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Introduction.

In a paper “ On the ldentity of Blastospora (!) Butleri,
Syd., Ajrekar (1) states that the rust fungus on Jasrninum
malabaricum is a true Vromyces species and not a Blastospora, as
described by Sydow and Butler in their “ Fungi Indiae Orient-
alis , Part IV. He further adds “ that this TJromyces species on
Jasrninum malabaricum bears a very close resemblance to TJro-
myces llobsoni, Vize (U. Cunnmghamianus Bare.) on Jasrninum
grandiflorum. The teleuto and the aecidial stages agree closely
on both the hosts in microscopic characters, as well as in the effects
produced on the hosts. There is one striking difference, however.
Whereas, V. Robsoni has no uredo stage, as Barclay (2) has
proved, the fungus on J. malabaricum shows a uredo stage in
association with the teleuto. The writer made several inoculations
and cross-inoculations with different sporeforms, found on either
host but with negative results. It remains doubtful, therefore,
if the fungi on the two hosts are identical and if the uredo stage
found on J. malabaricum actually belongs to the Ummyces on it.”
The work recorded in this paper includes field observations,
microscopic studies and inoculation-experiments carried out in
order to throw light on this question.
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Field Observations.

Search was made m the neighbourhood of Bombay to collect
the fungus material on both the hosts but it was not obtained
there. The Jasminum malabaricum plants in the Canheri forests
mere free from any rust. Material of the fungus Uromyces
Hobsoni was collected from Poona and Lonavala and that of
rust funtrus on Jasminum malabaricum was collected from
Niitheran (m December. 1927, April, 1928 and .November. 1928).
where it occurs in abundance. It was then possible to observe
the rust fungus In natural conditions and in various stages of
development and to draw certain conclusions as to the relation of
the uredo stage to the aeeidial and teleuto stages. The observa-
tions are summarised as follows:—

On all the occasions when the material was collected the uredo
stage occurred prominently on young as well as old leaves. The
sori generally occur on the lower side of the leaves in concentric
cireles (Plate 1) but they were also seen on the upper side in a
few cases. They were very rarely found on anv other part of the
plant. Owing to the presence of the fungus, dark brown spots
occur on the upper surface of the leaf corresponding to the fungus-
pustules on the lower surface. No hypertrophy or distortion
takes place in this case. The aeeidial stage (Plate 1) occurred in
abundance in the month of November, on leaves and young
branches, causing hypertrophy and distortion. The son were
usually found on the lower surface of the leaves but in a few cases
they were also seen on the upper surface. They were yellow in
colour but this gradually gave place to a dark colour owing to the
replacement of the aecidiospores by the teleuto spores. The older
spots were, therefore, almost black in colour. The teleuto son
(Plate 1) occurred more abundantly m December and still more
in April. It was noted that both the aeeidial and teleuto sori
occurred more frequently on the stem than on leaves. This is in
great contrast to the almost exclusive occurrence of the uredo stae'e
on leaves and is one argument against the supposition that the
uredo staffe has any connection with the aeeidial and the teleuto
stages on this host («/. malabaricum).

Another observation made was that although the uredo sori
and the aeeidial and teleuto sori sometimes occurred side by side
ou the lower surface of the same leaf, they were never present in
such close proximity as to suggest anv oi'samc connection between
them. The arrangement of the uredo son in concentric cireles
which is so characteristic of the uredo on this host was never ob-
served in the case of the aecidiai and teleuto staares. The teleuto
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stage, moreover, was never found to be mixed up with the uredo
(sss was with the aecidio), as might be expected if the two had
been genetically connected. The difference in the symptoms pro-
duced and the parts of the host chiefly attacked, the occurrence
of the uredo sori side by side with the aecidial and teleuto sori
when all the three stages occurred abundantly, the regular re-
placement of the aecidial stage by the teleuto and the entire
absence of such replacement in the case of the uredo sori—all these
point to the conclusion that the Uredo is entirely unconnected with
the aecidial and teleuto stages and belongs to a separate rust
fungus.

The previous observation by Barclay (2) that the uredo stage
is omitted in the life-cycle of Tkomyces Hobsoni which has also
been confirmed in the writer’s study, lends further support to
this conclusion, because of the extreme similarity of the Uromyces
species on the two hosts (Plates | & I1).

Laboratory Study,

Microscopic studies.— Sufficient fungus material was collected
when the field-observations were made and studied on the spot and
also in the laboratory.

