CHAPTER 3

BASIDIOSPORE GERMINATION, PENETRATION AND DEVELOPMENT OF PYCNIA OF PUMNIA
HELIANTHI.
3.1

INTRODUCTION
Many rust fungi survive adverse seasonal conditions as teliospores.

Continuation of the life cycle when favourable conditions return depends on
the germination of the teliospores and initiation of new infections. This
part of the life cycle, which is concerned with liberation, dissemination and
infection by basidiospores, has not been adequately studied for most rust
fungi. The studies by Waterhouse(1921) and Allen(1930) on the infection of
barbers (Berberis vulgaris L)
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by basidiospores of

Puccinia graminis have been used to typify the Pucciniaceae. More recently,
Gold and Mengden(1984) studied the germination, penetration and early
colonization of Phaseolus vulgaris

L. by Uromyces appendiculatus (Pers.)

Unger. Other workers have examined the role of basidiospores in initiating
rust diseases that cause economic losses. For example, Bega(1960) studied

Cronartium spp. on Pinus spp. and Palmiter(1952) described rust of apples
initiated b y basidiospores of C=nosporangium juniperi-virginianae Schw.
Teliospores can germinate to produce either basidiospores or
germ-tubes capable of direct infection. Thirumalachar(1946) and Sato, Katsuva
and Sato(1980) found that teliospores of Uromyces aloes (Cooke) Magnus
germinated to produce a 'normal-appearing' metabasidium but basidiospores did
not form. A 'whip-like structure' formed, either laterall y or apically, which
infected the host directly through the cuticle. Gardner(1988) showed that
teliospores of Puccinia vitata Mennen and Hodges germinated to produce four
persistant basidiospores which germinated in situ to form infection hyphae.

Such behaviour ma y coincide wizh species that have deciduous teliospores
capable of dissemination. Bailey(1923) suggested that direct infections from
teliospores of P.helianthi ma y occur but did not provide substantiation.
Basidiospores of P.graminis can germinate either by producing one
or more germ-tubes of variable length or short direct infection pegs
(Waterhouse,1921). In some species of rust fungi the apex of the germ-tube
may swell to form an appressorium. Appressoria have been observed in

Melampsora lini (Gold and Littlefield,1979), Gymnosporangium asiaticum Miyabe
and Yamada (Kohno, Nishimura, Ncda, Ishizaki and Kunoh,1977) and

Uromyces

appendiculatus (Gold and Mengden,1984) but not in Puccinia graminis
(Waterhouse,1921). A penetration peg produced by the appressorium or at the
end of the germ-tube penetrates the host directly through the cuticle and
epidermis. Stomatal penetration b y germ-tubes derived from basidiospores

occurs in Cronartium ribicola Fisch (Patton and Johnson,1970).
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Basidiospores of some species have been observed to undergo
repetitive germination. Basidiospores of Cronartium ribicola can germinate to
produce 'sterigma-like' appendages on which secondary basidiospores form
(Bega,1960). Roncadori(1968) proved the pathogenicity of secondary and
tertiary basidiospores of Cronartium fusiforme. Repetitive germination allows
the continued production and dissemination of basidiospores if they are
deposited on substrates unsuitable for infection.
Optimum conditions for germination of basidiospores of a number of
rust fungi include a film of water on the host or high humidity and
temperatures of 9-15 0 C for Cronartium ribicola (Hansen and Patton, 1975),
13-16 0 C for Gymnosporangium juniperi-virginianae (Palmiter,1952) and 15-20cC

for Puccinia graminis (Lambert,1929). Exposure to light or darkness
did not influence germination of basidiospores of Uromyces appendiculatus
(Gold and Mengden,1984). The nature and optimal environmental conditions for
germination and infection by basidiospores of Puccinia helianthi has not been
reported. Bailey(1923) assumed that direct penetration of the epidermis
occurred although it had not been observed.
Host resistance to basidiospore infections may involve mechanical
resistance to penetration or physiological resistance. Melander and
Craigie(1927) found that as leaves of Berberis vulgaris matured they were
less susceptible to infections from basidiospores of P.graminis. They also
found that the outer walls of the epidermal cells of the leaves became
progressively thicker and more resistant to mechanical puncture as they aged.

Some host lines ma y exhibit immunity or quantitative resistance to infection
following successful penetrations from basidiospores. Statler and Gold(1980)
described three reactions to basidiospore infection; (i) immune - no
macroscopically visible response to infection, (ii) necrotic - necrotic
flecks and (iii) susceptible - development of well-defined pvcnia. A fourth
classification with minute, weakly developed or depauperate pycnia may be
justified (Flor,1959; Statler and Gold,1980). Jabbar Miah and Sackston(1970b)
also referred to small pvcnia with P.helianthi infections. The histology of

the responses to infection of sunflower by basidiospores of P.helianthi have
not been described.

