexoniensis (NCP 1066); 9. P.
antioquiensis (NCP 1597); 10. P. caerulea (NCP 1035); 11. P. 'Purple
Haze' (NCP 1660); 12. P. amethystina (NCP 1022).

Scale bar l mm

Plate 47. Seed of interspecific hybrid and their parents



1. P. joetida hirsutissima (NCP 1078); 2. P. 'Pink Jewel' (NCP 1496); 3.
P. palmeria sublanceolata (NCP 1287); 4. P. vitifolia (NCP 1251); 5. P.
xpiresae (NCP 1181); 6. P. quadrifaria (NCP 1192); 7. P. jorullensis
(NCP 1119); 8. P. 'Sunburst' (NCP 1211); 9. P. gilbertiana (NCP 1341);
10. P. citrina (NCP 1058); 11. P. 'Adularia' (NCP 1641); 12. P.
sanguinolenta (NCP 1288).

Scale bar hum
Plate 48. Seed of interspecific hybrid and their parents
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6.2 Germination of Passiflora seed.

6.2.1 The standard germination test for Passiflora seed.

Itwas necessary to establish the best procedure to use as the standard germination test

for Passiflora seed. The three species to be used for these tests had all been subjected

to germination tests ten days after fruit harvest. Results were as follows:

P. vitifolia (B34 N24)

P. subpeltata (B33 NL5)

P. morifolia (B35 LM5)

80% germination

100% germination

60% germination

The poor germination levels of P. morifolia are typical for seed of this species less

than three months old.

6.2.1.1 The effect of differing temperature regimes on the successful germination of

Passiflora seed.

Additional seed of P. vitifolia B34, P. subpeltata B33 and P. morifolia B35 were

dried and stored at 4°C for four months before the commencement of the following

germination tests. Three temperature regimes were evaluated: a constant temperature

of 20°C, a constant temperature of 40°C, and a bithermal technique of eight hours at

30°C and sixteen hours at 20°C alternately (Teng, 1977). These temperature trials

were conducted in conjunction with the germination media trial (6.2.1.2). The results

are shown in Figures 1, 2 and 3.
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6.2.1.2 The effect of variations in the germination medium on the germination of

Passiflora seed.

Six germination environments were tested at each of the three temperature regimes.

at 20/300C at 20°C at 40°C

1. Control - water pH6.5 90 0 0

2. Cold tea pH4.5 30 0 0

3. Agar gel pH7.0 50 0 0

4. Ammonia pH9.0 60 0 10

5. Lime pH8.0 80 10 30

6. Gibberellic acid pH3.5

Results for P. vitifolia (B34 N24)

Using the bithermal rhythm technique, 90% of control seed germinated, 80% of those

in gibberellic acid, 50% in ammonia and agar gel, and 30% of those in cold tea. At a

constant temperature of 40°C seed in gibberellic acid showed 30% germination, those

in ammonia 10% and all other samples failed to germinate. At a constant temperature

of 20°C seed in gibberellic acid showed 10% germination while all other samples

failed to germinate. The level of germination was lowest in agar gel and cold tea

samples, which showed 10% germination after 12 days. Seed in ammonia and lime

showed 40% germination after 12 days and both the control sample and seed in

gibberellic acid showed 40% germination after nine days (Figure 1).
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Results for P. subpeltata (B33 NL5)

The bithermal rhythm technique produced good results, with 90% germination in the

sample in gibberellic acid, 60% in the control sample and samples in cold tea and agar

gel, and 40% in those in ammonia and lime. All samples of seed at constant

temperatures of 20°C and 40°C failed to germinate (Figure 2).

Results for P. morifolia (B35 LM5)

Most samples subjected to the bithermal rhythm technique geminated well. 100%

germination was recorded in the sample in ammonia, 90% in samples in lime and

gibberellic acid, 70% in the control sample, 60% in the agar gel sample and 40% in

those in cold tea. All samples of seed at constant temperatures of 40°C failed to

germinate. At a constant temperature of 20°C the control group showed 20%

germination, samples in lime and ammonia showed 10%, and those in agar gel and

cold tea failed to germinate while the sample in gibberellic acid showed 70%

germination. The speed of germination was more rapid using the bithermal rhythm

technique of20/30oc than a constant temperature of 20°C. Four samples at 20/300c

showed 30% germination after 5 days whereas only 10% germination was recorded in

two samples at 20°C after 7 days. After 21 days at 20/300c three samples showed

90% germination while two samples at 20°C showed 20% germination (Figure 3).
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6.2.2 Seed colouration and viability.

The viability of Passiflora seed with pale colouration was compared with that of their

siblings with dark colouration (Figure 4).

P. subpeltata

B27 NI - dull pale grey-brown seed:

Mass of 100 seed = 1.3925g with 8.98% moisture content

100% dehydrated mass of 100 seed = 1.26749g

B27 N2 - glaucous dark grey-brown seed

Mass of 100 seed = 1.537g with 17.59% moisture content

100% dehydrated mass of 100 seed = 1.2665g

Both groups of seed showed 100% germination in seven days using the standard

germination test.

P. vitifolia

B28 NI - pale brown seed:

Mass of 100 seed = 1.9l5g with 9.72% moisture content

B28 N2 - dark brown seed

Mass of 100 seed = 1.970g with 9.78% moisture content

Both groups of seed showed 90% germination in 30 days.
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P. incarnata

B29 NI - pale yellow-brown seed:

Mass of 100 seed = 2.6892g with 6.30% moisture content

B29 N2 - mid-brown seed

Mass of 100 seed = 3.0613g with 6.72% moisture content

B29 N3 - very dark brown seed

Mass of 100 seed = 3.2037g with 6.78% moisture content

After 30 days B29 NI showed 80% germination, B29 N2 90%, and B29 N3 70%.

The data produced by this experiment were insufficient for statistical analysis but the

results suggest that seed with pale colouration have similar viability to those with dark

colouration.

303



"C(1)C')~z
~O><-NroC)
0

N !9cZ
~O>

CISeeN "-..cC) CIS
I U

"C "C c:
~ (1)

(1) a:Cl)

"C(1)..- "'0~z ID
(1)0> ID
_N Cl)roC) "'00... ID~

:J
0
0
U
Ise~

cri
"'0
"'0
C

"C cri
(1)N ID~z .~ cri~oo ;g Q_<-N

4-roC)
0 :;::; 0.:;

Cl)

a: ID
OJ

"C cri(1)..- .......~z C
ID(1)00 U_N ~roC) ID0... Q_

C
0
.......
cric
E~
ID
(9

.;:;t
"C ID(1)C') ~~z !9 :J
~r- ~

OJ
<-N LLroC) CV
0 Cl...c

:l
(/)

"C a:(1)..-~z
(1)r-
-N8:_C)

0 0 0 0 0 0 0 0 0 0 0
0 0> 00 r- eo IJ') v C') N

UO!JeU!WJao %

304



6.2.3 Germination of Passiflora seed that have been cooled to 4°C prior to sowing.

The hypothesis that germination rates in Passiflora seed stored at 20°C are improved

by cooling to 4°C for 30 days prior to sowing was tested.

P. subpeltata

Germination tests on fresh seed of P. subpeltata B33 showed IOO%germination.

Batches B33 N2 (a), N5 (b), N8 (c) and NIl (d) that were stored at 20°C for nine

months and then cooled to 4°C for 30 days prior to sowing had a germination range of

0-40% (Figure 5).

Batches B33 N2 (w), N5 (x), N8 (y) and NIl (z) that were stored continuously for

nine months at 20°C and not subjected to cooling prior to sowing had a range of20%

- 50% germination.

Batches B33 N3, N6, N9 and NI2 that were stored continuously for nine months at

4°C had a range of 30% - 90% germination (Figure 5).

Batches B33 N4, N7, NI 0 and N13 that were stored continuously at -I 8°C had a

range of 0-80% average germination rate of 55% (Figure 5).

Each germination test was carried out on replicate samples of IO seed. Batches B33

N2, N3 and N4 consisted of clean dry seed in which the moisture content had not

been artificially reduced and was calculated to be 9.96% (on a fresh seed mass basis).

Batches B33 N5, N6 and N7 were dehydrated to 8.34% mass reduction (on a fresh

mass basis). Batches B33 N8, N9 and NIO were dehydrated to 5.76% mass reduction

(on a fresh mass basis). Batches B33 NIl, NI2 and N13 were dehydrated to 3.72%

mass reduction (on a fresh seed mass basis).
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6.3 Dehydration of Passijlora seed.

6.3.1 Fresh mass and % moisture content of Passiflora seed at harvest.

Fresh, clean samples of 100 seed were dehydrated using an incubator at 1020e for

between 26 hours and 20 days. The total moisture content and dehydrated mass of

each sample are shown in Table 26 (Figures 6-10).

Table 26. Moisture content of freshly harvested seed at the end of the drying period.

Species Batch Mass ofl00 Moisture
number seed (g) content (%)

P. vitifolia B5N5 1.4881 10.36
B14N7 1.6560 9.26
B8N5 1.5370 10.01

P. subpeltata B2N9 1.0909 10.07
B7N8 1.1280 11.08
B2N6 1.1001 10.75

P. morifolia B17Nl 1.4375 12.46
B3N6 1.3506 13.34
B3N4 1.3375 14.13

P. incarnata B13 N3 3.5126 9.49
B13 N2 3.4092 11.03
B4N1 3.0780 11.72

P. x decaisneana Bl N3 3.8244 13.57
Bl N5 3.9684 12.89
B1 N6 3.9579 13.64
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The results of dehydrations of seed samples (100 seed) ofP. vitifaliaB14 N7, B8 N5

and B5 N5 at 102°C for 10-14 hours are shown in Figure 6; data for up to 17 days are

provided in Appendix III.
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Figure 6. Dehydration of P. vitifolia seed at 102°C.
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The results of dehydration of seed samples (100 seed) of P. subpeltata B7 N8, B2 N9

and B2 N6 at 102°C for 10-14 hours are shown in Figure 7; data for up to 17 days are

provided in Appendix III.
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Figure 7. Dehydration of P. subpeltata seed at 1020C.



The results of dehydration of seed samples (100 seed) of P. morifolia B3 N6, B3 N4

and B 17 NI at 102°C for 10-13 days are shown in Figure 8; data for up to 17 days are

provided in Appendix m.
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Figure 8. Dehydration of P. morifolia seed at 102°C.
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The results of dehydration of seed samples (100 seed) of P. x decaisneana B 1N3, B 1

N5 and B1 N6 at 102°C for 10-14 hours are shown in Figure 9; data for up to 17 days

are provided in Appendix III.
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Figure 9. Dehydration of P.x decaisneana seed at 102°C.
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The results of dehydration of seed samples (100 seed) of P. incarnata B4 NI, B 13 N2

and Bl3 N3 at 102°C for 9.5-14 hours are shown Figure 10; data for up to 17 days are

provided in Appendix III.
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Figure 10. Dehydration of P. incarnata seed at 102°C.
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6.3.2 Methods of dehydrating seed to a standard moisture content.

Itwas necessary to establish a reliable and repeatable method for reducing the

moisture content of Passiflora seed to a predetermined percentage for each of the five

primary taxa in this study. The following methods were investigated.

6.3.2.1 Dehydration at 30°C

Samples of 100 seed were dehydrated in an incubator at 30°C for up to 27 days. All

samples were less than two months old at the start of the test. Samples of 10 seed

were tested for viability using the standard germination test directly after harvest and

again after the dehydration procedure (Figure 11, data in Appendix III).
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Figure 11. Dehydration of seed at 30°C.
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Table 27 shows the germination percentage of seed before and after dehydration at

30°C for 27 days and mass reduction of each seed sample.

Table 27. Germination of seed before and after dehydration at 30°C.

Species and batch Germination Germination Mass reduction
number % of fresh % after during

seed dehydration dehydration (%)

P. vitifolia B14 NS 100 90 4.17

P. subpeltata B7 N5 100 10 5.99

P. morifolia B17 N6 SO 0 4.99

P. incarnata B 13 N4 90 50 5.44

P. x decaisneana B1 N5 40 0 7.S9

Dehydration using this method was not considered successful because of poor

germination results in all species except P. vitifolia. P. vitifolia showed the lowest

mass reduction on drying (only 4.17%) while all others showed 5% or above.
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6.3.2.2 Dehydration using silica gel.

Samples of 100 seed were dehydrated using silica gel at 20°C for up to 19 days. All

samples were less than one month old at the start of the test. Table 28 shows the

germination percentage of seed before and after dehydration using silica gel and mass

reduction of each seed sample.

Table 28. Germination percentage of seed before and after dehydration using silica

gel.

Species and batch Germination Germination Mass reduction
number % of fresh % after during

seed dehydration dehydration (%)

P. viti/alia B28 N5(A) 90 80 5.29

P. subpeltata B27 N9(B) 100 100 5.96

P. morifolia B30 N3 100 100 7.27

P. incarnata B29 N4 90 90 6.78

P. x decaisneana B31 N3 40 20 15.49

The germination level of P. subpeltata seed with a moisture reduction of 5.96% after

dehydration in silica gel is greatly improved compared with the level of seed dried at

30°C to the same mass reduction (Table 27). The germination level of P. incarnata,

P. morifo1ia and P. x decaisneana is also improved with greater mass reduction due to

water loss when compared with results in Table 27.
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6.3.2.3 Dehydration using di-phosphorus pentaoxide.

Samples of 100 seed were dehydrated using di-phosphorus pentaoxide at 20°C for up

to 19 days. All samples were less than one month old at the start of the test. Table 29

shows the germination percentage of seed before and after dehydration using di-

phosphorus pentaoxide and mass reduction of each seed sample.

Table 29. Germination percentage of seed before and after dehydration using

diphosphorus pentaoxide.

Species and batch Germination Germination Mass reduction
number % of fresh % after during

seed dehydration dehydration (%)

P. vitifolia B28 N5(B) 90 70 6.64

P. subpeltata B27 N9(A) 100 100 7.28

P. morifolia B30 N2 100 100 9.23

P. x decaisneana B31 N4 40 10 16.82

It is possible that dehydration at a temperature of 20°C prior to imbibition may

improve germination (Tables 28 and 29). It is more likely however that dehydration

at a higher temperature of 30°C (Table 27) may induce seed dormancy rather than loss

of viability (Wood et al., 2000), as is shown in seed coat-imposed dormancy in

Passiflora seed. In all cases (Figures 12-16) dehydration is greater when
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diphosphorus pentaoxide is used over an extended time period but when a shorter

time of 50 hours or less is used, dehydration is at a similar rate.
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Figure 12 shows the results of dehydration of P. morifolia B30 N2 using silica gel and

P. morifolia B30 N3 using diphosphorus pentoxide (P20S) for 456 hours (data in

Appendix III).
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Figure 12. Dehydration of P. morifolia seed using silica gel and
di-phosphorus pentaoxide.
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Figure 13 shows the results of dehydration of P. subpeltata B27 N9(B) using silica

gel for seven days and P. subpeltata B27 N9(A) using di-phosphorus pentaoxide

(P20S) for 216 hours (data in Appendix III).

/

co.....
N

co
co.....

(»
C').....

co
(»

coco

11\

0~ n..rCco

--- +~
::l
0..... .s: ID1.0 '-"
Q) Cl
E til

i= .!2

0 en
~ I

f

0
C')

N
C\I

1.0.....
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Figure 14 shows the results of dehydration of P. vitifolia B28 N7 using silica gel and

Appendix III).
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Figure 15 shows the results of dehydration of P. x decaisneana B31 N3 using silica

gel and P. x decaisneana B31 N4 using diphosphorus pentoxide (PzOs) for 432 hours

(data in Appendix III).
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Figure 15. Dehy?ration of P.x decaisneana seed using silica gel and
di-phosphorus pentaoxide.
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Figure 16 show the results of dehydration of P. incarnata B29 N4 using silica gel for

360 hours (no data for di-phosphorus pentaoxide). Data are shown in Appendix III.
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Figure 16. Dehydration of P.incarnata seed using silica gel.
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6.4 Seed coat-imposed dormancy.

6.4.1 Investigations into seed coat-imposed dormancy in Passiflora seed.

6.4.1.1 Comparison of the germination percentages of seed from P. subpeltata B25

and P. lutea B42, suspected of being influenced by seed coat-imposed dormancy, with

those of quiescent seed from P. subpeltata B27 (Table 30).

P. subpeltata B25 N3, N4, N5, and N6 seed were stored for seven months in four

different environments and P. subpeltata B27 N7 and N20 stored for five months at

20°C and 4°C respectively. P. lutea B42 NI seed was stored at 20°C for two months.

All samples were subjected to the standard germination test (bithermal rhythm

technique) for 55 days (Table 30). No germination was recorded in any sample of

B25 seed. 80% and 100% germination were recorded in the B27 seed samples. No

germination was recorded in P. lutea B42.
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Table 30. Comparison of the germination percentages of suspected seed coat-dormant

and quiescent seed.

Batch and sample number Storage conditions % germination

P. subpeltata B25 N4 -18uC 0

P. subpeltata B25 N5 4uC 0

P. subpeltata B25 N6 Closed container 20uC 0

P. subpeltata B25 N3 Open container 20uC 0

P. subpeltata B27 N20 4uC 100

P. subpeltata B27 N7 Open container 20uC 80

P. lutea B42 NI 20vC 0
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6.4.1.2 Germination tests with P. subpeltata B25 seed using a 200ILM solution of

gibberellic acid (Table 31).

P. subpeltata B25 seed samples from batches N2, N3 and N6 were divided into two

samples of 10 seed each. One sample was given the standard germination test while

the other was treated with a 200 ILMsolution of gibberellic acid (GA). Samples B25

were under five months old at the time of the tests and germination conditions were

maintained for 60 days. No germination was recorded in any sample.

Table 31. Germination of P. subpeltata seed using gibberellic acid.

P. subpeltata B25 Storage conditions Mass per % germination
sample number 100 seed (g)

NI0 control Open container 20uC 1.201 0

N2 (E)+ GA Dehydrated silica gel 1.244 0

N2 (F) 0

N3 (B) Open container 20uC 1.243 0

N3 (A) 0

N6(D)+GA Closed container 20uC 1.240 0

N6 (C) 0
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6.4.1.3 Viability of embryos taken from P. subpeltata B25 and B27 and stored in four

environments.

Germination tests were conducted on the embryos that had been removed from the

seed of P. subpeltata batches B25 (9 months old) and B27 (7 months old) using the

same standard germination test but with a reduction of 0.5 ml in the fluid used with

each sample. Although embryos were kept under germination conditions until they

began to decay, the final germination percentage was recorded in 12 days. After this

period the remaining embryos failed to germinate (Table 32).

Table 32. Germination of P. subpeltata seed embryos.

P. subpeltata Storage conditions Number of embryos %
batch and used in test germination
sample number
B25N3 Open container 20uC 6 50

B25N6 Closed container 20°C 8 0

B25N5 Closed container 4°C 8 62

B25N4 Closed container -18°C 10 70

B27 N7 (b) Closed container -18uC 8 37

B27 N7 (c) Closed container 20°C 4 0

B27 N7 (b) Closed container 4°C 4 75

No germination was recorded in embryos from B25 or B27 seed stored in closed

containers at 20°C. 50-70% germination was recorded in other B25 embryos.

Germination in other B27 samples ranged from 37% to 75%.
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6.4.1.4 Embryos from P. subpeltata B25 and B27 were subjected to germination tests

using testa (hard seed coat) infusions ofB27 and B25 respectively. Due to the

difficulties experienced in extracting undamaged embryos from whole seed, only

small numbers of embryos were available for these tests.

Seed ofB25 were nine months old and seed ofB27 seven months old at the start of

the test. Testa infusions ofB25 contained 1.05g of testa in 10 ml of pure water and

those ofB27 contained 0.19g of testa in 10 ml of pure water. The B25 stock solution

was further diluted to 12% with pure water for the B27 N7CC test.

Embryos of P. subpeltata B25 N3 and N6 subjected to the stock solution ofB27 testa

showed 60% and 20% germination. Embryos of P. subpeltata B27 N6, N7 and

N7A(C) subjected to the stock solution ofB25 testa failed to germinate. Embryos of

P. subpeltata B27 N7C(C) subjected to 12% solution ofB25 testa stock solution

showed 25% germination (Table 33). The controls for this test are shown in Table 9.

Table 33. Germination of P. subpeltata seed embryos with testa infusions.

Pisubpeltata Treatment Storage No. of embryos %
batch and of embryo conditions treated germination
sample no.
B25N3 Testa B27 20uC open 5 60

Stock sol" container
B25N6 TestaB27 20°C closed 5 20

Stock sol" container
B27N6 Testa B25 4°C 4 0

Stock sol"
B27N7 TestaB25 4°C 3 0

Stock sol"
B27N7(C)C TestaB25 20°C closed 4 25

12% container
solution

B27N7(C)A TestaB25 20u closed 4 0
Stock sol" container
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6.4.1.5 Germination tests on embryos from P. lutea B42 seed in infusions of P. lutea

B42 testa and P. subpeltata B25 testa.

Ten seed of P. lutea (B42 N1A) less than one month old were subjected to the

standard germination test. After 50 days no seed had germinated. The embryos from

these seed were removed (B42 N1A) and subjected to the same germination test,

showing 56% germination in 10 days. P. lutea B42 seed were then approximately

three months old and had been stored at 20°C. Germination rates of embryos of P.

lutea B42 in the control group tests were 100% and 29%. Embryos of B42 N4 and

N5 in testa infusions of P. lutea B42 at 2.77% and 3.49% in 10 ml of pure water

failed to germinate, Germination ofembryos ofB42 N3 in testa infusions of P.

subpeltata B25 (1.2% of testa in 10 ml of pure water) was 100%. The germination

rate ofB42 N2 embryos in testa infusions of P. lutea B42 (1.2% of testa in 10 ml of

pure water) was 57% (Table 34).

Table 34. Germination of the seed and embryos of P. lutea.

P. lutea batch Treatment of embryos/seed No. of %
and sample embryos/ germination
no. seed treated
B42 N1A Control - 50 days in water 10 seed 0

(seed)
B42 N1A Control- water (embryos) 9 embryos 56

B42N2 1.2% P. lutea B42 testa 7 embryos 57

B42N3 1.2% P. subpeltata B25 testa 7 embryos 100

B42N4 2.77% P. lutea B42 testa 7 embryos 0

B42N5 3.49% P. lutea B42 testa 7 embryos 0

B42N6 Control- water 7 embryos 29

B42 NIB Control - water 7 embryos 100
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6.4.1.6 Embryos of P. incarnata B32 N7 and P. morifolia B30 N7 subjected to

germination tests with infusions of P. subpeltata B25 testa (0.45%) and in pure water

(control group).