Material and methods— Material in different stages was
preserved in 4 per cent Formaline and used for free-hand sections
which sufficed in many cases to learn the general structure of the
fungi.. Microtome sections were also taken and permanent slides
prepared. The material used in this connection was in different
stages of development and the methods were those suggested by
Chamberlain (3). Chromoacetic acid, Fleming’s weak, strong
solutions, Juel’s fluid, etc., were used as killing and Fixing agents.
For embedding, paraffin of melting point 52°-54° C was used and
sections were cut five to ten microns in thickness. Iron alum
Fleamatoxyline as included in Yanmouchi's schedule was used to
stain the sections. Microscopic examination was made and the
observations recorded as follows :—

I Uredo on Jasminum malabaricum.— The Uredosori are
hypophyllous in general and situated not very deep in the tissue
of the leaf (Plate 1). The stalked spores when fully developed
are globose, echinulate and thick-walled. There are two prominent
nuclei (conjugate) in the centre of the spore. The stalks which
bear these spores as also the mycelium which gives rise to these
are all binucleate VPlate 1I). No organic connection has been
observed between the uredo and the teleuto sori and no teleuto
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spores were found in the uredosorus, as might be expected, had
there been anv genetic relation between the two kinds of spores.
1. A.ecidio and leleuto son on J mctlabarieuni (uromyces sp.)
(Plate 1). The son occurred on both sides of the leaf and
no spermogoma were seen. This might he due to their early
disorganisation as noted by Barclay (2) in the case of T1 Hobsoni.
The aecidiospores and the teleutospores which occur in the same
son, as also the mycelium which bears these spores are all uninn
deate, as far as the writer's observations go. But this point
requires further careful study.

I11. Uromyces Hobsoni on Jasvunum grandiflorum. —(Plate I1).
The son occurred on both the sides of file leaf and no
spermogoma were seen due to the probable cause mentioned above.

The aecidiospores and the teleutospores which occur in the
same matured sori, as also the mycelium which produces the
teleutospores and the hyphae from which the mterealary cells and
the aecidiospores are abstricted are all bmucleate (Plate Il, Figs.
7,8, il No nuclear migration from one cell to another m a young
aecidiosorus was observed, although, the presence of uninueleate
mycelium at the base of a mature sorus leads one to believe that
the migrations must have taken place to attain the bmucleate
conditions, from uninucleate one. Whether this is a eonstant
difference between the two IJromyees species under consideration
and whether this points to their heing distinct varieties, if not
species, of Uromyces is at present doubtful.

Gwynn Vaughan (5) suggests that the cytology of such'a rust
iungus as Uromvces Hobsoni Vize would be interesting since it
would probably present the observer with an aecidiosorus which
may be different from a typical one because this contains an
already bmucleate mycelium which is produced from a bmucleate
aecidiospore. No fusion of cells or migration of nuclei would be
necessary in such eases. The writers have not been able to study
this point, although it is an important one.

Germination— Studies and inoculation—Experiments.—The
most conclusive evidence bearing on the question of the identity
of the rust fungi occurring on different hosts or on the-
genetic connection between their different spore-forms. is that
obtained from inoculation experiments, especially if positive
results are obtained. Some inoculation and cross-inoculation ex-
periments were, therefore, carried out with the various spore-
forms under consideration and these are presented in Tab!?
Mo, I It must be said that these inoculation experiments were
not entirely satisfactory, for the reason that germinating spore
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material was not available for experiments in most eases. They
are not, therefore, regarded as conclusive.

Material and methods—When thp field-observations were
made, sufficient spore-material in different stages of development
was collected and stored in paper envelopes for use in the ex-
periments. Before inoculation experiment was made it was first
determined whether the spores were in a germinating stage, by
spreading at few spores on the surface of distilled water in a
watch-glass as suggested by Plowright (7) and Grove (4). These
watch-glasses were at times kept in darkness and light alternately.
They were also at times kept in water in a Petri-dish-jacket lined
with moist blotting paper and the medium was changed at times
to 5% sugar solution or Potassium di-hydrogen Phosphate (5%
aqueous solution) as suggested by Maneval (6). Microscopic ex-
amination of the contents in the watch-glass was made daily and
the results were recorded as follows in Table No. I.

Table No. 1.
Experiments in Spore-germination.

Date of Conditions of

; Kind of spores. R
starting. P germination. Results,

1 26th June, Teleuto on J.  Watch-glass with No germi-

1927. grandiflorum. distilled water. nation.
2-400
401  5th Jan.. Teleuto of U. Do. Do.
1929. Hobsoni Lonavla,
May, 1927-

(The date and the place mentioned in the 3rd Column indi-
cates the date and place of collection.)

