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I. Introduction 

In moderate clin{ates generally duringautumn, the dikaryotic my
celium that forms uredia with urediospores (see Harder, Chapter 11, 
this volume) begins to differentiate the overwintering spore form of the 
rusts, the teliospores. Teliospores were first described as fungal spores 
by the Tulasne brothers (Tulasne and Tulasne, 1847), who called them 
IIperfect," or tnle spores. De Bary (1865) proposed for these true spores 
the term IITeleutosporen,.." because it means spores that appear at the 
end of the development of the species and may be applied to all homol
ogous organs of rusts (11 • •. Teleutosporen ... bedeutet Sporen, wel
che am Ende der Entwicklung der Species auftreten und darum für die 
homologen Organe sämmtlicher Uredineen anwendbar sind"). Later, 
Arthur (see Arthur, 1929, 1932) defined the term teliospore, because 
they are the spores that are formed in the telia, the last fruiting struc- . 
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ture of the rostS. More recently, teliospores have been defined as the 
basidia-producing spores of the rost fungi (Hiratsuka, 1973). 

The teliospores are important for overwintering of most cereal rosts, 
and they are largely responsible for the formation of new physiologie 
races of the rosts (see Anikster and Wahl) 1979). Form and omamenta
tion of teliospores help to categorize the rosts. For a morphological 
description of the respective cereal rost tehospores; the reader is re
ferred to the manuals of Cummins (1971), Gäumann (1959), and Urban 
(1969). The older, more general information on teliospores is summa
rized by Arthur (1929, 1934), Lehmann et al. (1937), Cummins (1959), 
and Hassebrauk (1962) in their descriptions of the different species. 
Trus chapter 'gathers more recent information on general characteris
tics of teliospores of cereal rost fungi. Where the information on 
important aspects is missing for cere.al rosts, results from other rosts 
are included. 

11.� Morphology and Ontogeny of Teliospore 
and Basidiospore Formation ... 

A. TELIOSPORE MORPHOLOGY AND ONTOGENY 

Following urediospore production, teliospores are formed as a second 
type of spore in the uredium. The uredium is thus transformed into the 
telium or telial soros. The telium may be open or covered by the 
epidermis of the host plant; see individual descriptions by Cummins 
(1971) or Gäumann (1959). The teliospores develop as pedicellate 
spores (Hughes, 1970; Harder, Chapter 11, this volume), wruch are 
produced from sporogenous cells (Fig. 1). The sporogenous cells are 
also responsible for urediospore formation (see Harder, Chapter 11, trus 
volume). When a uredium has differentiated ioto a telium, the spo
rogenous cell of Puccinia coronata divides to form a remnant spo
rogenous cell (Figs. IB and 2), a pedicel, and, io case of a telium, a 
primary teliospore cell (Harder, 1977). After nuclear division and sub
sequent development of a septum, the two-celled teliospore forms 
with two nuclei per cell (Fig. 1C,D). A heavy cap of wall material forms 
the crown at the terminal end of the outer cell (Fig. 3). Maturation of 
the teliospore is accompanied by an increase of cytoplasmic density, 
disappearance of vacuoles} and an accumulation of lipid droplets and 
glycogen-like material (Fig. 4). Densely staining secondary wall mate
rial forms, and a complex multilayered (as many as six layers) wall 
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I Hg. 1. Schematic sequence of teliospore and basidiospore formation. (A) Sporogenous 

cel!. (BI Remnant sporogenous cel1, pedicel, and primary teliospore cello (Cl Mitosis inI the primary teliospore cello (0) Septum formation results in the two-celled teliospore. (E) 
Nuclear fusion and maturation of the teliospore. (F) Germ tube emergence. (GJ First 

I meiotic division. (H) Second meiotic division. (1) Oevelopment of sterigma. IJ) Vesicles 
with cytoplasm and nucleus develop at the end of the sterigma. (KJ The basidiospores 
form. (L) Mitosis in the basidiospores and subsequent germination. 

strocture develops. Finally, the two nuclei within each cell become 
closely appressed and nU.dear fusion occurs (Fig. lEl. The process of 
fusion has not been ~bserved  ultrastrocturally, because fixation of 
spores appears to be very difficult at that stage (Harder, 1977). Some
times nuclear 'fu~i9n  is delayed in teliospores of P. sorgbi and may 
happen during overwintering (Pavgi, 1975). 