Seed of both P. incarnata B32 and P. morifolia B30 from which the embryos were

taken was less than five months old at the start of the tests. Embryos of P. iricarnata

B32 N7 and P. morifolia B30 N7 were subjected to germination tests with infusions

of P. subpeltata B25 testa (0.45% in 10 ml of pure water). These were stored for five

days, at 20°C for 16 hours and 30°C for eight hours alternately. P. incarnata B32 N7

embryos subjected to P. subpeltata B25 testa infusions failed to germinate. Embryos

in the control sample (in water) showed 75% germination. Both the group of P.

morifolia B30 N7 embryos subjected to P. subpeltata B25 testa infusions and the

control group in water showed 60% germination (Table 35).

Table 35. Germination of P. incarnata and P. morifolia embryos using testa infusions.

Species, batch and Treatment of embryo No. of %
sample number embryos germination

Treated
P. incarnata Control - water 4 75
B32 N7(A)

P. incarnata 0.45% P. subpeltata 4 0
B32 N7(B) B25 testa

P. morifolia Control - water 5 60
B30 N7(A)

P. morifolia 0.45% P. subpeltata 5 60
B30 N7(B) B25 testa

Due to difficulties experienced in extracting undamaged embryos from seed, only a

small number of embryos were available for each test (Table 12, column 3).
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6.4.2 The effect of high temperatures during fruit maturation on seed coat-imposed

dormancy in P. subpeltata seed.

6.4.2.1 Seed from 28 fruit of P. subpeltata (B44-B59) were harvested within three

months from vegetatively propagated plants of the taxon NCP 1223 grown in three

locations (glasshouses 5,6 and 7) with differing environmental conditions as described

in 5.3.6.2. Only one fruit, B48b, produced seed that failed to germinate while the

remaining 27 fruit from all three environments showed germination rates of 70-100%.

No statistical analysis was performed due to insufficient data but no correlation was

apparent between the mass of the seed and the % germination (Table 36).

Germination rates in seed extracted from fruit grown in glasshouses 5 and 6 averaged

95% whereas seed from fruit collected from vines growing at higher temperatures

averaged only 72.2%. Even if the results from sample B48b are excluded (no

germination) the average of the other samples is 81.3%, which is substantially lower

than that of seed collected from glasshouses 5 and 6 (Figure 17).

Glasshouse 5 was maintained at 3-50C above the natural outdoor temperature (see

Appendix 2 for outdoor temperatures).

Glasshouse 6 was maintained at a minimum temperature of 8°C with the daytime

temperature never more than 10°C above the outside temperature (Appendix II).

Glasshouse 7 was maintained at a minimum temperature of 12°C during the night and

the daytime temperature was permitted to rise to 35°C before the glasshouse was

vented.
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Table 36. The effect of environmental conditions during fruit maturation on seed

viability.

P. subpeltata Harvest Glasshouse Mass per No. of seed 0/0

batch no. date no. 100 seed (g) per fruit germination

B44 2118/98 7 1.5807 117 90

B45 2118/98 7 1.2945 135 80

B46 31/8/98 6 1.7957 47 90

B47 31/8/98 7 1.4488 157 80

B48a 5/9/98 7 1.3891 180 80

B48b 6/9/98 7 1.3810 150 0

B48c 7/9/98 7 1.3505 166 80

B49 14/9/98 7 1.3672 196 80

B50 18/9/98 5 1.5327 126 90

B51a 22/9/98 6 1.7690 55 100

B51b 24/9/98 6 1.3591 62 90

B52 30/9/98 5 2 fruit 90

B53 1110/98 7 3 fruit 70

B54 30/9/98 6 1 fruit 100

B55 19/10/98 5 3 fruit 100

B56 19/10/98 6 3 fruit 100

B57 28/10/98 6 2 fruit 90

B58 28/10/98 7 2 fruit 90

B59 28/10/98 5 2 fruit 100
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6.4.2.2 The effect of artificially high fruit maturation temperatures on seed viability.

Fruit from P. subpeltata NCP 1223 (B60, B63 and B64) were subjected to artificially

high ripening temperatures in an incubator at 39°C for either eight or 27 days. Seed

were then extracted from the fruit, cleaned and dried as described in 2.2.2 and

germination tests were conducted (Table 37, Figure 18). Germination percentages of

seed from fruit that were subjected to eight days at 39°C after harvest were very

variable but averaged 26.6% (three samples) whereas seed from fruit subjected to 27

days at 39°C averaged 5% (six samples). Fruit were collected from all three

environments but no statistical analysis of environment and germination rate has been

undertaken because of the small amount of data available. Only two fruit from

glasshouse seven were available to be included and they were both subjected to 27

Table 37. The effect of artificially high fruit maturation temperatures on seed

viability.

P. subpeltata Harvest date Glasshouse no. No. of days % germination
batch no. at 39°C
B60a 19/11198 6 8 0

B60b 19/11198 6 8 60

B60aa 19/11/98 6 27 0

B60bb 19/11198 6 27 0

B63a ' 10/11198 5 8 20

B63b 10/11198 5 27 0

B63c 10/11/98 5 27 30

B64a 10/11198 7 27 0

B64b 10/11/98 7 27 0
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6.4.3 Dormancy-breaking treatments

Three dormancy-breaking treatments were investigated using seed identified as being

influenced by seed coat-imposed dormancy.

6.4.3.1 Twenty seed of P. cinnabarina B71 were subjected to the standard

germination test. From the same batch, 180 seed were subjected to a washing

procedure as described in 5.3.6.3. During the next 175 hours 10 seed were removed

from the washing apparatus at intervals and subjected to the standard germination test

(Table 38). In the control sample of20 seed (B71 NI) no seed germinated. In other

samples, after a minimum of five hours' washing, germination rates were between 10

and 30%. Increased washing times did not appear to improve germination levels. All

samples remained under germination test conditions for a minimum of 60 days.

Table 38. Germination of P. cinnabarina seed after washing.

P. cinnabarina B71 No. of seed Washing time (hours) % germination
Sample no. in sample

NI 20 0 0

N2 10 5 30

N3 10 21 20

N4 10 45 20

N5 10 68 10

N6 10 94 30

N7 10 115 20

N8 10 139 10

N9 10 175 30
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6.4.3.2 P. subpeltata B25 seed stored at 4°C for four years were subjected to the same

procedures as P. cinnabarina B71 seed. A control sample, B25 F1, was not washed.

Other samples were washed for up to 288 hours (Table 39). No germination was

recorded in the control sample, F1, but 10% and 20% germination were recorded in

samples F4 and F5 after 144 and 216 hours of washing respectively. Increased

washing times appeared to improve germination levels initially but after 216 hours of

washing, levels declined. All samples remained under germination test conditions for

a minimum of 50 days.

Table 39. Germination of P. subpeltata seed after washing.

P. subpeltata B25 Washing time (hours) % germination
sample number

F1 0 0

F2 48 0

F3 96 0

F4 144 20

F5 216 10

F6 288 0
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6.4.3.3 P. lutea B72 seed were divided into two groups, N5 and N6, which were then

subjected to washing procedures at 30°C and 16°C respectively. Samples of 10 seed

were removed at intervals during the subsequent 36 days and subjected to the standard

germination test (Table 40). No germination was recorded in any sample from either

group subjected to washing for less than 16 days. 40% germination was recorded in

one sample from group N5 that was washed at 30°C for 36 days and 20% in one

sample from group N6 that was washed at 16°C for 36 hours. All samples from

groups N5 and N6 remained under germination test conditions for 60 days. All seed

were five months old at the start of the tests.

Table 40. Germination of P. lutea seed after washing.

P.lutea B72 Washing time (days) Temperature ( UC) % germination
Sample no.
B72N5 Control - unwashed 0

B72N5 3 30 0

B72N5 6 30 0

B72N5 12 30 0

B72N5 16 30 0

B72N5 36 30 40

B72N6 Control - unwashed 0

B72N6 3 16 0

B72N6 6 16 0

B72N6 12 16 0

B72N6 16 16 0

B72N6 36 16 20
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6.5 Storage of Passiflora seed.

6.5.1 Storage of Passiflora seed within their fruit or with their arils still attached.

Seed of all three taxa (P. morifolia B38, P. vitifolia B39 and P. subpeltata B4) stored

within their fruit produced poor germination results with only P. subpeltata B40

showing germination levels of 10% after 10 months of storage. All other samples

failed to germinate (Figure 19). Seed of the taxa P. vitifolia B19, P. subpeltata B20

and P. morifolia B21 stored within their arils at 20°C and 4°C germinated readily one

month after harvest but deteriorated rapidly with all species failing to germinate 12

months after harvest (Figures 20 and 21). All seed stored at -18°C failed to germinate

after one month in storage.
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6.5.2 Storage of Passiflora seed at different temperatures.

Fresh seed samples often seed of each of the five primary taxa (P. subpeltata B7, P.

vitifolia B14, P. morifolia B18, P. incarnata B13 and P. x decaisneana B23) were

given the standard germination tests soon after harvest. Larger samples of 100 seed

were stored in four different environments:

20°C in closed containers

20°C in open containers in surroundings with 40% relative humidity

4°C

-18°C

Samples of P. subpeltata B2, P. vitifolia B14 and P. morifolia B18 were dehydrated

using silica gel and stored at -196°C in liquid nitrogen for three hours (Figures 22-26).

6.5.2.1 P. subpeltata

P. subpeltata B7

Germination of fresh seed (not dehydrated) soon after harvest was 100%. In seed

stored at 20°C and -18°C no germination was recorded after 14 months. In seed

stored at 4°C germination had remained at 100% after 33 months.

P. subpeltata B2 N8

Seed were dehydrated to 6.19% mass reduction using silica gel. Two samples often

seed (12 weeks old) were stored at -196°C in liquid nitrogen for three hours.

Germination rates of the two samples were 80% and 90% (Figure 22).
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6.5.2.2 P. vitifolia B14

Germination in fresh seed (not dehydrated) soon after harvest was 100%. Seed stored

for up to 32 months in open containers at 20°C deteriorated more rapidly than those

stored in closed containers at the same temperature (Figure 23). Seed stored at -18°C

for 13 months or more failed to germinate. Seed stored at 4°C for 32 months showed

90% germination. P. vitifolia B14 NI0 seed were dehydrated to 4.25% mass

reduction using silica gel and a sample of 10 seed was stored at 20°C for eight weeks,

then stored at -196°C in liquid nitrogen for three hours, after which the germination

rate was 60% (Figure 23).

6.5.2.3 P. morifolia B18

Germination of fresh seed (not dehydrated) was 100%. Seed stored in both open and

closed containers stored at 20°C for 32 months showed 100% germination.

Germination of seed stored at 4°C for 32 months was 100% but seed stored at -18°C

for 13 months failed to germinate, P morifolia B18 N12 seed was dehydrated to

4.45% using silica gel and a sample often seed was stored at 20°C for ten weeks, then

stored at -196°C in liquid nitrogen for three hours, after which the germination rate

was 40% (Figure 24).

6.5.2.4 P. incarnata B13

Germination of fresh seed (not dehydrated) after harvest was 50%. Germination of

seed stored for 24 months at 4°C, and at 20°C in both open and closed containers, was

between 80% and 90%. Seed stored at -18°C for 24 months showed 50% germination

(Figure 25).
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6.5.2.5 P. x decaisneana B23

Germination of fresh seed after harvest was 80%. Seed stored in both open and

closed containers at 20°C for 11-36 months failed to germinate. Germination of seed

stored at 4°C for 30 months was 30%. Seed stored at -18°C for 11-36 months failed to

germinate (Figure 26).
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6.5.3 Long-term storage of dehydrated Passiflora seed.

Germination tests were conducted on each taxon soon after harvest and before the

dehydration treatments were started. The results of these initial germination tests are

only given at time 0 for the control groups of seed, which were not artificially

dehydrated. The seed used in all these tests from each of the five primary taxa were

from a single harvest batch (B number) for each taxon.

The results are shown in seven graphs for each taxon. Figures a, b and c compare the

germination percentages for seed from the control group (not dehydrated) with those

from the three groups of dehydrated seed stored at temperatures of 20°C, 4°C and

-ISoC. These graphs highlight any variations in the viability of seed stored with

reduced moisture content (dehydrated). Figures d, e, fand g (using the same data as

graphs a, b and c) compare germination percentages of samples grouped by the degree

of dehydration. These graphs highlight any variations in the viability of seed stored at

different temperatures. Two sets of data are displayed on the same graph to aid

comparison and analysis.

Itwas not possible to calculate an accurate moisture loss percentage for each seed

sample as this would be dependent on knowing the total moisture content for each

sample. Moisture content is variableas shown in Table 26. Dehydration is therefore

given as a mass reduction (mr) percentage, calculated from the fresh seed mass.
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The mass reduction value was calculated on a fresh mass basis:

Fresh mass of seed - dehydrated mass of seed x 100 =% mass reduction (mr)
Fresh mass of seed 1

For these results a 'group' or 'dehydration group' refers to seed that have been

dehydrated to a given percentage mass reduction. There are three test groups and a

control group, which was not artificially dehydrated, for each taxon.

6.5.3.1 P. subpeltata B33

a. Seed stored at 20°C

Germination rates in N2, the control group (0% mr), and N5, with dehydration of

1.62% mr show a rapid loss of viability, falling to 10% or less after 14 months

storage. Results for groups N8 and NIl, which were dehydrated to 4.2% and 6.24%

moisture reduction respectively retained a greater degree of viability for a longer

period of time, still showing 10% germination after 38 months (Figure 27a).

b. Seed stored at 4°C

Seed in groups that were dehydrated to 4.2% and 6.24% moisture reduction still

showed 10% germination after 66 months and performed better than the control

groups with 0% mr and group N6 with 1.62% moisture reduction which showed no

germination after 31 months (Figure 27b).

c. Seed stored at -18°C

Viability in all groups reduced rapidly to zero in 25 months. In all but the most

dehydrated group (N13, with 6.2% mr) seed failed to germinate after only 19 months

(Figure 27c).

352



d. Control group(O% mr)

Seed stored at -18°C failed to germinate after 14 months. Germination levels of seed

stored at 4°C was 20% after 25 months. Seed stored at 20°C failed to germinate after

31 months (Figure 27d).

e. Dehydration of 1.6%mr

Seed stored at -18°C failed to germinate after 19 months. Germination levels of seed

stored at 4°C was 30% after 25 months. Seed stored at 20°C failed to germinate after

14 months (Figure 27e).

f. Dehydration of 4.2% mr

Seed stored at -18°C failed to germinate after 19 months. Germination levels of seed

stored at 4°C was 10% after 66 months. Seed stored at 20°C failed to germinate after

43 months (Figure 27t).

g. Dehydration of 6.2% mr

Seed stored at -18°C failed to germinate after 25 months. Germination levels of seed

stored at 4°C was 10% after 66 months. Seed stored at 20°C failed to germinate after

43 months (Figure 27f).
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Statistical analysis

The results for P. subpeltata B33 were amenable to statistical analysis using the Chi-

squared test.

There was a statistically significant difference in the numbers of seed that germinated

between seed that were stored at -18°C, 4°C and 20°C (p=0.022).

There were also statistically significant differences in the numbers of seed that

germinated between seed that were stored at these temperatures when compared in

groups of two:

-18°C compared with 4°C p=O.OOO

-18°C compared with 20°C p=O.Oll

4°C compared with 20°C p=0.039

There was a statistically significant difference in the numbers of seed that germinated

between seed that were stored with moderate dehydration (0% mr and 3.4% mr)

compared with seed stored with greater dehydration (4.2% mr and 6.2% mr)

(p=0.022).

There was also statistically significant differences in the numbers of seed that

germinated between seed that were stored at these dehydration levels when compared

in groups of two:

0% mr compared with 4.2% mr p=0.042

0% mr compared with 6.2% mr p=0.010

1.6% mr compared with 6.2% mr p=0.050
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6.5.3.2 P. vitifolia B34

a. Seed stored at 20°C

Germination results from the dehydrated groups N5 (3.6% mr), N8 (4.7% mr), and

NIl (6.3% mr) are similar, but seed stored with moderate dehydration (N5 and N8)

had slightly better germination levels of 30% and 20% respectively after 66 months.

All three dehydration groups show consistently higher germination rates than the

control group N2 (0% mr). The viability of seed in this group declined steadily

throughout the 66 month storage period (Figure 28a).

b. Seed stored at 4°C

Germination rates from all samples, including the control group, were very high, with

no superior dehydration group emerging, but between 38 and 66 months, germination

levels in the control group declined from 80% to 50%. (Figure 28b).

c. Seed stored at -I 8°C

Germination levels in all samples declined steadily until they reached zero after 38

months storage. The decline in viability of the three dehydrated groups overlapped,

with no group being superior, but the decline of the control group was consistently

more rapid with no germination after 25 months (Figure 28c).

d. Control group(O% mr)

Seed stored at -I 8°C failed to germinate after 25 months. Germination levels of seed

stored at 4°C was 50% after 66 months. Seed stored at 20°C failed to germinate after

43 months (Figure 28d).
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e. Dehydration of3.6% mr

Seed stored at -18°C failed to germinate after 38 months. Germination levels of seed

stored at 4°C and 20°C were 90% and 30% respectively after 66 months (Figure 28e).

f. Dehydration of 4.7% mr

Seed stored at -18°C failed to germinate after 38 months. Germination levels of seed

stored at 4°C and 20°C were 100% and 20% respectively after 66 months (Figure 28t)

g. Dehydration of6.3% mr

Seed stored at -18°C failed to germinate after 38 months. Germination levels of seed

stored at 4°C were 90% after 66 months. Seed stored at 20°C failed to germinate after

66 months (Figure 28g).

363



Statistical analysis

The results for P. vitifolia (B34) were amenable to statistical analysis using the Chi-

squared test.

There was a statistically significant difference in the numbers of seed that germinated

between seed that were stored at -18°C, 4°C and 20°C at different levels of

dehydration:

Control group (0% mr) p=O.OOl

p=O.OOO3.4% mr

4.7%mr p=O.OOO

6.3%mr p=O.OOO

There were also statistically significant differences in the numbers of seed that

germinated between seed that were stored at these temperatures when compared in

groups of two:

-18°C compared with 4°C p=O.OOO

-18°C compared with 20°C p=O.OOO

4°C compared with 20°C p=O.OOO
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6.5.3.3 P. morifolia B35

a. Seed stored at 20°C

Germination results in the control group, N2 (0% mr), and dehydrated groups N5

(6.2% mr) and N8 (7.8% mr) were all very consistent, showing 50% viability after 66

months storage. The group NIl ,dehydrated by 10.1% mr performed less well, with

germination levels decreasing to 30% after 66 months (Figure 29a).

b. Seed stored at 4°C

Germination levels in all four groups were 100% after 66 months storage but the

group with the greatest dehydration (N12, with 10.1% mass reduction) showed erratic

germination levels of 80% to 100% during the 66 month period compared with the

other groups (Figure 29b).

c. Seed stored at -18°C

Germination levels were greatly reduced in the control group, N4 (0% mr), falling to

zero after 31 months storage. Germination levels ofN13 seed, dehydrated to 10.06%

mass reduction, fluctuated but decreased to zero after 66 months. Groups N7 and

N10, with mass reductions of 6.2% and 7.8% respectively performed consistently

well, showing at least 10% and 60% germination after 66 months storage (Figure

29c).

d. Control group (0% mr)

Seed in the control group, N4, stored at -18°C, failed to germinate after 31 months

storage but all other samples consistently showed germination rates of 90% or more

after 66 months (Figure 29d).
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e. Dehydration of 6.2% mass reduction

Seed stored at -18°C showed 10% germination after 66 months while seed stored at

4°C and 20°C showed 100% germination after 66 months (Figure 2ge).

f. Dehydration of 7.8% mass reduction

Seed stored at all temperatures showed 50% germination or above after 66 months but

seed stored at 4°C showed consistently better results after 31 months of storage with

100% germination after 66 months (Figure 29f).

g. Dehydration of 10.1% mass reduction

Seed stored at -18°C failed to germinate after 66 months but seed stored at 4°C and

20°C showed 80% and 30% germination respectively after 66 months. Again, seed

stored at 4°C showed the best results (Figure 29g).
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Statistical analysis

The results for P. morifolia B35 were amenable to statistical analysis using the Chi-

squared test.

There was a statistically significant difference in the numbers of seed that germinated

between seed that were stored at -18°C, 4°C and 20°C but only in the control group

with 0% mr (p=0.001).

There were also statistically significant differences in the numbers of seed that

germinated between seed that were stored at these temperatures when compared in

groups of two:

-18°C compared with 4°C p=O.OOI

-18°C compared with 20°C p=O.OOl

4°C compared with 20°C no significant difference

There were also statistically significant differences in the numbers of seed that

germinated between seed that were stored at -18°C at different dehydration levels

when compared in groups of two:

0% mr compared with 6.2% mr p=O.OOl

0% mr compared with 7.8% mr p=0.002

1.6% mr compared with 10.1% mr no significant difference

No statistically significant differences in the numbers of seed that germinated were

found between seed that were stored at 4°C or 20°C at different dehydration levels.
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6.5.3.4 P. incarnata B36

a. Seed stored at 20°C

Germination of seed in all groups was 20% or greater after 55 months. Groups with

6.4 mr and 5.2% mr showed reduced viability after 55 months compared with the

control group (0% mr) and the group with 3.5% mr (Figure 30a).

b. Seed stored at 4°C

Germination results in all groups overlapped during the 55 months of the trial. Three

seed groups showed 100% germination after 55 months but the seed group with the

highest moisture reduction (6.4% mr) showed reduced levels of 40% after 55 months

(Figure 30b).

c. Seed stored at -18°C

Germination in all four seed groups was 20% or greater after 43 months, but only

10% in the seed group with 6.4% mr after 55 months (Figure 30c).

d. Control group (0% mr)

Seed stored at -18°C showed lower germination levels for most of the test and failed

to germinate after 55 months. Seed stored at 4°C and 20°C showed 100% and 50%

germination respectively after 55 months (Figure 30d).

e. Dehydration of 3.5% mr

Again, seed stored at -18°C showed lower germination levels throughout the test and

failed to germinate after 55 months. Seed stored at 4°C and 20°C showedl00%

germination after 55 months (Figure 30e).
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f. Dehydration of3.5% mr

These results were very similar to those in the group with 3.5% mr with seed stored at

-18°C failing to germinate after 55 months. Seed stored at 4°C and 20°C showed

100% and 40% germination respectively after 55 months (Figure 30f).

g. Dehydration of 6.4% mr

Seed in all groups showed germination after 55 months: 10% in those at -18°C, 40%

in those at -18°C and 20% in those at 20°C (Figure 30g).
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Statistical analysis

The results for P. incarnata B36 were amenable to statistical analysis using the Chi-

squared test.