The fungal colonies initiated by infections from basidiospores of
P.graminis and Uromyces appendiculatus developed intra- and intercellularly
(Allen,1930; Gold and Mengden,1984). Pycnia developed from the thallus

produced as the colony expanded. Pycnia were not formed singly but are
generally in clusters of several to many which are thought to. be derived from
a single basidiospore (Craigie,1927; Statler and Gold,1980). Hiratsuka and
Hiratsuka(1980) described 12 different morphological forms of pycnia.
Puccinia helianthi was reported to have Type 4 which are subepidermal,
determinate, with strongl y concave hymenia and bound by well-develope6
periphyses. The periphvses aid in the rupture of the overl y ing host epidermis
(Littlefield, 1981).
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The purpose of the studies reported in this chapter was to optain
further knowledge on the development of pycnia in Puccinia

helianthi. This

information is basic to any attempts to study the genetics of virulence in
the fungus and of predicting the role of the sexual cycle in the Australian
environment. The optimum temperatures for germination of basidiospores and
growth of pycnial colonies were determined. The developmental sequence of
events of infection of a susceptible sunflower line by basidiospores of

P.helianthi was observed and compared to the responses of two resistant
lines. In addition, attempts were made to obtain infections by using
soil-borne teliospores and teliospores incubated at supra-optimal
temperatures.
3.2

EXPERIMENTAL

3.2.1 The effect of temperature on the elongation of germ --tubes derived
from basidiospores of Puccinia helianthi.

The objective of this study was to find the optimum temperature for
growth

of germ-tubes derived from basidiospores of P.helianthi.

Materials and Methods.

Teliospores were germinated at a common temperature of 17 0 C and the
basidiospores produced were incubated at a range of temperatures. Teliospores
of the culture Pht-063 were used. These had been collected in the field on 18
January 1989 from dried leaves of the Cargill hybrid Dynamite. They were then
stored dry at 4 3 C for 2 months before being activated to germinate by using
the cold--soak preconditioning technique described in Chapter 2 for 14 days.
One millilitre aqueous suspensions of teliospores (approximately
12000 spores/ml) were spread over the surface of 0.5% water agar contained in
the lids of nine 6cm diameter plastic Petri dishes. A hot needle was then
carefully used to melt a small hole in the sides of the dishes so that
small thermistor temperature sensors could be inserted into the agar. The
Petri dishes were then affixed to the ends of 6cm wide by 20cm long clear
plastic tubes by wrapping with Parafilm Tm . The teliospores in these Petri

dishes were the source of the basidiospores. The bases of 6cm diameter Petri
dishes containing 0.5% water agar had previously been affixed with Parafilm7m
to the bottom of the tubes. These Petri dishes were to

rec►ve the

basidiospores. A thermistor had been embedded in the agar of each of these
dishes and the leads were run-u p the inside of the tubes before the
basidiospore-source dishes were attached (Figure 3.1).
A multi-chambered thermogradient incubator was used in a plant
growth room to provide a range of temperature conditions. A polystyrene
container of water was placed on a piece of polystyrene in each of nine
chambers of the incubator. The water baths were used to buffer against
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temperature fluctuations. The polystyrene bases were used to insulate the
water baths from the metal base of the thermogradient plate. The water
therefore equilibrated to the air-temperature of the chamber.
The normal lids of the chambers were replaced by two 1.5cm thick
pieces of polystyrene. A circular hole cut through the polystyrene allowed an
inoculation tube to be inserted. Each tube was positioned so that the base
was approximately 4cm below the water level. The relative positions of the
water baths and the polystyrene chamber lids resulted in about 10cm of the
tubes being exposed to the ambient temperature of the growth room of 17+20C.

Water Agar
Thermistor
Teliospores
Thermistor Leads

Inoculation Chamber

Polystyrene Cover

Incubation Chanbc.

'later Agar
Thermistor
Water Bath

Figure 3.1 Inoculation chamber used to obtain germination of teliospores at
a common temperature and incubation of basidiospores at a
different temperature

Light conditions during incubation consisted of 12h light and 12h
darkness. The light intensit y at the level of the top of the tubes was
20001x. Temperatures from the thermistors were recorded with a Grant Squirell
Data Logger. The temperatures of the water agar for germination of the
38

basidiospores stabilized within 3h of the tubes being inserted into the nine
water baths and were recorded as 10.8+0.4 0 C, 13.2+0.4 0 C, 14.8+0.40C,
16.8+0.4 0 C, 18.4+0.4 0 C, 20.0+0.1 0 C, 9 2.8+0.0 0 C, 24.4+0.0 0 C and 28.0+0.10C.
The temperatures at which the teliospores germinated ranged from 17.2+1.60C
for the tube inserted into the coolest water bath to 19.6+0.8 0 C for the tube
inserted into the warmest bath. After 24h incubation the bottom Petri dish
was detached and sprayed with 0.1% lactophenol trypan blue to fix and stain
the basidiospores. The length of the germ-tubes of one hundred and fifty
germinated basidiospores were measured with an ocular micrometer at 400X
magnification. A basidiospore was considered to have germinated if the
germ-tube was at least the width of the spore.
Results.
Basidiospores of

Puccinia helianthi

did not have a distinct

germ-pore. Germination almost always occurred laterally (i.e. perpendicular
to the apiculus) with the formation of a germ-tube. In the course of these
studies two cases of repetitive germination were observed (Figure 3.2). Mean
germ-tube length was greatest for basidiospores incubated between 14.8 and
16.8°C and decreased rapidly at temperatures above and below this range
(Figure 3.3). The longest germ-tube observed was 67um for a basidiospore
germinated at 14.8°C.

Figure 3.2 Example of repetitive germination by a basidiospore of

P.helianthi.

(Recorded in a separate experiment).
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Figure 3.3 Effect of temperature on mean germ-tube elongation of
basidiospores of P.helianthi.

