STUDIES ON THE LEAF-NODULES
Part II (Rubiaceae)*

XIII. Leaf-nodular plants and the localization of their

leaf-nodules in Rubiaceae

By |
Tamotsu YAMADA

Although the root-nodules of leguminous plants have been throughly in-
vestigated and reported that almost the plants belonging to the family have
the root-nodules, very little is known about the leaf-nodules which occur on
the leaves of some higher plants. On Myrsinaceae, hitherto, have been pub-
lished and studied on three species; Ardisia crispa (Miehe, 1914, 1919; Jongh,
1938; Yamada, 1960), A. hortorum (Hanada, 1952, 1954) and A. punctata (Yama-
da, 1960). Mez (1902), however, disclosed that there are some leaf-nodular
plants in the subgenera Amblyanthus and Amblyanthopsis of Ardisia in Assam
and Bhotan. On Dioscoreaceae, Orr (1923) and Schaede (1939) reported that
Dioscorea macroura is a leaf-nodular species which can be found in tropical
West Africa.

To the above, several hundred species of Rubiaceae are known to support
bacterial nodules in their leaves or stipules. Although such leaf-nodules had
been described earlier by Trimen (1894), Zimmermann (1902) was the first to
recognize them as bacterial in the botanical gardens at Buitenzorg, Java.
His observations were confined to four species of Pavetta; P. angustifolia, P.
Zimmermanniana, P. lanceolata and P. indica (tentatively termed Grumilea but
later identified as Pavetta).

Besides genus Pavetta similar nodules are known to occur in genera
Psychotria, Chomelia, Kraussia, Heterophyllaea, Lecanosperma, and Coprosma in
Rubiaceae. These have been discussed by various authors including Valeton
(1908), Boas (1911), von Faber (1912, 1914), Georgeovitch (1916), Rao (1923, b),
Korinek (1928), Bremekamp (1933), Humm (1944), and Stevenson (1953}, but

very little is known about the whole phenomenon.
The author stayed in Australia** in order to isolate the endophytic bac-
teria from rubiaceous plants and collected some bacteriophilous leaf-nodular

species in the Country and New Zealand in 1967.

* Part I, Myrsinaceae (I-XII)
*%  Department of Microbiology, University of Sydney, Australia

— 196 —



STUDIES ON THE LEAF-NODULES Part II (Rubiaceae)

A. Leaf-nodular plants in Rubiaceae.

a. Bremekamp (1933) has made a special study of the occurrence of
such nodules in genera Pavetta and Psychotria and reported that the majority
of the 30 or so species which he distinguishes of Pavetfa have leaf-nodules,
and that some 50 species of the several hundred usually recognized in the
genus Psychotria bear nodules, these particular species occurring in Africa
and Madagascar. He classified the bacteriophilous species into three groups.
In the first the bacterial nodules follow the midrib, in the second and third
they are irregularly scattered; the species of the second group have a ring
of hairs at the insertion of the stamens, whereas in those of the third group
the corolla-tube is glabrous inside. The first group is confined to a district
of tropical West Africa, the third to East Africa; of the species of the second
and largest group a few tetramerous corollas are found in the same region
as the species of the first group, whereas the far more numerous species
with pentamerous corollas ‘occur in East Africa, Rhodesia, the Congo, and
Angola. His classification of the bacteriophilous species of the rubiaceous
genus Psychotria is as follows:
Group I. Nodules along the midrib.
Ps. calva, Ps. kisantuensis, Ps. umbellata, Ps. recurva

Group II. Nodules scattered; a ring of hairs at the insertion of the sta-
mens.
Ps. Verschuereni, Ps. setacea, Ps. kimuenzae, Ps. variopunctulata, Ps.
Fleuryi, Ps. faucicola, Ps. griseola, Ps. refractiflora, Ps. stigmatophylla,
Ps. Swynnertonii, Ps. Welwitschii, Ps. Kaessneri, Ps. reducta, Ps. beniensis,
Ps. lubutuensis, Ps. rutshurensis, Ps. maculata, Ps. sabukuensis, Ps. brevi-
paniculata, Ps. monticola, Ps. gracilescens, Ps. cinerea, Ps. nairobiensis,
Ps. marginatum, Ps. Guerkeana, Ps. punctata, Ps. petroxenos, Ps. pachy-
clados, Ps. mucronata, Ps. perbrevis, Ps. collicola, Ps. pubifolia. Ps. Kirkii,
Ps. Volkensii, Ps. tarambassica, Ps. nigropunctata