There was a statistically significant difference in the numbers of seed that germinated

between seed that were stored at -18°C, 4°C and 20°C in seed from the control group

with O%mr (p=0.022) and also in seed with 3.5% mr (p=0.017). No statistically

significant difference in germination was found between seed stored at higher levels

of dehydration (5.2% and 6.4% mr) at the same temperatures.

There were also statistically significant differences in the numbers of seed that

germinated between seed that were stored at these temperatures from the control

group with 0% mr and from the group with 3.5% mr when compared in groups of

two:

control group 3.5%mr

-18°C compared with 4°C p=O.OOO

-18°C compared with 20°C p=O.OOO

p=0.003

p=0.003

no significant difference in either group

Although over the time period of 55 months there was no statistically significant

difference recorded between seed stored with varying amounts of moisture reduction,

the trend in the germination data points towards an increase in seed longevity in seed

stored at -18°C when there has been a reduction in the water content (Figures 30a-

30g).
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6.5.3.5 P. x decaisneana B37

a. Seed stored at 20°C

All groups failed to germinate after 18 months storage. Apart from the 10%

germination rate at 13 months for seed dehydrated to 5.63% mass reduction, all

groups failed to germinate after seven months storage (Figure 31a).

b. Seed stored at 4°C

Germination results from the four groups overlapped during the first 30 months,

showing poor viability ofless than 20%. By 37 months, all seed failed to germinate

(Figure 31b).

c. Seed stored at -18°C

All groups failed to germinate after seven months storage (Figure 31c).

d. Control group (0% mr)

Only seed stored at 4°C showed germination after 7 months, with 10% germination

after 18 months and no germination after 24 months (Figure 31d).

e. Dehydration group with 5.6% mass reduction

Only seed stored at 4°C showed germination after 7 months, with 10% germination

after 30 months and no germination after 37 months (Figure 31e).

f. Dehydration group with 6.6% mass reduction

Only seed stored at 4°C showed germination after 7 months, with 10% germination

after 30 months and no germination after 37 months (Figure 31f).

g. Dehydration group with 7.8% mass reduction

Only seed stored at 4°C showed germination after 7 months, with 10% germination

after 30 months and no germination after 37 months (Figure 31g).

392



The results for P. x decaisneana B37 were not amenable to statistical analysis using

the Chi-squared test due to lack of data.
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7 Discussion

7.1 Morphology of PassiJlora seed

7.1.1 Morphological and mass variations in the seed of Passiflora species produced

by interspecific hybridisation.

Hypothesis: Interspecific cross-pollination has no greater or lesser effect than self-

pollination or intra-species pollination on the seed coat morphology or mass of the

resultant seed.

The morphology of seed that are produced by a mother plant after successful

pollination by a separate species or cultivar is identical to the seed produced by self

pollination or cross pollination within the species. However variations of two to

fifteen per cent in the mass of seed have been recorded between seed produced by

different pollinator varieties (Table 2). These may be heavier or lighter than seed

produced by self-pollination. This percentage is well in keeping with the variations

found in many species when seed is collected from the same taxon over a period of

time (weeks, months or years), from the same taxon cultivated in varying

environmental conditions or from separate taxa of the same species in different

geographical locations (Appendix 3). For example, P. quadrangularis found in

Venezuela produces seed 12% heavier than seed collected from P. quadrangularis in

Reunion Island. P. quadrangularis (Venezuela) seed is also 11% lighter than the seed

of the same taxon when cultivated in the UK (Appendix 3) and successfully cross

pollinated by P. alata.
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Seed collected from the wild, however, are almost always smaller and lighter by

approximately 10% than the seed of the same species produced in cultivation by self-

pollination. The seed of P. auriculata wild collected in Venezuela is 6% heavier than

the seed of P. auriculata wild collected in French Guyana. The seed of P. auriculata

cultivated in Florida, USA, is 10% heavier than the wild collected seed from

Venezuela (Table 1).

In each case, when seed samples of a species were produced by different pollen

parents, by either intra-specific or inter-specific pollination, the morphological

features ofthe seed were examined and compared using the 45 morphological

characteristics listed in Appendix V. In every case the very minor variations in seed

coat morphology were in keeping with the minor variations that are seen in seed

examined from a single fruit of a wild taxon.

Accepting that hypothesis 7.1.1 is proven, seed produced by interspecific pollination

could confidently be used alongside seed collected from the wild to explore the

possibility that the genus Passiflora could be classified using seed morphology only.

A study of seed morphology of Passiflora and their close relatives Adenia and

Hollrungia might assist our understanding of the phylogeny of these plants.

7.1.2 Classification of Passiflora species using seed morphology.

Passiflora species were classified into groups and subgroups using seed morphology

only and this classification was compared with the traditional classification of

402



Passiflora. A comparison of Passiflora seed with the seed of Adenia and Hollrungia

is also made with special reference to their origination and inter-relationship.

Hypothesis: The traditional classification of Passiflora into subgenera and sections

would be more meaningful, and the phylogeny more accurate, if greater significance

had been given to the morphology of their seed.

To study the seed of Passiflora species, seed should ideally be collected from the wild

and wherever possible this has been the case in this study. Fruit of the smaller-

flowered species, especially those from the subgenera Decaloba, Pseudomurucuja

and Murucuja are often abundant in the wild and seed are collected and preserved

with herbarium specimens or distributed to botanical institutions and collectors for

cultivation. Fruit of the larger-flowered species of the subgenera Passiflora and

Tacsonia are often harvested or devoured by hungry animals as soon as they are ripe.

These fruit are usually out of reach of human predators, often high in the forest

canopy, and so their seed are difficult to obtain for botanical study. Fruit and seed of

many less well-known or rare species, particularly from the subgenus Astrophea, have

never been described.

To broaden the seed collection from species in this study, five species were cultivated

and whenevet possible seed were produced by self-pollination. If this was

unsuccessful, interspecific pollination was attempted and in many cases was

successful. The question that arises from this hybridisation is whether or not these

seed produced by intra-specific cross-pollination would differ in any way from the

seed produced by self-pollination.
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Of the herbarium collections examined in collections at the Royal Botanic Gardens,

Kew, the Trinidad Botanical Gardens, the French Guyana Botanical Gardens and

Missouri Botanical Gardens, very few specimens were preserved with fruit or seed.

The seed collection amassed for this study, particularly from the large-flowered

species and interspecific hybrids, is believed to be the most comprehensive collection

of Passiflora seed in the world.

The seed of Passiflora species fall into three main types:

1. Species with flat seed, often large, with a comparatively fragile seed coat;

Group one: The Alatas.

2. Species with obovate seed with a hard, strong seed-coat and reticulate

sculpturing of the testa;

Group five: The Caeruleas.

3. Species with obovate seed, usually small, with transversely ridged sculpturing

of the testa;

Group nine: The Bifloras.

Seed from these three major groups were divided into subgroups according to surface

sculpturing, general outline shape and symmetry. The remaining groups were of seed

that fell into distinct groups but did not fit the parameters of the three main groups.
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Most seed were easy to categorise into groups and subgroups. The size, colour, shape

and testa sculpturing of seed from each individual species was generally consistent,

with the exception of some species from the subgenus Tacsonia, in which there were

variations in cross-sectional shape. The general outline and sculpturing were however

consistent. Seed of some species varied in colour, most notably among P. incarnata

and P. subpeltata, but seed size, shape and SCUlpturingremained constant. .After

Passiflora seed had been categorised into groups and subgroups, all available details

of seed from Adenia and Hollrungia were examined for similarities and where

possible categorised into the existing Passiflora seed groups. Unfortunately no seed

were available from any of the 66 species that comprise the other 14 genera of

Passifloraceae.

In 1972, W. J. J. O. de Wilde postulated the idea that Adenia originated from an

ancient archetypal taxon, centred on a point now known as Madagascar, in the super-

continent Gondwana approximately 65 million years ago and spread west to Africa

and east into India and Malesia. It is proposed here that the ancient evolutionary

pressures on these primitive plants caused them initially to become climbers, which

promoted their success and spread across Africa and India in the ancient forests. As

the continents separated, the development of the original nucleus of the taxa was

arrested by climatic changes and these plants evolved into the desert-dwelling

bulbiferous Adenia that we know today in East and South Africa and particularly

Madagascar. Some climbing Adenia became separated and developed in what was to

become India, Malesia and South America. The continuing evolutionary pressures on

these climbing Adenia, now separated by water from their ancestors, may have been

climatic or may have been due to inter-generic competition for a place in the forming
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equatorial forest, or to pollinator pressure. Perhaps the most likely explanation is a

combination of all three factors, which together brought about the change from

Adenia to Passiflora. This may have affected several species simultaneously (parallel

evolution) resulting in many closely related species in separate locations. The

adaptations of their vegetative and floral parts enabled them to successfully fill new

niches within the changing continents. In South America the formation of the high

Andes provided elevated habitats that were successfully colonised by ancestors of

species like P. mollissima and P. truxillensis, which are today found growing at

altitudes of up to 4,200 metres. The species that are now endemic to Australia, such

as P. aurantia and P. herbertiana, have seed very similar to those of the 'Bifloras'

group of Passiflora but how these few species originally reached this subcontinent

remains obscure. It seems unlikely, although possible, to have been via India. If this

was the case, it is even more remarkable that they are still so similar to their South

American cousins, particularly in respect of their seed morphology, after so many

millions of years. The evolutionary pressures on those Adenia that remained on the

continent of Africa were unlike those in America and Malesia and the changes in

floral morphology were less dramatic. Some of the Adenia that were cut off on what

would become the Indian subcontinent were also under less pressure to evolve and

remained little changed from their African relatives (Plate 26).

Some of the successful American Passiflora later started to abandon dependence on

tendrils as climbing plants and evolved stout stems that would support a small free

standing tree and also produce climbing tendrilled stems as the plant became

established, as seen in P. fuchsiaflora and P. amoena. Some species evolved to

abandon tendrils completely and developed into small or medium-sized free standing
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trees such as P. macrophylla, P. pittieri, P. lindeniana and other members of the

subgenus Astrophea. But although these species of Astophea are grouped together

because of their tree-like appearance and the similarity of their flowers, their seed are

the most diverse of any traditional subgenus. This suggests that the evolutionary

pressure to become free standing, giving an advantage over plants that rely on

climbing, has occurred simultaneously to related Passiflora in well-separated areas,

supporting the theory of parallel evolution.

The evidence implies that these species are phylogenically more distant relatives than

the traditional subgenus grouping suggests; for example, P. lindeniana is endemic to

Venezuela, P. amoena to the Guyanas and P. macrophylla and P. pittieri to Central

America.

This grouping of species because of a single common morphological feature also

occurs in subgenus Decaloba, section Pseudodysosmia, in which Passiflora that have

leaves and stems with hooked hairs or trichomes are grouped together (MacDougal,

1994). These species may be closely related, but phylogenically there may be others

which are more closely related and do not have hooked hairs, such as P. gracilis and

P. membranacea.

At first glance the morphological differences between the flowers of species in the

subgenus Tacsonia and those in the subgenus Passiflora seem profound but on closer

examination the differences are actually quite minor. All the reproductive organs are

identical apart from minor changes in colour and size.
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Plate 49 Ancient distribution ofPassifloraceae from the super-continent
Gondwana
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Fundamentally, the other morphological differences between these subgenera are also

limited to the size, colour and shape of other organs. The calyx tube is greatly

elongated and the corona filaments reduced in Tacsonia, with changes to the position

of the operculum within the tube, which would seem a natural development as the

tube became elongated. The seed morphology of the subgenera Tacsonia and

Passiflora is very similar and the possibility that Tacsonia are a recent evolutionary

adaptation to the pollinator pressures of high altitude habitation (MacDougal, 1994) is

strongly supported by the similarity of their seed.

As discussed in 7.1.1, seed morphology is influenced very little by interspecific

hybridisation compared with the dramatic morphological changes that may be seen in

the flowers of these hybrids. The dramatic changes in the appearance of the flowers

of a hybrid compared with its parents alongside the minor changes in seed

morphology support the proposal that the flowers of Passiflora, which are subjected

to pollinator pressure, may change rapidly and dramatically to retain a habitat or

colonise new vacant habitats in the wild. There has however been very little pressure

for change in seed design or morphology, which has been highly successful since the

early days of the ancient Adenia. Where there has been pressure on the seed to adapt

to changing meteorological conditions, such as colder winters or frequent rainstorms

during the dry season, or to problems in raising the cotyledons above the leaf litter,

changes in seed behaviour have evolved without changes to the overall morphology.

The ability of P. incarnata seed to withstand sub-zero temperatures for prolonged

periods without artificial dehydration is evident (Figures 30c and 30d) and unique

among all the species examined in this study, yet its seed morphology is still very

similar to other closely related species.
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P. subpeltata, P. lutea and P. cinnabarina, which come from very distinct and

separate subgenera, have the ability to produce seed that are influenced by seed coat-

imposed dormancy but, again, their seed coat morphology seems little changed from

that of their most closely related species. The seed of P. lutea, P. discophora and P.

exsudans, from distinct and separate sections of the subgenus Decaloba, have

hypogeal germination whereas the remaining species in Passiflora have epigeal

germination. Their seed coat morphology however is unchanged from that of their

most closely related species.

However, the seed of species from the subgenus Passiflora, section Quadrangularis

and other closely related species, Group 1, the Alatas, subgroup Quadrangularis,

produce seed that behave very differently and are quite distinct morphologically from

the seed of other Passiflora subgenera while their flowers are very similar to other

species in this same large group. Seed of the Alatas group are comparatively fragile

and are large and flat in cross-section. The seed of Aden ia firingalavensis are very

similar to other species seed in this group and may well have originated from a

common ancestor. Perhaps the evolutionary design of these seed was for a specific

reason related to seed germination. The fruit of all these species are brightly

coloured, yellow, orange or red, the arils are very sweet and juicy and seed dispersal

is by mammals and birds. It is possible that a large flat seed structure may help seed

to gain a more suitable germination site and extra moisture by being prostrate beneath

the leaf litter, or it may be that large seed produce large cotyledons that help the

seedling to become established more rapidly than competitor species.
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In the following discussion on each seed group or subgroup an Adenia or Hollrungia,

seed comparison is mentioned or a possible common ancestor is suggested wherever

possible.

The hypothesis that the classification of Passiflora into subgenera and sections would

be more meaningful and the phlogeny more accurate if greater significance had been

attached to the seed coat morphology is accepted.

7.1.2.1 Group 1: Alatas

Seed of species in this group are all medium-sized or large and highly compressed,

almost flat in cross-section with a reticulate-foveate, reticulate or scrobiculate surface.

They may be light or dark brown in colour and although they have a hard seed coat

they are very fragile when compared with seed of most other species that are very

convex or sub-round in section. These species are endemic to the large but well-

defined area of northern South America, Central America and Mexico from low

elevations up to nearly 3,000 metres for P. ligularis. Some species included in this

group are of economic importance, such as P. quadrangularis, P. ligularis and P.

alata, and are now cultivated in many countries throughout the tropics. P. foetida,

which is primarily cultivated as an ornamental vine, has sweet edible fruit that are

harvested and sold in local markets in parts of South America. It has now escaped

from cultivation and is commonly found wild in many countries including India,

Australia, Indonesia, Malaysia and Africa. The seed of P. x decaisneana (P.

quadrangularis x P. alata), which is included in this group, come from one of the
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major taxa in these investigations. Results have shown that the seed of this cultivar

are short-lived compared with other species studied in this thesis and will tolerate

moderate dehydration (Figure 31b) and survive for a short period but will not tolerate

storage at sub-zero temperatures even for short periods (Figure 31c). It is probable

that the seed of the other species in this group may react in a similar way to the seed

of P. x decaisneana when subjected to the same conditions and that for storage

purposes the seed of all these taxa should be treated as sub-recalcitrant or semi-

recalcitrant. The species included in this group are divided into four well-defined

subgroups on account of the lateral symmetry and outline of their seed. Very little

work has been conducted on the phylogeny of Passiflora, and the relationships

between this group and other groups or genera of Passifloraceae as a family have yet

to be defined. Ongoing research using DNA sequencing techniques at Reading

University by S. E. Vanderplank and HPLC (high pressure liquid chromatography)

fingerprinting of Passiflora flavonoids, being conducted at the University of

Mississippi, USA, by E. A. Abourashed, J. Vanderplank and 1. A. Khan may soon

provide some valuable information.

The seed of Adenia firingalavensis is very similar to the seed of species in this group

and they may well have originated from a common ancestor.

7.1.2.1.1 Subgroup 1: Quadrangularis

This subgroup comprises the species with the laterally largest seed of any Passiflora,

which may be up to 10 mm long and 8mm wide. All these species are found in

tropical rainforest regions that seldom suffer temperatures below 10°C and frosts are
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unrecorded. Their seed have probably lost the ability to survive more than moderate

desiccation and are unable to withstand sub-zero temperatures, as demonstrated by P

x decaisneana, a cultivar of this subgroup (Figure 31c). The possibility that these

species have evolved very quickly and are very recent in evolutionary terms seems

likely. The very large, heavy, showy flowers of P. quadrangularis and its relatives

may have been subject to extreme pollinator pressure. Perhaps only the first seed

from each fruit to find a suitable growing place were successful in becoming

established and growing into mature vines, whereas seed that were slow to germinate

or remained dormant or semi-dormant for even a short while became food for forest-

dwellers. After many generations the mechanisms for surviving the harsh conditions

that are found in more arid areas for prolonged periods were lost.

7.1.2.1.2 Subgroup 2: Nitida

The species in this subgroup are all endemic to the lowland tropics of north-east South

America, the Guyanas, Brazil, Colombia and Venezuela. They are all considered very

closely related by traditional taxonomy except P. candida, which is considered tree-

like and placed in the subgenus Astrophea. Like the species in the subgroup

Quadrangularis, the seed in this group would not experience severe dehydration or

sub-zero temperatures in the wild. P. nitida is found on the flood plains of Venezuela

and survives spending many months of each year partly submerged. The seed of P.

nitida are also able to cope with being fully submerged in water for long periods. P.

crenata and P. cerasina are also well adapted to the very wet forests of the coastal

regions of the Guyanas. For seed storage purposes the seed may be best considered as

sub-recalcitrant or semi-recalcitrant until further studies have been conducted, as they
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are similar in seed coat morphology to subgroup Quadrangularis within which the

behaviour of P. x decaisneana seed has been shown to be semi-recalcitrant (Figure

31c).

7.1.2.1.3 Subgroup 3: Tiliifolia

These species occur across a much larger area than the previous subgroup, including

parts of Central America and Mexico. They are all considered closely related by

traditional taxonomy and are included here as a subgroup of the 'Alatas'. Their seed

are expected to react similarly to dehydration and storage in sub-zero temperatures,

and for seed storage purposes should again be considered as sub-recalcitrant or semi-

recalcitrant until further studies have been conducted.

7.1.2.1.4 Subgroup 4: Foetidas

Species in this subgroup are endemic to the Americas and islands in the western

Atlantic Ocean and the Caribbean Sea. Many of the natural named varieties of P.

foetida were distributed around the world for ornamental cultivation and have now

escaped into the wild in many tropical countries in Asia, Malaysia, Australia and

India. Many P. foetida varieties are found in quite arid areas and their seed are more

tolerant of desiccation and lower temperatures than that from species in other

subgroups of the A/ata group. Their seed are also longer-lived, which would help to

explain their worldwide success. In tests, I have successfully germinated seed of P.
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foetida var. hibiscifolia which have been stored at 20°C for five years (the

germination level was approximately 30%).

7.1.2.2 Group 2: Morifolias

The Decaloba section Pseudodysosmia consists of a well-marked group of climbers

from the forest edges that vegetatively resemble Cucurbitaceae. Eighteen species are

recognised by J. M. MacDougal (1994), occurring in the temperate mountains of

Mexico and Central America. Most are conspicuously hispidulose with uncinate

trichomes. Seven of these species form the major part of this group. The seed of all

species included in this group are very similar, very convex with only a few coarse

reticulations, and are quite distinct from other groups. All these species occur in the

adjoining land masses from Mexico through Central America to northern South

America, often growing in seasonally very dry conditions at elevations between 1,000

and 2,000 metres.

Experiments with the seed of P. morifolia show that they are able to withstand severe

dehydration and in this dehydrated state will tolerate sub-zero temperatures of -196°C

in liquid nitrogen. However, seed stored continuously at sub-zero temperatures

deteriorates more rapidly than seed stored at 4°C, but no statistically significant

differences in germination levels were found between seed stored at 4°C and 20°C

over 66 months. (Figures 29a-g). This ability of the seed of P. morifolia to cope with

dehydration and low temperatures is probably inherited from its ancient ancestors, the
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desert-inhabiting Adenia, whose seed must have evolved, probably very slowly, to

cope with the severe conditions of the early arid lands with high daytime

temperatures, low night-time temperatures and natural sun-induced dehydration of

mature seed. The similarities in the wild habitats, vegetative features and seed

morphology of all the species in this group suggest that their seed storage behaviour

would also be very similar and, based on the behaviour of P. morifolia seed, their seed

should be considered as sub-orthodox. In P. exsudans Zuccarini 1837 both hypogeal

and epigeal germination have been recorded (MacDougal, 1994). This clearly shows

that hypogeal germination is recent in evolutionary terms as all the Adenia species

and approximately 99% of Passiflora species are recorded as having epigeal

germination. This also confirms that the type of germination, epigeal or hypogeal,

should not be considered of taxonomic importance although it is of considerable

importance ecologically.

7.1.2.3 Group 3: Coriaceas

Species from the subgenus Decaloba, section Cieca are grouped together by Killip

(1938) as having two globose, clavate or patelliform, sessile or stipitate petiole

glands. The bracts are linear-subulate or setaceous, usually dissitate, the petals often

wanting and the seed reticulate. Passiflora in this group occur from Mexico through

Central America to northern South America including many islands in the Caribbean

Sea, and also in Asia and Malaysia. Other species included in the section Cieca, like

P. cupiformis Mast. (1888), P. eberhardtii Gagn. (1921) and P. geminiflora Don

(1825), are native to China, Vietnam and India and although their seed have not been

physically examined, the descriptions of their seed are consistent with the appearance
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of the seed of other species in this group. This supports the hypothesis of the ancient

distribution of the Adenia ancestors to the east and west of a central point

(Madagascar) in the super-continent of Gondwana some 65 million years ago (de

Wilde, 1972). Adenia mannii bears several similarities to the Passiflora species in

this group. Its petioles also have two prominent auriculate glands near the leaf blades

and the seed are consistent with seed from Passiflora species in the group .: It is also

found wild in primary and secondary forest in high rainfall, marshy conditions,

flowering and fruiting throughout the year (de Wilde, 1972). Several Passiflora

species in this group, P. tridactylites, P. suberosa, P. xiikzodz and P. coriacea, also

flower throughout the year if conditions are favourable. They are also found in high

rainfall forests. Adenia mannii would seem to be a strong contender as the surviving

species of an archetypal form that gave rise to all the species in this group.