3.2.2. Light and scanning electron microscopy of the pycnial stage of

Puccinia helianthi
Brown(1936b) divided the infection process
three consecutive phases delineated b

fungal pathogens into

y the host surface. The phases were

pre-penetration, penetration and post-penetration. These phenomena have not
been described for infections derived from basidiospores of Puccinia
helianthi. The pycnia of man y species of Puccinia are known to occur in
clusters (Gold, Littlefield and Statler,1979). It is important to know
whether these clusters can be derived from single basidiospores and can
therefore be used to represent a single haploid homokaryotic thallus in

genetic studies. The purpose of this stud y therefore was to provide a
morphological description of the events involved in infections from
basidiospores of P.helianthi and subsequent development of pycnia. Light and
scanning electron microscopy wce,employed.
Materials and Methods.
The infection process was examined in 12.5mm diameter leaf discs
cut from seedlings of the susceptible sunflower line S37-388. The leaf discs
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were placed onto sterile polyurethane foam moistened with sterile distilled

water and contained in a 20cm diameter glass Petri dish. The foam maintained
a humid atmosphere within the Petri dish.
The leaf discs were then inoculated with basidiospores liberated
from germinating teliospores. To enable this, an aqueous suspension of
teliospores (approximately 9000/m1) was sprayed with an air-brush onto a
layer of 0.5% water agar contained in the lid of the Petri dish. The leaf
discs were sprayed with distilled water and the Petri dish was closed. The
basidiospores produced by the teliospores then settled onto the leaf discs
The Petri dish and its contents were then incubated at 17+2 0 C and 25001x

12h photoperiod). After 48h incubation the Petri dish lid containing the
teliospores was replaced with a clean lid to terminate exposure to newly
released basidiospores.
For light microscopy the whole leaf staining procedure of Bruzzese
and Hasan(1983) was used. Aniline blue was used to stain the fungal
structures. At daily intervals five leaf discs were removed from the Petri
dish and immersed in the stain. The leaf discs were cleared in a saturated
chloral hydrate solution after immersion in the stain for 24h. Excess stain
was removed and the fungal structures were rendered blue and host tissues
colourless.
For scanning electron microscopy(SEM) of pre-penetration features
five leaf discs were taken from the Petri dish after 24h exposure to
germinating teliospores. The leaf discs were fixed in 10% 'araformaldehyde at
pH 7.4 that had been prepared using the technique of Clark, Sanders and
Charest(1986). Other leaf discs were removed from the Petri dish when
erumpent pycnia became evident and were similarly fixed. Transverse sections
were taken of some leaf discs with pycnia before fixation. The sections were
soaked overnight at 30 0 C in a 3% aqueous solution of Bio-Ad Im laundry powder
(Colgate-Palmolive Pty. Ltd.) to dissolve the contents of dissected cells.
This procedure was a modification of that of Honegger(1985) and allowed
examination of fungal structures within cells without resorting to
freeze-fracturing techniques. After fixation the tissues were prepared for
scanning electron microscop y following the procedures outlined in Appendix I.
Results.
Basidiospores on the leaf surface germinated to produce single
lateral germ-tubes (Figure 3.4a,d). The length of the germ-tubes before

penetration was effected varied. The formation of a distinct swelling at the
terminus of the germ-tube which could be interpreted as representing an
appressorium was

observed in less than 20% of cases (n=120) (Figure

3.4a). The end of the germ-tube was not delimited by a septum. Fibrous-like
fungal exudates were deposited between the end of the germ-tube and the
leaf cuticle (Figure 3.4a,b). Only direct penetrations of the epidermal cells
were observed. Germ-tubes from basidiospores lying over stomata did not enter
-41-

Figure 3.4 Scanning electron micrographs of basidiospores of
P.helianthi on sunflower.
a) Basidiospore lying on a stoma
with a lateral germ-tube
and swollen appressorium
b) Germ-tube with fibre-like connections to host surface
c) Two basidiospores lying in troughs representing the
anticlinal wall junctions of epidermal cells
d) Direct infection of the centre of an epidermal cell

Micrograph Key:
Example 3.4a 20
20
362
8024
0010.ou

362 8024 0010.ou
- accelerating voltage
- magnification i.e. 36X102=3600
- photograph number
- length of bar 10um
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the stomatal aperture but grew until a guard cell or epidermal cell was
contacted (Figure 3.4a). About 80% (n=225) of penetrations occurred in close
proximity to the anticlinal wall junctions of the epidermis. On the leaf
surface these junctions are marked as troughs and the epidermal cells as
mounds. The majority of basidiospores were observed to be lodged in the
troughs (Figure 3.4c). Penetration of the crests did occur (Figure 3.4d).
The penetration process was effected by a narrow penetration peg
(Figure 3.5a) which emerged from the end of the attached germ-tube. The
fungus expanded once in the cell to form an ovate intra-epidermal vesicle

which continued to grow as the cytoplasmic contents moved from the
basidiospore (Figure 3.5b-f). The vesicle became septate as it continued to
elongate apically within a single epidermal cell (Figure 3.5h). The primary
infection hyphae emerged proximal to the two septa that were normally formed
(Figure 3.5h,i). The vesicle continued to elongate and narrow until a
terminal hypha was formed. The primary hyphae grew and sometimes branched
within the invaded epidermal cell. When the host cell wall was encountered a
narrow penetration peg formed at the tip of the hypha . Following penetration
the hypha regained its normal diameter (Figure 3.6a,d).
The primary hyphae usually infected neighbouring epidermal cells