Group III. Nodules scattered; corolla-tube glabrous inside.
Ps. alsophila, Ps. Eickii

b. Bremekamp (1960) also reported on seven bacteriophilous species be-

longing to the Psychotria in Madagascar. They are
Ps. expansissima, Ps. tsiandrensis, Ps. polygrammata, Ps. lokohensis, Ps.
microgrammata, Ps. pachygrammata, and Ps. himanthoplylla. '
c¢. The plants belonging to the genus Coprosma are erect, usually dio-
ecious shrubs. Flowers solitary or clustered, axillary or terminal. Anthers
exserted, on long filaments. Style divided nearly to the base into two long,
filiform branches, more or less hairy, exserted. Fruit drupaceous.
Stevenson (1953) made public in New Zealand that the Rubiaceae is re-
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presented by a number of herbaceous forms and by the woody genus Copros-
ma with neary thirty, ranging from small trees with large leaves to small-
leaved spreading or creeping shrubs. On all the large-leaved species bac-
terial nodules are conspicuous on the stipules: C. arborea, C. australis, C.
lucida, C. tenuifolia, and C. cathartica with a single apical nodule, up to 5mm
long (C. lucida occasionally with 2 or 3); C. macrocarpa, C. repens, and C. ser-
rulata with several smaller nodules on each stipules. The following smaller-
leaved species have one or more slender less conspicuous, stipular nodules:
C. acerosa, C. areolata, C. banksii, C. ciliata, C. colensoi, C. crassifolia, C. cuneata,
C. foetidissima, C. linariifolia, C. microcarpa, C. polymorpha, C. propinqua, C.
pseudocuneata, C. restusa, C. rhamnoides, C. rotundifolia, C. rugosa, and C. vires-
cens.

d. Taylor (1961) published the genus Coprosma has its greatest concent-
ration of species in New Zealand, where there are about forty of the ninety
known species. The remainder are scattered through the Pacific, and fall
within a line including Tasmania, Eastern Australia, Borneo, Hawaii, Juan
Fernandez Islands and New Zealand’s subantarctic islands. The genus was
first collected by Banks and Solander in New Zealand on Cook’s first voyage.
He classified the Coprosma species into two sections, i.e. large-leaved and
small-leaved Coprosma, and mentioned 11 and 39 species including two varieties
in each section. We can clearly identify 19 leaf-nodulated species and two
varieties in his figures. They are

C. foetidissima, C. rigida, C. banksii. C. crassifolia, C. spathulata, C. pro-
pinqua var. propinqua, C. propinqua var. latiuscula, C. cunninghamii, C.
rhamnoides, C. tenuicaulis, C. areolata, C. virescens, C. rubra, C. parviflora,
C. rotundifolia, C. ciliata, C. microcarpa, C. antipoda, C. rugosa, C.
linariifolia and C. colensoi.

e. The author (1967) found out several leaf-nodular species (Figs. 1~10) in
Rubiaceae belonging to the genera Pavetta, Hodgkisonia, Psychotria, Rothmannia,
and Coprosma in Australia and New Zealand, and could identify their species
names By the courtesy of the staff members of the Botanic Gardens*. Some
of them were used as isolation materials of the endophytic bacteria and suc-
cessfully obtained an isolant** which would probably be classified to Bacillus.

B. Localization of leaf-nodules on the rubiaceous plants.

The root-nodules of the leguminous plants are formed by the infection of
roof-nodule bacteria (Rhizobium) through root hairs from soil. Consequently,
the nodules are made limited on the roots. On the other hand, leaf-nodules

* The National Herbarium, N.S. W., in the Royal Botanic Gardens, Sydney
*% The details will be published in the following papers.
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Tree

Nodule along the midrib, oblong, medium
size, 2-3 mm ; number, 2-4; less con-
spicuous

Leaf size, 5-15x1-3cm; color, green

Collected Royal Botanic Gardens, Sydney

Fig. 1. Pavetta australiensis Brem.

Shrub

Nodule scattered, round or oblong, small
size, 0.5-1.0 mm; number, 20-40 or
more ; conspicuous on the lower sur-
face

Leaf size, 5-10x1.0-1.5cm ; color, green or
yellowish green

Collected Royal Botanic Gardens, Sydney

Fig. 2. Paveztta lanceolata Eckl. et Zeyh.

Shrub iP. capensis ?)

Nodule along the midrib, round or oblong,
medium size, 1.5-2.0mm; number,
10-15

Leaf size, 5-7x1.5-2.0cm with a long
petiole ; color, green or greenish yel-
low

Collected Brisbane Musium garden

Fig. 3. Pavetta sp.
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Shrub
Nodule

Leaf

Fig. 4. Hodgkinsonia ovatifolia F. Muell.