It was seen from the observations that the teleutospores fresh
as well as those collected even at different times very rarely germin-
ated under the laboratory conditions. It is clear, therefore, that
they do not germinate when they are fresh; but nothing can be
said as regards the resting period they undergo before they begin
to germinate. In January, 1928, the germination of the aecidio-
spores of Uromyces Holsoni was observed and this took place after
the manner described by Barclay (2). In February, 1928,
the germination of the teleutospores of both the Uromyces
species was seen but only then, and not later— (Nos. 8. ](J,

1835-4
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12). In November, 1928, however, the germination of the
three kinds of spores on Jasmmum malabaricum was seen to
take place at Matheran (Xos. 72-76). The uredospores germi-
nated m less than 4 hours and put forth a long, unseptate
and thick germ tube through the terminal germ-pore. The teleute-
spores (verv few) germinated in the usual way deserfbed by
Ajrekar (]) in the case of | romyees species on Jasmmum mala-
baricum and by Barclav (2) in the case of TJromyces Hobsoni
i he aecicWbspores of TJromyces on Jasmmum malabaricum germi-
nated m a way different from that described by Barclay (2) in th»
case of TJromyces Hobsoni Viz. Whereas, Barclay (2) states that
m the case of TJromyces Hobsoni, each of the two cells of the germ
tube of the aecidiospore bears one steriarma each, the lowec cell
having a lateral and the upper cell having a terminal one. in the
case of TJromyces species on Jasmmum malabaricum it is seen that
only the upper cell of the two-celled germ tube bears a terminal

'‘gma (Plate 1). This difference in the mode of germina-
tion can be taken as an evidence to support the conclusion that the
two TJromyces species in question are not the same

It was found that such spores when brought to Bombay did
not germinate, as also those brought from Mount Abu

In the absence of germinating material, non-srerminatinir
spores were also used in some of the inoculation experiments and

these also gave negative results, as will be seen from Table No IL
Table No. Il
f'hou'nii, the inoculation rxpennitnf*
Date of ind of
inoculation. K<ind of spores.  Number of plants. Results.
15th Dec. Teleuto on J. | J. Rlaiacaricum.  No infection
1927. malabaricum Control
fresh. Healthy.

............ Etc., Etc., Etc.
(26 observations in this Table further, omitted.)

The uniformly negative results obtained in the cross inocula-
tions between J malabaricum and J grandiflorum might have been
regarded as pointing to the two | romyees species being distinct
biologic forms; but much stress cannot be laid on this negative
eMdenee in view of the fact that inoculations on Jasmmum grandi-
tiorum with its own rust have also failed in all cases except in a
solitary one,
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Descriptions of the Rusts.

1. Ur.myces Hobsoni Viae {Uromyces Cunning. Bare.) on Jasmi-

num grandiflorum Linn. (Plate 11).

r_%idizli"—tvaophyllous, rarely amgnglﬁh agiege fc
|

5 - .. >>¢ | ii“,u k,,'d*
of son found on leaves, petioles and stems.

Aecidiospores.— Thin-walled, globose or round, orange yellow

‘rrfLtepc.m-.-ThiA-.-alled all over but move thickened at

the ,0 r e-celtal mostly ovate in shape, brow,, m colour, apex
-1 , N id -y 19-24 m Pedicel deciduous ana
............. , Try>«*e E»-"; 7 %

Inode of germination oi ae(.:idiospores, this rust » ider;tical ,uth
Tiunnivces species on Jasminum malabctncum.
Iw X .. germination are given in Table I; Fungus s.udted
bv Barclay (2) and reported to occur at Simla and Sain.
y Collected at Poona, bon,via and Mount Abu tn October,
November, December, April, May.

2. Uromvces species on Jasminum malabancum Wijglit.

(P1. No. 1) Aecidiosori and teleutosori similar to those described
above (No. 7). Details of germination-studies given m Table 1.
Collected at Matheran in October, November, December, etc.
liust-fungus studied by A.jrekar (1).
3. Vredo ou1 Jasminum malabancum Wight. (PIl. No. I).
r'redosori— Hvpophyllous rarely amphygenis,
solitary or aggregated in concentric circles,
colour.

erumpent,
orange-yellow m

Uredospores.— Thick-walled, minutely spiny, globose or ovate
in shape, orange-yellow in colour, ep.spore 8!-89 , X
Spore 16-20 y- x 28-29 M Pedicel hyaline, deciduo
i* onlv one germ-pore terminally situated as all'eekv ~—-

(Mlected at Matheran only, during the months of November,
December, April.

