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Summary

Eleven species of Erysiphe R. Hedw, ex DC.: Fr. emend. Heluta (Erysiphales) are
recorded from the Fabaceac sensu lato. E, cercidis T, Xu and E. deserticola Speg.
occur on the Caesalpinioideae, and only one species, E. desmanthi (U. Braun)
Heluta comb. nov., i1s found on the Mimosoideae. The other 8 are parasites of the
Faboideae. Morphological analysis of all 11 species shows that their ancesiral
form was similar to E. glycines var., lespedezae (R.Y. Zheng & U. Braun) U. Braun
& R.Y. Zheng. Allocation of these species to phylogenetic groups of the Fabaceae
indicates that their evolution occurred in parallel with that of their hosts, but with
some delay in time. E. pisi DC. probably developed from an ancestral form on
Palaeosophoreae, and still occurs on Sophora species. Some parasites of more
recent taxonomic groups of Fabaceae, which are morphologically identical 1o
E. pisi, probably developed from the same primary ancestor, but not from the
parasite of Palacosophoreae (ancient «£, pisis), The latier probably gave origin 10
E. trifolii Grev. and E. thermopsidis R.Y. Zheng & G.Q. Chen, Rapid evolution of
the Palacomillettieae did not initiate speciation in Erysiphe. Probably only two
taxa developed at this stage: E. glweines var. glycines (from the ancestral form
already mentioned) and E. puerariae R.Y. Zheng & G.Q. Chen (from the ancestor
of the E. trifolii-type). Subsequent speciation splash occurred on  the
Palacogalegeae, where and when E. cruchetiana 5. Blumer, E. victae-unijugas
{Homma) U. Braun, and E. caulicola (Petrak) U, Braun developed.

Introduction

An analysis of the species distnbution of powdery mildew fungi (Ervsiphales) by
subfamilies of the Fabaceae sensu lato indicates that there were at least two main
stages in their evolution: the first occurred long before divergence of the
Caesalpimicideac, Mimosoideac and Faboideae; the second was connected only
with the Faboideae (12 ]. Out of 47 members of the Erysiphales known 1o occur on
the Fabaccae, 38 species have been recorded on plants of the third subfamily, and
mast of those belong in Erysiphe DC.: Fr. emend. Heluta and Microsphaera Lev.,
(10 and 21 respectively). The other parasites of the Faboideae belong to the
genera -Uncinula Lev. (6 species), Sphaerotheca Lev. and Phyllactinia Lev. (3
each), Pleochacta Sacc. & Speg. (2 species), Brasiliomyces Vieg. and Leveiffula
Arm. (1 ecach). Representatives of the genera Brasiliomwees, Pleochaela,
Phyllactinia and Unciaula are probably now merely a few relics of groups of
powdery mildews which previously flourished, doubtless also on ancestors of the
modern legumes, thal is to say, their origin was connected with carlier stages of
evolution of the order Erysiphales. A collective species, Levetliufa taurica sensu
lato is the youngest representative on the Fabaceae. and a member of the
youngest genus of this order [3, 4]. 1t is not inconceivable that now biotypes of
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this genus are gradually colonizing new hosts of different families of the
Magnoliophyta. Species of Sphaerotheca are probably fortuitous on the Fabaceae,
because they occur in small numbers and have anamorphs of the Oidium sensu stricto
type, whercas other parasiltes on legumes have anamorphs which are either
evolutionary more recent or unrecorded. Species of the remaining two genera,
Erysiphe and Microsphaera, form an apparenily phylogenetic unified group, because,
as noted formerly [1, 4, 5, 7, 10, 11|, there are many taxa intermediate between
them. Those closer to Erysiphe are morphologicaly more simple and earlier in origin,
and it is accordingly necessary to carry oul a precise examination of the relationships
between spedies of the genus Erysiphe recorded on members of the Fabaceae sensu
lato. The present paper addresses this interesting problem.