Tree
Nodule

Leaf

Collected

Fig. 5. Rothmannia globosa (Hochst.) Kery
(dried leaves)

Tree
Nodule

Leaf
Collected

Fig. 6. Gardenia thunbergia L.F.
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along the midrib, oblong, small size
1.0-2.0 mm ; number, 10-20; not con-
spicuous

size, 5-8x2-3cm; color, green

Collected Royal Botanic Gardens, Sydney

along the midrib, oblong, medium
size, 2-4 mm; number, 2-10; less
conspicuous

size, 15-20x5-7cm with a slender
petiole ; color, yellowish green

Royal Botanic Gardens, Syd‘%ney

along the midrib, oblong, concaved,
medium size, 2-4 mm ; number, 5-10
size, 3-5X2-2.5cm ; color, dark green

Royal Botanic Gardens, Sydney
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Tree

Nodule along the midrib, oblong, concaved,
very conspicuous, big size, 3-dmm;
number, 10-15

Leaf size, 10-15x4-6 cm ; color, deep green
and glossy on the upper surface

Collected Royal Botanic Gardens, Sydney

Fig. 7. Psychotria capensis (Eckl.) Vitke.

Shrub

Nodule along the midrib, round, small size,
1.0-1.5 mm ; number, 3-8

Leaf size, 3-5x2-3cm; color, bright green

Collected Royal Botanic Gardens, Sydney ; New
Zealand, Tasmania and Victoria

States, Australia

v s i

Fig. 8. Coprosma repens A. Rich.
(dried leaves)

Tree

Nodule along the midrib, round, medium
size, 1-2mm; number, 10-15; not
conspicuous

Leaf size, 5-9x2-3 cm ; color, bright green,
dull green on the lower surface

Collected New Zealand (North Island)

Fig. 9. Coprosma robsta Raoul.
(dried leaves)
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Shrub (C. grandfolia ?)

Nodule along the midrib, oblong, size, 1.5-
2.5mm; number, 5-10; less con-
spicuous

Leaf size, 10-15x5-8 cm; color, green

Collected New Zealand (North Island)

1g; oprbsa vs. .
(dried leaves)

are not formed by the penetration of external microorganisms into the leaves
but by the bacteria, inhabit as hereditary symbiont, in the seeds. Although
the locality of the leaf-nodules is confined on leaves, it is not identical. As
for myrsinaceous leaf-nodular plants, Ardisia crispa and A. punctata, the bac-
teriophilous nodules can be found restricted to the position of water pores at
the vein ends on each crenated leaf-margin (Fig. 11; A, B), and the number
is 20-30 on the former and 40-60 on the latter, respectively. Of the family
Dioscoreaceae, Dioscorea macrura, is known as a nodular and has only one nodule
on its leafapex.

On the other hand, the leaves of some species of the trcpical and sub-
tropical genera Pavelta, Psychotvia, Coprosma and others, memb%&'s of the

Fig. 11. Awdisia crispa (A) and A.
punctata (B); nodules exist Fig. 12. Pavetta zimmermanniana
on their leaf-margins. (after Faber)
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Fig. 13. Psychotria capensis (A) and Fig. 14. Psychotria Revesii
Gardenia thunbergia (B)

Fig. 15. Pavelta indica
(after Faber) Fig. 16 Pavetta lanceolata
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Rubiaceae, show some or numerous green, dark or black dots (leaf-nodules)
visible to the naked eye, which due to the presence in the leaf tissue of
cavities filled by dense growth of bacteria. By the author the locality of the
rubiaceous leaf-nodules was reclassified after Bremekamp into three main
groups. , o
Group 1. Nodules along the midrib.
i. Nodules limited along the midrib.
Pavetta Zimmermanianna (after Faber) (Fig. 12)
ii. Nodules limited to the dichotomously branched positions of mid-
rib and primary veins. ‘
Pavetta capensis, Hodgkinsonia ovatifolia, Rothmannia globosa, Gar-
denia thunbergia (Fig. 13, B), Psychotria capensis (Fig. 13, A), Coprosma
australis, C. cunninghamii, C. repens, C. rotundifolia, etc.
Group 2. Nodules mainly on the primary veins.
Psychotria Reevesii (Fig. 14)

Group 3. Nodules scattered.

i. Nodules scattered all over the leaf surface (on the position of
stomata).
Pavetta indica (after Faber) (Fig. 15)

ii. Nodules scattered all over the leaf surface and some are on the
dichotomously branched position of midrib and primary veins.
Pavetta lanceolata (Fig. 16) ,

In any cases, the position of leaf-nodules is closely related to the vas-
cular bundles, especially to the ends of sieve tubes. Namely in Myrsinaceae
and Dioscoreaceae they are formed on the spot of water pore; in Rubiaceae, on
the stomata, along the midribs or on the primary veins. From these facts it
is conceivable that there are some closed metabolic relations between the endo-
phytic bacteria and their host-plants, living together in a symbiotic relation.

SUMMARY

In this paper the author dealt with the leaf-nodular plants and the localiza-
tion of their leaf-nodules in Rubiaceae. ‘

The leaf-nodules have made clear to occur in the genera Pavetta, Psy-
chotria, Coprosma, Chomelia, Klaussia, Heterophylla, Lecanosperma, Hodgkinsonia,
Rothmannia and Gardenia by several investigators, including the author. All
these are said bacteriophilous and have been reported that the majority of
the 350 or so species of Pavetta have nodules and that some 50 species of the
several hundred recognized in the genus Psychotria, and that these particular
species can be found in Africa, Madagascar, India, Indonesia and the other
regions.