and underlying palisade mesoph y ll cells. When an underlying cell was to be
penetrated a swelling of the end of the infecting hypha was often observed
(Figure 3.6c). Hyphae also enterred the intercellular spaces between the
palisade cells and rapidly ramified throughout the host tissue.
Host cells were penetrated when encountered by intercellular

hyphae. Specialized infection cells or "haustorial mother cells" were not
formed (Figure 3.6). As the hvphae continued to grow past the host cell a
penetration peg entered the cell contacted. If the tip of a hypha contacted a
host cell directl y its continued growth would often apply sufficient pressure
to indent the host cell wall. Penetration by such a hypha wc.5

followed

by formation of a septum in the intercellular hyphae and development of a
branch (Figure 3.6b).
The colonies continued to expand radially (Figure 3.7) and were not
greatly restricted by leaf venation. Pycnial primordia developed in the host
mesophyll. A number of primordia were formed in a single colony (Figure 3.7).
Pycnia which developed from the primordia consisted of a strongly concave
hymenium surrounded by pseudoparenchymatous cells (Figure 3.8). Mesophyll

cells were displaced by the developing pycnium. A fasicle of periphyses
extended from the pycnium and penetrated the host epidermis. Intermixed with
the periphyses were flexuous hvphae. The periphyses of many pycnia emerged
through stomata (Figure 3.8) as well as by direct rupture of the epidermis.
Ellipsoidal pycniospores were exuded soon after emergence of the paraphyses
(Figure 3.8). Pycniospore exudation ceased as the pycnia senesced and the
radiating periphyses moved upright to form pointed fasicles sealing the
pycnia (Figure 3.8). It can be concluded that a cluster of pycnia can be
-42-

Figure 3.5 Stages in the infection of a sunflower by basidiospores of

P.helianthi.

a) Narrow penetration peg from end of germ-tube
b-f) Growth of intra-epidermal vesicle
(Bar = 10um)

Figure 3.5 Stages in the infection of a sunflower leaf by
basidiospores of P.helianthi.
g) Intra-epidermal vesicles
h) Septation of an intra-epidermal vesicle and formation of
infection hyphae
i) Two branches emerging adjacent to the septa
(Bar = 10um)

Figure 3.6 Infection of host cells
a) Penetration of a palisade mesophyll cell. No specialized
infection cell was formed
b) Penetrative tip of infection hypha delimited by a septa
and a second branch developed
c) Swollen end of infection hypha in epidermal cell developed
over subtending palisade cell
d) Inter-cellular penetration between epidermal cells
(Bar = 10um)

Figure 3.7 Development of pycnial colonies of P.helianthi.
a) Early colony with inter-cellular expansion
b) Several primordia developing in a single colony
c) Colonies at a range of stages. Distinct pycnia in the
largest colonies
(Bar = 10um)

Figure 3.8 Scanning electron micrographs of pycnia of
a) Periphyses emerging through a stoma
b) Periphyses emerging through a stoma
c) Pycnium exuding pycnicspores
d) Pycnium exuding pycnicspores
(Key to Micrographs see Figure 3.4)

P.helianthi.

CD

Figure 3.8 Scanning electron micrographs of pycnia of P.helianthi.
e) Cross-section of a pycnium showing strongly concave
hymenium of pycniosporophores
f) Cross-section of a pycnium showing strongly concave
hymenium of pycniosporophores
g) Senesced pycnium
h) Senesced pycnia
(Key to Micrographs see Figure 3.4)
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derived from a solitary basidiospore.
3.2.3 A description of attempts to obtain direct infection with teliospores
of Puccinia helianthi
Bailey(1923) suggested that direct infection of sunflower leaves by
germinating teliospores of

P.helianthi

occurred. Teliospores of sunflower

rust incubated at supra-optimal temperatures produced elongate sterigmata
which were similar to the infection structures produced by teliospores of
rust fungi such as Uromyces aloes which directly infect their host (Sato

et

a/,1980). In the study reported in this section the possibility that
teliospores

of P.helianthi incubated at supra-optimal temperatures on

sunflower leaves could initiate direct infection was examined.
Materials and Methods.

The teliospore cultures used were Pht-047(2x), Pht-056, Pht-058 and
Pht-063. Teliospores were activated to germinate by cold-soak preconditioning
(Chapter 2) for at least 14d. Aqueous teliospore suspensions were prepared
and used to inoculate 1.5cm diameter leaf discs cut from seedling leaves of
the sunflower line S37-388 which was known to be highly susceptible to
basidiospore-derived infections. The discs were placed

on sterile

polyurethane foam discs in sterile plastic Petri dishes. Sterile water was
used to moisten the foam discs.
The Petri dishes were incubated at 22+0.5 0 C and 24+0.5 0 C in a 12h
photoperiod at a light intensit y of 11001x. After 24h incubation five leaf

discs were removed from each temperature regime and stained and cleared with
the staining procedure of Bruzzese and Hasan(1983). After a further 24h
incubation five more discs were stained. The remaining discs were rinsed
briefly in water and surface sterilized in 1% sodium hypochlorite solution
for 1 min to kill any remaining teliospores that might germinate. The leaf
discs which had been surface sterilized were then placed on the polyurethane
foam discs in the Petri dishes and incubated at 17+2 0 C under the same light
regime as used previously. These leaf discs were examined daily for the
appearance of pycnia or any other stage of the life cycle of sunflower rust.