Teliospore. fo~ation  appear$ to be similar in the different rosts 
studied ultrastrocturally, sucllas Uromyces appendiculatus (Müller et 
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'1 al., 1974), Gymnosporangium juniperi-virginianae (Mims et al., 1975; 
Mims, 1977b), P. podopbylli lMims and Thurston, 1979), P. smyrnii 
(Bennell et al., 1978), and Tranzscbelia (Bennell and Henderson, 1978). 
The substructure of the spore wall is somewhat different, however. 
The results are difficult to interpret, because staining characteristics of 
the wall differ very much with spore age and fixation (Mims and 
Thurston, 1979; Rijkenberg, 1977). 

P. coronata has an apical or lateral germ pore that is indicated by a 
marked reduction in cel1 wall thiCkness (Harder, 1977). In P. sorghi, the 
wall becomes thickest at the apex of the spore, and ablunt, peglike 
projection of cytoplasm into the thickening apical wall marks the site 
of the germ pore (Rijkenberg, 1977) (Fig. 5). 

Teliospore omamentation is extremely variable, and a classification 
of the ornaments based on electron microscopy is offered by von Bran
denburger and Schwinn (1971) and Littlefield and Heath (1979). Wart
like ornaments of P. smyrnii appear initially, formed beneath the pri
mary teliospore wall, and later are extruded to the surface of the spore 
(Bennell et al., 1978). The digitate processes that extend from the apex 
of P. coronata teliospores (Fig. 3) represerit extensive wall thickenings 
(Harder, 1977). In P. podophylli (Mims and Thurston, 1979), the 

I cytoplasm initially extends to the tip of the many thin-walled spines. 
4 - Later, the cytoplasm disappears as a consequence of thickenings of the 

spore wall. 
Most cereal rust teliospores have been described only by light mi

croscopy (Cummins, 1971; Gäumann, 1959; Guyot, 1938, 1951, 1956; 
Ullrich, 1977; Urban; 1969). Morphology may be race-specific, as ob
served in P. sorghi (Pavgi, 1969), or differ after growth on different host 
grasses (Arthaud, 1969). Teliospores may be one- to five-celled (Ka
pooria, 1973) in P. penniseti. One-cel1ed teliospores (mesospores) may 
comprise as much as 80% of the total found in P. bordei Otth. 
(Gäumann, 1959) and 2-17% of the total found in P. striiformis 
(Gäumann, 1959). In some isolates of P. hordei and P. recondita, 1% of 
teliospores may be three-celled (Y. Anikster, personal communica-

Fig. 2. Transmission electron micrograph (TEM) showing a spoIogenous cell of Puc
cinia coronata that has dividelto form the primary teliospore cell(PT), the pedicel(PDj, 
and the remnantsporogenous cell (SP) (X3780; bar, 5 ,...m) (courtesy D. E. Harder, Wirr
i:upeg). Fig. 3. Scanning electron micrograph (SEM) of surface view of a telial sorus, 
showing the cap or crown of teliospor~s  of P. coronata. (x 1100; bar, 5 fLm). (From 

: -
Takahashi and Furuta, 1973, with permission.) Fig. 4. Cross section of a mature 
teliosorus of P. coron~ta, showing the two teliospore cells (T) and the adhering pedicel 
(PD). Nuclear fusion has occurred; N, nucleus jTEM, x37oo; bar, 5 fLm) lcourtesy D. E. 
Harder, Winnipeg). 
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tion). Even more variability is observed when teliosP9res of P. graminis 
are formed in artificial culture (Rajendren, 1972)., 