Results and discussion

As already noted [12], comparative analysis of morphological features of Ervsiphe
species gives very little information about how evolution occurred within this genus,
but it is possible to determine more archaic or more recent taxa based on the presence
in them of features judged 1o be primitive. In this casc it is essential to look first at the
number of spores in the ascus. During evolution this changed from cight 1o two
(single-spored asci are formed very rarely). Appendage shape is also noteworthy. In
different species of the genus Erysiphe it can vary from simple and mycelium-ike 10
more complex — dichotomously branched and differentiated from mycelium,

As pointed oul above, eleven represcntatives of the genus Erysiphe have been
recorded on plants of the family Fabaceae sensu lato. Only two (E. cercidis and
E. deserticola) are found on the Caesalpinioideae and one (Microsphaera trifolil) is
known on the Mimosoideae. The others are parasitic on members of the Faboideae.
As will be seen from the table, all species parasitizing legumes are morphologically
rather similar, but the Chinese endemic species E cercidis 15 distinguished on
account of a number of fealures which are at the extremes of the full range of
variation. It has the smallest conidia and ascocarps, the fewest and shortest asa
{which contain the shortest ascospores); the number of ascospores in the ascus is 2—
7; appendages are simple and mycelium-like. It is therefore possible to regard this
taxon as archaic in comparnison with the other species. It is nol inconceivable that this
species has the most ancient origin by comparison with the other representatives of
the genus Erysiphe described on legumes. E deserticola, another parasite of
Caesalpinioideae, is known only from Argentina. Its teleomorph has not been
adequately studied; its anamorph is similar to the anamorph of E. pisi [11]. The
small number of ascospores in the ascus (2—4) is peculiar to this species, and its
host-specific characler and espedally its geographical distribution also testify 1o its
considerable isolation from other representatives of the genus Erysiphe on the
subfamilies Mimosoideae and Faboideae,

The fungus E. puerariae also is distinguished by some special features. lis
ascocarps contain few asci, which are the widest among Erysiphe-like parasites of
legumes; ascospores of this species are also the largest, and E. pucrariae has Very
few appendages (1—4, more seldom up to 7) which may branch dichotomously
once or twice al the apex. This combination of features suggests that this species is
evolutionarily advanced and that it has a relationship with the genus
Microsphaera. Erysiphe caulicola also differs somewhal from other species of this
group. It has the largest ascocarps, the most asci containing the greatest number
of ascospores (up to 7), and short appendages. E. trifolii and E. thermopsidis are
also of special interest. The former has appendages differentiated from mycelium
more than in any other species [2, table V|, with apices which can divide
dichotomously more than once. On the basis of these features, Braun [8 ] has
transferred this specics 1o the genus Microsphacra. E. thermopsidis has short
simple, often uncinate appendages which make this species close to the genus
Uncinula. Furthermore, it has conidia as small as those of E. cercidis. Among the
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other species, E. vicige-unijugae and E. cruchetiana are also distinguished. They
have frequently- and irregularly-branched, almost coralloid appendages. 11 is
also worth noting E, glycines, and particularly its variety fespedezae with its
archaic number of ascospores (8, rarcly 6—7).

Some leatures of Erysiphe species recorded from legumes

Spectes o ccoie | of asocarps |Member of mat| D | epores | of saapones
E. caulicola 30—45x [(00HI0—| o ¢ B0—B0 x (214—7 16—25 x
{Petrak) U. Braun 14—18 IBS(210) 30—45 10—=14
: 27=35x 65— 33—55x 14=20x
E. cercidis T. Xu 13—17 | woaio | 33T | Tl -7 914
E. cruchetiana 30— x o SA4—=T0x W I18—24 x
Blumer 15—20 o0—120 4—10 T5—45 (2} 3—4(5) 11—15
7 25—40 x S0—60 x

E. deserticola Speg. | Tyq_5g | 100—150 — 35135 1—4 —
E, desmanthi L3 70— 35 40—35 x 3—4 15—12x
(L. Braun) Heluta Q50105 24—40 I1—15
E. glycines Tal var.| 25—50x | (7T5185— I 50—65 x - 16—25x
glycines 13—3z | 130050 | 10 | Cap—as |BT®Y N s
var. lespedezae
(Zheng & U. Braun)| — - o | R gk | Mem24a
U. Braun & Zheng

s 24—55x (B0 ES— (34— 40—85 x 18—=25x
E. pisi DC. 14—22 150 8(13) 25—55 | ‘B30 vy
E. puerarie Theng & _ (7009 — 3—7 46—Th x g 23=28 x
Chen 110 3856 15—I18
E. thermopsidis 5=35x | i 35—T0x " I6—25x
Zheng & Chen 13—13 | 8000 | 10610 | e | B35 | Te iy