Results.
No evidence of direct infection was found in any of the
experiments. Microscopic examination of the stained leaf discs revealed that
many teliospores germinated to produce aberrant metabasidia but these failed
to initiate infections. No pycnia were found in over 100 leaf discs that were
incubated at 17 0 C after surface-sterilization.
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3.2.4 Effect of temperature on the growth of pycnial colonies

of Puccinia

helianthi
This study was conducted to examine the influence

01-

temperature

on the rate of development of pycnial colonies of sunflower rust.

Materials and Methods.
Fungal development was assessed in 1cm diameter leaf discs cut from
seedlings of the susceptible sunflower line S37-388. One hundred leaf discs
were placed on moist polyurethane foam in each of two 20cm diameter glass
Petri dishes. The leaf discs were exposed to basidiospores liberated when
teliospores which had been sprayed as a suspension onto a layer of 0.5% water
agar contained in the lid of each Petri dish germinated. Initial incubation
was for 36h at 17+2 0 C and 25001x (12h photoperiod).
After the exposure to the basidiospore shower the leaf discs in
batches of 9 were selected at random and transferred to sterile polyurethane
foam discs in each of 20 sterile 9cm plastic Petri dishes. The remaining leaf
discs were stained and cleared to determine the extent
infections.

4

initial

. Two Petri dishes were then placed in each of the

ten chambers of a thermogradient plate multi-temperature incubator. The air
temperatures in each chamber were monitored by mini-thermistors connected to
a Grant Squirell Data Logger. The temperatures in each

of the ten chambers

for the duration of the experiment were 12.0+0 0 C, 14.4+0 0 C, 15.6+0.4°C,
17.6+0.4 0 C, 20.0+0.4 0 C, 22.0+0.8°C, 24.4+0 0 C, 26.4+0.4 0 C, 29.2+0.4 0 C and
33.2+0.4 0 C. Light intensity in each chamber was 12501x during the 12h
photoperiod.
The leaf discs were examined daily under a dissecting microscope
for evidence of erumpent pycnia. Three leaf discs were removed from every
Petri dish at 96h and 192h and, from the two coolest treatments only, 264h
after the initial incubation commenced. These were stained and cleared
following the procedure of Bruzzese and Hasan(1983). Each disc was examined
under the microscope after the host tissue had cleared and the length and
width of 10 colonies was measured with an ocular micrometre. The length was
determined as the longest dimension whatever its orientation. The width was
the maximum dimension perpendicular to the length. For comparative purposes
these dimensions were used to calculate the area occupied by each colony in a
single plane. The formula for determining the area of an ellipse was used to
calculate colony area. It was Area = (LxW)/2) 71 where L=length and
W=width. The number of colonies with erumpent pycnia was also assessed. The
data for colony areas was subjected to analysis of variance and the means
were separated by the Duncans .1111tiple Range Test function of MSTAT
statistical package (Michigan State University).
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Results.
Microscopic examination of the leaf discs stained at the end of the
initial incubation revealed that less than 10% of infections had progressed
beyond the first epidermal cell infected and 74% were still unbranched
intra-epidermal vesicles. The mean area of these infections was 4.97 X 10-3
mm 2 . The results presented in Table 3.1 show that after 96h colonies were
significantly larger (P<0.05) in leaf discs incubated at 20.0 0 C. The
differences between the other temperatures (excluding 33.2 0 C) were not
significant (P>0.05). No pycnia had emerged after 96h but primordia had
formed in colonies incubated at 22.0 and 24.4°C. After 192h the area of
colonies incubated between 17.6 and 24.4 0 C were not significantly different
(P>0.05) from the largest colonies at 22.0°C. As the temperature increased or
decreased from 22.0 0 C the area of the colonies was reduced. At least 80% of
colonies in leaf discs incubated at 20.0, 22.0 and 24.4 0 C, had produced
pycnia after 192h. Away from those temperatures the percentage of colonies
with pycnia decreased. No pycnia had formed at 12.0 or 29.20C.

Table 3.1 Effect of temperature on growth of haploid colonies of Puccinia

helianthi
Incubation Period(h)
96
Incubation
Temperature

Colony

Pycnial2

Colony

Area

Colonies

Area

(%)

(° C )

264

192
Pycnial
Colonies
(%)

(10-3mm2)

12

2.91

bcd

22.5

14.4

4.0

bcd

112.9

15.6

8.8

bcd

148.0

17.6

11.3

be

211.3abc

63

20.0

28.5

272.2a

80

22.0

12.0

b

309.0a

80

24.4

3.6

bcd

236.9ab

87

26.4

1.7

cd

161.4

29.2

3.6

bcd

64.0

def

33.2

0.5

d

0.5

f

a

of
7

cde

bcd

Colony
Area
(10-3Rm2)

Pycnial
Colonies
(%)

194.3

70

303.6

76

33

bcd

47

1. Means in each column followed by at least one lower case letter in
common do not differ significantly (P>0.05).
2. Percentage of colonies with at best one erumpent pycnium.