7.1.2.4 Group 4: Vitifolias

The seed morphology of the species in this group confirms their traditional

classification within the subgenus Distephana. All these species are native to the

lowland tropics and rainforests of the Guyanas, Brazil, Venezuela, Colombia, Bolivia

and Panama. The close geographical distribution of these species, the similarities in

vegetative features and the large showy red flowers, which are odourless and

pollinated by hummingbirds, are strong evidence of the recent evolutionary changes

that these species have undergone. Also, the considerable similarities in their seed

morphology suggest a very recent and common ancestor. No Adenia species has been

found with similar seed morphology to species in this group. Although all these

species occur at low elevations in wet tropical rainforest, their seed is probably
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tolerant of severe dehydration and can be stored at sub-zero temperatures, even in

liquid nitrogen at -196°C (P. vitifolia,5.3.7.2). This suggests an ancestor that was

originally adapted to more arid or desert conditions where mature seed may have to

tolerate high daytime temperatures, low night-time temperatures and severe sun and

wind dehydration. Dehydrated seed of P. vitifolia survive longer when stored at low

temperatures above freezing point (4°C) than at sub-zero temperatures (-18°C) and

must therefore be considered as semi-orthodox (Figure 28a-e).

7.1.2.5 Group 5: Caeruleas

Seed of species in this group are the most diverse of any group in this study. They

include most species of two major subgenera, Passiflora and Tacsonia, and seed of

several species from the subgenus Decaloba, section Pseudodysosmia and the

subgenera Tacsoniodes and Manicata. The seed of all these species show the same

general morphology regarding shape, cross-section and the numerous reticulations on

their seed coat (testa). They are medium-sized or large seed, mostly symmetrical or

only slightly asymmetrical in general outline, except for a few species that are very

asymmetrical in outline and have been placed in the subgroup Lindeniana on their

own. The remaining seed have been separated into three subgroups on account of

variations in size, the frequency and type of reticulations observed on their seed coat

and the curvature of their lateral cross-section. All the species in this group are found

in the large but well-defined area of southern North America, Central America and

South America. Two Adenia from Africa, one from Madagascar and one from India

have seed with morphological features consistent with three of the subgroups in this
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group. The possibility that all these species may be more closely related than their

traditional classification suggests is almost expected and supports the view of John

MacDougal that some ancient species, that may have hybridised to become separate

subgenera of Passiflora, have had to change very rapidly either to survive constant

herbivore attack or to take advantage of geographical or climatic changes that have

occurred during recent geological history. It is also possible, or even probable, that

all these Passiflora species have evolved from one or more very ancient ancestors, the

Adenia, that may still have living relatives that may have changed very little over the

millennia due to the almost static evolutionary pressures on these desert plants.

7.1.2.5.1 Subgroup 1: Subpeltata

Most of the species in this subgroup come from the subgenus Passiflora, particularly

the section Lobatae, defined by E. P. Killip as follows: 'Herbaceous, rarely woody,

vines, bracts entire or serrulate, usually large and involucrate; flowers large, highly

coloured; calyx campanulate or short tubular; corona filaments in three or more ranks,

often variegated; operculum incurved, erect at margin; ovary narrowed to the style or

styles arising at centre top of ovary, free or united at the very base; fruit often large'.

P. racemosa was placed on its own in the subgenus Calopathanthus on account of its

pseudoracemose inflorescence alone. Its seed are very similar to those of P. caerulea,

with which it readily hybridises. The first recorded interspecific Passiflora hybrid

was P. caerulea x P. racemosa, 1828. Geographically these species occur wild in

comparatively close proximity to central and northern South America, mostly at lower

elevations. Seed of all the species included in this subgroup are very similar in all

their morphological features with very little variation. The seed of P. subpeltata,
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which is the representative species of this subgroup, have been one of the major

subjects of these investigations. They have been shown to tolerate severe dehydration

and storage at very low temperatures, even liquid nitrogen at -196°C. However, the

longevity of both dehydrated and non-dehydrated seed is reduced when seed are

stored at sub-zero temperatures of -18°C compared with seed stored at low

temperatures above freezing point (4°C). The seed of P. subpeltata must therefore be

considered as semi-orthodox. Considering the close similarities to other species in

this subgroup and their seed, it is probable that their seed would behave in a similar

manner and should also be regarded as semi-orthodox for storage purposes.

7.1.2.5.2 Subgroup 2: Mollissima

The morphology of the seed of this subgroup is very similar to the previous subgroup,

Subpeltata, in general outline and cross-section but in this subgroup the surface

reticulations are more numerous and generally shallower with smooth sides. Most

species in the subgroup Mollissima come from the subgenus Tacsonia, which are

described by E. P. Killip (1938) as follows: 'Herbaceous or sub ligneous vines,

petioles usually glandular; bracts large, free or connate part-way; flowers showy,

usually purple or red; calyx cylindrical, much longer than the sepals, petals inserted at

its margin; corona with one or two ranks of filaments, often reduced to tubercles;

operculum dependent; ovary tapering, styles distinct'. Some of the species in this

subgroup have now become distributed worldwide, particularly P. edulis Sims and P.

mollissima, but originally all these species were endemic to the large but well-defined

area of South America, Central America and southern North America. The variations

in the general outline of the seed within this subgroup are minor but noticeable. This
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is in part due to the natural hybridisation of many species, particularly P. mollissima,

P. mixta and P. edulis, where the seed can vary in size, shape and cross-section, even

within a single fruit. Several species traditionally classified in the subgenus

Decaloba, section Pseudodysosmia, which are endemic to a comparatively small area

of Mexico, and several species from the subgenera Passiflora, Manicata and

Tacsoniodes, are included in this subgroup in spite of their profound differences in

vegetative and floral morphology because their seed morphology is highly consistent

with other species in this subgroup. The seed morphology of Adenia isaloensis (Perr)

de Wilde (1972) from Madagascar is remarkably similar to the morphology of the

seed of Passiflora species included in this subgroup. This Adenia is probably an

ancient ancestor of these species and may closely resemble the original archetypal

form. The seed of P. incarnata from the subgenus Passiflora, which is included in

this subgroup, has been one of the major subjects of these investigations. They have

been shown to tolerate severe dehydration and storage at very low temperatures,

including liquid nitrogen at -196°C. Although seed longevity is greatly improved by

dehydration, long-term storage at sub-zero temperatures of -I SoC slightly reduces

longevity compared with storage at low temperatures above freezing point (4°C)

(Figures 30a-g). Seed of P. incarnata should be considered as orthodox or

intermediate orthodox. Seed of other species in this subgroup should also be

considered as intermediate orthodox for seed storage purposes. Some species in this

subgroup, particularly P. tarminiana and P. edulis are of great economic importance

and are now cultivated in most tropical and many subtropical countries throughout the

world. P. tarminiana has escaped into the wild in several countries and is considered

a pernicious weed in Hawaii, where the Hawaiian Agricultural Department are trying

to stop it spreading any further (Green, 1994). Both P. tarminiana and P.
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pinnatistipula are considered serious weeds in South Island, New Zealand (Williams

& Buxton, 1995).

7.1.2.5.3 Subgroup 3: Malifonnis

All the species in this subgroup are traditionally considered very closely related,

coming from the subgenus Passiflora. They are all endemic to northern South

America and Central America and are found from very low elevations to 1,800 metres

on the lower slopes of the Andes mountains. Two Adenia species have seed with very

similar morphological features: A. globosa subsp. globosa, which is common in East

Africa, and A. staudtii, which climbs to eight metres and is common in West Africa.

It is proposed that an ancient Adenia relative of all these species is the archetypal

form or species, which was probably very similar to one of the Adenia mentioned

above.

7.1.2.5.4 Subgroup 4: Lindeniana

The seed morphology of the two species in this subgroup, which are also considered

very closely related by traditional classification, is very distinct on account of their

asymmetrical seed shape and deep, sharp-edged, reticulated seed coat surface. The

suggestion that they are closely related is supported by their close geographical

distribution in Venezuela and Brazil. The morphological features of the seed of

Adenia hondala are very similar to those of seed in this subgroup and this Adenia is

proposed as the possible archetypal form of this group in spite of its distribution on

the Indian subcontinent.
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7.1.2.6 Group 6: Aurantias

The three species in this group are confined to the Australia and the subspecies

Howinsula to Lord Howe Island off the east coast of Australia. They are traditionally

placed in the subgenus Decaloba, section Distemma. The seed morphology within the

group is remarkably similar but quite distinct from seed in other groups. These

species are most closely related to species in the Bifloras group whose seed have

complete transverse ridges. In this group the ridges may be broken and reunited and

may appear as reticulations. These species have been evolving separately from their

relatives and common ancestors for probably millions of years, during which time

their flowers have become much larger, brightly coloured and showy whereas species

in the Bifloras group generally have small inconspicuous flowers with white petals

and sepals and small yellow corona filaments. The modifications to the shape, size

and colour of the flowers has been due to unknown ecological pressure but during this

same period the modifications to the seed morphology have been noticeable but

minimal. This small group provides the clearest and most indisputable proof that the

flowers and vegetative parts of Passiflora can adapt rapidly and dramatically to

ecological pressure whereas the seed morphology remains almost unchanged. If so

little change has taken place to the basic archetypal seed between these two groups of

species, which have evolved thousands of miles apart, it seems reasonable to propose

that the seed morphology of some ancient Adenia of more than 65 million years ago is

still recognisable as being similar to the seed of the modem day Adenia and Passiflora

species. If this was proven then the most important diagnostic feature of

Passifloraceae taxonomy would be the seed morphology of each species. The

subgenus of Passiflora could then be defined by the seed group and the sections and
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series of subgenera defined by traditional vegetative and floral taxonomy. One

advantage of using seed as a major feature in the taxonomy of Passiflora is that they

are easy to preserve, require very little space and no specialist storage conditions, and

can be transported with the minimum of packaging.

7.1.2.7 Group 7: Oerstediis

All the species in this group are traditionally classified in the subgenus Passiflora but

in five separate sections. All are found in neighbouring northern South American

countries with the exception of P. oerstedii var. choconiana, which is endemic to

Central America. The natural close proximity of these species and the distinct

morphological features of the seed leaves little doubt that they are very closely

related, and more so than suggested by traditional taxonomy. Details of their ecology

are very sparse. All have leaves with three major nerves and lobes except P.

guazumaeJolia. Most are found wild in or at the edges of very tropical rainforests,

with the exception of P. gritensis, which occurs in the high pine forests of Venezuela.

7.1.2.8 Group 8: Truxillensises

The seed morphology of this group does little more than confirm that the traditional

grouping of these species, which are all endemic to a comparatively small area of

Colombia, within the subgenus Tacsonia, section Colombiana, with the addition of

P. parritae from Tacsonia section Parritana. Natural interspecific hybridisation

between species of this group and those in the Caerulea group is probable and may

account for seed morphological variation in the section Mollissima, which might
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otherwise have been included in this group. Seed from the group Truxillensis are very

similar to seed in the group Caerulea, subgroup Mollissima.

7.1.2.9 Group 9: Bifloras

Seed in this group all have transverse ridges rather than varying degrees of pits or

reticulations, with the exception of group 6, Aurantia, where the ridges may be

incomplete, transverse and obverse and appear as reticulations in some individuals. In

his 1938 monograph, E. P. Killip divided seed of the American species of Passiflora

into two groups: those with reticulated seed and those with transversely ridged seed.

He recorded that, in general, species with transversely ridged seed had glandless

petioles and those with reticulated seed had glandiferous petioles. Although this is a

major natural division in seed morphology there is no consistent floral or vegetative

feature that is only manifest in either one of these groups. The Bifloras group

includes most species from the subgenus Decaloba, section Decaloba, species from

the sections Psuedogranadilla and Xerogona, and from the subgenera

Pseudomurucuja and Polyanthea. In general the flowers of most species in this group

are small (less than 45 mm in diameter) and fairly inconspicuous with white, cream or

green petals and sepals. There are however a few exceptions, including P. cirrhiflora,

which has large, intricate orange and yellow flowers, P. murucuja, P, cuprea, P.

sanguinolentd, P. citrin a and others with conspicuous brightly coloured flowers. The

morphology of the leaves is extremely varied, ranging from small entire leaves in P.

cuprea to shallowly or deeply bilobed leaves as in P. standleyii, trilobed leaves as in

P. tricuspis or deeply seven or nine-lobed leaves as seen in P. cirrhiflora. The leaf

lamina may be tomentose, pilose, glabrous or nitid. The possibility that group 6, the
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Aurantias, should be a section of the Bifloras group was considered and if this were

the case then this would be the most widely distributed group of Passiflora, with

species throughout North, Central and South America, the West Indies and Caribbean

Islands, the Galapagos Islands, Australia and its neighbouring islands. This in turn

would suggest an African Adenia ancestor that was well distributed before the break-

up of the super-continent Gondwana.

7.1.2.9.1 Subgroup 1: Lutea

Species in this subgroup come mainly from the subgenus Decaloba, section Decaloba

with one species each from the sections Pseudogranadilla and Xerogona and two

species from the subgenus Pseudomurucuja. This is the single largest subgroup in

this study with thirty species and geographical distribution from North America (P.

lutea) to Central America, the West Indies, Cuba, the Bahamas and the Galapagos

Islands (P. colinvauxii). P. rubra, which produces spherical or ovoid pink fruit, is

included in this subgroup but its subspecies, which produces deep red or deep maroon

torpedo-shaped capsule fruit with an angular cross-section, is included in subgroup 2,

Capsularis. This must raise the question of the relationship between these two taxa;

are they separate species? Ecologically very little information has been recorded on

most of the species in this subgroup. They are found wild in a variety of habitats

including lowland tropical rainforest, cloud forests, in drier, more exposed conditions

at the forest edge, in the foothills of the lower Andes up to elevations of 2,000 metres

and in the mountains of Central America. They are often found growing over small

trees and shrubs or on open grassland in extremely poor soils. One species, P. lutea,

is endemic to the USA and is very herbaceous, dying back and overwintering by

means of thick fleshy roots, which are sufficiently subterranean to escape any sub-
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zero winter temperatures. Initial experiments with the seed of P. lutea suggest that

they have a seed coat inhibitor that may be overcome by freezing. P. lutea is also

very unusual amongst Passiflora for having hypogeal germination, which is only

found in three other species: P. discophora Killip (1924), P. ovalis Yell. (1827) and

P. exsudans Zuccarini (1837). All are placed in separate groups in this study, which

suggests that hypogeal germination is recent in evolutionary terms and that the

ecological pressures that brought about this change did not significantly affect the

seed morphology. Adenia species are recorded as having epigeal germination only,

supporting the hypothesis that this is a recent event. P. exsudans produces seed of

both types, demonstrating both hypogeal and epigeal germination. This may be a

species in transition from epigeal to hypogeal germination and further studies of this

species and its seed may confirm this hypothesis.

7.1.2.9.2 Subgroup 2: Capsularis

All these species are from the subgenus Decaloba, section Xerogona, which is a very

clearly defined group both by traditional taxonomy and by seed morphology. All

species occur in northern South America or Central America. Seed of subgroup 2,

Capsularis, differ from those in subgroup 1, Lutea, in three major features. In

subgroup Capsularis seed are notably asymmetrical and narrow in general outline

with a prominent chalazal beak inclined towards the raphe (Plate 45). All these

species produce capsule fruit, fusiform or elliptical in general shape with a hexagonal

acute-angled or obtuse-angled cross-section. When ripe, fruit burst open from the

distal end, exposing the aril-covered seed, which are easily dislodged by any sudden

movement of the plant or fruit. The species P. rubra, which is commonly cultivated

in the UK, has capsule fruit and is included in this subgroup whereas its other form or
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subspecies with berry-like fruit is placed in subgroup 1. Both are well placed within

their respective subgroups.

7.1.2.9.2 Subgroup 3: Cirrhiflora

The three species in this subgroup are all found wild in a comparatively small

geographical area of the Guyanas, Venezuela and Peru, although P. auriculata has

also been recorded in some Central American countries. Seed from this subgroup

differ from those in subgroup 1 by having seven or less deep transverse sulcate

smooth ridges, and from those in subgroup 2 by being symmetrical and broadly ovate

in general outline with a depressed triangular chalazal beak. Seed from this subgroup

are distinct and strikingly similar. They are traditionally placed in two very divergent

subgenera: Polyanthea, with only one species, P. cirrhiflora, and Decaloba, section

Decaloba, with numerous species. Although the leaf and flower morphology of these

species differs greatly, the similarities in seed morphology are too consistent to be

ignored (Plate 44).

7.1.2.10 Group 10: Tetrandras

P. tetrandra was formerly placed in the genus Tetrapathaea which was included in

Passiflora in 1971. This is the only endemic species found in New Zealand. The

morphology of the seed is unusual and very distinctive, placing it in a group of its

own. The only seed from Passifloraceae species that closely resemble P. tetrandra

seed are those of Hollrungia aurantioides, which is endemic to Malaysia. Both these

species are, or were, from single-species genera and are considered primitive. It

seems likely that they originated from a single Adenia archetypal species (or form)
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and that the genus Hollrungia should be included in Passiflora, either as a subgenus

or as a species in the subgenus Tetrapathaea (Plate 46).

7.1.2.11 Group 11: Discopboras

P. discophora is very distinctive and the only species traditionally placed in the

subgenus Decaloba section Discophora. It is also one of only four species in which

hypogeal germination is recorded. The only species within Passifloraceae with seed

that closely resemble P. discophora in morphology is Adenia monadelpha Perro

(1945), which is endemic to Madagascar. It is quite possible that these two species

are more closely related than previously envisaged.

7.1.2.12 Group 12: Pittieris

The seed morphology of P. pittieri is distinctive and does not permit this species to be

included in any other group or subgroup. The seed are exceptionally large for

Passiflora, with only 7,000 seed per kilo. The only Passifloraceae species with seed

that closely resemble P. pittieri in size and morphology are Adenia penangiana,

endemic to Malaysia, and Adenia repanda, endemic in to central South Africa and

West Africa. P. pittieri is endemic to Colombia, Panama and Costa Rica and

probably occurs in other Central American countries. The geographical distribution

of these three species does not enforce the possibility of them being closely related,

but their seed morphology is too similar to discount the possibility that they originated

from a single archetypal species (Plate 46).
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7.1.2.13 Group 13: Amoenas

These species were placed in the subgenus Astrophea because they are both tree-like

with reduced or absent tendrils as in P. amoena and P. macrophylla respectively.

They are both endemic to northern South America, but not in close geographical

proximity. Their seed morphology is distinctive but there are similarities with group

7, Oerstediis, although these are not sufficient for them to be included, even as a

separate subgroup (Plate 46). However, the geographical distribution of these two

groups overlaps and the possibility that they are closely related is not dismissed.

7.1.2.14 Group 14: Ovalises

The seed of the two representative species of this subgroup are very large and quite

distinctive. These species are found wild in close geographical proximity in the

lowland tropical forests of Brazil and the Guyanas. The seed of P. ovalis are recorded

as having hypogeal germination, which only occurs in three other species of

Passiflora. No Adenia species was found with seed morphology that resembled those

within this group. The size of the seed may be significant, and may be a recent

adaptation of both these species to the difficulties of germination in dense, wet,

tropical rainforests. This would also help to explain the evolutionary change from

epigeal to hypogeal germination. The smaller seed of P. incarnata and P. mollissima

from group 5, Caeruleas, subgroup Mollissima, bear some similarity to those in this

group but the surface reticulations of the Ovalises group are sufficiently distinctive to

warrant them being placed in a separate group, rather than a subgroup, at this time.

The possibility that these two groups are more closely related than suggested here will
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be much easier to evaluate when seed of more species are available for examination

(Plate 46).

7.1.3 Cladogram

This cladistical analysis strongly supports the classification of Passiflora by seed

group morphology in seed groups 1 to 9. Seed groups 1(Alatas), 4 (Vitifolias), 5

(Caeruleas), 7 (Oerstediis) and 8 (Truxillensises) are all contained in well-defined

minor clades within the major clade A. All seed samples in groups 3 (Coriaceas), 6

(Aurantias) and 9 (Bifloras), with the exception of only one species, are contained in

well-defined minor clades in the major clade B. The support for groups 10-14 is

undermined by the low number of samples per group available for analysis.

However, the two species in group 13 (Amoenas) appear together in the minor clade

A7 and three species from group 14 (Ovalises) appear together in the minor clade A2,

which supports their grouping.

The cladogram has two distinct major clades, A and B, which strongly support the

karyotypic evidence ofx = 6 and x = 9 presented by Snow and MacDougal (1993).

The group represented by x = 6 includes all the species from the subgenus Decaloba.

Clade B, which contains seed groups Bifloras, Coriaceas and Aurantias, consists

solely of species from the subgenus Decaloba except P. actinia from the subgenus

Passiflora. In clade A, all but six species are consistent with those where x = 9.

However, the new classification of the genus Passiflora proposed by Feuillet and

MacDougal (unpublished, 1999), where the genus is split into four super-sections

(Astrophea, Deidamioides, Decaloba and Passiflora), is not supported by this
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cladistical analysis. Species from super-sections Astrophea and Deidamioides are

fragmented across the major clade A and nowhere do more than three species appear

in the same minor clade.

7.1.4 The morphology and mass of the seed of interspecific hybrids.

Hypothesis: The morphology and mass of the seed of an interspecific hybrid closely

resembles that of its maternal parent.

Most Passiflora hybrids and cultivars are completely sterile, for example P. Allardii

Lynch (1907), P. Belotti Pepin (1849), P. x violacea Loise (1824), P. 'Sapphire'

Vanderplank (1996) and P. 'Purple Haze' Vanderplank (1996). A few however will

set fruit and produce viable seed when hand pollinated. The morphological features

of the seeds of these cultivars always closely resemble those of the original maternal

parent but they are strongly influenced by the size and mass of the seed of the paternal

plant (Table 2, Plates 47 and 48).

This helps to answer the long standing question as to the parentage of the mysterious

cultivar P. 'Amethyst' whose origins are completely obscure and have been the subject

of much debate and speculation for many years (Kugler & Wetschnig, 1991). The

seed of P. 'Aniethyst' most closely resembles the seeds of species in Group 5,

Caeruleas, subgroup Subpeltata, which includes the suspected maternal parent P.

caerulea. The seed also share some features with the seed of P. amethystina from

Group 7, Oerstediis, which was thought to be the most likely paternal parent (Kugler
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& Wetschnig, 1991), but the cultivar P. 'Purple Haze' of this parentage bears little

resemblance to P. 'Amethyst'.