S IN—45 x (500 90— 45—80 x I18—30 x
E. trifolil Grev. 16—21 L50¢ | 8O i—-12 2550 | 235w | "
E. viciae-unijugae 25—38 x 85— - 50—T0x 18—25 x
(Homma) U. Braun | 13—20 | 1350145 | %710 | “35_45 |46 5 s
N o te s Information on Ervsiphe species & adduced by U, Braun [11}, with our additions: the
dimensions are given in mkm; there are exireme values o round brackes

It is thus possible to demonstrate that, on legumes, some more or less separate
species and groups of the genus Erysiphe exist. These are: 1) E cercidis; 2)
E. deserticola; 3) E. caulicola, E. glycines and E. pisi; 4) E. cruchetiana and
E. viciae-unijugae; 5) E. puerariae and E. trifolii; 6) E. thermopsidis. A ¢lear
transition from Ervsiphe to Microsphacra (via group 5) and Uncinula (via the last
species) can also be traced.

It is however a very difficult problem to make any diagram of the relationships
of Erysiphe species based purely on their morphology. Therefore, working on the
hypothesis that evolution in Erysiphe was connected with that of legumes, an
attempt will now be made to analyse the distribution of species of this genus by
phylogenetic groups of the Fabaceae sensu lato,

As already noted, only E. cercidis and E. deserticola are found on repre-
sentatives of the subfamily Caesalpinioideae, and in morphology these two species
stand somewhat apart from the other Erysiphe species parasitizing legumes. In all
probability, they are species which developed during the first stage of evelution of
powdery mildews parasitizing legumes. On plants of the subfamily Mimosoideae
only one species, £, feifolif, was known. Braun |9] has reported Microsphaera
trifolii (=E. trifolit sensu Heluta and some other mycologists working on powdery
mildews) var. desmanthi U. Braun on Desmanthus brachvlobus Benth.: but this
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variety di*fers considerably from M. #rifolii var, trifolif in morphology, because it
has significantly smaller ascocarps, warty appendages, a small number of asci and
few ascospores. ln addition, this fungus develops on stems. These features,
together with the specific taxonomic position of host plant, are sufficient grounds
1o regard this taxon as a secparate species — E. desmanthi (U. Braun) Heluta
comb. nov.! On the one hand, it is similar to E. cercidis (dimensions of ASCOCarps,
asci and ascospores, and number of asci); on the other, this species is similar to
E. deserticola (number of ascospores). [t is not improbable that these three
species have one common anceslor, from which E. desmanthi has evolved the
most. Microsphaera trifolit var. trifolii has also been reported on species of Acacia
Mill. and Albizzia Durazz., but this information needs critical verification, because
an incorrect identification of the fungus is possible: such mistakes are common in
records of powdery mildew fungi parasitizing legumes [10 ).

Most Erysiphe species recorded on legumes are found on representatives of the
subfamily Faboideae. As may be seen from Fig. 1, the number of these species is
greater on the evolutionarily advanced groups of this subl‘amilyz. Thus, it can be
supposed that evolution in the genus Erysiphe tock place in parallel to that of the
Faboideae, but with some delay in time. The ancestral form of these parasites was
probably similar to the present species £, glyeines, Decause the variety lespedezae
of this species has the greatest number of features judged here to be archaic —
eight ascospores in ascus and very simple appendages. E. pisi DC. may have
developed on the Palacosophoreae or perhaps an even more early ancestral form
owing to reduction of the number of its ascospores. It still occurs on plants of the
genus Sophora L. This species has been thought 1o occur on legures descended
from the Palacosophoreae groups, but it is quite possible that these organisms
have not developed from «E, pisi» parasitizing Palacosophoreae, bul they each
separately evolved from an E. glycines-like ancestor. In that way, on
papilionaceous plants we have a complicated picture of taxa with similar
morphology which evolved through different paths at different times. Only by
recogmizing such an hypothesis can we explain the fact that the morphologically
primitive and archaic E. glwines continues o exist in our time and is parasitic on
plants belonging to the evolutionary advanced tribes Desmodieae, Phasoleae and
Yicieae, while it is not recorded on representatives of the groups related to the
Genistoid alliance, Millettioid and Robinioid complexes. 11 is probable that the
archaic «F. pisi» gave origin to . irifolii (through further evolution of appendages
which led to their differentiation from mycelium as happened in species of the
genus Microsphaera) and 1o E. thermopsidis (through the same process, but with
appendages similar to those of morphologically pnmitive representatives of the
genus Uncinwla), because these two species are known on plants of various groups
of the Genistoid and Galegeid alliances. In any event the close relationship of
E. glycines, E. pisi and E. irifolii seems beyvond question since the spreading of
first and second of them correlates with the rank of iribes in their hosts. A similar
situation is observed in E. pisi and E. {rifolii at the rank of tribes or, at least at the
rank of complexes. The process of reduction of ascospore number is also reliable:
cytological investigations |13 ] have demonsirated that in the ascus of powdery
mildews eight primary nuclei are formed. All or part of this number (depending
on the actual fungal species) can become the basis for differentiation of
ascospores. The phenomenon of reductlion of ascospores numbers can also be
traced for present 1axa of the genus Erysiphe. For example, in asci of £, glycines
var. lespedezae recorded on representatives of the genus Lespedeza Michx. (tribe
Desmodieae) in China, Japan and the far east of Russia eight ascospores are