P.
There

4. Vredo on Jasminum pubescence(l) Willd (PI. 11)-
Vredosori.— Hvpophyllous, erumpent, solitary, round, scatter-
ed and also arranged in concentric circles, orange-yellow ui colour
26-33 m x 16-22 ft. Bpispore 30-36 p x IB-ui fi.
hyaline, deciduous.
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Germination of spores tried 5 days after collection but with
negative results (Table I). Fungus resembles the Uredo on
jasmmum nlaJabancum, (described above) both in the symptoms
produced on the host as also m Microscopic characters

Collected at lit. Abu by Ajrekar in December.

Summary and Conclusions.

l. Ffc*-observations and microscopic studies support the
conclusion that the Uredo o1t Jasmmum malabaricum is in uo way
connected with the f'romvces species on the same host. It is a
distinct rust fungus occurring in the uredo stage onlv  This
conclusion is also supported by the stud- of a similar rust funcus
occurring in the uredo statre on Jasminitm pubescence (?) Willd
mi Mt. Abu.

1. Field-observations, microscopic studies, germination-
studies and inoculation experiments all support the conclusion
mat the two [ romyces species m question are not identical

ill The gernnnatiou-studies have shown that the germination
of the teleutospores of Uromyces species ou J grandiflorum and
J; malabaricum very rarely took place under the laboratory concfl
tions 1 Bombay. That these spores do not germinate at once but
require probably a long resting period. The aecidiospores and the
uredo spores germinate readily when they are mature and fresh

as can be seen from the experiments on germinations, made- on the
mspot and in the laboratory.

Literature Cited.

J. Ajrekar. On the identity of Blastospora Butleri. Syd,
Journ Bom. Nat. Hist. Soc. XXVI ?

2. Barclay. -On the life history of a remarkable Uridine.

Trans. Lm Soc. Lond. Vol. Il, part Il. 1891.

Chamberlaix— Methods in plant histology

Grove, \V B.—British Rust funjri.

Gwynn Vaughan— Funjri. P 217.

Maneval—Further germination tests with the teliospores of
Rusts. Review of applied Mycology
January, 1928, p 61.

1 Piowright. British Undineae and ustilagmeae. (1889).

o 2 Fw

The Royal Institute of Science,

Bomeay, February, 1929



AJREKAR &PARANDEKAR ON UROMYOES ON JASMINUM. 203

Explanation of Plates I-l.

riate No. | —Rust fungus on Jasminum malabaricum.

Fig. 1. Shoot of J. malabaricum with aecidio, teleuto and
uredo-sori. Natural Size,
u-uredosori: A-Aecidiosori; T-Teleutosori.

Fig. 2. Longitudinal Section of Aecidium showing P-

Peridium; S-Spores. (15X8).
Fig. 3. Long. Sec. of Teleutosorus
Fig. 4. . . young uredosorus
Fig. 5 a Free uredospores
& " (15X40)
Fig. 6. a " teleutospores (15X8).
& » » (15X40). 1
Fig. ? ” aecidiospore? (15X40Y.

Fig. 8. Part of an uredosorus on -/. malabaricum with
S—young spore; H-llyphae— showing conjugate
nuclei (15X90).

Fig. 9. A-aecidiospore; St-sterigma; G-germ-tube; E -

endochrome. (J. malabaricum). Diagramatic

Fig. 10. T-teleutospore; P—promycelium;
Fig. 11. U-uredospore; G-germ-tube.

Fig. 12. A-aecidiospore; G-germ-tube; St-steriginata,
(J. grandiflorum),

Plate Xo. Il —Vromyces Hobsoni on Jasminum grandiflorum.
Fig. 1. Shoot of J. grandiflorum with aecidio and teleu-
tosori. Natural Size.
A-Aecidiosori; T-Teleutosori;

Fig. 2. Long. Sec. of Aecidium (15X8).

Fig. 3 " N Teleutosorus "

Fig. 4. y Free and young teleutospore with germ-pore
at the top. (15X40).
0 Free and old teleutospore "

Fig. 5. Free aecidiospore »

Fig. " peridial cell "

Fig. 7. Part of the aecidiosorus' of V. Hobsoni on J.
grandiflorum (15X90).

A-binucleate aecidiospore; M-aecidiospore-
mothercell; l-intercalary cell;



<01 THE JOURNAL OF THE INDIAN BOTANICAL SOCIETY.

Fig. 8. P-peridial eel. (15X90).

Fig. 9. L-lower side of the leaf of Jasminum pube-'
scence, with sori. Natural Size

Fijr. 10. S- redosporus in Long sec. (15X38).

Fi-"1 11-13. U-uredospores

I'jg. 11 Bmucleate niyceJmniM of | romijces Hobsoni on J.
grundiflorum with the young teleutospore F .n the
toP- (15X90).
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