In all the cases examined the size and mass of the seed of the cultivar is an

intermediary between the size and mass of the seed of each parent. If the seed of the

paternal plant is larger and heavier than the seed of the maternal parent then the seed

of the cultivar will also be large and heavier than that of the maternal parent and vice

versa. If the seed of the paternal parent are smaller and lighter than those of the

maternal parent, the seed of the cultivar will be smaller and lighter. The testa

sculpturing and morphology of the seed is always most similar to the sculpturing on

the seed of the maternal parent. The changes in the seed morphology after

interspecific hybridisation are surprisingly minor. This supports the case that the

morphology of Passiflora seed is more reliable for taxonomy than the morphological

features of the flowers and vegetative parts, which can be dramatically altered by

hybridisation.

7.2 Moisture content of Passiflora seed.

7.2.1 Methods of dehydrating Passiflora seed.

Itwas necessary to establish a reliable and repeatable method for reducing the

moisture content of Passiflora seed to a predetermined percentage for each of the five

taxa in this study.
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Hypothesis: The strong, hard testa of Passiflora seed is an effective barrier to

successful dehydration of seed using chemical dehydrating agents (silica gel and di-

phosphorus pentaoxide) and heat at 30°C.

The total moisture content of Passiflora seed from each of the five primary taxa was

established by dehydration of fresh, clean, dry seed at 102°C for up to 20 days, and

calculation of the percentage moisture content on the fresh mass basis:

% moisture content = fresh seed mass - dehydrated seed mass x 100
fresh seed mass 1

Although freshly harvested seed were cleaned and dried for a minimum of five days at

20°C before weighing and dehydrating for these tests, the total moisture content of

separate samples of the same species taken from a single collection varied by up to

2.23% (P. incarnata) and seed collected at different times may vary by more than

10%.

To calculate the remaining moisture content of a seed sample that has been only

partially dehydrated and express this as 'percentage moisture content', the assumption

is made that the totally dehydrated mass of the sample was known, or that the sample

was totally dehydrated after the initial partial dehydration mass had been recorded.

There is no easy answer to this problem. If an average dehydration mass were to be

used this could have an error value greater than 10%, which is consistent with

variations in seed size and mass for each taxon, with the additional error factor for

variations in moisture content, ie 2.23% in P. incarnata .. To avoid this confusion
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only percentage moisture loss values, which are calculated on a fresh dry seed mass

basis, are used in this work.

% mass reduction (mr) = fresh seed mass - dehydrated seed mass x 100
fresh seed mass 1

7.2.1.1 Heat

Reducing the moisture content of seed samples using gentle heat at 30°C was

successful, but slow, with mass loss still being recorded after 27 days. The reduction

in percentage moisture content was less than the percentage moisture loss recorded

using silica gel and di-phosphorus pentaoxide. The viability of seed samples after

dehydration at 30°C was greatly reduced, from 100% germination to only 10% in P.

incarnata, and to total loss of viability in P. x decaisneana and P. morifolia (Table

27).

7.2.1.2 Chemical dehydration

Silica gel and di-phosphorus pentaoxide were both effective in reducing the moisture

content of seed samples. The percentage moisture reduction was greater than using

heat and seed viability was unaffected in most species, although slightly reduced in P.

vitifolia. However in P. x decaisneana the germination percentage was reduced by

50%, but this was still an improvement on heat dehydration where the loss in viability

was total. The moisture reduction using di-phosphorus pentaoxide was greater than

that obtained using silica gel by up to 2.0% (P. morifolia). In spite of this, silica gel

was chosen as the dehydration agent for further tests on account of its ease of use and
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safety considerations. The speed of dehydration using heat, silica gel and di-

phosphorus pentaoxide is shown in the time/mass loss graphs (Figures 6-11), 80% of

the total reduction produced by each method being obtained in the first three days.

The hypothesis 7.2.1 is therefore rejected.

Using the dehydration graphs for silica gel and each of the five taxa, three levels of

moisture reduction were chosen for each taxon. These data were then used to

partially dehydrate seed from each taxon to these predetermined percentages in

moisture reduction for use in the long-term storage trial at temperatures of 20°C, 4°C

and -18°C.

7.3 Germination of Passiflora seed.

7.3.1 The standard germination test for Passiflora seed.

Itwas necessary to establish the best procedure to be used as the 'standard

germination test' for Passiflora seed.

Hypothesis: The successful germination of Passiflora seed is primarily influenced by

the temperature that is maintained during the germination period.

Following the recommendations of Ellis et al. (1985a and b), in the Handbook of Seed

Technology for Genebanks, a seed germination technique using saturated filter papers

in a sealed Petri dish was tested and found to be successful. This procedure was
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adopted for all remaining seed germination tests during this research. Although Teng

(1977) and Ellis et al. (1985a and b) had advocated a bithermal temperature technique

for successful germination of Passiflora seed, Morley-Bunker (1980) suggested the

use of a constant temperature of 20°C or 30°C for germinating Passiflora edulis Sims

seed. No published work was found that compared success rates for the germination

of Passiflora seed at different temperatures for any species. No data were available

on the germination of seed of P. vitifolia, P. subpeltata, P. morifolia or P. x

decaisneana.

Three temperature regimes were investigated and the results were conclusive in all

three species (Figures 12-14). Using the bithermal technique (20/30oC), seed showed

70-100% germination after 30 days. Germination was recorded only once at constant

temperatures of 20°C or 40°C, that being 20% germination of P. morifolia seed after

50 days at 20°C with gibberellic acid. The bithermal germination technique of 16

hours at 20°C and 8 hours at 30°C alternately was adopted for the remainder of this

research as the germination temperature technique for the 'standard germination test'.

On this evidence it seems reasonable to accept the hypothesis that the germination of

Passiflora seed is a primarily influenced by temperature.

7.3.2 The effect of variations in the germination medium on the germination of

Passiflora seed.

Hypothesis: The successful germination of Passiflora seed is primarily influenced by

the acidity of the germination medium.
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The seed of passionfruit that are eaten by some animals and birds may pass through

the digestive tract without injury to the seed (MacDougal, 1994 and J. Molinari,

verbal communication). The germination potential of those seed may be increased by

the digestive acids of these creatures, or by the later action of the decomposing

droppings surrounding the seed. Alternatively, the association between animals and

passionfruit may simply aid more distant seed dispersal. If the acidity of the digestive

tract is of primary importance to the germination percentage of Passiflora seed, then

both samples in the acidic media of cold tea (PH 4.5) and gibberellic acid (PH 3.5, as

determined by BDH indicator strips) should show higher germination rates than other

samples, including the control group. This is indeed the case for P. subpeltata, where

the use of gibberellic acid improved the germination percentage in samples at all three

temperature regimes. In P. morifolia germination was greatly improved in the sample

at 20°C and in P. vitifolia germination was improved at both 20°C and 40°C.

Considering these results, the use of gibberellic acid to aid germination of Passiflora

seed must be considered beneficial. If the acidity of gibberellic acid at pH3.5 was the

sole factor affecting the improvement in germination rates, then the cold tea at pH 4.5

should have produced similar results, but there is no correlation between the two sets

of results. This suggests, as was expected, that the hormonal action of gibberellic acid

may be a prime factor in the promotion of successful germination of these seed.

Passiflora seed that are deposited in animal droppings may have many advantages

over their siblings in achieving successful germination. They are hidden from the

view of keen-sighted predators and their natural scent is overwhelmed by the odour of

the dung, making it difficult for animals that rely on smell to find them. The

decomposing dung may produce a sufficient rise in temperature to assist germination
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and the nutrients released by this process would be of great benefit to the emerging

seedlings.

7.3.3 The effect of differing temperature regimes on the successful germination of

Passiflora seed.

The use of constant temperature regimes of 20°C and 40°C for seed germination were

included to allow any sample with improved germination percentages greater than the

control sample to be clearly evident, as germination in the control samples at 20/300C

is generally 70% to 100% in the species in this study. This makes it difficult to assess

any improvement in the germination of other samples. The increased germination of

P. morifolia seed in the alkaline conditions produced by ammonia (pH 9) and lime

(pH 8) at both 20/300C and at a constant 20°C is noteworthy and may reflect the

geological conditions encountered by these species in the wild. The use of gibberellic

acid was the only treatment in this study that was of benefit to all Passiflora species in

this trial, but this was not true for all temperatures. The most striking results from this

trial are the germination percentages of samples at the bithermal temperature regime

of 20/30oC, confirming this as the superior germination temperature. It seems

reasonable to conclude from these results that seed from other species of Passiflora

may behave differently from the three in this study and that a procedure using alkaline

conditions that is ideal for P. morifolia and its relatives may be detrimental to P.

subpeltata and its allies.

The results using cold tea showed no improvement for the three species in this study,

but may aid germination in other Passiflora species. The scope for continuing this
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line of research is evident. Perhaps an ideal germination procedure will involve an

acid treatment for a number of days at a certain temperature followed by a different

temperature. However, for these three species with germination rates of70-100%

using the standard germination test, perhaps further research is not required. There

are, however, many Passiflora species in which germination is reluctant or very poor

and new, more reliable germination techniques would be of great value. For these

reasons the hypothesis that the successful germination of Passiflora seed is primarily

influenced by the acidity of the germination medium is not proven. Germination rates

are, however, improved by gibberellic acid, as is the case for almost all reluctant to

germinate or dormant seed (Bewley, 1979 and Black, 1980).

7.3.4 Seed colouration and viability

Hypothesis: The seed of Passiflora species with pale colouration compared with their

siblings have reduced viability.

The term 'pale colouration' should not be confused with the term 'albino seed' used

by John MacDougal in his 1994 monograph. This refers to immature or undeveloped

seed that are found in mature fruit and are white or cream in colour and completely

sterile. Seed with differing colouration from their siblings are found in the ripe fruit

of most Passiflora species and this is of concern to seed producers and seedsmen

alike, who query the viability of the seed. This was also the case with seed that were

harvested for use in this research, particularly the seed of P. incarnata where the fruit

harvest had been poor and seed availability for trials was only 50% of requirements.
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Three species, P. vitifolia, P. subpeltata and P. incarnata, had regularly produced

seed with pale colouration, which were usually separated out and abandoned. At this

time, however, the lack of availability necessitated including some pale seed of P.

incarnata in this project.

7.3.4.1 Comparison of the moisture content of dark and pale seed.

In P. vitifolia and P. incarnata there was less than 0.5% variation in the moisture

content between dark and pale seed of each species. In P. subpeltata B27 NI with

pale (dull) seed and dark (glaucous) seed there was a difference of8.62% in the

moisture content between the two groups. This may have been due to more rapid

dehydration of the pale seed during the initial two-week drying period. These seed

lack the glaucous coating of the dark seed, which may slow the rate of dehydration.

Samples of both B27 NI and B27 N2 were subjected to total dehydration at 102°C for

36 hours. A difference of less than 0.1% in dry mass was recorded, which supports

this opinion.

The germination percentages for dark and pale seed of P. vitifolia and P. subpeltata

were identical at 90% and 100% respectively and in P. incarnata the dark seed

produced poorer results than the pale seed by 10% and 20% (Figure 15). The

hypothesis that pale seed have reduced viability is therefore rejected.

Possible reasons for variations in seed colour have not been investigated but there

may be advantages of camouflage to avoid keen-sighted predators, or perhaps a pale
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colour that reflects sunlight helps to prevent the seed and embryo from becoming

overheated, or prevents imbibition stress (Powell, 1989, Marbach and Mayer, 1974).

7.3.5 Germination of Passiflora seed that have been cooled to 4°C prior to sowing.

Hypothesis: Germination rates in Passiflora seed stored at 20°C are improved by

cooling to 4°C for 30 days prior to sowing.

Germination percentages in seed of P. subpeltata that had been cooled to 4°C for 30

days prior to sowing were reduced by 5.5% compared with the control group that

were stored continuously at 20°C, by 40.5% compared with seed stored continuously

at 4°C and by 33% compared with seed stored continuously at -18°C (Figure 5).

Delayed cooling to 4°C of P. subpeltata seed has no benefit to germination rates in

this species but continuous storage after harvest at 4°C is preferential to the other

storage conditions investigated in this study. A slight moisture reduction (3.7% mr)

resulted in improved germination levels (Figure 5) whereas 9.96% mr produced the

lowest germination levels of all four groups.
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7.4 Seed coat-imposed dormancy.

7.4.1 Investigations into seed coat-imposed dormancy in Passiflora seed.

Hypothesis: Passiflora seed that fail to germinate readily when subjected to ideal

germination conditions are being influenced by seed coat-imposed dormancy,

Comparisons were made between the germination percentages of P. subpeltata B25

and P. lutea B42, both with suspected seed coat-imposed dormancy, and P. subpeltata

B27, with quiescent seed (Tables 30 and 31). These clearly showed that the seed of

P. subpeltata B25 do not germinate under ideal germination conditions, even with the

addition of gibberellic acid, which proved to be highly successful at improving the

germination percentages of three species of Passiflora seed, including P. subpeltata

(Figure 2). No seed germination was recorded for this batch (B25). In samples of P.

subpeltata B27 (the control group) germination rates were 80% and 100%. The

sample of P. lutea B42 recorded zero per cent germination. If the germination of P.

subpeltata B25 seed was being suppressed by a chemical inhibitor or physical

property of the seed coat, then removal of the seed coat should allow the embryo to

develop or/and germinate normally,

Embryos of P. subpeltata B25 and B27 were removed from their seed coats and

subjected to germination tests. The germination success of P. subpeltata B25 was

over 50% in three samples and zero in embryos taken from seed stored in closed

containers at 20°C (Table 32). These results were shadowed by the germination

percentage of the embryos taken from P. subpeltata B27 seed; again, no germination
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was recorded among seed stored in closed containers at 20°C. This confirmed that the

seed coat of P. subpeltata seed was somehow responsible for preventing the

successful germination of these seed. The reason for this could be physical. The seed

coat or testa may prevent water and gases from penetrating the seed to initiate

hydration and germination. This, however, seems unlikely considering how readily

the seed of P. subpeltata can be dehydrated using physical or chemical drying

techniques. They could reasonably be expected to hydrate just as readily.

To test whether the influence of the seed coat in preventing germination is chemical

rather than physical, testa from both taxa, P. subpeltata B25 and B27, were powdered

and infused with water. The infusion was then used as the germination medium for

the subsequent tests. The embryos taken from seed of P. subpeltata B25 and

subjected to germination conditions with the testa infusion of P. subpeltata B27

germinated readily. However, the embryos from seed of P. subpeltata B27 that were

subjected to germination conditions with the testa infusions from P. subpeltata B25 at

the same concentration failed to germinate. Embryos ofB27 seed in a 12% solution

ofB25 testa infusion recorded 25% germination (Table 33). This suggests strongly

that the testa of P. subpeltata B25 seed contains a chemical inhibitor that suppresses

seed germination. The amount of chemical absorbed by the embryo must be critical,

for when the solution is diluted to 12% of its original concentration, 25% germination

of embryos was recorded.

The possibility that P. lutea seed may likewise be influenced by seed coat-imposed

dormancy was also investigated. Using the same procedure as for P. subpeltata,

embryos of P. lutea were subjected to germination tests both with and without an
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infusion of the testa of P. lutea B42 seed. At weaker solutions of ground testa, 57%

of embryos germinated, but in both samples where a stronger solution was used, no

germination was recorded (Table 34). This confirmed that P. lutea seed can also be

influenced by seed coat-imposed dormancy.

The possibility that those chemicals in the testa of P. subpeltata B25 seed that are

responsible for imposing dormancy on these seed may also impose dormancy on the

embryos of other species of Passiflora was investigated. Embryos of P. lutea B42, P.

incarnata B32 and P. morifolia B30 (Tables 34 and 35) were subjected to germination

tests both with and without testa infusion of P. subpeltata B25. Germination was

unaffected in P. lutea B42 and P. morifolia B30, but only one dilution of the infusion

was used. This dilution had previously proved inadequate for imposing dormancy in

the test of P. lutea with testa solution of P. lutea B42 (Table 34). However, P.

incarnata B22 embryos in this solution showed no germination whereas the control

sample in water were recorded with 75% germination.

From these results it seems reasonable to assume that the chemicals (substances) in

the testa of P. subpeltata B25 seed responsible for inhibiting germination may also be

found in the seed coat of many other Passiflora seed that exhibit this type of

dormancy. However, the possibility remains that other chemical compounds may be

responsible in other species like P. lutea. The scope for further research on this

subject is considerable. There are many Passiflora species that show a tendency to

exhibit seed coat-imposed dormancy.
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Note: Germination percentages of embryos should only be considered as indications,

not accurate percentages, because of the high risk of damage to embryos that may

have occurred during the separation from their seed coat. During this extraction

process, embryos may have suffered undetected bruising or lesions, which could have

caused their rapid decline during germination tests before any physical enlargement of

the radicle could be detected. During the extraction process less than 50%of embryos

were successfully removed and some with minor damage were still used. An

improved method for extracting embryos for future tests would be desirable.

7.4.2 The effect of high temperatures during fruit maturation on seed coat-imposed

dormancy,

Hypothesis: High environmental temperatures during fruit maturation induce seed

coat-imposed dormancy in P. subpeltata seed.

The seed of P. subpeltata (NCP 1223) B25 that were harvested on the 23 September

1995, at the end of an unusually hot period of summer weather, failed to germinate

after being subjected to the standard germination test for sixty days. Two further

germination tests were performed on these seed with negative (identical) results. Four

months later, in January 1996, a second crop of fruit was harvested from the taxon P.

subpeltata (NCP 1223), batch number 27 (B27). After cleaning and drying, two

separate samples of seed from these fruit were subjected to the standard germination

test and both showed 100% germination in less than seven days. The possibility that

seed of P. subpeltata B25 failed to germinate because they were inhibited by seed
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coat-imposed dormancy, probably induced by high temperatures during fruit

maturation, was suggested by Professor D. J. Osborne.

The following season, individuals propagated from the taxon P. subpeltata (NCP

1223) were cultivated in three separate thermal environments and the fruit harvested

during late summer and autumn. Unfortunately, the late summer weather was cloudy,

cold and wet. Germination of seed collected from these fruit averaged 70% only and

one fruit produced seed that all failed to germinate. Summaries of weather records

and glasshouse environmental records are included in Appendix 1. The possibility of

raising the glasshouse temperature for several weeks and repeating the experiment

was considered but rejected on the grounds of cost. Instead, two batches of fruit were

picked before natural fruit fall and subjected to temperatures of 39°C for eight and

twenty-seven days respectively with their stems kept in fresh water for this period.

Seed from fruit kept for eight days at 39°C showed greatly reduced germination rates.

Seed from fruit stored for 27 days at 39°C failed to germinate except for a single

sample taken from one fruit. The average germination percentages of the three groups

were 70% for fruit from glasshouses six and seven, 26.6% for fruit kept at 39°C for

eight days and 5% for fruit kept at 39°C for twenty-seven days (Table 37). Although

these results are not conclusive they are nevertheless consistent with hypothesis 7.4.2.

The possible advantage gained by a species that produced quiescent and, when

necessary, seed coat-imposed dormant seed may be the ability to survive 'El Nino'

weather conditions experienced from time to time in the Americas. Unseasonal hot,

dry periods of weather may be followed by out-of -season thunderstorms or heavy

rainfall, which would cause quiescent seed to germinate in three to six days. After
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such a wet period, an abnormal dry period would begin to destroy germinating seed

and seedlings alike. As previously shown, seed with seed coat-imposed dormancy

might be expected to survive these abnormal meteorological conditions and germinate

successfully at a later date when conditions were more favourable. The conditions that

are required to germinate seed with seed coat-imposed dormancy are only now being

understood. Coupled with the understanding of the mechanisms that induce seed

coat-imposed dormancy, this knowledge may provide a possible explanation to the

question of how some tropical Passiflora species survive the severe and unpredictable

'El Nino' weather patterns of the Americas.

7.4.3 Dormancy-breaking treatments.

Hypothesis: Seed coat-imposed dormancy in Passiflora seed can be broken by

washing the seed prior to sowing.

Many treatments have been proposed in the past to promote the germination of

Passiflora seed that were thought to be dormant (Costa et al., 1974 and Morley-

Bunker, 1980). These include immersion in 75% sulphuric acid for six hours,

cracking of the seed coat, using gibberellic acid (Morley-Bunker, 1980), pre-soaking

for 24 hours (Riley, 1981) and scarification using a file or sandpaper (Kuhne, 1968

and Morley-Bunker, 1980). However, all these methods were primarily designed to

hydrate the seed in the belief that germination was being prevented by the seed coat

being impervious to water, preventing the seed from becoming hydrated. Some of

these treatments may have promoted the germination of quiescent seed, particularly

seed more than a year old that had been stored poorly in humid conditions or at
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temperatures above 20°C. Itwas oflittle benefit, however, in improving the

successful germination of seed identified as having seed coat-imposed dormancy,

with the exception of seed that were to be sown in soil or compost beds. These would

benefit from scarification as it would hasten the washing out of chemicals in the seed

coat during routine watering of the seed beds.

The advantages of a species able to produce quiescent seed and seed with seed coat-

imposed dormancy were discussed in 7.4.2 for P. subpeltata. However, seed of other

Passiflora species, such as P. lutea and P. cinnabarina, have been identified as

having seed coat-imposed dormancy. In these cases the advantages are similar to

those for P. subpeltata but P. lutea is endemic to the temperate zone of North

America. Seed of P. lutea that germinate during mild spells of weather in the autumn

would have little chance of surviving their first winter months with temperatures as

low as -20°C. However, spending this long winter period underground, with the

washing effect of the melting snow and spring rains would wash out the seed coat

inhibitor and allow the seed to germinate at a more opportune time. A similar

scenario to that of P. subpeltata occurs with the seed of P. cinnabarina to ensure that

its seed do not germinate at the end of the wet season, even though conditions may be

favourable. Germinating seed and seedlings would soon become shrivelled and

droughted in the long, hot, dry season. Again, the early rains and thunderstorms that

herald the start of the wet season would wash out the seed coat inhibitors and allow

the seed to germinate freely.

This hypothesis was tested with seed coat-imposed dormant seed of P. lutea B72, P.

cinnabarina B71 and P. subpeltata B25. All samples showed that washing seed in
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running water for a certain length of time leaches out the inhibitors in the seed coat

and enables the seed to germinate. The necessary period of time for seed washing

varied greatly between the species. Seed of P. cinnabarina required only five hours

of washing before germination could take place (Table 38) whereas P. lutea seed

failed to germinate after 16 hours of washing (Table 40). Remarkably, 20% of seed

of P. subpeltata B25 that were four years old germinated after 144 hours of washing

(Table 39). These were the first seed of this batch to respond to any germination

treatment. Seed washed for 288 hours failed to germinate.

Many further experiments are still needed to provide reliable data on the optimum

temperature for washing seed of different Passiflora species with seed coat-imposed

dormant seed. It has been shown that P. lutea seed washed at 30°C germinated more

readily than seed washed for the same length of time at 16°C (Table 40). The

optimum time required for washing seed of each species may also be determined, and

the possibility that the use of acidic or alkaline water may improve results or reduce

the washing time should be investigated. However, the data from these early

experiments is indisputable and so the hypothesis is supported.