B.	 TEUOSPORE GERMINATION AND BASIDIOSPORE 

FORMATION 

Teliospore germination and basidiospore formation have been re
viewed by Gäumann (1926), Arthur (1929), Hassebrauk (1962), and 
more recently by Petersen (1974) and Littlefield and Heath (1979). The 
important aspects are described here, including results from P. sorghi 
(Pavgi, 1975) and work on noncereal rosts (Kohno et al., 1974, 1975; 
Mims, 1981; Mims et a1., 1976; O'Donnell and McLaughlin, 1981a-d). 
In most cereal rosts, teliospores are dormant and germinate only after 
some months exposure to outdoor conditions(see next section). After 
hydration and before germ tube emergence, vesicles were observed in . 
the cytoplasm of Uromyces phaseoli teliospores (Gold and Mendgen, 
1981a). Fusion and reduction in size of lipid droplets, appearance of 
electron-translucent regions in the cytoplasm, and an enlargement of 
the fused nucleus were observed in Gymnosporangium c1avipes 
(Mims, 1981). The pedicel of P. sorghi swells and disintegrates (Pavgi, 
1975). In G. clavipes, the outer portion of the germ pore region disinte
grates while the inner portion is pushed out and filled by the emerging 
germ tube (Mims, 1981). This germ tube or promycelium emerging 
from the teliospore is called a metabasidium, because nieiosis occurs 
within this strocture (for nomenclature, see Littlefield and Heath, 
1979; Petersen, 1974; see also Wells and Wells, 1982). In P. sorghi, the 
metabasidium grows out of the germ pore of the apical cell alone or of 
both cells simultaneously (Fig. 6). The germ tube wall appears to be 
continuous with an inner layer of the teliospore wall (Kohno et a1., 
1975; Mims et al., 1975; Mims, 1981). The entire protoplast usually 
migrates with the diploid nucleus into the metabasidium, and a sep
tum is laid down at the base of the metabasidium in P. sorghi. Somec 
times, a portion of the cytoplasm remains behind in the spore. The 

Fig.5. Teliospore of P. sorghi showing nuclei with nucleoli In) and the germ pore (gp) Basidiospore; a, .apiculus; s, sterigmata. (x 1400; bar, 10 fLm) (interference contrast, K. 
of the upper te1iospore cello The lateral germ pore of the lower teliospore cell cannot be Mendgen, unpublished). Fig. 8. Basidiospores of P. hordei (host: Hordeum vulgarel
recognized (x 1400; bar, 10 fLm) (interference contrast, K. Mendgen, unpublished). Fig. showing the two nuclei in each spore by fluorescence microscopy 1- x 1200; bar, 10 fLm)
6. Gerrninated teliospore of P. sorghi with two metabasidia (m) (x 1000; bar, 10 fLmJ (courtesy Y. Anikst"er, Tel Avivl. 
(interference contrast, K. Mendgen, unpublished). 'Fig. 7. Metabasidium of P. sorghi. b, 
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nucleus expands during interphase, and meiotic division proceeds 
rapidly under optimal moisture and aeration (Eg. IF-H). 

A fine-structural study of the meiosis of cereal rusts is still missing. 
In Gymnosporangium, synaptonemal complexes, which indicate 
meiotic chromosome pairing (-prophase I), have been detected shortly 
after karyogamy, before the telial sorus is opened (Mims, 1977b, 1981). 
This would indicate that meiosis can begin before teliospores reach 
maturity and is then interrupted or delayed until teliospore germina
tion. In P. malvacemum, a short-cycled rost, O'Donnell and McLaugh
lin (1981a-d) observed the spindle pole bodies, responsible for spindie 
formation, when the metabasidium reached about 80% of its max
inium length (Fig.. 9). The fully developed spindle shows in Fig. 10 
(-metaphase I). The regrouping of the chromosomes at the cell poles 
shows in Fig. 11 (-telophase I). Aftenhis first nuclear division, called 
meiosis I, a septum forms between these two nuclei, and meiosis II 
proceeds (Fig. 12). Interestingly, the nuclei undergo a coordinated mi
gration and rotation during meiosis. Differences in the development 
and form of the spindie pole body potentially provide important infor
mation on phylogenetic relationships among rusts (see O'Donnell and 
McLaughlin, 1981c). 