In the genus Coprosma about 40 out of 90 species including large-leaved
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and small-lea_ved are known as nodular, and these are scattered through the
Pacific and fall within a line including Tasmania, Eastern Australia, Borneo,
Hawaii, Juan Fernandez Islands and New Zealand. The author newly listed
the leaf-nodular species in the genera Pavetta, Hodgkinsonia, Rothmannia,
Gardenia, Psychotria and Coprosma in Australia and New Zealand, and could
successfully isolate a kind of endophytic Bacillus from some of them.

- Secondly reclassified the locality of the leaf-nodules as shown in the fol-
lowing scheme:

Group 1. Nodules along the midrib.

i. Nodules limited along the midrib. ‘

ii. Nodules limited to the dichotomously branched position of
midrib and primary veins.

Group 2. Nodules mainly on the primary veins.

Group 3. Nodules scattered.

i. Nodules scattered all over the leaf-surface.

ii. Nodules scattered all over the leaf-surface and some are on
the dichotomously branched position of the midrib and pri-
mary veins.

The author wishes to express his thanks to Prof. White, Prof. Tchan and
Dr. Graham, University of Sydney, and Prof. Miyama, Chiba University, for
their cooperation. He also acknowledges kindness offered by Dr. Tindale and
others, National Herbarium N.S.W. in the Royal Botanic Gardens in Sydney,
and Prof. Gordon, Victoria University, Wellington, N. Z.

References

Allen, H. H. (1961) :—Flola of N.Z. Vol. 1. Govefnment printer N.Z., Wellington.

2. Beadle, N.C. W., O.D. Evans and R. C. Carolin (1962) :—Handbook of the vascular
plants of the Sydney district and Blue Mountains, Australia.

3. Beckning, J.H. (1959) :—Nitrogen-fixing bacteria of the genus Beijerinckia in South
African soils. Biol. Sci. Vol. 9. p. 193-206.

4. Becking, J.H. (1961) :—Studies on nitrogen-fixing bacteria of the genus Beijerinckia.
I. Geographical and ecological distribution in soils. Plant and Soil. Vol. 14, p. 49-
81. ,

5. Boas, F. (1911) :—Zwei neue Vorkommen von Bakterienknoten in Blatten von
Rubiaceen. Ber. Deut. Botan. Ges. Vol. 29, 416-418.

6. Bok, R. (1941) :—The influence of oxygen nitrogen mixtures upon the dwarfing of
Ardisia crispa (Thunb.) A. DC. Koninkl. Ned. Aksd. Wetenschap., Proc. Vol. 44,
p. 1128-1130. '

7. Bond, G. (1955) :—An isotopic study of the fixation of nitrogen associated with
nodulated plants of Alnus, Myrica, and Hippophae. J. Exp. Bot. Vol. 6, p. 303-311.

8. Bond, G. (1957b) :—Isotopic studies of nitrogen fixation in non-legume root
nodules. Ann. Botany (London) (N.S.) Vol. 21, p. 513-521.

— 205 —



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24,

25,

26.

27.

28.

29.

STUDIES ON THE LEAF-NODULES Part II (Rubiaceae)

Bond, G. (1959): —Inhibition of nitrogen fixation in non-legume root nodules by
hydrogen and carbon monoxide. Jan. Expert. Bot. Vol. 11, No. 31, p. 91-97.

Bond, G. (1959) :—The incidence and importance of biological fixation of nitrogen.
Advan. Sci. Vol. 15, p. 382-392.

Bond, G. (1961) :—The oxygen relation of nitrogen fixation in root nodules. Zeitsch.
f. Allg. Mikolob. Vol. 1, No. 2, p. 93-99.

Bond, G. (1963) :—The root nodules of non-leguminous Angiosperms. Symposia of
the Society General Microbioclogy. Number 13, Symbiotic Associations. p. 72-91.
Bond, G. (1965) :—Vitamin B,, analogues in non-legume root-nodules. Nature, Vol.
207, No. 4994, p. 319-320.

Bond, G. (1967) :—Fixation of nitrogen by higher plants other than Legumes. Ann.
Rev. plant physiol. Vol. 18, p. 107-126. ‘

Boodle, L. A. (1923) :—The bacterial nodules of the Rubiaceae. Kew Bull. Misc.
Inf., p. 346-348.

Bose, S.R. (1955) :—Hereditary (seed-born) symbiosis in Ardisia humilis Vahl.
Nature Vol. 175, P. 395.

Bottomley, W. B. (1909) .:—Some effect of nitrogen fixing bacteria on the growth
of non-leguminous plants. Proc. Roy. Soc. Vol. 81, p. 287-289.