As explained earlier, these first experiments were hampered by the difficulty in

obtaining Passiflora seed that were affected by seed coat-imposed dormancy. The

first attempts' to produce dormant seed on demand from P. subpeltata were

unsuccessful and seed from other species had not been confirmed as having seed coat-

imposed dormancy.
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7.5 Passijlora seed storage.

7.5.1 Viability of Passiflora seed stored within their fruit or with their arils attached.

Hypothesis: Viability of Passiflora seed is increased if they are stored within their

fruit or with their arils still attached.

It seems reasonable to assume that many fruit from a wide range of Passiflora species

that are endemic to the drier regions of the Americas, particularly southern North

America, become lost, hidden or forgotten. This may occur either as whole fruit fall

to the ground or as they remain on the vine, as in P. morifolia. As the dry season

progresses the fruit becomes dry and shrivelled and the seed inside dehydrate. With

the onset of the rainy season both fruit and seed would be saturated, causing those

fruit still on the vine to decompose and fall to the ground where successful

germination would ensue.

The first part of this trial with P. morifolia B38, P. vitifolia B39 and P. subpeltata

B40, using whole fruit, was designed to test part of this hypothesis. P. subpeltata and

P. morifolia are found wild in very arid areas of the Americas where they are

SUbjected to prolonged dry periods. The species P. vitifolia was included for

comparison, being endemic to the lowland tropical rainforests of South America. To

emulate more accurately the natural conditions that would be encountered by mature

fruit in the wild at the start of the dry season, fruit were stored at a dual temperature

regime of 16 hours at 20°C and 8 hours at 30°C. The period at 30°C would greatly

increase natural dehydration.
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The results were very disappointing, with only P. subpeltata seed producing 10%

germination after three months (Figure 19). Seed from each taxon sample were

dissected and the embryo visually inspected. In each case the embryos appeared

healthy. Embryos were white and finn and filled the testa cavity. A further

germination test was conducted when the samples were approximately 18 months old

but no germination was recorded in any species. Again, the embryos were examined

and appeared healthy. This was also the case for samples of four year-old seed. The

possibility that storage within the fruit together with the higher temperatures of 30°C

may have induced a type of dormancy cannot be ruled out, but P. vitifolia and P.

morifolia have not behaved in this way in any other trials. This line of investigation

was not continued.

The possibility that seed would survive better if stored with their arils also seemed

reasonable but results showed that seed can be kept for a few weeks in this state (wet,

with their arils) at temperatures above OOC but they deteriorate rapidly and failed to

germinate at all after less than one year (Figures 20 and 21). There can be no doubt

that Passiflora seed should not be stored as wet seed at any temperature. There still

remains the possibility that whole fruit in the wild dehydrate far more rapidly in bright

sunshine and drying winds than under trial conditions, and that a high percentage of

seed viability is maintained for over one year and possibly over two years in these

conditions. More trials, using rapid dehydration equipment, may be helpful in

answering this question.
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7.5.2 Viability of Passiflora seed after storage at different temperatures.

Hypothesis: Passiflora seed should be treated as recalcitrant for seed storage purposes

as they are short-lived and cannot survive prolonged storage periods at sub-zero

temperatures.

Seed were stored in both open and closed containers at 20°C and 45% relative

humidity to ascertain whether seed that were permitted to naturally dehydrate further

at 20°C would have improved viability compared with seed that were stored in sealed

containers at the same temperature. After five years, the highest moisture loss from

seed stored in open containers was 1.5% greater than that from seed stored in sealed

containers. Only in P. incarnata was a slight increase in viability recorded in seed

stored in open containers for two years, the increase being 10% (Figure 25). In P.

morifolia the results from both groups were identical, with 100% germination after 32

months storage. Results for P. subpeltata and P. x decaisneana seed were also

identical, with no germination in either sample. InP. vitifolia the germination rate

was reduced from 100% to 40% after 32 months in storage in closed containers and

from 100% to 10% when stored in open containers after 32 months (Figure 23). This

may be due to changes in humidity causing the seed to alternately imbibe and

dehydrate over the time period of 32 months. For P. vitifolia, storage of seed in

airtight containers would appear to be beneficial.

Seed of P. subpeltata B2, P. vitifolia B14 and P. morifolia B18 were dehydrated and

subjected to temperatures of -196°C in liquid nitrogen for several hours. Seed

retained 40-90% viability. The ability of these taxa to withstand such extreme sub-
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zero temperatures should enable these seed to be stored for many years under these

conditions. Overall these results showed that the seed of each taxon behave

differently. The seed of P. vitifolia, P. morifolia and P. incarnata retain a high level

of viability when stored at 20°C, even after 32 months. P. x decaisneana and P.

subpeltata rapidly lose viability when stored at 20°C and -18°C. Only in P. incarnata

does seed viability remain high at all storage temperatures including sub-zero

temperatures. Seed of four taxa can withstand sub-zero temperatures for short periods

of time without artificial dehydration but seed of P. x decaisneana failed to

germinate. Seed of three taxa retained viability after dehydration and storage at -

196°C (P. vitifolia, P. morifolia and P. subpeltata). Possible reasons for these

variations in seed behaviour during storage are discussed in 7.5.3.

The hypothesis 7.5.2 is therefore rejected. However, although the seed of P. x

decaisneana cannot be considered as truly recalcitrant, their behaviour under the

storage conditions in this trial is very different from the behaviour of seed of P.

incarnata. If the seed of P. incarnata were confirmed as being 'orthodox' for seed

storage purposes, then the seed of P. x decaisneana should be considered to be

intermediate or semi-recalcitrant for seed storage purposes on three counts:

1. High 'fresh seed' moisture content of up to 20%

2. Short-lived if stored at 20°C or -18°C

3. Best results are achieved by storage at positive temperatures close to OoC

(Figure 31b).

The ability of these seed to tolerate dehydration to varying percentages and their

improved longevity when the moisture content is artificially reduced is discussed in

7.5.3.
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7.5.3 Long-term storage of dehydrated Passiflora seed.

Hypothesis: Passiflora seed should be treated as orthodox for seed storage purposes

as their viability and longevity is extended by dehydration and storage at sub-zero

temperatures.

Seed of each of the five primary taxa were dehydrated using silica gel to

predetermined moisture loss percentages and stored in three temperature zones for

over three years as described in detail in 5.3.7.3.

7.5.3.1 Seed stored at 20°C

In all samples, dehydrated seed were found to have greater viability and longevity

than the control samples of non-dehydrated seed. The percentage of dehydration and

the longevity and viability of seed varied from species to species. In three species, P.

vitifolia, P. morifolia and P. incarnata, samples with the greatest reduction in

moisture content had reduced viability compared with samples with no reduction or a

moderate reduction in moisture content (Figures 28a, 29a and 30a). InP. subpeltata,

seed of the two groups with the greatest dehydration showed equal or improved

viability compared with the two groups with minimal or no dehydration (Figure 27a).

InP. vitifolia, P. incarnata and P. morifolia, viability was still 20% or greater in all

samples after 66 months (Figures 28a, 29a and 30a). All samples of P. x decaisneana

failed to germinate after 18 months and only one sample demonstrated 10%

germination after 13 months (Figure 31a).
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7.5.3.2 Seed stored at 4°C

In all samples, seed viability or longevity was increased compared with seed stored at

20°C or -18°C. In P. morifolia, statistical analysis confirms that the longevity and

germability of dry seed and seed with moisture reduction is improved when seed are

stored at temperatures of 4°C and 20°C. The longevity and germability of seed stored

at -18°C is significantly improved by moisture reduction of 6.2% mr and 7.8% mr. In

P. subpeltata, statistical analysis confirms that the longevity and germability of dry

seed and seed with moisture reduction is improved when seed are stored at 4°C.

Statistically, the longevity and germability of seed with greater moisture reduction

(6.2% mr) is significantly improved in seed stored at all temperatures. InP. vitifolia,

statistical analysis confirms that the longevity and germability of dry seed and all

groups of dehydrated seed is improved when seed are stored at temperatures of 4°C.

The longevity and germability of seed stored at -18°C is significantly improved by

moisture reduction of 6.2% mr and 7.8% mr. In P. incarnata, statistical analysis

confirms that the longevity and germability of dry seed and seed with moderate

moisture reduction (3.5% mr) is improved when seed are stored at temperatures above

OOC.In P. x decaisneana, no germination was recorded in any sample at or after 30

months.

As shown by the temperature and dehydration graphs (Figures 27-31) there is a

certain degree of fluctuation in the results. This must in part be due to the small size

of the seed samples (ten seed) that were used for all germination tests, but overall the

trends in each set of graphs are similar and confirmed by statistical analysis

(Appendix 4), which reinforces the belief that these tests are producing accurate and

reliable data. The influence of the storage temperature on the longevity of each
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species of Passiflora seed is dominant compared with the influence of moderate

dehydration. Dehydration alone does increase the longevity of the seed of some

species by up to 50%, but the combination of optimal dehydration and optimal storage

temperatures may extend the longevity of Passiflora seed by two or three-fold

compared with non-dehydrated seed stored at room temperature. The longevity of

seed of P. subpeltata, P. morifolia, P. vitifolia and P. incarnata that has been

dehydrated and stored at 4°C is unknown. However the longevity of some seed

samples, both dehydrated and non-dehydrated, stored at -18°C is recorded. Using

these data to project the increase in longevity achieved by dehydration and storage

under optimal conditions, an approximate life expectancy may be predicted for some

species of seed.

7.5.3.3 Projected longevity of P. subpeltata B33 seed derived from storage records:

0% germination after 14 months (control 0% mass reduction) at -18°C

0% germination after 25 months (dehydrated 6.2% mass reduction) at -18°C

Longevity was extended by 11 months due to dehydration of seed.

0% germination after 31 months (control 0% mass reduction) at 4°C

0% germination after 14 months (control 0% mass reduction) at -18°C

. °Longevity was extended by 17 months by storage at 4 C.

0% germination after 31 months (control 0% mass reduction) at 4°C

10% germination after 66 months (dehydrated 4.2% and 6.2% mass reduction) at 4°C

(Figures 27a-c)
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Longevity was extended by 35 months in seed dehydrated before storage at 4°C.

The longevity of P. subpeltata seed was extended from 8 months to 19 months (11

months) when seed was dehydrated and stored at -18°C (Figure 27c), and from 25

months to 38 months (13 months) when dehydrated seed was stored at 20°C (Figure

27a). Dehydrated seed stored at 4°C still retained 10% germination after 66 months,

which is 41 months longer than the control group (non-dehydrated seed) (Figure 27b).

Considering the trend of increased longevity when seed are stored at -18°C and 20°C,

it is probable that seed stored at 4°C will survive for a further six to twelve months,

giving a life expectancy of 72-78 months when dehydrated to 4.2% mr or 6.2% mr

and stored at 4°C.

7.5.3.4 Projected longevity of P. x decaisneana B37 derived from storage records:

0% germination after 7 months (control 0% mass reduction) at -18°C

0% germination after 7 months (dehydrated 5.6% mass reduction) at -18°C

Longevity was not influenced by dehydration and storage at sub-zero temperatures.

0% germination after 24 months (control 0% mass reduction) at 4°C

0% germination after 7 months (control 0% mass reduction) at -18°C

Longevity was extended by 17 months by storage at 4°C (Figures 31a-c).

0% germination after 24 months (control 0% mass reduction) at 4°C

O%germination after 37 months (dehydrated 5.6% mass reduction) at 4°C
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Longevity was extended by 13 months by dehydration of the seed and by 20 months

by storage at 4°C compared with 20°C.

0% germination after 37 months (dehydrated 5.6% mass reduction) at 4°C

0% germination after 7 months (dehydrated 5.6% mass reduction) at 20°C

Longevity was extended by 19 months by storage at 4°C.

7.5.3.5 Projected longevity of P. vitifolia B34 seed derived from storage records:

0% germination after 25 months (control 0% mass reduction) at -18°C

0% germination after 38 months (dehydrated 3.6%,4.7% and 6.3% mass reduction) at

-18°C

The longevity of dehydrated seed was extended by 13 months.

60% germination after 8 months (control 0% moisture reduction) at -18°C

60% germination after 25 months (dehydrated 3.6% moisture reduction)

The longevity of dehydrated seed with 60% viability was extended by 17 months.

The control group (0% mass reduction) stored at -18°C for eight months showed some

viability for a further 17 months. Therefore, seed in the control group stored at 4°C

showing germination rates of 50% after 66 months, and dehydrated seed showing

germination rates of 90% after 66 months (Figures 28a-c), should all survive for at

least a further 17 months, giving them a probable life expectancy of seven years.
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7.5.3.6 Projected longevity of P. morifolia B35 seed derived from storage records:

Only the control sample stored at -18°C showed no germination after 31 months. All

samples stored at 4°C showed germination rates of 100% after 66 months. Predicting

the longevity of dehydrated seed stored at 4°C by logical reasoning has not been

attempted but with such a high germination rate after storage for 66 months, viability

after eight or nine years at these temperatures seems probable.

7.5.3.7 Projected longevity of P. incarnata B36 from seed storage records:

Viability of seed stored at -18°C for 55 months was 10% or greater, and in three

samples stored at 4°C viability was 100% after 55 months. Predicting the longevity of

seed under ideal conditions has not been attempted but it would seem reasonable to

suggest that a period of eight or nine years is likely.

The statistical analysis of these results clearly shows that the longevity of P. incarnata

seed is extended by storage at 0% mr and 3.5% mr at 4°C. The longevity and viability

of P. subpeltata, P. vitifolia and P. morifolia is improved in the control group (0%

mr) and in seed with moderate dehydration when stored at 4°C. The longevity and

viability of P. subpeltata is improved at all storage temperatures when seed are

dehydrated to 6.2% mr. The longevity and viability of P. vitifolia seed is improved by

moderate dehydration (3.4% mr) when stored at -18°C. The longevity and viability of

P. morifolia seed is improved with moderate dehydration of 6.2% mr and 7.8% mr

when stored at -18°C. Seed from each taxon, both dehydrated and non-dehydrated,

stored at-18°C lost viability more rapidly than seed stored at 4°C. Seed of three
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species that were immersed in liquid nitrogen retained between 40% and 90%

viability. The longevity of 'orthodox' seed is increased by dehydration. For each per

cent decrease in moisture content, the seed life is doubled and in storage at sub-zero

temperatures, the seed life is also doubled by each reduction of 5.6oC (Bewley &

Black, 1994). Seed of Passiflora species do not behave in the conventional or

'orthodox' manner. Seed longevity is extended by moderate dehydration but is greatly

reduced by storage at sub-zero temperatures. Therefore, their seed should be

considered as semi-orthodox for seed storage purposes. The hypothesis 7.5.3 is

rejected.

7.5.3.8 Variations in seed behaviour during storage

P. x decaisneana

Seed of P. x decaisneana demonstrated poor viability of 20% or less, even when

stored at 4°C. The longevity of these seed stored at 20°C and -18°C was less than

seven months, except in one dehydrated sample that showed 10% viability after 13

months. The seed of this interspecific hybrid are very similar to those of its parents,

P. quadrangu/aris and P. a/ata, and other closely related species in the Alatas group.

There is no reason to assume that the seed of those other species in this group

shouldn't behave similarly, considering the close similarity of their other vegetative

and floral morphological features. Experiments have shown that the seed of P. x

decaisneana are distinct in their storage behaviour and cannot be considered as

recalcitrant. They do not fit well into the 'intermediate orthodox' category either.

These closely related species have evolved to rely on mammals and birds for seed

dispersal. They have large, juicy fruit to attract these creatures and seed is either
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dropped accidentally or passes through the digestive tract and falls to the ground

where germination ensues immediately. Species in the Alatas group are all endemic

to the equatorial forests of the Americas where evolutionary pressure has favoured

short-lived seed. Having large seed with a brittle testa, the prospects of escaping

discovery by seed-eating predators for more than a few weeks are poor and the

vulnerability to bacterial and fungal attack on the forest floor is increased. 'The seed

from species of the Alatas group should be considered separately from those of other

Passiflora species for seed storage purposes, and should perhaps be considered as

semi-recalcitrant until a more suitable category is found. The possibility that the

hybrid origins of P. x decaisneana may have an influence on the seed storage

qualities of this taxon is not discounted.

P. vitifolia

The viability of P. vitifolia seed when stored at -18°C is 0% after 38 months, even

after dehydration, but longevity is greatly extended by storage at 4°C. P. vitifolia and

its close relatives are all endemic to the lowland tropical rainforests of the Americas

and West Indies. The need for the seed of these species to survive longer than the

seed of species of the Alatas group is not clear. Perhaps this is simply due to their

separate lineage from ancient ancestors, and eventually the seed of P. vitifolia and its

relatives will adapt to ecological pressures and lose the ability to withstand sub-zero

temperatures like P. x decaiseneana (Figure 31c).

P. subpeltata

P. subpeltata has a more varied geographical range than P. vitifolia and is found at

altitudes up to 2,800 metres where seed may become naturally dehydrated to survive
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periods at cooler temperatures for many months. The longevity of non-dehydrated

seed is less than 15 months when stored at 20°C. The ability of P. subpeltata to

produce both quiescent seed, ie seed that are resting and will germinate when

hydrated with suitable temperatures and the presence of oxygen (Bewley and Black,

1994) and seed with seed coat-imposed dormancy may be a major factor in the

success of this species. When times are good, quiescent seed are produced for rapid

dispersal and immediate germination, but when meteorological conditions become

adverse, as in 'El Nino' weather conditions, seed with seed coat-imposed dormancy

are produced to survive until more settled conditions return. The longevity of these

seed has not been investigated, but 10% germination was recorded in a P. subpeltata

B25 sample identified as having seed coat-imposed dormancy after four years of

storage at 20°C. This is three times longer than recorded for quiescent seed of P.

subpeltata B27 stored at the same temperature.

P morifolia

P. morifolia is endemic to the more arid areas of the Americas and the seed seem well

adapted to these often very harsh climatic conditions. Germination is rapid after

hydration, which is essential for survival in areas where rainfall is infrequent. Both

dehydrated and non-dehydrated seed survived for over five and a half years at 4°C and

20°C, which would be expected of a taxon adapted to survival in extremely dry

regions.

P. incarnata

P. incarnata is endemic to temperate regions of southern North America where the

winter climate of snow, ice and temperatures below -30°C are common. This explains
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the fact that seed of P. incarnata, both dehydrated and non-dehydrated, are able to

survive over 43 months at temperatures of -I SoC. Of the five taxa investigated here,

the seed of P. incarnata have performed most closely to the category defined as

'orthodox seed', but their viability and longevity are still reduced by storage at sub-

zero temperatures.
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8 Conclusions

The seed of the majority of Passiflora species should be treated as semi-orthodox for

seed storage purposes as their longevity is greatly extended by dehydration but rapidly

reduced by storage at sub-zero temperatures. Optimum storage conditions are shown

to be moderate dehydration followed by storage at 4°C.

Seed from some species in the subgenus Passifiora, sections Quadrangularis,

Serratifolia and Tiliifolia, should be considered as intermediate or semi-recalcitrant

for seed storage purposes as fresh seed are very short-lived, have a high moisture

content and cannot successfully be stored in sub-zero temperatures even after

dehydration. For best results seed should be used fresh if possible or stored at 4°C.

High temperatures during fruit maturation in P. subpeltata induce seed coat-imposed

dormancy in their seed. Seed coat-imposed dormancy is also confirmed in P.

cinnabarina and P. lutea and suspected in P. incarnata. Seed coat-imposed

dormancy may also be present in other Passiflora species that failed to germinate

when subjected to ideal germination conditions as shown by this study. Washing

dormant seed in tepid water for moderate or prolonged periods was found to be

successful in breaking seed coat-imposed dormancy.

Quiescent seed produced by Passiflora species may be successfully germinated using

a bithermal rhythm technique of 16 hours at 20°C and eight hours at 30°C alternately.

The viability of Passiflora seed is improved by the use of gibberellic acid in 200

micromolar solution.
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The morphological features of Passiflora seed produced by self-pollination are

identical to those of seed of the same species produced by interspecific hybridisation.

The morphological features of seed produced by a Passiflora cultivar are an

intermediary of the seed of both parents in sculpturing, size and mass. This feature

may prove to be useful in identifying the parentage of certain cultivars, which have

been a subject of debate for many years, particularly P. ' Amethyst' and P. x kewensis,

and in identifying the parentage of some natural hybrids in the wild.

The traditional taxonomy of Passiflora using floral and vegetative morphology would

be improved if greater account had been taken of seed morphology. The subgenus

Astrophea is traditionally a group of small to medium-sized tree-like species. The

seed morphology of these species suggests that they are only very distantly inter-

related. Although they may all be stout-stemmed, some species have evolved quite

independently of others, and are of distinct and separate lineage and should therefore

be classified accordingly. This is also the case for some species from the subgenus

Passiflora in sections Quadrangularis, Tiliifolia and Serratifolia. These are

considered very closely related to other sections in the subgenus Passiflora by virtue

of their floral morphology but their seed morphology suggests very different and

distinct lineage.

The morphology of Passiflora seed gives a better understanding of the phylogeny of

Passiflora. When this morphology is compared with that of Adenia seed, the

possibility of parallel evolution of groups of Passiflora species from more than one
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ancient Adenia species, which may in tum have originated from a single archetypal

species centred on Madagascar in the once super-continent Gondwana, is compelling.

The results of cladistical analysis based on seed coat morphology show that the genus

Passiflora should be divided into two major sections, as supported by the karyotypic

evidence of Snow and MacDougal (1993). These sections should be divided into

subsections, which are supported by traditional taxonomy based on the morphology of

the vegetation and flowers, and seed coat morphology should be used when there is

inconsistency or anomalies in the taxonomic position of a species.

P. racemosa, the only species in the subgenus Calopathanthus, should be united with

the subgenus Passiflora, section Calopathanthus, as the seed morphology of this

species closely resembles seed of other species from this subgenus, particularly in the

section Kermesina. The genus Hol/rungia, with its single species aurantioides should

be united with P. tetrandra in the genus Passiflora, subgenus Tetrapathaea.

New evidence of entomological mimicry is presented. Evidence of plant mimicry is

also demonstrated together with the ecological advantages of growing among plants

of other genera that have similar-shaped leaves, which may protect Passiflora from

herbivore predation, particularly by Heliconius larvae. P. coccinea subsp. tortue

(subsp. nov. ined.) and subsp. cacao (subsp. nov. ined.), with large red flowers,

previously recorded as hummingbird-pollinated, were found to be pollinated by large

bumble bees. Observations on the ecology of Passiflora in the wild and in

cultivation are recorded, with special reference to strategies for the survival of
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vegetative parts, fruit and seed. Substantial data are included on the colour of fruit

and arils and seed size and weight.
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9. Summary

Evidence is presented which shows that the viability of seed from the majority of

Passiflora species can be dramatically extended by moderate dehydration and storage

at 4°C. However, seed from a minority of species, particularly those in the subgenus

Passiflora, sections Quadrangularis, Tiliifolia and Serratifolia, do not respond

favourably to dehydration and remain short-lived even when stored at 4°C.