1
Bas.: Microcphasra trifolil var. desomanthi U, Brawn, Mycotaxon 19: 375 (1984).

]
aﬂ"ﬂ'ﬂuﬂﬁ[ﬁd further, all information oo the legumes is mken from the monograph by
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formed. Furthermore, specimens from the same region and from North America
are found on plants of the genus Desmanthus Desv, (the same tribe), and on the
basis of this feature they have an intermediate place between var. lespedezae and
var. glycines |11 |. The last of them also parasitizes representatives of some genera
of the line represenied by Phaseolus and the more advanced group of the
Galegoid complex.

Trifolisas

E.cruchetiana, E.pisi
E.thermopsidis, E.trifolil

Cloersas —— |

Yicisas
E.cruchetiana

E.glycines, E.pis1

E.viciae-uni jugae

coronilleas
E.trifolii 7
Lotesas Desmodisas 1
E.pisi i lE.egcinns, E.pisil
E.trifolii | S
Indigofarsas
Hedysarsao -'-—'-lrFa.laenanegM;I — Planliul
E.trifelii 3 E.trifeolii
9
Galegaas
l E.caulicola, E.pisi Fhaseoclaas
i E.gly¥cines
i | E.pisi Amorphaas
[12 carmichaslisas | E.pusrariae E.trifelii
E.trifolii
11 r Ade=zmisas
10 r Aeschynomensas
E.pisi
| E.trifolii
‘‘‘‘ r Robinieams
Bosziassas — Palasomillettisae E.trifolii &
Mirbal h:- - T
Crotalarieas 1
Liparieas == - § —
Podalyrieae ——) — HMillettieas 7 l|
4 = Is Brnnqniutiunl
i . : I Abraaa 5 |
| Genistaae i v
E.pisi
E.trifolii Palasogenistedc|
|
Tharmopsideaa i E
E.thermopsidis F
¥ E.pisi 1 | -
{
111 ! — f
| Dipterygeaa i
? | r———————|Dalbargieae 2 i
‘ Euchresteas 1 S ' n
Sophoreae 3.8, — 7 T Diplotropidoas
L E.pisi = F pho | —— il‘uc:inu:i
Paleosophoreaa [T~ T Angylocaliceas
Cadieas DT 7 Camcensicas
| Baphieaa T = Myrosparmeas
" o 1 Leptolobieaa
1
l II
Ewartzisas —-———{ Palawofabaceas l