Bremekamp, C.E.B. (1933) :—The bacteriophilous species of Psychotria. J. Botany
London. Vol. 71, p. 271-281.

Bremekamp, C.E.B. (1960) :—Les ¢‘Psychotria’’ Bacteriophiles de Madagascar.
Mus. Natl. Hist. Natul. Notulae. Syst., Vol. 16, p. 41-54,

Brown, R. (1957) :—Nitrogen fixation by the endophyte of Lolium. J. Agr. Sci.
Vol. 23, p. 527-540.

Bremner, J. M. (1960) :—Determination of nitrogen in soil by the Kjeldahl method.
J. Agric. Sci. Vol. 55, p. 11-33,

Caullery, M. (1952) :—¢‘Parasitism and Symbiosis.”” Sidgwick and Jackson. London.
Centifanto, Y. M. and W.S. Silver. (1964) :—Leaf-nodule symbiosis. I. Endophyte
of Psychoiria bacteriophila. J. Bacteriol. Vol. 88, No. 3, p. 776-781.

Crown, S.T., K.]J. Steel, Constance Shaw and J.P. Duguid (1960) :—A classifica-
tion of the Klebsiella group. Journal of Microbiology. Vol. 23, p. 601-612,

Evans, G. and N.H. White (1966) :—Radicicolin and radicicol, two new antibiotics
produced by Cylindrocarpon radicicola. Trans. Br. Mycol. Soc. Vol. 49, No. 3, p.
563-576.

Evans, G., J. B. Cartwright and N. H. White (1967) :—The production of a phyto-
toxin, nectrolide, by some root-surface isolates of Cylindrocarpon radicicola, Wr.,
Plant and Soil. Vol. 24, No. 2, p. 253-260.

Evans, G. and N.H. White (1967) :—Effect of the antibiotics radicicolin and Griseo-
fulvin on the fine structure of fungi. Jour. Expert. Bot. Vol. 18, No. 56, p. 465-
470.

Faber, von F.C. (1911) :—Uber das Vorkommen von Bakterien in den Blittern
verschiedener Rubiaceen. Bulletin du Départment de I’Agriculture aux Néerland-
aises. Vol. XLVI, p. 1-3.

Faber, von F.C. (1914) :—Die Bakteriensymbiose der Rubiaceen. Jahrb. Wiss. Bot.
Vol. 54. p. 243-264. ’

— 206 —



30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

45,

46.

47.

48.

STUDIES ON THE LEAF-NODULES Part II (Rubiaceae)

Fowler, G.J. and R. K. Christie (1924) :—Studies relating to the symbiosis of seeds
and bacteria. J. Indian Inst. Sci. Vol. 7, p. 253-272.

Geiger-Huber, M. and H. Huber (1945) :—Uber die Ursache des gegensitzlichen
geotropischen Verhaltens von Spross und Wurzel. Experimentia. Vol. 1, p. 26-28.
Georgeovitch, P. (1916) :—A new case of symbiosis between a Bacillus and a plant.
Kew Bull. (Misc. Inform.) p. 105-106.

Gordon, J.F. (1963) :—The nature and distribution within the plant of the bacteria
associated with certain leaf-nodulated species of the families Myrsinaceae and
Rubiaceae. Disstertation, Imperial College, London, England.

Hanada, K. (1952) :—Studies on leaf-nodule of some Japanese plants (Japanese).
II. Bull. Liberal Arts and Edu., Fukuoka Univ. p. 228-236.

Hanada, K. (1954) :—Uber die Blattknoten der Ardisia-Arten. Isolierung der Bak-
terien und ihre stickstoffbindende Kraft in Reinkurtur. Jap. Journ. Bot., Vol. 14,
No. 2, p. 235-265.

Harrison, R. E. (1963) :—Handbook of trees and shrubs for southern hemisphere.
Hutcheson and Stewart LTD., Wellington.

Hawker, L. E., and Fraymouth, J. (1951) :—A reinvestigation of the root-nodules
of species of Eleagnus, Hippophae, Alnus and Myrica, with special reference to the
morphology and-life histories of the causative organisms. J. Gen. Microbiol. Vol.
5, p. 369-386.

Henriksen, S.D. (1952) :—Classification of the Klebsiella group. Acta Path. Micro-
biol. Scand. Vol. 30, p. 230.

Henning, K. and F. Villforth (1940) :—Experimentelle Untersuchungen zur Frage
der Bakteriensymbiose in hoheren Pflanzen und ihrer Beeinflussung durch ‘‘Leit-
elemente.”’ Biochem. Z. Vol. 305, p. 299-309.

Henry, S. M. (1966) :—Symbiosis. Vol. 1. Associations of Microorganisms, Plants,
and Marine Organisms. Academic Press, N.Y. and London.