Seed coat-imposed dormancy was shown to be present in three species of Passiflora

seed, P. subpeltata, P. lutea and P. cinnabarina, but is probably also present in seed

of many other species of Passiflora.

Seed coat-imposed dormancy in P. subpeltata seed was induced by high temperatures

during fruit maturation (Table 14). The successful germination of seed identified as

being influenced by seed coat-imposed dormancy was achieved by washing seed prior

to sowing.

Factors influencing the successful germination of quiescent Passiflora seed were

investigated. A bithermal rhythm technique was found to yield better results than

other temperature regimes. The use of gibberellic acid GA3 was found to improve

germination rates.

The seed coat morphology of seed produced by wild-collected species was found to

be identical whether produced by interspecific or self-pollination. This validated the

use in this study of seed from an extensive collection that includes seed from many
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cultivated species where the collection details of the female parent were well-

documented but there was a possibility of interspecific pollination.

The seed produced by an interspecific hybrid of Passiflora are shown to be an

intermediary of the seed of their parents in size, mass and sculpturing. This

knowledge gives an insight into the evolution and phylogeny of Passiflora as a genus

and Passifloraceae as a family.

A new taxonomic classification of Passiflora, using only seed morphology, is

presented, which supports the karyotypic evidence of Snow and MacDougal (1993).

This raises some queries concerning the traditional classification of Passiflora using

only the morphology of floral and vegetative parts, in particular the phylogeny of

species in the subgenera Astrophea, Passiflora and Tacsonia, and in the subgenus

Decaloba, section Pseudodysosmia. The close similarities between the seed of

Adenia, Hollrungia and Passiflora are examined and the possibility of parallel

evolution of some Passiflora subgenera from different ancestral Adenia species is

proposed.

Various forms of mimicry are discussed and two new types proposed. Vigorous

fertile shoots mimic adult carnivorous insects to avoid Lepidoptera larvae predation.

Plant mimicry is seen in plants that escape the attention of predators by growing in

close proximity to supporting plants with similar-shaped leaves that do not suffer

predation.
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Evidence is presented concerning the correct identity and classification of the species

found wild in Bolivia and recorded by E. P. Killip and L. K. Escobar as P. coccinea.

Three subspecies of P. coccinea Aubl. found in the Guyanas are proposed on account

of the differences in their floral and vegetative morphology in order to separate them

from the species found in Bolivia. Insufficient herbarium material of these taxa has

been collected from their endemic habitats in French Guyana, Bolivia and Surinam, so

cultivation of material from holotype specimens has been necessary. Depending on

the flowering of the cultivar specimens, this work is due for completion in 2004.

Observations on the ecology of Passiflora species in the field and in cultivation are

presented with special reference to successful strategies for pollination, seed

distribution and seed survival.

Data are presented on the colour of fruit and arils, and the mass and morphological

features, of seed from over 360 Passiflora taxa.
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10. Further Work

Perhaps the most pressing work that is needed is the most mundane but nevertheless,

may be the most worthwhile. In a major part of this study investigating the longevity

of Passiflora seed, seed from only four species and one cultivar were studied. This

investigation should be extended to cover all the remaining species of the genus as

seed from other species may require different storage conditions, ie variations in

moisture reduction and storage temperatures.

A new long-term storage trial using dehydrated seed stored at temperatures including

.is'c and -so'cwas commenced in 1999 but results are not yet available.

The probability that seed of many Passiflora species are being influenced by seed

coat-imposed dormancy is very high and these species need to be identified. An

investigation into the longevity and germability of seed coat-imposed dormant seed

should be undertaken as there is a strong possibility that longevity is extended in these

seed.

The scope for field studies on the ecology and sociology of Passiflora is almost

limitless as so very little information is available at this time.

To end on a positive note as to the value of Passiflora seed storage research, in 1994

seed of P. lindeniana (a Venezuelan species that is now almost extinct) were collected
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and stored at 4°C. In 1999 five seed were taken out of storage and four germinated.

By the summer of2000 a small tree 0.5 metres high was established.
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Appendix I

List of cultivars with author, date and original cross (Table 41).

NCP Cultivar Author Date Cross (where known, the
no. male parent is given first)
1016 P. 'Adularia' Vanderplank 1994 (P. citrina x P..

sanguinolenta)
1011 P. 'Allardii' Lynch 1907 (P. caerulea 'Constance

Elliott' x P.
quadrangularis)

1012 P. 'Amethyst' Vanderplank 1991 Unknown, possibly (P.
amethystina x P. caerulea)

1030 P. 'Belottii' Pepin 1849 (P. alata x P. caerulea)
1044 P. 'Colvillii' Sweet 1825 (P. caerulea x P.

incarnata)
1033 P. 'Constance Masters 1884

Eliott'
1064 P. x Planchon 1853 (P. alata x P.

decaisneana quadrangularis)
P. 'Enigma' Vanderplank 1996(a) (P. alata x P. decaisneana)

1067 P. x exoniensis Masters 1872 (P. antioquiensis x P.
mollissima)

1046 P. x hematiteii Vanderplank 1996(a) (P. sanguinolenta x P.
capsularis)

1111 P. 'Incense' Winters 1975 (P. incarnata x P.
&Knight cincinnata)

1292 P. 'Jeanette' Vanderplank 1991 Origin unknown
1187 P. 'Purple Vanderplank 1996(a) (P. caerulea x P.

Haze' amethvstina)
1181 P. xpiresea Vanderplank 1997 (P. vitifolia x P.

quadrifaria)
1212 P. 'Sapphire' Vanderplank 1996(a) (P. quadrifaria x P. edulis

f.jlavicarpa)
1219 P. 'Star of Vanderplank 1987 (P. caerulea 'Constance

Bristol' Eliott' x P. 'Amethyst')
1052 P. x violacea Loise 1824 (P. caerulea x P.

racemosa)
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Appendix II

Outdoor temperature records August - November 1995

August 1995 September 1995 October 1995 November 1995

Date Max Min Date Max Min Date Max Min Date Max Min
(DC) (DC) (DC) (DC) (DC) (DC) (DC) (DC)

1 31 17 1 21 15 1 17 13 1 14 6
2 33 17 2 20 14 2 20 13 2 13 2
3 33 16 3 19 11 3 19 12 3 13 3
4 27 15 4 20 12 4 19 12 4 12 2
5 25 12 5 20 11 5 18 8 5 12 2
6 26 12 6 22 . 12 6 14 10 6 12 -2
7 23 13 7 19 12 7 16 13 7 13 4
8 22 12 8 18 13 8 22 11 8 15 8
9 23 9 9 20 13 9 20 12 9 13 10

10 30 13 10 14 12 10 19 10 10 8 5
11 29 15 11 18 10 11 21 9 11 12 6
12 25 17 12 18 9 12 18 13 12 14 12
13 23 15 13 19 8 13 21 13 13 12 6
14 23 13 14 15 12 14 22 10 14 13 6
15 23 13 15 17 8 15 18 12 15 13 6
16 26 15 16 17 11 16 19 10 16 13 10
17 27 15 17 18 12 17 17 13 17 6 0
18 27 16 18 19 12 18 16 13 18 7 -2
19 28 16 19 18 13 19 17 10 19 10 -2
20 28 17 20 17 10 20 16 11 20 9 1
21 28 17 21 18 8 21 17 7 21 12 7
22 26 16 22 19 8 22 17 6 22 12 7
23 20 17 23 19 8 23 16 9 23 12 5
24 22 12 24 17 8 24 18 13 24 12 9
25 23 18 25 16 8 25 15 6 25 13 6
26 22 14 26 16 13 26 15 10 26 11 4
27 21 15 27 17 10 27 14 10 27 10 4
28 21 12 28 17 8 28 15 3 28 10 5
29 23 15 29 17 5 29 15 6 29 11 6
30 22 12 30 17 8 30 16 6 30 9 5
31 23 13 31 15 6 31
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Outdoor temperature records July - October 1998

July1998 August 1998 September 1998 October1998
Date Max Min Date Max Min Date Max Min Date Max Min(oC) (oC) (oC) (oC) (oC) (oC) (oC) (oC)

1 20 12 1 21 12 1 23 10 1 13 122 20 8 2 14 13 2 24 13 2 14 73 18 10 3 21 13 3 20 14 3 12 94 20 12 4 21 14 4 17 11 4 16 85 20 13 5 20 12 5 20 13 5 14 76 20 14 6 20 13 6 20 10 6 16 97 21 12 7 20 13 7 19 12 7 14 98 19 11 8 24 14 8 19 9 8 13 99 20 14 9 24 12 9 20 9 9 16 910 19 14 10 21 12 10 22 12 10 14 4
11 17 14 11 22 12 11 20 11 11 14 1012 18 11 12 23 13 12 20 8 12 12 9
13 18 12 13 24 13 13 16 8 13 17 1014 18 12 14 25 12 14 16 8 14 16 815 21 11 15 20 13 15 19 10 15 16 916 21 11 16 23 13 16 19 8 16 16 717 22 11 17 18 12 17 19 11 17 13 918 23 13 18 24 14 18 20 9 18 14 1219 22 12 19 23 12 19 20 10 19 14 220 22 12 20 22 13 20 20 10 20 15 1321 23 15 21 20 12 21 19 9 21 12 1122 21 14 22 20 13 22 18 11 22 15 1323 20 13 23 18 12 23 19 10 23 15 1324 19 10 24 22 12 24 22 10 24 13 825 21 8 25 21 12 25 22 12 25 12 1026 19 10 26 22 11 26 20 11 26 13 1227 20 12 27 20 8 27 19 11 27 14 1128 18 13 28 21 9 28 21 11 28 14 1029 22 12 29 23 9 29 16 12 29 12 830 19 12 30 23 10 30 18 12 30 14 731 19 12 31 22 10 31 31
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Cultivation glasshouse 7 temperature records July - October 1998

July1998 August1998 September1998 October1998

Date Max Min Date Max Min Date Max Min Date Max Min
(QC) (QC) (QC) (QC) (QC) ~C) (QC) (QC)

1 28 15 1 27 16 1 27 17 1 20 16
2 27 15 2 32 17 2 27 18 2 19 15
3 29 16 3 32 17 3 25 17 3 26 13
4 27 16 4 30 15 4 25 15 4 26 15
5 28 17 5 26 19 5 26 13 5 24 15
6 28 17 6 28 17 6 24 13 6 21 13
7 28 14 7 31 16 7 25 12 7 19 12
8 28 17 8 30 16 8 25 12 8 25 12
9 29 18 9 30 15 9 27 17 9 24 12
10 28 16 10 30 15 10 26 17 10 21 12
11 28 15 11 31 14 11 25 17 11 16 12
12 22 17 12 29 17 12 25 14 12 23 12
13 22 14 13 30 15 13 26 13 13 20 10
14 27 14 14 26 18 14 25 14 14 21 12
15 27 14 15 30 17 15 26 13 15 24 13
16 27 14 16 22 17 16 26 12 16 25 13
17 30 17 17 30 13 17 25 16 17 24 13
18 29 16 18 31 13 18 28 13 18 20 16
19 30 16 19 29 17 19 25 14 19 24 12
20 30 18 20 30 15 20 26 13 20 23 17
21 27 17 21 27 14 21 26 12 21 18 15
22 27 16 22 26 17 22 25 16 22 22 16
23 27 14 23 26 18 23 25 17 23 23 16
24 30 13 24 27 13 24 28 12 24 23 16
25 27 14 25 27 14 25 28 15 25 24 13
26 27 14 26 27 14 26 27 134 26 21 15
27 28 16 27 27 13 27 26 14 27 23 16
28 23 17 28 27 13 28 27 14 28 22 16
29 32 16 29 29 15 29 24 15 29 21 13
30 27 16 30 26 13 30 25 16 30 22 16
31 26 17 31 27 14

477



Appendix III

Data for Figures 1-11.

Table 42 (Figure 1). Dehydration of P. vitifolia seed at 102oe.

P. vitifolia B14 N7 P. vitifolia B8 N5 P. vitifolia B5 N5

Time (hrs) Mass per Time (hrs) Mass per Time (hrs) Mass per
100 seed (g) 100 seed(g} 100 seedJ.g)_

0 1.8252 0 1.7085 0 1.6600
0.25 1.7577 1 1.5920 0.25 1.6215
0.5 1.7460 2 1.5824 0.5 1.5923
0.75 1.7389 3 1.5746 0.75 1.5755
1 1.7308 4 1.5696 1 1.5680
1.25 1.7260 5 1.5662 1.25 1.5615
1.5 1.7212 6 1.5669 1.5 1.5574
1.75 1.7192 7 1.5640 2 1.5467
2 1.7173 8 1.5620 2.5 1.5386
2.25 1.7147 13 1.5579 3 1.5339
2.5 1.7121 24 1.5560 4 1.5250
2.75 1.7118 38 1.5547 5 1.5226
3 1.7095 47 1.5547 6 1.5190
3.25 1.7086 77 1.5546 7 1.5180
3.5 1.7074 123 1.5545 8 1.5167
4 1.7002 147 1.5530 9 1.5160
4.5 1.6971 197 1.5410 10 1.5150
6.5 1.6794 288 1.5375 19 1.5104
7.5 1.6762 408 1.5370 49 1.5082
9 1.6749 144 1.5062

11 1.6738 254 1.4881
14 1.6731
36 1.6690
108 1.6600
384 1.6560
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Table 43 (Figure 2). Dehydration of P. subpeltata seed at 102°C.

P. subpeltata B7 N8 P. subpeltata B2 N9 P. subpeltata B2 N6

Time (hrs) Mass per Time (hrs) Mass per Time (hrs) Mass per
100 seed (g) 100 seed (g) . 100 seed (g)

0 1.2685 0 1.2232 0 1.2325
0.25 1.1874 0.25 1.1619 0.25 1.1972
0.5 1.1758 0.5 1.1479 0.5 1.1728
0.75 1.1631 0.75 1.1398 0.75 1.1615
1 1.1564 1 1.1301 1 1.1541
1.5 1.1463 1.25 1.1258 1.25 1.1499
2 1.1441 1.5 1.1253 1.5 1.1478
2.67 1.1396 1.75 1.1238 2 1.1405
3.5 1.1368 2 1.1234 2.5 1.1357
4 1.1359 2.25 1.1220 3 1.1330
5 1.1351 2.5 1.1218 4 1.1285
6 1.1326 2.75 1.1205 5 1.1261
14 1.1284 3 1.1185 6 1.1255
26.5 1.1280 3.25 1.1170 7 1.1251

3.75 1.1139 8 1.1245
4 1.1116 9 1.1242
6 1.1045 10 1.1235
7 1.1027 19 1.1193
8.5 1.1001 47 1.1190
10.5 1.1000 144 1.1187
13 1.0996 254 1.1181
35 1.0993
107 1.0991
395 1.0919
515 1.0909
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Table 44 (Figure 3). Dehydration of P. morifolia seed at 102°C.

P. morifolia B3 N6 P. morifolia B3 N4 P. morifolia B17 NI

Time (hrs) Mass per Time (hrs) Mass per Time (hrs) Mass per
100 seed (g) 100 seed (g) 100 seed (g)

0 1.5584 0 1.5576 0 1.6422
0.25 1.5143 1 1.4000 0.25 1.5667
0.5 1.4572 2 1.3880 0.5 1.5349
0.75 1.4290 3 1.3817 0.75 1.5229
1 1.4113 4 1.3774 1 1.5145
1.25 1.4069 5 1.3752 1.25 1.5096
1.5 1.4024 6 1.3746 1.5 1.5050
2 1.3909 7 1.3720 1.75 1.5035
2.5 1.3855 8 1.3700 2 1.5031
3 1.3799 13 1.3685 2.25 1.5015
4 1.3773 24 1.3680 2.5 1.5004
5 1.3757 38 1.3676 2.75 1.5001
6 1.3727 49 1.3675 3 1.4974
7 1.3698 76 1.3660 3.25 1.4973
8 1.3696 120 1.3658 3.5 1.4972
9 1.3694 144 1.3658 4 1.4971
10 1.3690 192 1.3474 4.5 1.4970
19 1.3650 288 1.3465 6.5 1.4730
49 1.3632 408 1.3375 7.5 1.4730
144 1.3626 8 1.4699
254 1.3506 9 1.4699

11 1.4689
26 1.4655
96 1.4599

384 1.4375
504 1.4375
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Table 45 (Figure 4). Dehydration of P. x decaisneana seed at 102°C.

P. x decaisneana B1N3 P. x decaisneana Bl N5 P. x decaisneana Bl N6

Time (hrs) Mass per Time (hrs) Mass per Time (hrs) Mass per
100 seed (g) 100 seed (g) 100 seed (g)

0 4.4248 0 4.5557 0 4.5829
0.25 4.0766 0.25 4.3412 0.25 4.5176
0.5 4.0172 0.5 4.2788 0.5 4.3770
0.75 3.9765 0.75 4.2424 0.75 4.3034
1 3.9506 1 4.2124 1 4.2576
1.5 3.9008 1.25 4.1928 1.25 4.2311
2 3.8932 1.5 4.1752 1.5 4.2164
2.67 3.8736 1.75 4.1656 2 4.1720
3.5 3.8580 2 4.1586 2.5 4.1470
4 3.8566 2.25 4.1538 3 4.1293
5 3.8500 2.5 4.1484 4 4.1067
6 3.8346 2.75 4.1438 5 4.0915
14 3.8248 3 4.1390 6 4.0804
26.5 3.8244 3.25 4.1328 7 4.0715

3.5 4.1302 8 4.0675
4 4.1038 9 4.0632
5.5 4.0908 10 4.0586
6.5 4.0352 19 4.0392
7.5 4.0276 48 4.0225
9 4.0190 144 4.0182
11 4.0174 254 3.9579
14 4.0060
24 3.9938
96 3.9874

384 3.9864
504 3.9862
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Table 46 (Figure 5). Dehydration of P. incarnata seed at 102°C

P. incarnata B4 NI P. incarnata B13 N2 P. incarnata B13 N3

Time (hrs) Mass per Time (hrs) Mass per Time (hrs) Mass per
100 seed (g) 100 seed (g) 100 seed (g)

0 3.4866 0 3.8320 0 3.8810
9.5 3.0852 0.25 3.6750 0.25 3.6996
18 3.0826 0.5 3.6338 0.5 3.6774
24 3.0826 1 3.6178 0.75 3.6502
42 3.0826 1.25 3.6116 1 3.6368
60 3.0810 1.5 3.6040 1.5 3.6000
80 3.0790 1.75 3.5990 2 3.5886
90 3.0790 2 3.5920 2.67 3.5726
105 3.0780 2.25 3.5902 3 3.5622
120 3.0780 2.5 3.5878 4 3.5596

2.75 3.5854 5 3.5478
3 3.5788 6 3.5376
3.25 3.5788 14 3.5136
3.5 3.5760 26.5 3.5126
4 3.5558
4.5 3.5548
6.5 3.5086
7.5 3.4982
9 3.4900
11 3.4830
14 3.4662
24 3.4514
96 3.4378

384 3.4092
504 3.4092
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Table 47 (Figure 6). Dehydration of seed at 30°C.

Species P. vitifolia P.subpeltata Pimorifolia P. P. x
and B14N8 B7N5 B17N6 incarnata decaisneana
batch B13 N4 B1 N5
number

Time Mass per Mass per 100 Mass per 100 Mass per Mass per
(days) 100 seed seed (g) seed (g) 100 seed 100 seed (g)

(g) (g)
0 1.8374 1.2630 1.6435 3.8588 4.5556
2 1.7722 1.1976 1.5714 3.7088 4.2470
4 1.7703 1.1958 1.5712 3.6934 4.2316
5 1.7697 1.1956 1.5712 3.6834 4.2244
7 1.7695 1.1945 1.5682 3.6776 4.2196
10 1.7686 1.1926 1.5673 3.6750 4.2164
14 1.7685 1.1918 1.5736 3.6704 4.2136
17 1.7681 1.1908 1.5697 3.6618 4.2090
25 1.7608 1.1880 1.5629 3.6544 4.1972
27 1.7608 1.1873 1.5615 3.6490 4.1960

Moisture 4.17% 5.99% 4.99% 5.44% 7.89%
loss
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Table 48 (Figure 7). Dehydration of P. morifolia seed using silica gel and di-

phosphorus pentaoxide.

Species and batch no. P. morifolia B30 N2 P. morifolia B30 N3

Dehydrating agent Silica gel P20S

Time (hrs) Mass per 100 seed (g) Mass per 100 seed (g)

0 1.5889 1.5878
9.5 1.5493 1.5533

38.5 1.5313 1.5345
48 1.5141 1.5153
72 1.4935 1.4923
100 1.4835 1.4783
128 1.4779 1.4715
154 1.4751 1.4659
226 1.4711 1.4572
254 1.4710 1.4553
360 1.4721 1.4456
456 1.4734 1.4411
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Table 49 (Figure 8). Dehydration of P. subpeltata seed using silica gel and di-

phosphorus pentaoxide.

Species and batch no. P. subpeltata B27 N9(B) P. subpeltata B27 N9(A)

Dehydrating agent Silica gel P20s

Time (hrs) Mass per 100 seed (g) Mass per 100 seed (g)

0 1.3775 1.3736
6 1.3128 1.3042
15 1.2999 1.2912
22 1.2965 1.2875
30 1.2942 1.2850
40 1.2937 1.2833
51 1.2934 1.2826
64 1.2934 1.2826
88 1.2921 1.2781
96 1.2918 1.2771
139 1.2940 1.2757
168 1.2953 1.2751
216 1.2736
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Table 50 (Figure 9). Dehydration of P. viti/alia seed using silica gel and di-

phosphorus pentaoxide.

Species and batch no. P. viti/alia B28 N7 P. viti/alia B28 N3

Dehydrating agent Silica gel P20s

Time (hrs) Mass per 100 seed (g) Mass per 100 seed (g)

0 1.7818 1.8093
6 1.7300 1.7495
15 1.7211 1.7407
22 1.7153 1.7346
30 1.7111 1.7306
40 1.7072 1.7253
51 1.7024 1.7201
64 1.7002 1.7178
88 1.6953 1.7118
112 1.6912 1.7067
139 1.6891 1.7029
168 1.6870 1.6992
216 1.6855 1.6938
312 1.6875 1.6891
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Table 51 (Figure 10). Dehydration of P. x decaisneana seed using silica gel and di-

phosphorus pentaoxide.