At 33.2°C growth of the fungus did not progress beyond the
initial growth that had occurred at 17 0 C. By 96h many of these
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intra-epidermal vesicles had become vacuolated and by 192h they had
collapsed. The infected host cells did not retain the stain and were
therefore not dead (Figure 3.9).
3.2.5 Histology of resistance to infections from basidiospores of P.

helianthi in three sunflower lines.
Several workers have reported resistance to infections initiated by
basidiospores of various rust fungi (Flor,1959; Statler and Gold,1980). The
symptoms include necrotic flecking, production of depauperate pycnia or no
symptoms at all. No reports were made of the histology of those reactions.
This study was conducted to examine the nature of resistance to
basidiospore-derived infections in two sunflower lines compared to a

susceptible check.
Materials and Methods.
The teliospore collection used was Pht-059 which was collected from

the sunflower hybrid Cargill Dynamite during June,1988. Telia were activated
to germinate b y the cold-soak preconditioning technique described in Chapter
2 for 24d. The sunflower lines used were the sunflower rust differential
lines; S37-388, the susceptible check, HA-R3, which exhibited no macroscopic
symptoms to basidiospores from Pht-059.1 and HA-R1, which exhibited flecking
and depauperate pycnia.
Seedlings were grown in the glasshouse until they reached G.S.V6
(Schneiter and Miller,1981). The second pair of true leaves were then
harvested and used to provide 1.5cm diameter leaf discs. The leaf discs of
each line were maintained on moist polyurethane foam in separate 9cm plastic
Petri dishes. An aqueous suspension of teliospores of Pht-059 was used to
inoculate the layer of 0.5% water agar contained in the lid of each Petri
dish. Initial incubation was for 24h at 17+2 0 C and 25001x in a 12h
photoperiod. The lids of the Petri dishes were then replaced with clean ones

and incubation continued under the same conditions except the temperature was
increased to 20+23C.
At daily intervals, the first being when the lids were changed,
five leaf discs of each line were taken and stained and cleared by the
procedure of Bruzzese and Hasan(1983). Each leaf disc was examined
microscopically once cleared and the stage of colonization for ten infections
selected at random was assessed. Colony dimensions and the number of colonies
associated with h y persensitive host cells were also measured.
Results.
Penetration from basidiospores was directly through the epidermis
as indicated by the formation of intra-epidermal vesicles in each line.
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Whether penetration was equally effective on all lines could not be
determined since inoculation was not quantitative. In the susceptible
sunflower line S37-388 colonies continued to develop and expand so that by
120h all colonies were intercellular (Table 3.2). After 144h incubation
pycnial primordia were evident and by 168h erumpent pycnia were observed.
Necrosis of host cells was associated with 20% of colonies after 168h. These
were usually 2 or 3 palisade mesophyll cells and were probably not
significant since many colonies had infected over 150 palisade mesophyll
cells.
Colonies in HA-R1 and HA-R3 were aborted at various stages. In
HA-R3 most (>80%) intra-epidermal vesicles did not develop further and became
vacuolated and collapsed and the cytoplasm of infected cells became
granulated and retained stain (Figure 3.10). These hypersensitive cells were
observed after 24h and all colonies were hypersensitive after 96h. The early
abortion of infections and necrosis of few cells resulted in the lack of
macroscopic symptoms. Half the colonies of Pht-059 in HA-R1 were aborted
as intra-epidermal vesicles (Table 3.2). Other colonies formed extensive
branching in the first epidermal cell but failed to exit while others caused
necrosis of neighbouring host cells. Some colonies were seen to abort without
host cell necrosis. Figure 3.10e shows an intra-epidermal vesicle with early
primary branches were the terminal infection hypha was losing integrity.
A

After 168h, the largest colon y observed in HA-R1 was 202um X 190um. The
largest colonies in S37-388 had exceeded those dimensions after 96h. The
reduced growth of the large colonies in HA-R1

wali

associated with death of

many host cells.

3.2.6 An attempt to use soil-borne teliospores of P. helianthi to infect
sunflowers.
In an agricultural environment sunflowers may not be grown
consistently in one field. To be capable of initiating new infections
teliospores of sunflower rust produced on one crop must survive on the soil
surface or incorporation into the soil for intercrop periods. The survival
capacity of teliospores under Australian environmental conditions is unknown.
This field study was conducted therefore to examine teliospore survival.

Materials and Methods.
Leaves bearing telia of Puccinia

helianthi

were collected on 13

June,1988 from the Cargill hybrids Beauty, Cannon and Dynamite growing near
Capella in Central Queensland. The plants were all at harvest maturity and
9-12% of the leaf area was covered with telia. The collected leaves were
taken to Toowoomba and stored at room temperature until used. A field trial
consisting of three replicates by three treatments was established at
Toowoomba. The three treatments were (i) an inoculated control,(ii)
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Table 3.2 Time course study of development of pycnial colonies of

P.helianthi

in three sunflower lines.