(Chapter 3. Bacterial Symbiosis with Plants. p. 99-170. By Robert T. Lange, Depart.
of Botany, Univ. of Adelaide, South Australia).

Hewitt, E. J. and G. Bond, (1961) :—Molybdenum and the fixation of nitrogen in
Casuarina and Alnus root-nodules. Plant Soil. Vol. 14, No. 2, p. 159-175.

Hewitt, E.J. and G. Bond (1966) :—The cobalt requirement of non-legume root-
nodule plants. Jan. Expert. Bot. Vol. 17, No. 52, p. 480-491.

Hino, S. (1955) :—Studies on the inhibition by carbon monoxide and nitrous oxide
of anaerobic nitrogen fixation. J. Biochem., (Tokyo), Vol. 42, p. 775-784.

Hino, S. and Wilson, P. W. (1958) :—Nitrogen fixation by facultative Bacillus. J.
Bacteriol. Vol. 75, p. 403-408.

Humm, H.J. (1944) :—Bacterial leaf nodules. J. N.Y. Botan. Garden. Vol. 45, p.
193-199.

Jakoba Ruinen- (1965) :—The Phyllosphere. III. Nitrogen fixation in the phylio-
sphere. Plant and Soil. Vol. 22, No. 3, p. 375-394.

John, P..A., J.D. Winefordner and W.S. Silver (1964) :—Microdetermination of dis-
solved oxygen in water by a rapid spectrophotometric method. Anal. Chem. Acta,
Vol. 30, p. 49-55.

Jongh, de, (1938) ;—On the symbiosis of Ardisia crispa (Thunb.) A. DC. Verh.

— 207 —



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.
61.

62.

63.

65.

66.

67.

68.

69.

70.

STUDIES ON THE LEAF-NODULES Part II (Rubiaceae)

Nederl. Akad. Wetensch. Afd. Nat., II. Vol. 37, No. 6, p. 1-74.

Kauffmann, F. (1949) :—On the serology of the Klebsiella group. Acta Path. Micro-
biol. Scand. Vol. 26, p. 381.

Korinek, J. (1928) :—Uber die Bakteriensymbiose der Oscillatorien. Arch. Protis-
tenk. Vol. 64, p. 98-108.

Lausberg, Th. (1935) :—Quantitatve Untersuchungen iiber die kutikuldre Exkretion
des Laubblattes. Jahrb. f. wiss. Botan. Vol. 81, p. 769.

Linskens, H. F. (1950) :—Quantitative Bestimmung der Benetzbarkeit von Blattober-
flichen. Planta, Vol. 38, p. 591.

Linskens, H. F. (1952) :—Anderung der Oberflichenbenetzbarkeit wahrend der
Blattentwicklung Naturwissenschaften. vol. 39, p. 65.

Linskens, H.F. (1952) :—Uber die Anderungen der Benetzbarkeit von Blattober-
flichen und deren Ursache. Planta. Vol. 41, p. 40.

Magee, W.E. and R. H. Burris (1954) :—Fixation of N,'® by excised nodules. Plant
Physiol. Vol. 29, p. 199-200.

McKee, H.S. (1962) :—Nitrogen metabolism in plants. Oxford Univ. Press (Claren-
don). London and N.Y.

Meiklejohn, J. (1962) :—Microbiology of the nitrogen cycle in some Ghana soils.
Emp. J. Exp. Agr. Vol. 30, p. 115-126.

Miehe, H. (1914) :—Weitere Untersuchungen iiber die Bakteriensymbiose bei Ardisia
crispa. 1. Die Mikroorganismen. Jahrb. Wiss. Botan. Vol. 53, p. 1-54.

Miehe, H. (1919) :—Weitere Untersuchungen iiber die Bakteriensymbiose bei Ardisia
crispa. 1. Die Pflanze ohne Bakterien. Jahrb. Wiss. Botan. Vol. 58, p. 29-65.

Mez, C. (1902) :—Myrsinaceae, im Pflanzenreich. Vol. 9, p. 1-438.

Moore, A. W. (1963) :—Nitrogen fixation in latosolic soil under grass. Plant and
Soil. Vol. 19, p. 127-138.

Miiller, H. (1962) :—Untersuchungen zur Frage wechselseitiger Beziehungen zwi-
schen Keimenden Samen und Mikroorganismen in Sémennéihe. Arch. Mikrobiol.
Vol. 41, p. 351-382.

Nemec, B. (1932) :—Uber Bakteriensymbiose bei Ardisia crispa Mem. Soc. Roy.
Letters Sci. Bohame. Vol. 19, p. 1-23. '
Nemec, B. (1933) :—Uber Bakteriensymbiose bei Ardisia crispa Studies Plant
Physiol. Lab. Charles Univ. Vol. 4, p. 1-23.

Nursten, H. E. (1960) :—Discussion on Session 1 papers. In plant Phenolics in
Health and Disease (Pridhan, J. B.,ed.). p. 41. Pergamon, London.