The septa are formed centripetally and contain a nariow central pore 
with dense material (Fig. 13). After meiosis II and formation of another 
two septa, sterigma (Figs. 1I and 7) develop from small papillae. At the 
apex of the sterigma, a small vesicle with cytoplasm and nucleus 
emerges (Fig. In. The vesicles or basidiospores enlarge and are deli
cately supported by the sterigmatal ends (Figs. lK and 7). Sterigma and 
basidiospore formation resembles those in various basidiomycetes (Lit

. tlefield and Heath, 1979; Mims, 1981) and has been studied ultrastruc
turally for G. f:?lavipes: The basidiospore is delimited from the sterigma 
bya septum at the base of the basidiospore and a septum in the neck of 
the sterigma (Mims, 1981). 

The basidiospore in P. graminis is either uninucleate (Craigie and 
Green, 1962) or, after a subsequent mitotic division, binucleate. Exam
pIes for rusts with binucleate basidiospores are P. graminis f. sp. tritici, 
P. graminis f. sp. avenae, P. graminis f. sp. secalis, P. bordei (Fig. 8), P. 
recondita, P. striiformis (Y. Anikster, personal communication), P. 
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McLaughlin, 1981b, with permission.1 Fig. 11. A metabasidium at late telophase duting 
meiosis I, showing beginning disruption of nuclear envelope larrow ) in the narrow in
terzonal region· and the chromosomes at the cell poles lasterisks) (x6300; bar, 1 IJom). 
(From O'Donnell and McLa~,  1981b, with permission.) Fig. 12. Early meiosis Ir 
(metaphase) showing nuclei with spindle axes llines). The median septum IS) is still 
incomplete (x3400; bar, 1 IJomJ. (From O'Donnell and McLaughlin, 1981c, with perrois

Fig. 9. Cross section through a metabasidium of P. malvacearum showing a nucleus 
duting prophase I with a dispersing nucleolus (arrow) and an extranuclear, duplicated 
spindle pole body (double arrowl (x 4300; bar, 1 IJoml. (From O'Donnell and McLaughlin, 

1 
sion.) Fig. 13. Median seetion through a septal pore of P. malvacearum at the end of 
meiosis Ir (interphase II), containing .electron-dense material and separated hom the 
adjacent basidial compartrnents by a wall layer (x 13,700; bar, 1 IJomJ Icourtesy D. J. 

1981a, with permission.) Fig. 10. A metabasidium of P. malvacearum with an oblique McLaughlin, St. Paul). 
early-metaphase spindle during meiosis I Ix5500; bar, 1 IJom). (From O'Donnell and 
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malvaeearum (Allen, 1933), and many other rusts (Kapooria, 1968; 
Kulkami, 1958; Pavgi, 1975; Mims, 1977a; Duncan and Galbraith, 
1972; Kohno et al., 1977). In P. boriana, 31.5% spores were tetranucle
ate (Kohno et al., 1974). There are conflicting reports on the number of 
chromosomes (three to five) in the different rusts (Kapooria, 1968; 
Pavgi et al., 1960). 

In P. sorgbi, many abnormalities from "normal" basidiospore forma
tion in long-cycled rusts were observed by Pavgi (1975). Sometimes, 
inhibition of septum formation resulted in promycelial cells with two 
nuclei. From such abnormalities, a production of basidiospores with 
two compatible nuclei seems possible, and Pavgi (1975) suggests that 
they may produce aecia without the need of a transfer of spermatia 
horn compatible pycnia, a conclusion also drawn from experiments 
with Uromyees spp. (Anikster et al., 1980). Thus both long- and short
cycled rusts can produce metabasidia with only two basidiospores, 
each containing nuclei of both mating types and therefore with the 
ability to produce aecia directly without first forming pycnia te.g., 
Uromyees viennot-bourgonii, U. ebristensii, U. bordeatri, Y. Aniks
ter, personal communication). 