Stages of Colony Development,
Line

S37-388

HA-R1

HA-R3

Colony
Time Intra-epidermal Intracellular Intercellular Primordial Erumpent Dimensions
(h)
Growth
Vesicle
Branching
Pycnia
Pycnia
(um)
24
48
72
96
120
144
168

100
30
4.2

24
48
72
96
120
144
168

100
87.5
39.1
47.6
46.7
53.3
52.4

12.5
23.8
9.5
12.5
6.3
9.5

24
48
72
96
120
144
168

100
77.8
80.0
85
85
88
85

22.2
12.0
10
15
12
15

60
11.2
12.5

r
81.6
87.5
100.0
76.2
20.0

38.1
42.9
40.8
40.0
38.1

8
5

23.8
35.0

45.0

Hypersensitive2
Colonies

37.4
48.1
67.5
105.5
163.7
262.6
452.2

X
X
X
X
X
X
X

10
17.1
48.4
85.4
133.2
239.4
418.7

12.5
12.5
17.6
17.6
20.0

25.8
35.4
48.7
57.5
38.7
62.7
67.3

X
X
X
X
X
X
X

10
11.9
24.1
32.2
16.9
42.3
39.6

33.3
52.4
58.3
61.9
73.3
86.7
90.5

34.9
34.6
34.1
35.5
41.9
35.8

X
X
X
X
X
X

14.5
13.2
12.1
18.1
15.1
12.7

36.1
88.9
92.0
100
100
100
100

1. Data are percentage of assessed colonies whose maximum development is in each class.
2. Percentage of colonies associated with hypersensitive necrosis of host cells.

Figure 3.10 Resistance of sunflowers to infections by basidiospores of

P.helianthi.

a) Hypersensitive death of epidermal cells of HA-R3
containing intra-epidermal vesicles
b) Hypersensitive death of an epidermal cell of HA-R3
containing an intra-epidermal vesicles
c) Retention of stain around an intra-epidermal vesicle in
HA-R1
(Bar = 10um)

Figure 3.10 Resistance of sunflowers to infections by basidiospores of

P.helianthi.

d) Hypersensitive death of one epidermal cell of HA-R1 while
a second intra-epidermal vesicle continues to grow
e) Loss of integrity of primary hyphae of a vesicle in HA-R1
without hypersensitive cell death
f) Extensive branching in two epidermal cells and
hypersensitive death of two adjacent epidermal cells
(Bar = 10um)

incorporation of leaf material into the top 10cm of soil, and(iii) leaf
material spread over the soil surface. The nine plots were each 1m2.
Approximately 180g of leaf tissue which had been crushed and
passed through 4mm aperture mesh was applied to each of the plots to be
inoculated on 1 July,1988. Incorporation was effected with a garden hoe
until leaf material was not obvious on the soil surface. Nylon insect mesh
(1mm aperture) was placed on the surface of the inoculated plots to restrict
movement of leaf tissue. The plots were then exposed to the prevailing
weather conditions.
Some of the leaf material used as inoculum was kept so that the
percentage germination of the teliospores could be determined. The percentage
germination was also determined for telia collected from the leaf material on
the soil surface on 1 August,1988, 1 September,1988 and 1 October,1988. Fifty
telia were taken at each assessment and were teased to release the
teliospores. These were then dusted onto 0.5% water agar contained in 9cm
diameter Petri dishes. The dishes were then incubated at 17+2 0 C for 24h.
Microscopic examination was then used to count the number of teliospore
cells that had germinated. The number of cells which were devoid of contents
was also recorded. The lack of cytoplasmic contents was assumed to indicate
that the cell had already germinated.
On 1 September(2 months after exposure of the leaf material) and 1
October the plots were sown with seed

of the susceptible sunflower hybrid

Cargill Dynamite. The insect mesh was removed from a section of each plot.
Seed was then planted at 5cm intervals at a depth of 5cm in a single row in
each plot. A lm high transparent plastic enclosure was erected around each

plot after the first sowing. The enclosure was to aid the maintenance of
humidity in each plot and to reduce dispersal of basidiospores between plots.
Small mist-humidifier nozzles were inserted into polyethylene pipes (13mm
diam) that were suspended over the plots. The pipes were connected to the
Toowoomba City water supply via an electric solenoid and time clock. This
allowed the misters to be operated for 4 by 15min periods during the night.
Misting was applied on four nights commencing when the first seedlings began
to emerge. Three weeks after sowing the seedlings were harvested by cutting
at soil level and were examined in the laboratory for the presence of pycnia.
Results.
The germination percentage of the cells of the teliospores before
they were exposed to field conditions on the soil surface was 15.2% (Table
3.3). After 2 months exposure the number of teliospore cells that would
germinate increased to 41.2%. The percentage of cells that had germinated or
were dead also increased. This was reflected by the fewer pycnia on seedlings
planted on 1.10.88 (Table 3.4).
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Table 3.3 Percentage germination of cells of teliospores of

P.helianthi

taken from leaf material exposed on the soil surface for various

periods of time.
Date

Exposure
Duration

Germination (%)
Ungerminated

Germinated

Dead

(d)
1.7.88

84.8

15.2

0.0

1.8.88

31

56.4

28.4

15.2

1.9.88

62

21.8

41.2

37.0

1.10.88

92

4.0

3.4

92.6

Table 3.4 Percentage of sunflower seedlings planted into soil containing
teliospores of P.helianthi on which pycnia developed.