Orr, M. Y. (1923) :—The leaf glands of Dioscorea macroura Harms. Notes Roy.
Botan. Garden, Edinburgh. Vol. 14, p. 57-72.

Orskov, I. (1955) :—Serological investigations in the Klebsiella group. I. New cap-
sule types. Acta Path. Microbiol. Scand. Vol. 36, p. 449.

Parker, C.A. (1957) :—Non-symbiotic nitrogen-fixing bacteria in soil. III. Total
nitrogen changes in a field soil. J. Soil Sci. Vol. 8, p. 48-59.

Parker, C.A. (1957) :—Evolution of nitrogen-fixing symbiosis in higher plants.
Nature. Vol. 179, p. 593-594.

Rao, R. A. (1923b) :—A preliminary account of symbiotic nitrogen in non-legumi-

nous plants with special reference to Chomelia asiatica. Agr. J. India, Vol. 18, p.

— 208 —



71.

72.

73.

74.

75.

76.

77.

78.
79.

80.

81.

82.

83.

91.

STUDIES ON THE LEAF-NODULES Part II (Rubiaceae)

132-143.

Richard, E.C. (1936) :—Our New Zealand trees and flowers, Third edition, Wel-
lington, N. Z.

Roberg, M. (1936) :—Der Stickstoffgehalt der Filtrate von Azotobakterkurturen.
Jahrb. wiss. Bot. Vol. 82, p. 65-98.

Ruinen, J. (1961) :—The phyllosphere. I. An ecologically neglected milieu. Plant
and Soil. Vol. 15, No. 2, p. 81-109.

Ruinen, J. (1963) :—The Phyllosphere. II. Yeasts from the phyllosphere of tropical
foliage. Antonie van Leeuwenhoek. Vol. 29, p. 425-438.

Ruinen, J. (1966) :—The Phyllosphere. IV. Cuticle decomposition by microorganisms
in the phyllosphere. Annales de L’institut Pasteur. Vol. 111, p. 342-346.

Ruinen, J. (1965) :—The Phyllosophere. III. Nitrogen fixation in the phyllosophere.
Plant and Soil. Vol. 22, No. 3, p. 375-394.

Salmoh, J.T. (1967) :—New Zealand flowers and plants in colour. Wellington.
N.Z.

Schaede, R. (1959): —¢Die pflanzlichen Symbiosen.” Fischer, Stuttgart.

Schaede, R. (1962) :—Die Pflanzlichen Symbiosen. 2nd ed., revised by F.H. Meyer,
G. Fischer, Stuttgart.

Shibata, K. (1902) :—Die Cytologische Studien iiber die Endotrophen Mykorrhiza.
Jahrb. wiss. Bot. Vol. 37, p. 643-684.

Silver, W.S. (1963) :—Root nodule symbiosis. 1. Endophyte of Myrica cerifera L.
Journ. Bacteriology. Vol. 87, p. 416-421.

Silver, W.S., Ysolina M. Centifanto and D.]J.D. Nicholas (1963) :—Nitrogen fixa-
tion by the leaf-nodule endophyte of Psychotria bacteriaphila. Nature. Vol. 199,
No. 4891, p. 396-397. -

Silver, W.S., F.E. Bendana and R. D. Powell (1966) :—Root nodule symbiosis. II.
The relation of Auxin to root geotropism in roots and root nodules of non-legumes.
Physiologia Plantarum. Vol. 19, P. 207-218.

Silver, W.S. (1967) :—Biological nitrogen fixation. Science, Vol. 157, No. 3784, p.
100-102.

Sloger, C. and W.S. Silver (1965) :—Note on nitrogen fixation by excised root no-

dular homogenates of Myrica cerifera L. Non-heme Iron Proteins. p. 299-302.

Sloger, C. and W.S. Silver (1966) :—Nitrogen fixation by excised root nodules and
nodular Homogenates. Abstracts IX International Congress of Microbiology, Mos-
cow.

Soding, H. (1940) :—Uber das Verhalten von Bakterien in lebenden Blittern. Ber.
Deut. Botan. Ges. Vol. 57, p. 465-477.

Séding, H. (1959) :—Uber das Verhalten von Bakterien in lebenden Blattern. Arch.
Mikrobiol. Vol. 34, p. 103-131.

Stevenson, G.B. (1953) :—Bacterial symbiosis in some N.Z. plants. Annals of
Botany (new series) Vol. 17, p. 343-345.

Stevenson, G. B. (1959) :—Fixation of nitrogen by non-nodulated seed plants. Ann.
Bot. Vol. 23, p. 622-635.

Stewart, W.D.P. and G. Bond, +1961) :—The effect of ammonium nitrogen on

fixation of elemental nitrogen in Alnus and Myrica. Plant and Soil. Vol. 14, No. 4,

— 209 —



92.