In. Physiology oE Teliospores 

A.� FACTORS THAT INDUCE TELIOSPORE FORMATION 

UNDER NATURAL CONDITIONS 

The teliospores of the macrocyclic cereal rusts are generally formed 
late in the season. The physiological background of teliospore forma
tionremains obscure. Gassner and Franke (1938) cite many arguments 
against the assumption that the depletion of nutrients in older leaves 
induces teliospore formation. Benada (19661 tries to correlate the lower 
pH of the leaf sap with teliospore formation late in the season. Howev
er, teliospores are also produced by P. reeondita on young plants (Jack
SOll and Yöung, 1967). There are many examples showing that telio
spore formation correlates with the cultivar-race combination used. 
Examples are P. reeondita (Freitas, 1972; Waters, 1928; Takahashi et 
al., 1965; Jackson arid Young, 1967), P. graminis f. sp. tritiei, P. eoro
nata (Rothman, 1974; Prasada, 1948; Sebesta and Bartos, lQ66; Si
mons, 1954; Lisovii and Yabukova, 1973; Pillai et al., 1978; 
Hassebrauk, 1962; Takahashi et al., 1973; Zimmer and Schafer, 1960), 
and P. bordei (Joshi, 1965). An oat line that induces early formation of 
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teliospores after inoculation by P. eOlonata does not show the same 
effect with P. gramiIJ.is f. sp. avenae (Rothman, 1974). For such studies, 
contaminant-free telia of single physiologic race isolates of oat crown 

, rost were obtained by injecting urediospores between the leaf sheath 
'l 

and culm at the base of each intemode (Fleischmann, 1964). 
Early teliospore formation by cereal rosts can be induced by infec

tion of rusted leaves with Cepbalosporium aeremonium [Hassebrauk, 
1936) or with Apbanoeladium album (Biali et al" 1972). This is also 
possible in leaf culture (Lesovoi et al., 1980) and axenic culture (Yaniv 
et al" 1979) of rosts. Extraction of A. album cultures with ethyl acetate 
or chloroform yielded an extract that reliably induced teliospore for- . 
mation of P. graminis , P. sorgbi, and P. dispersa (Forrer, 1977). A sirni
lar effect was observed after simultaneous infection of cereals with P. 
reeondita f. sp. tritieina and Septoria nodorum (Van der Wal, 1970). 

B.� ARTlFICIAL lNDUCTION OF TELIOSPORE 

GERMINATION 

Teliospores of P. beteraspara germinate readily in less than 8 hr at 
26° to 28°C without any resting period and remain viable for less than 
10 days (Kotwal, 1970). Teliospores of P. graminis f. sp. tritiei do not 
germinate readily and may remain viable at least 6 years under labora
tory conditions (Johnson, 1941). Nearly alilife durations in between 
have been reported (Lehmann et al., 1937). Most (Kühn, 1858; Tul;1sne 
and Tulasne, 1847) but not all (P. glumarum, Gäumann, 1959; P. pur
purea, Prasada/ 1948) teliospores of the cereal rosts are dormant. P. 
sorgbi and P. grmrlinis f. sp. avenae are somewhat intermediate (or 
nonuniform)/ in that some spores germinate at once, the others only 
after aperiod ofsome months (Godoy and Bruny, 1952; Hingorani, 
1952; Neuhaus, 1966). For some rost fungi, such as P. glumarum (= 
striiformis), there are conflicting reports (Gäurnanil, 1959; Prasada, 
1948). Following the definition of Allen (1965) and Sussman and 
Halvorson (1966), the dormancy of teliospores is constitutional, be
cause it is an innate property of the spore that requires an activation 
process tobe broken and is not a consequence of the presence of inhibi
tory environmen.tal Jacfors. 