Fig. 1. Distribution of species of the genus Erysiphe by phylogenetic groups of the subfamily Faboideae.
I. Swarttioid line. 11 Sophoroid alliance: | — Sophoroid complex; 2 — Dalbergioid complex. 111,
Genistoid alliance: 3 — Genisioid complex; 4 — Podalyriod complex; § — Brogniartioid line. 1V.
Millettioid alliance: & — Abroid line; 7 — Millettiond centre; 8 — Rokinioid complex; 9 — Desmodioid
complex; 10 — Phaseoloid ling; 11 — Galegoid complex; 12 - Carmichaelioid ling
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Rapid zvolution of the Palaeomillettieae did not apparently initiate speciation
in the genus Erysiphe, because we do not find any new additional common 1axa
for plants of different complexes and lines of the Millettioid alliance. Probably at
this stage only a reduction of ascospore numbers took place in forms like
E. glycines var. lespedezae. The selection of present biotypes of E. glycines var.
ghwcines recorded on representatives of the Phaseoloid line and the Galegoid
complex of papilionaceous planis was a resull of this process. Il is not
inconceivable that on the Palacomillettiae, E. puerarige originaled from an
ancestral form like E. trifolii: both have spread on planis of the Phaseoloid line
and have similar morphological features. Further selection of Erysiphe species
takes place on the Palacogalegeae, because only on representatives of this group
have such species as E. cruchefiana, E. viciac-unijugae, and E. caulicola
developed. The first of these is similar 1o E. pisi and is regarded, even by Braun
|81, as a variety of this species. However, E. cruchefiana has appendages
branched and arranged in a more complicated manner. E. viciae-unijugae also has
such appendages, though their ramification is even more intensive. Both species
have spread onto plants of the same genus (Lathyrus L.), bul they have different
geographic distributions (the first is European; the second is Asian) and are
probably very recently evolved variants of a common ancesitor like E. pisi, What
places E. caulicola takes in the diagram of relationships remains something of a
mystery. It may be near E. glycines (they have such common features as a large
number of asci, an archaic number of ascospores in ascus, and simple
appendages), but in this case the range of host plants for E. caulicola is likely 1o
be considerably broader then has been established to date.

E.dessrticola
E.oarcidis

E.dssmanthi

E.thermopsidis

E.pusrarie

E.trifolil

E.viciae-uni juges
B.cruchstiana
E.pisi

E.caulicola

E.glyoines
var. glycines

E.glycinan
var, lespedazae

Fig. 2. Diagram of the probable pylogencuc connections of species of the genus Erysiphe registered on
::;uuu (PFF — Palacofabacese, PG — Polacogalcgeae, PM — Palacomilleticae, PS5 —
alasosophoreac)
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Conclusions

The information presented here about species of the genus Erysiphe recorded on
legumes suggesis a correlation between their morphology and their parasitism of
particular groups of the Fabaceae scnsu lato. In any event the parasites of the
Mimosoideae and Caesalpinioideae stand somewhat aside from the rest, because
they have strongly expressed morphological fealures (see table) which are
probably evidence of their having the longest evolutionary history. Nevertheless,
something like E. glycines var. lespedezae can be considered as the ancestral form
of most Erysiphe species found on legumes, A summary of the phylogenetic
conneclions of the species of the genus Erysiphe recorded on the Fabaceae sensu
lato is shown on Fig. 2.
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BT, Femoma
DPLIOTEHIA BHIIB POOY ERYSIPHE — MNAPASUTIE BOBOBHX
IncrumyT Goraudin v, M.T. Xonoaworo HAH Yepainm, M. Kuie