Species and batch no. P. x decaisneana B31 N3 P. x decaisneana B31 N4

Dehydrating agent Silica gel P20s

Time (hrs) Mass per 100 seed (g) Mass per 100 seed (g)

0 4.3260 4.3828
24 3.8898 3.9506
36 3.7530 3.8154
48 3.7236 3.7780
60 3.7078 3.7526
72 3.6900 3.7222
144 3.6674 3.6736
240 3.6614 3.6666
432 3.6556 3.6458
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Table 52 (Figure 11). Dehydration of P. incamata seed using silica gel

Species and batch no. P. incarnata B29 N4

Dehydrating agent Silica gel

Time (hrs) Mass per 100 seed (g)

0 3.2037
48 3.0570
96 3.0275
120 3.0168
168 3.0041
216 2.9974
312 2.9864
360 2.9864
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Appendix IV

Cbi-squared statistical data

P. vitifolia
Seed storage temperatures 20 C; 4 C; -18 C;
Time: 1-25 months, 31-66 months.
Groups: WR 3.4 %
line 1 : 20 C; line 2 : 4 C; line 3 : -18 C.
Chi-Square Test: 1-2Sm, 31-66m

Expected counts are printed below observed counts

I-25m 31-66m Total
1 39 22 61

39.45 21.55

2 44 42 86
55.62 30.38

3 36 1 37
23.93 13.07

Total 119 65 184

Chi-Sq = 0.005 + 0.009 +
2.427 + 4.444 +
6.089 + 11.147 24.122

DF = 2, P-Value 0.000

P. vitifolia
Seed storage temperatures 20 C; 4 C; -18 C;
Time: 1-25 months, 31-66 months.
Groups: WR 4.7 %
line 1 : 20 C; line 2 : 4 C; line 3 : -18 C.
Chi-Square Test: 1-2Sm, 31-66m

Expected counts are printed below observed counts

I-25m 31-66m Total
1 48 16 64

43.34 20.66
') 46 44 904-

60.95 29.05

3 34 1 35
23.70 11.30

Total 128 61 189

Chi-Sq 0.500 + 1. 050 +
3.668 + 7.697 +

4.472 + 9.385 26.772
DF 2, P-Value 0.000
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P. vitifolia
Seed storage temperatures 20 C; 4 C; -18 C;
Time: 1-25 months, 31-66 months.
Groups: WR 6.3 %
line 1 : 20 C; line 2 : 4 C; line 3 : -18 C.
Chi-Square Test: 1-2Sm, 31-66m

Expected counts are printed below observed counts

I-25m 31-66m Total
1 38 10 48

31. 64 16.36

2 44 48 92
60.64 31. 36

3 34 .) 36L.

23.73 12.27

Total 116 60 176

Chi-Sq 1.280 + 2.475 +
4.564 + 8.825 -t-

.!J.448+ 8.599 30.190
DF .., P-Vi\lUe 0.000"-,

P. vitifolia
Seed storage temperatures 20 C; 4 C; -18 C;
Time: 1-25 months, 31-66 months.
Groups: WR 0 % (control)
line 1 : 20 C; line 2 : 4 C; line 3 : -18 C.
Chi-Square Test: 1-2Sm, 31-66m

Expected counts are printed below observed counts

1-25m 3l-66m Total
1 31 6 37

26.80 10.20

2 43 29 72
52.16 19.84

3 18 0 18
13.04 4.96

Total 92 35 127

Chi-Sq 0.657 + 1. 727 +
1.608 + 4.226 +
1. 887 + 4.961 15.066

DF = .., P-Value 0_001"-,
1 cells with expected counts less than 5.0
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P. vitifolia
Seed storage temperatures 20 C; 4 C; -18 C;
Time: 1-25 months, 31-66 months.
Groups: WR 0 %; WR 3.4 %; WR 4.7 %; WR 6.3 %; combined
line1:20C; line2:4C; line3:-18C.

Chi-Square Test: 1-2Sm, 31-66m

Expected coun t s are printed beLow observed counts

I-25m 31-66m Total
1 156 54 210

141.1~ 68.86

2 177 163 340
228.51 111. 49

3 122 5 127
85.35 41. 65

Total 455 222 677

Chi-Sq 1.565 + 3.208 +
11.610 + 23.796 +
15.733 + 32.246 88.159

DF .., P-Value 0.0001..,

P. vitifolia
Seed storage temperatures 20 C; -18 C;
Time: 1-25 months, 31-66 months.
Groups: WR 0 %; WR 3.4 %; WR 4.7 %; WR 6.3 %; combined
line 1 : 20 C; line 2: -18 C.
Chi-Square Test: 1-25m, 31-66m

Expected counts are printed below observed counts

I-25m 31-66m Total
1 156 54 210

173.23 36.77

.2 1 '>.., 5 1271..'--

104.77 22.23

Tota'! 278 59 337

Chi-Sq 1.715 + 8.079 +
2.835 + 13.359 25.987

DF = I, P-Value 0.000
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P. vitifolia
Seed storage temperatures 20 C; 4 C;
Time: 1-25 months, 31-66 months. .
Groups: WR 0 %; WR 3.4 %; WR 4.7 %; WR 6.3 %; combined
line 1 : 20 C; line 2 : 4 C.
Chi-Square Test: 1-2Sm, 31-66m

Expected counts are printed below observed counts

I-25m 31-66m Total
1 156 54 210

127.15 82.85

2 177 163 340
205.85 134.15

Total 333 217 550

Chi-Sq 6.548 + 10.049 +
4.045 + 6.207 26.848

DF = I, P-Value 0.000

P. vitifolia
Seed storage temperatures -18 C; 4 C;
Time: 1-25 months, 31-66 months.
Groups: WR 0 %; WR 3.4 %; WR 4.7 %; WR 6.3 %; combined
line 1 : -18 C; line 2 : 4 C.
Chi-Square Test: 1-2Sm, 31-66m

Expected counts are printed below observed counts

I-25m 31-66m Total
1 1"" 5 127"''-

81.31 45.69

2 177 163 340
217.69 122.31

Total 299 168 467

Chi-Sq 20.359 + 36.235 +
7.605 + 13 .535 77.733

DE' = I, P-Va1ue 0.000

P. vitifolia
Seed storage temperatures -18 C;
Time: 1-8 months, 19-31 months.
Groups: WR 0 %; WR 3.4 %;
line I : \VR 3.4 %; line 2 : 'WR 0% control,
Chi-Square Test: 1-8m, 19-31m

Expected count s are printed be Low observed counts

I-8m .l9-31m 'l'otal
1 24 13 37

27.5& 9.42

'2 1.7 1 18
1.3.42. 4.58

~otal 41 14 55

Cbi-Sq 0.465 + 1.362 +
0.956 ~ 2800 5.584

DF = I, P-Value 0.013
1 cel!s ~lth expecte~ c~unts less than 5.0
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Panorifolia B35
Seed storage temperatures 20 C; 4 C; -18 C.
Time: 8-19 months: 25-38 months; 43-66 months.
Coutrol group WR 0%
line 1: 20 C; line 2: 4 C; line 3 : -18 C.
Chi-Square Test: 8-19m, 25-38m, 43-66m

Expected counts are printed below observed counts

8-19m 25-38m 43-66m Total
1 30 28 24 82

33.74 26.05 22 ..21

2 30 28 28 86
35.39 27.32 23.29

3 19 5 0 24
9.88 7.63 6.50

Total 79 61 52 192

Chi-Sq 0.414 + 0.146 + 0.145 +
0.820 + 0.017 + 0.952 +
8.432 + 0.904 + 6.500 18.328

DF 4, P-Value 0.001

P.morifolia B35
Seed storage temperatures -18 C.
Time: 8-19 months; 25-38 mouths; 43-66 months.
line I; WR 0 %: line 2; WR 6.2 %..
Chi-Square Test: 8-19 m, 25-38 m, 43-66 m

Expected counts are printed below observed counts

1
8-19 m

19
11.76

25-38 m
5

8.33

43-66 m
o

3.92

Total
24

2 29 29 16 74
36.24 25.67 12.08

Total 48 34 16 98

Chi-Sq 4.465 + 1.329 + 3.918 +
1.448 + 0.431 + 1.271 12.863

DF = 2, P-Value 0.002
1 cells with expected counts less than S.O

493



· P.morifolia B35
Seed storage temperatures -18 C.
Time: 8-19 months; 25-38 months; 43-66 months.
line 1: WRO %; line 2: WR 7.8 %.

Chi-Square Test: 8-19 m, 25-38 m, 43-66 m
Expected counts are printed below observed counts

1
8-19 m

19
11.76

25-38 m
5

7.84

43-66 m
o

4.41

Total
24

2 29
36.24

27
24.16

18
13.59

74

Total 48 32 18 98

Chi-Sq 4.465 + 1.027 + 4.408 +
1.448 + 0.333 + 1.430 13.111

DF = 2, P-Value 0.001
1 cells with expected counts less than 5.0

P.lllorifolia B35
Seed storage temperatures -18 C.
Time: 8-19 months; 25-38 months; 43-66 months.
line 1: WR 0 %; line 2: WR 10.1 %.
Chi-Square Test: 8-19 m, 25-38 m, 43-66 m
Expected counts are printed beLow observed counts

1
8-19 m 25-38 m 43-66 m

19 5 0
13.29 7.02 3.69

Total
24

2 17 14 10
22.71 11.98 6.31

41

Total 36 19 10 65

Chi-Sq 2.451 + 0.579 + 3.692 +
1.435 + 0.339 + 2.161 10.657

DF = 2, P-Value 0.005
1 cells with expected counts less than 5.0
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P.morifolia B35
Seed storage temperatures -18 C.
Time:8-14 months; 55-66 months;
Group WR 0 %; WR 6.2 %;WR 7.8 %; WR 10.1 %;
line 1: WR 10.1 %; line 2: WR 7.8 %; line 3: WR6.2 %; line 4: WRO %.
Chi-Square Test: 8-14m, 55-66m

Expected counts are printed below observed counts

B-14m 55-66m Total
1 1B 10 28

20.0B 7.92

2 20 11 31
22.23 B.77

3 20 9 29
20.79 B.21

4 18 0 18
12.91 5.09

Total 76 30 106

Chi-Sq 0.215 + 0.544 +
0.223 + 0.565 +
0.030 + 0.077 +
2.011 + 5.094 8.758

DF 3, P-value 0.033

P.morifolia B35
Seed storage temperatures 20 C; 4 C; -18 C.
Time:8-14 months; 55-66 months;

Group WR 0%.
line 1: 20 C; line 2 : 4 C ; line 3 : -18 C
Chi-Square Test: 8-14m, 55-66m

Expected counts are printed below observed counts

8-14m 55-66m Total
1 20 16 36

22.45 13.55

- 20 19 39
24.32 14.68

3 18 0 18
11.23 6.77

Total 58 35 93

Chi-Sq 0.268 + 0.444 +
0.768 + 1.273 +
4.088 + 6.774 13.615

DF " P-Value 0.001""
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P. subpeltata B33
Seed storage temperature 20 C, 4 C, -18 C.
Time: 1-8 mouths, 14-19 mouths.
WR 1.6 %.+ WR 4.2 %
Line I: 20 C; line 2: 4 C: line 3: -18 C.
Chi-Square Test: 1-8 months, 14-19 months

Expected counts are printed below observed counts

1-8 mont 14-19 mo
1 26 7

24.49 8.51

Total
33

2 33 21 54
40.08 13.92

3 36 5 41
30.43 10:57

Total 95 33 128

Chi-Sq 0.093 + 0.267 +
1.250 + 3.599 +
1.020 + 2.935 9.164

DF 2, P-Value 0.010

P. subpeltata B33
Seed storage temperature 20 C, 4 C, -18 C.
Time: 1-14 mouths, 19-31mouths.
WR 6.2 %, WR 4.2 %, WR 1.6 %, WR 0 %, combined.
Line 1: 20 C: line 2: 4 C: Hue 3: -18 C..
Chi-Square Test: 1-14 months, 19-31 months

Expected counts are printed below observed counts

1-14 mon 19-31 mo
1 62 16

60.13 17.88

Total
78

2 88 45 133
102.52 30.48

3 72 5 77
59.35 17.65

Total 222 66 288

Chi-Sq 0.058 + 0.197 +
2.057 + 6.918 +
2.694 + 9.063 20.987

DF ') P-Value 0.000<..,
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P. subpeltata B33
Seed storage temperature 20 C, 4 C, -18 C, combined
Time: 8-19 mouths, 25-38 months.
Line 1: WR 6.2% +WR 4.2 %; line 2 WR 1.6 % +WR 0 %.
Chi-Square Test: 8-19months, 25-38 months

Expected counts are printed below observed counts

8-19mont 25-38 mo
1 85 37

90.77 31.23

Total
122

2 40 6 46
34.23 11.77

Total 125 43 168

Chi-Sq 0.367 + 1.068 +
0.974 + 2.831 5.240

DF = I, P-Value 0.022

P.subpeltata B33
Seed storage temperature 20 C, 4 C, -18 C.combined
Time: 1-8 months. 14-19 months.
WRO%: WR6.2 %.
Line 1: WR 6.2 %; line 2: WR 0 %.
Chi-Square Test: 1-8 months, 14-19 months

Expected counts are printed below observed counts

1-8 mont 14-19 mo
1 48 25

53.98 19.02

Total
73

2 40 6 46
34.02 11.98

Total 88 31 119

Chi-Sq 0.663 + 1.882 +
1.052 + 2.987 6.585

DF = I, P-Value 0.010

P. subpeltata B33
Seed storage temperature 20 C, -18 C.
Time: 1-14 months. 19-31 months.
WR 6.2 %, WR 4.2 %, WR 1.6 %, WR 0 %, combined.
Line 1:20C: line2:-18C.
Chi-Square Test: 1-14 months, 19-31 months

E~pected counts are printed below observed counts

1-14 mon 19-31 mo Total
1 62 16 78

67.43 10.57

2 72 5 77
66.57 10.43

Total 134 21 155

Chi-Sq 0.438 + 2.792 +
0.443 + 2.829 6.502

DF = I, P-Value 0.011
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P. subpeltata B33
Seed storage temperature 20 C, 4 C, -18 C.combined

Time: 1-8 mouths, 14-19 mouths.
WRO%: WR4.2 %.
Line 1: WR4.2 %; line 2: WRO %.
Chi-Square Test: 1-8 months, 14-19 months

Expected counts are printed below observed counts

1-8 mont 14-19 mo
1 51 21

55.53 16.47

Total
72

2 40 6 46
35.47 10.53

Total 91 27 118

Chi-Sq 0.369 + 1.243 +
0.577 + 1.946 4.135

DF = 1, P-Va1ue 0.042

3
P. snbpeltata B33
Seed storage temperature 20 C, 4 C.
Time: 1-14 months, 19-31 months.

WR. 6.2 %, WR 4.2 %, WR. 1.6 %, WR 0 %, combined.
Line 1: 20 C; line 2: 4 C;.
Chi-Square Test: 1-14 months, 19-31 months

Expected counts are printed below observed counts

1-14 mon 19-31 mo
1 62 16

55.45 22.55

Total
78

2 88 45 133
94.55 38.45

Total 150 61 211

Chi-Sq 0.774 + 1.902 +
0.454 + 1.116 4.246

DF = 1, P-Value 0.039
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P. subpeltata B33
Seed storage temperature 4 C, -18 C.
Time: 1-14 months, 19-3Imonths.
WR 6.2 %, WR 4.2 %, WR 1.6 %, WR 0 %, combined.
Line 1: 4 C; line 2: -18 C.
Chi-Square Test: 1-14 months, 19-31 months

Expected counts are printed below observed counts

1-14 mon 19-31 mo
1 88 45

101.33 31.67

Total
133

2 72
58.67

5
18.33

77

Total 160 50 210

Chi-Sq 1.754 + 5.614 +

3.030 + 9.697 = 20.096
DF I, P-Value 0.000

P. subpeltata B33
Seed storage temperature 20 C, 4 C, -18 C.combined
Time: 1-8 mouths, 14-19 mouths.
WR 1.6%: WR6.2%.
Line I: WR 6.2 %; line 2: WR 1.6 %.
Chi-Square Test: 1-8 months, 14-19 months

Expected counts are printed below observed counts

1-8 mont 14-19 mo
1 48 25

52.88 20.12

Total
73

2 44 10 54
39.12 14.88

Total 92 35 127

Chi-Sq 0.451 + 1.185 +
0.609 + 1.601 3.846

DF = I, P-Value 0.050
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P. incarnata B36
Seed storage temperatues 20 C; 4 C; -18 C.
Time: 1-14 mouths; 19-31 mouths; 38-55 mouths.
The group WR 3.5 % .
line 1: 20 C; line 2: 4 C; line 3: -18 C.
Chi-Square Test: 1-14m, 19-31m, 31-55m

Expected counts are printed below observed counts
I-14m 19-31m 31-55m Total1 25 26 29 80
28.60 26.11 25.28

2 24 24 28 76
27.17 24.81 24.02

3 20 13 4 37
13.23 12.0B 11. 69

Total 69 63 61 193
Chi-Sq 0.453 + 0.000 + 0.546 +

0.370 + 0.026 + 0.659 +
3.467 + 0.070 + 5.062 10.655DF 4, P-Va1ue 0.031

P. incaruata B36
Seed storage temperatues 20 C; 4 C; -18 C.
Time: 1-14 months: 19-31 months: 38-55 months.
The group WR 0 % .
line I: 20 C: line 2 : 4 C: line 3 : -18 C.
Chi-Square Test: 1-14m, 19-31m, 31-55m
Expected counts are printed below observed counts

I-14m 19-31m 31-55m Total
1 22 23 21 66

22.12 23.97 19.91

2 19 30 28 77
25.81 27.96 23.23

., 19 12 5 36-'
12.07 13.07 10.86

Total 60 65 54 179

Chi-Sq 0.001 + 0.039 + 0.060 +
1.797 + 0.149 + 0.980 +
3.983 + 0.088 + 3.162 10.258

DF 4, P-Value 0.036
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P. incamata B36
Seed storage temperatues 20 C; 4 C; -18 C.
Time: 8-19 months and 38-55 months.
The group WR 3.5.
liuel:20C; line2:4C; line3:-I8C
Chi-Square Test: 8-19m, 38-55m

Expected counts are printed below observed counts

8-19m 38-55m Total
1 29 29 58

31. 60 26.40

2 25 28 53
28.87 24.13

3 19 4 23
12.53 10.47

Total 73 61 134

Chi-Sq 0.213 + 0.255 +
0.520 + 0.622 +
3.341 + 3.998 8.950

DF ') P-Value 0.011'-'

P. incarnata B36
Seed storage temperatues 20 C; -18 C.
Time: 8-14 months; 43-55 months.
Group WR 0%, WR 3.5%, WR 5.2 %, WR 6.4 % were combined.
line 1: 20 C; line 2: -18 C.
Chi-Square Test: 8-14m, 43-55m

Expected counts are printed below observed counts

8-14m 43-55m Total
1 70 53 123

79.12 43.88

2 49 13 62
39.88 22.12

Total 119 66 185

Chi-Sq = 1.051 + 1.895 +
2.085 + 3.759 8.791

DF = 1, P-Value 0.003
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P. incaruata B36
Seed storage temperatues -18 C; 4 C.
Time: 8-14 mouths; 43-55 mouths.
Group WR 0%, WR 3.5%, WR 5.2 %, WR 6.4 % were combined.
line 1: -18 C; line 2: 4 C.
Chi-Square Test: 8-14m, 43-55m

Expected counts are printed below observed counts

8-14m 43-55m Total
1 49 13 62

35.11 26.89

2 62 72 134
75.89 58.11

Total 111 85 196

Chi-Sq 5.493 + 7.173 +
2.542 + 3.319 18.527

DF = 1, P-Value 0.000

P. incarnata B36
Seed storage temperatnes 20 C; 4 C; -18 C.
Time: 8-19 months and 38-55 months.
The control group WR 0 % .
line 1 : 20 C; line 2 : 4 C; line 3 : -18 C
Chi-Square Test: 8-19m, 38-55m

Expected counts are printed below observed counts

8-19m 38-55m Total
1 23 21 44

24.36 ;19.64

2 24 28 52
28.79 23.21

3 20 5 25
13.84 11.16

Total 67 54 121

Chi-Sq 0.076 + 0.095 +
0.798 + 0.990 +
2.738 + 3.398 8.095

DF ') P-Value 0.017'-I
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P. incarnata B36
Seed storage temperatues 4 C; -18 C.
Time: 8-25 months; 31-55 months.
Group WR 0%, WR 3.5%, WR 5.2 %, WR 6.4 % were combined.
line I: 4 C; line 2: -18 C.
Chi-Square Test: a-25m, 31-55m

Expected counts are printed below observed counts

8-25m 31-55m Total
1 133 145 278

147.10 130.90

2 85 49 134
70.90 63.10

Total 218 194 412

Chi-Sq = 1.351 + 1.518 +
2.803 + 3.150 8.822

DF = 1, P-Value 0.003

P. incarnata B36
Seed storage temperatues 20 C; -18 C.
Time: 8-25 months; 31-55 months.
Gronp WR 0%, WR 3.5%, WR 5.2 %, WR 6.4 % were combined.
line I: 20 C; line 2 : -18 C.
Chi-Square Test: 18-25m, 31-55m

Expected counts are printed below observed counts

1
8-25m

132
141. 47

31-55m
119

109.53

Total
251

2 85 49 134
75.53 58.47

Total 217 168 385

Chi-Sq 0.634 + 0.819 +
1.188 + 1.535 4.176

DF = I, P-Value 0.041
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Appendix V

Morphological features of Passiflora seed used for Passiflora seed cladogram

1 Large < 1.4lg 100 seed
SIZE 2 Medium 1.4lg-0.48g 100 seed

3 Small> 0.48g 100 seed

SYMMETRY 4 symmetric
5 asymmetric

6 ovate
7 cordate

SHAPE 8 orbiculate
9 clavate
10 scutiform

11 flat
CROSS-SECTION 12 compressed

13 convex
14 round

15 tridentate
16 retuse

APEX 17 round
18 obtuse> 90
19 acute <90

20 smooth
21 crenate

MARGIN 22 dentate
23 narrow < lmm
24 broad> lmm

25 acute
BASE 26 obtuse

27 bidentate

28 oblique
CHALAZAL BEAK 29 predepressed

30 depressed
31 acute
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32 CIB inclined towards
RAPHE 33 CIB inclined away

34 straight symmetric

35 coarse reticulate < 15
36 deeply reticulate 15-50
37 shallow reticulate 15-50
38 reticulate/foveolate >50
39 foveolate

SURFACE 40 rugose
41 ribbed
42 tuboculate/ribbed
43 sulcate

RIDGES 44 less than 6
45 6 or more
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