Several methods have been proposed to induce germination of dor
mant teliospores. In some cases, aprerequisite for any germination at 
all is that the tdiospores be produced below 15° to 18°C (Joshi, 1965; 
Hennessy and Sackston/ 1970). It also should be noted that reports 
appear very often in conflict,and a method adequate for one rost spe
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eies or raee of a speeies may not work with others (Chin et a1., 1965). A 
representative se1eetion of methods reeommended mainly for eereal 
rusts is presented here: 

1.� Storage of spores or leaves with telia (De Bary, 1863; Kühn, 1858) 
outside, under humid conditions (Eriksson and Henning, 1896; 
Klebahn, 1916; Lambert, 1929). Storage under dry conditions was 
very often unfavorable (Schilberszky, 1930; Ward, 1888). 

2.� Freezing and thawing the spores (Tohnson, 1930; McAlpine, 1906) 
3. Wetting and drying� the spores (Dinoor, 1962; Hooker and Yar

wood, 1966; Klebahn, 1914; Lumbroso et al. , 1977) 
4.� Treatment of spores with X rays (Line, 1963) and heat (Gold and 

Mendgen, 1981a,b; Maneval, 1927) 
5.� Treatment of teliospores of P. graminis with eitrie acid (Thie1 and 

Weiss, 1920), buffers (Maneval, 1927), and other acids (Sibilia, 
1930); treatment of teliospores of P. carthami with volatile poly
acetylenes from safflower (Binder et al" 1977; Klisiewicz, 1972, 
1973) and treatment of U. appendiculatus teliospores with un
known volatile substances from bean (Gold and Mendgen, 1981b) 

6.� Keeping fresh spores on agar and waiting until they germinate
some always will (Groth and Mogen, 1978; Maneval, 19271 

7.� Exposing spores to light regimens (Neuhaus, 1969) 

Unfortunate1y, very few quantitative data exist, inaking it impossible 
to compare the different methods. Two ways might be recommended 
for a beginner: (1) storage outside under winter conditions and (2) 
washing fresh spores or pieces of rusted leaves with distilled water at 
13° to 16°C and transferring them onto 4% agar (with 40 ppm chlo
ramphenieol). Either method will induce at least some (-0.0001 %) 
germination (Y. Anikster and I. Wahl, personal cornmunication). With 
bean plst (u. appendiculatus), germination of teliospores was observed 
on water agar after outside storage during winter, freezing and thawing 
'cycles of fresh spores, heat treatment of fresh-dried spores (5 or 10 days 
at 40°C; R. E. Gold and K. Mendgen, unpublished), heat treatment of 
fresh spores on agar (4 days at 31.6°C), or treatment of fresh spores with 
volatile substanees from bean germlings (Gold and Mendgen, 1981a,b). 
However, germination varied considerably with the bean rust isolate 
used. 