Plants with Pycnia (%)
Sowing
Date

Control

1.9.88

0

1.10.88

0

Incorporated Inoculum

Surface Inoculum

52.6

50.7

6.7

0

Whether the inoculum was incorporated into the soil or exposed on the soil
surface did not greatly affect the proportion of seedlings sown on 1
September that developed pycnia. Most pycnia were formed on the epiphyllous
surface of the cotyledons with some

on the h y pocotyl and least

on the

hypophyllous surface of the cotyledons.

3.3

DISCUSSION

The studies reported in this chapter were designed to increase
knowledge of that part of the life cycle of Puccinia helianthi between
basidiospore liberation and pvcnium formation. Basidiospores germinated
laterally to produce a germ-tube. This is similar to that which occurs in

Gymnosporangium juniperi-virginianae where basidiospores also germinate
laterally (Mims,1977). In contrast, basidiospores of Uromyces appendiculatus
(Gold and Mengden,1984) and Melampsora lini (Gold and Littlefield,1979)
germinate apically. Germination occurs at any location in Cronartium quercuum
f.sp. fusiforme (Gray, Amerson and Van Dyke,1982).
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The germ-tube in Puccinia helianthi was unbranched and elongated
most rapidly at temperatures between 14-16 0 C. On the host cuticle the tip of
the germ-tube was sometimes swollen and was joined to the host by fibre--like
material. Gold and Mengden(1984) observed similar fibrous exudates with

U.appendiculatus. Waterhouse(1921) suggested that the material exuded by
germ-tubes of P.graminis was mucilaginous. Gold and Mengden(1984) suggested
that the exudate acted to provide adhesion, to protect the penetration site
and to enclose any 'penetration enzymes'.
Penetration of the host occurred directly through the epidermal
cell walls and was most common in close proximity to epidermal cell wall
junctions. Preferential penetration at epidermal cell junctions has been
noted for many fungi (Hunt,1968; Bonde, Melching and Bromfield,1976; Staples
and Macko,1980). The development of the intra-epidermal vesicle and primary
hyphae was similar to that reported for U.appendiculatus by Gold and
Mengden(1984) except that in P.helianthi septation and formation of lateral
primary hyphae occurred before extensive growth of the apical hypha. The
primary hyphae penetrated neighbouring epidermal cells or subtending palisade
mesophyll cells before continuing with intercellular growth. The initial
intracellular growth may be important as the fungus establishes a nutritional

base.
The hyphae ramified throughout the host tissue intercellularly. The
ability of colonies to transverse leaf veins indicates that intracellular
spread was also involved. This contrasts with uredinial colonies of

P.helianthi where leaf venation prevented spread (Goulter,1983). Similar
differences in the ability of p y cnial and uredinial colonies to transverse
leaf veins were made for P.sorghi by Rice(1927). Colonies were largest when
infected leaf discs of the susceptible sunflower line S37-388 were incubated
between 20-24 D C. This is higher than the optimum temperatures for germination
of teliospores and production of basidiospores (17--18 0 C) and for elongation
of basidiospore germ-tubes (14-16°C). This may reflect a different

optimum

mediated by the host:pathogen interaction. It may also reflect an adaption by
the fungus for rapid growth as the seasonal conditions warm.
Basidiospore infections were always attempted on the epiphyllous
leaf surface and pycnia were a l so epiphyllous. A cluster of several to many
pycnia developed in a thallus derived from an infection derived from a single
basidiospore. The pycnial cluster shares the genotype of a single
basidiospore. This observation is important when making crosses for studies
of the genetics of a trait such as virulence since it is easier to cross
pycnial clusters

than single pycnia.

The emergence of pycnia through stomates has also been observed
in Melampsora lini (Gold and Littlefield,1979). Emergence of pycnia following
rupture of the host epidermis was reported in Puccinia graminis (Buller,1950)
and

F.recondita (Gold et a1,1979). The reversion of the radiating

periphyses

to form a pointed fasicle as the pycnia senesced served as a means of sealing
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the pycnial ostiole. This phenomenon has not been reported
for other rust fungi.
Direct infection of host leaves did not occur when teliospores were
germinated at temperatures that suppressed basidiospore formation. The
elongate sterigmata may represent a transitional evolutionary stage in the
development of teliospores capable of direct infection. Teliospores of

Uromyces aloes germinate to form metabasidia that develop branches that
infect the host directly to form intracellular vesicles (Sa7_o et a/,1980).
The survival of telia as soil-borne inoculum may be important to
the ecology of the fungus. Interseasonal teliospores must survive and
germinate to infect new seasons plants. Schuster(1956) demonstrated that
soil-borne teliospores of safflower rust Puccinia carthami Cda. could infect
emerging seedlings. Weekly plantings of safflower from spring to summer into
a field infested with soil-borne teliospores resulted in a decrease in
incidence of infected seedlings. Schuster(1956) attributed the decline in
incidence to increasing soil temperatures reducing germination of
teliospores. In the study reported in this chapter soil-borne teliospores of

P.helianthi initiated infections of sunflower seedlings. Teliospores
continued to germinate in situ and most had germinated before the end of
spring. Teliospores of rust species such as P.carthami and

P.obtegens

(Link)Tul. ma y not germinate in the absence of host exudates
(Klisiewicz,1972; Turner, Kwiatkowski and Sands,1986).
In most areas of Australia where sunflowers are grown there would
be a period of the year when tem p erature conditions are suitable for
development of pycnia. The frequency of completion of the sexual cycle is
dependant on viable teliospores being present along with a susceptible host.