Ha foGomix (Fabaceae 5. 1) suanneno L1 swiis Sopoummcropocanms rpubia 3 pony Erysiphe DC.: Fr.
emend. Heluta: gra — E cercidis T. Xu ra E deserficola Speg. — wa  uesanwnivicssx
(Caesalpinioideae) | amwe ogen — E desmanthi (U, Braun) Heluta comb. nov, — Ha mis0308mx
iMimosnideae) | peurta € napasutamy Mereankosnx (Fahoideas). Ha ocooni peaynstartin ananmay sop-
dpinoriunmx oanak yoix 11 npeacransuxin pony Erysiphe scTanoRacHD, U0 1% AHLECTPLALHOK dofMon
five san, Gnmasni ao E, glycines var, lespedezos {7heng & U, Braun) U. Braun & Zheng. Awnaniz
NPHYPOUEHOCT] AMIIS POy 40 GLioreremiuio ryn Godommx ol Mpo Te, Wo EsymOUiFHA NPoLEE
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y poml siafveaecd  NADATETHH0 G0 ool DOCHHH- S HEHTENE, NPOTE 3 NeRHM J3THMMEDND B wac.
Llle wa Palacisophoreae, =alfivTe, Bia  BHOCEMRAAHOT aunocTpaaesHol opss Bamae £ posd DO, gemi
sfbepirce va sraax pogy Sophora Lo Biporuiio, mgo sopdeunonia s Qe TH O dosry Napaier iHUmT eao-
MOUIAHG NpoCyYHYTILm rpyn GoDoBHY BeHrIH B TOM % AHEECTORA, @ We AU apeedeonD £, pisis —
napaisrs nam ocooponkx, Tlpote Bia ooTa e, mMafivmh, me wa Palacosophorcae eawiW nouatok
E. trifolii Gres. | E. thermopsidis Theng & Chen, Axtsini eniionis MasCoMUETTICEHE He iHiWioaLna
saoyTeopenie B pont Ervsiphe, Mafyme, Tyr mosncns e B glveines var. glycines (sla nepeickod amie-
cTpansHOl dropei napazaia fodosux) | £ pucrarioe Fheng & Chen — e anuecmopa miny E prifodil. Mo-
BANMUMA UMK BMOOYTBOpEHE BLafyece WA Palacogalegeas, WB NDEACTEBNMEAX HEME  BMHHEAH
E. cruchetiang Blumer, E viciae-unijuga (Homma) U Braun » E. coulicota (Petruk) U. Braun.

B0, Fenoima
GWIOMEHES BHI0B POIA ERYSIPHE — ITAPA3HTOB BOBOBLIX
HucraryT Goranmem . H.T. Xoasogworo HAH Yepawid, r. Kees

Ha Gobosex (Fabaceae 5. 1) aapermecrpuponiso 1] suaos smyusHcTopocansx mpubos ma pons Erysiphe
DC.: Fr. emend. Heluta: ama — E cercdis T, Xu v £ deserticola Speg. — 0@ ugiankiHHHEBLY
{Caesalpinioideas) w Tonexo oaue — E desoraathn (U, Braun) Heluta comb, nov. — Ha MHSMO308LIX
(Mimosnidess) ) OCTATRHLIE FANTOTCH NAPEIMTAMM MOTAARKDBERIE (Faboideae). Ha ocunranme ananmis
MopchonorMueCKHE npHaHakon acex 11 npeacranerene i poga Eeiphe Yeminaracn, o Mx anecTpans-
HoR Gopmon Bean e, Bomaxed x E plycines var, lespedezae (Fheng & UL Braun) U, Braun & Theng.
AHETHA TP POSE HIPOCTH BT (LA ® S e s e cs ms iy 18 ffonsi CRMASTEMCTIYET O To, oo
IOUTRMLHOH B TROIEEE B POIE 1S TIPAL TR D8LTHITHH HE DACTENMA- X030, HO © HCKOTOPOA 18-
aAcpmeon B0 BpeseHH. Ewd wa Palacosophioreae, tuaeauann, OF YO0MEHYTOR 3HILCCTRLALMOR dopsm
nporoowen E, pisi DC., womopui coxpaiaca ma moax poga Sophorg Lo Ouckis Bepostio, yro sopgso-
AOMVUBCKH  MIEHTHUHBIE EMY RAPLIHTE Gy Ssaskdiaonne Gunee npogsmyyTee mynn Gobopwx
MPOFCHMILTA OT TIND ME SHIECTIPA, 2 We 0T Jpe e « /2 pue — napaiera nascocodspos-x. Ho or noc-
Aeawern, HascpHoe, sme wa Paloesophorcae wwoe wavino £ frifolil Grev, w £ thermopsidis Theng &
Chen. AKTHRHAY FROTHHLAE TELBCEOMMIIC TTHC RS 0 MM RLH [R1.13 Hi!mk{lmnlﬂlll“k‘ H e EJTHF-*E.
BiosomHD, WIoCh BOAHMKTH TOAkK0 5 glvcines var glcioes (0T nepadoson asiecT kiR dopsis
napaskros Gobosn ) W E puerarioe Zheng & Chen = of aonecopa Tana & feifodil, Mamactoomi scaees
BHACOORAIRANME NpoHAoWes wa Palacogale grac, Ha npecianHTeiEs KoTOpux NOSsniHce £ crucheliona
Blumer, E. waae-anifugoe (Hommad U, Draun w E, coulicode (Petrak) UL Brawn,