To improve our understanding of teliospore dormancy, some quan
titative data from Gold and Mendgen (1981b) on teliospore germina
tion of u. appendiculatus var. appendiculatus (= U. phaseoli) are de
scribed here. If fresh teliospores are stored at 4°C in a refrigerator, and 
sampies of these are tested periodically on agar at 18°C, germination 
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starts after a dormancy period of about 6 months (Fig. 14). This dor
mancy period can be interrupted with any of the methods previously 
described. With refrigerator-stored teliospores or after an activation 
such as with volatile substances from the host plant, we observed a 
preemergence lag of about 4 to 5 days at 18°C before the germ tube 
emerged (Fig. 15). The formation of the metabasidium with the basi
diospores and basidiospore discharge takes only 4-6 hr at 18°C (R. E. 
Gold, personal eornmunication). The data should not be generalized 
before other rosts are examined, because very few time course studies 
on teliospore germination have been performed (e.g., Spaulding and 
Rathbun-Gravatt, 1926). Diete1 (1911, 1912b,1915, 1921) reported 
that, depending on the resting period, teliospores of P. graminis take 
from 2.5 to 30 hr before they germinate. Lambert (1929) mentions a 
preemergence lag of 3 days before teliospore germination of this fungus 
begins. A very broad temperature range for germination (15°-22°C) is 
also reported (Lehmann et al" 1937). Overwintered teliospores of P. 
sorghi begin to germinate at 1rc after 48 hr on agar. After the pte
emergence lag, basidiospore formationis finished within the following 
6 to 12 hr at 17°C (K. Mendgen, unpublished). During the time of 
teliospore germination and basidiospore formation, high hurnidity 
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Fig.15. Germination of fresh teliospores of Uromyces appenchculatus after activation 
with volatÜe substances from the host plant in a closed chamber and subsequeiu incuba
tion on agar at 18°C. The preemergence lag was also observed when 3-year-old telio
spores were used, wruch germinate readily without activation, (Modified after Gold and 
Mendgen,1981b.) 

conditions are needed. However, teliospores should not be covered 
with water as observed for P. graminis (Blackman, 1903). 

Teliospore germination is influenced by light regimes very often 
(Carter and Banyer, 1964; Pady and Kramer, 1971; Pearson et al., 1977; 
Van Arsdel, 1967). Teliospores of u. appendiculatus germinate and 
release their basidiospores -7 ± 0.7 hr after a light-off signal (Fig. 16). 
A daily exposure to 1000 lux for 0.5 hr was sufficient for the induction 
of the germination process. Thus under a day-night regimen, the 
teliospores have, after appropriate activation, the lag of about 4 to 5 
days and then arhythmie basidiospore discharge during the following 4 
to 6 nights (Gold and Mendgen, 1981 b; Gold and Mendgen, 1983a,b).In 
the cereal rosts, arecent study of light influence exists only for P. 
sorghi (Neuhaus, 1969). The teliospores of this rost needed only 1000 
lux during 1 min for germination. Studies with P. graminis (Maneval, 
1927; Lambert, 1929) did not find a.ri. influence of a day-night regimen. 
More studies are needed to elucidate this question in the cereal rosts. 

A mechanism that would explain constitutive dormancy is known 
neither for rosts nor for other fungi. Harder (1977) discusses wall 
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Fig. 16. Basidiospore discharge during a regimen of 8 hr darkness (dark segment of bar) 

and 16 hr light (light segment of bar) (1000 lux, 18°Cj. The'teliospores had been stored at 
4°C,for 2 years. Basidiospore discharge began in the fourth or fifth dark period during the

I indicated light regimen. (Modified after Gold and Mendgen, 1981b.) 
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qualities as one factor with respect to dormancy in the crown rost 
fungus. In other fungi with sirnilar qualities, the roIes of compartmen

I talization within the spore (Mandels, 1981), membrane features (see 
Turian and Hohl, 1981L and catalytic activities of mitochondria 
(Wenzier and Brambi, 1981) have been discussed. 

IV. Germination and Penetration of Basidiospores 

The basidiospores of th,e rosts in general do not seem to have special 
I morphological characteristics (Littlefield and Heath, 1979). Basidio

spores of ru,sts (e.g., G. juniperi-virginianae, Mims, 1977a) have a 

I prominent apiculus, an flppendage by which the spore was attached to 
the sterigma (Fig. 7). -The basidiospores of different Puccinia species are 
catapulted from their sterigma as far as 0.6 to 1 mm (y. Anikster, 
personal com'munication; Buller, 1924; Dietel, 1912a; Lambert, 1929). 
Dietel (1912a,b) calculates from such measurements a catapulting 
speed of 8 ern/sec. OIJ,ce airbome, the basidiospores may be trans
ported by the wind at high äii humidity over a distance of about 5 m 
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(Yamada et al., 1973). Basidiospores germinate under such high-humid
ity conditions without delay (De Bary, 1865, 1866j Waterhouse, 1921L 
with a short, delicate germ tube. It may act as a sterigma by producing 
secondary basidiospores IDe Baryj 1866) or lead to formation of an 
appressorium-like structure on the host leaf (De Bary, 1865, 1866 j Wa
terhouse, 1921). . 