93.

94.
95.
96.
97.
98.
99.

100.

101.

102.

103.

104.

105.

106.

STUDIES ON THE LEAF-NODULES Part II (Rubiaceae)

p. 347-359.

Taylor, G. M. (1961) :—A key to the Coprosmas of New Zealand. Part I. Tuatara
Vol. 9, No. 1, p. 31-42, '

Taylor, G. M. (1961) :—Part II. ibid. p. 43-64.

Tchan, Y. T., L. N. Balaam, and F. Draetta (1963) :—Study of soil algae. V. Esti-
mation of the nutrient status of S in soil using an algal growth method. Plant
and Soil. Vol. 19, No. 2, p. 233-40.

Tove, S.R., Niss, H.F., and P.W. Wilson, (1950) :—Fixation of N, by exised
nodules of leguminous plants. J. Biol. Chem. Vol. 184, p. 77-82.

Trimen, P. (1894) :—‘Handbook of the Flora of Ceylon.”” Dulau, London.

Valeton, T. (1908) :— Rubiaceae, 32 Tab. Icon. Bogor. Vol. 3.

Vries J.D. and H. G. Derx (1950): —On the occurrence of Mycoplana rubra and its
identity with Protaminobacter rubra. Ann. Bogor. Vol. 1, p. 53-60.

Watanabe, A. and T. Kiyohara (1963) :—Symbiotic blue-algae of lichens, liverworts
and cycads. Microalgae and Photosynthetic Bacteria. p. 189-196. '
Wilson, J. K. (1946) :—Variation in seed as shown by symbiosis. Cornell Univ., Agr.
Expt. Sta. Mem. Vol. 272, p. 1-21.

Wilson, P. W. (1952) :—The comparative biochemistry of nitrogen fixation. Advances
in Enzymol., Vol. 13, p. 345-375.

Yamada, T. (1960) :—Studies on the leaf nodules and knobs with special reference
to Awvdisia crispa (Thunb.) A. DC. and A. punctata Lindl. Bull. Facl. Edu. Chiba
Univ. Vol. 9, p. 1-93.

Yamada, T. (1961) :—Studies on the leaf nodules. XI. Knob and mosaic formations
on some leaf-nodular plants in Japan, caused by the pure cultured leaf nodule bac-
terium (Bacterium foliicola Miehe). ibid. Vol. 10, p. 75-84.

Yamada, T. and F. Hashimoto (1963) :—Studies on the effect of high dose irradia-
tion of gamma-ray (°°Co) upon the germination of some plant seeds and the growth
of their -seedlings. ibid. Vol. 12, p. 59-79 (Japanese).

Yamada, T. (1964) :—Studies on the leaf nodules. XII. On the effect of gamma-ray
of ¥Co upon the seeds of some leaf-nodular plants in Japan. ibid. Vol. 13, p. 117-
126.

Ziegler, H. (1958) :—Elektronenmikroskopische Untersuchung von symbiotischen
Bakterien aus hoheren Pflanzen. Z. Naturforsch. Vol. 13b, p. 297-301.
Zimmermann, A. (1902) :—Uber Bakterienknoten in den Blittern einiger Rubia-
ceen. Jahrb. wiss. Botan. Vol. 37, p. 1-11.

— 210 —



STUDIES ON THE LEAF-NODULES Part Il (Rubiaceae)

- S A7) D 5 S
B8 (7rxF)

XIL. 7 h 281z 2EEREY & EROE

o H R

AMILIRT, 7 0 2B OZRAEY L R ORI OV THRE L,

7 HAMOENEYE 1L BICE > THEET S Z EBH LIS TR, W Povetta Bic
3 350 FE, Psychotria iz 13K 50 B, AL, 2%% Africa, Madagascar, India,
Indonesia EDMHFIZNTE L TWBZ LBHSN T3, Coprosma BTix 90 BoORK 40
EXERfEY & L THED bh, %% Tasmania, i Australia, Borneo, Hawaii, Juan
Fernandez & (#Y ~) KU New Zealand ¥ TN DOB X IZHHL TV B,

E#1x 1967 &£, Australia ¢ New Zealand T7 7 3xF o Pavetta, Hodgkinsonia,
Rothmannia, Gardenia, Psychotria %5 Coprosma BioHicENEYERR, THRLED
ADERED b D> & BN B DB RID L 7=,

RIZHT T2 7 5 XA BHEY OIER OFTENLE % Bremekamp 128 IROBICENE L1,

I. ZERITERICH > THEETS LD,
1 ZRIIERICH > TERONTEET S b D,
2. BERITER LIRS R > TEET S b D,
II. R EL U CHRIREICEET S b0,
I #RIIEAEL THEETS LD,
L BN EmEECEET S L0,
2. BERIIEHDEITHAET 3D —I TR L EIRO DS S FIET 5 b D,

—211—