The basidiospores of P. graminis (Waterhouse, 1921) and G. fuscum 
(Metzler, 1982) need less then 20 hr at 20°C to penetrate the epid~rmis.  

~>-~t~i....,~~ 

Fig. 17. Cross section at the penetration site through the basidiospore germ tube of 
Gymnosporangium fusclim on a pear leaL The wall (w) oE the basidiospore germ tube 
(appressorium) is covered with mucilage Im) and thins out at the penetration site (ps). A 
new walliarrows) is laid down aroUIld an "appressorial ring" la), thus delimiting the 
penetration peg. At this late stage of infection, the penetration peg is occluded with 
fUilgal wall material (fwm). (TEM, x2S,S20; bat, 1 f-lm). (From Metzler, 1982, with 
perrnission.) 
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During germination of Gymnosporangimn, large lipid bodies can be 
observed in the cytoplasm that seem to be degraded gradually. Numer
ous vesicles are present in the spore near the germ tube and in the germ 
tube (Mimsj 1977a). The germ tube and the appressorium of P. gra
minis basidiospores are covered with a mucilage layer (Waterhousej1 
1921 j Novotelnova, 1935). The germ tube wall formed by the basidio
spore is continuous with a newly formed inner wall layer in the 
basidiospore..'I The appressorium of G. fuscum formed on contact with the host is 
not separated by a septum from the germ tube(Metzler, 1982). As with 
P. graminis, the appressorium is surrounded by a mucilage that may 
stick to the host surface (Fig. 17). The appressorium wall thins out at 
the penetration site and differentiates an inner ring (appressorial ring) 
before penetration of the host cell (Fig. 17). The function of the ap
pressorial ringis still unknown. The penetration peg itself is formed by 
a new inner walllayer near the appressorial ring (Metzler, 1982) and is 
not continuous with the appressorial wall. After successful penetra

!- .. 
tion, the penetration peg is occluded by fungal wall material (Fig. 17). 
This wall material seems to separate the protoplast in the growing~l 

hyphae from the empty appressorium outside on the epidermis. For P.
I graminis, only a light microscope description of the infection process
i '-. by basidiospores exists IWaterhouse, 1921). Melander and Craigie 

(1927) observed that the progressive increase in resistance of very 
j .� young to old leaves of Berberis vulgaris to basidiospore infection of P. 

graminis is positively conelated with increased thickness of the cuti
cle of epidermal cells and increased resistance to mechanical puncture. 
However, physiological reasons for differences in susceptibility have 
not been excluded. 

The intercellular and intracellular structures subsequently formed 
by the monokary6tic rust fungus are described by Harder in Chapter 11 
of this volume. . 

V. Conclusions 

After their first eles~ription  by Tulasne and Tulasne (1847), the 
teliospores of the rust fungi have been studied in many details. Most 
articles deal' with teliospore morphology and infectivity of basidio
spores (Cummins, 1971 j Gäumann, 1959 j Hassebrauk, 1962). Some 
describe the metabasidium and basidiospore formation. Ultrastruc
tural studies are restrictedto very few rust speciesj mainly P. mal
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vacearum and Gymnosporangium spp. There is a lack of ultrastruc
tural studies on the cereal rust teliospores, their germination, and the 
basidiospore infection process. Studies on the physiology of teliospore 
dormancy and teliospore germination are still only beginning. Experi
ments with the cereal rosts similar to the studies on other rosts as 
described in this chapter are urgently needed, because teliospore be
havior plays an important role in the perpetuation of the disease horn 
one season to the next. 
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