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Abstract:  Several Calonectria ( Ca.) and Cylindvoclad-
fum {Cy) species were recovered from alfalfa-baited
soil samples gathered in Colombia and Venezuela.
Perithecia of Calonectria navicwlata sp, nov, formed
in culture when Veneeuelan strains of Oy navicula-
frem were crossed with ex-type Brazilian strains, Ca-
lonectrin gracilipes sp. nov. (anam, Gy gracilioidenm
sp. nov. ), a homothallic species, was isolated from Co-
lombian soils. Cylindrocladium graciloidewm, Cy. grae-
ile, Cy. pleridis and Cy. pseudagracile form a complex
of morphologically similar species characterized by
clavate vesicles and primarily l-septate conidia, Each
species could, however, be distinguished using RFLP
banding patterns, A key to Calonectria spp. having
Cylindrocladium anamorphs with l-septate conidia is
also presented.
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INTRODUCTION

The hyphomycete genus Cylindrocladinm Morgan
represents species with hyaline, smooth, cylindrical
conidia, and penicillate conidiophores with septate
stipe extensions terminating in vesicles of character-
istic shape. Where known, teleomorphs of Cylindro-
cladivm spp. (Cy) are best accommodated in Calo-
neciia De Not (Ca).

More than 20 species of Cylindrocladium are rec-
ognized (Crous and Wingfield, 1994; Crous et al,,
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1895, 1997, Victor et al., 1997). Of these, Oy, gracile
(Bugnic.) Boesew. (= Oy dlavatum Hodges & May;
Crous et al.,, 1995) has been described under various
epithets, and has also been incorrectly linked to dif-
ferent Calonecivia telecomorphs. In contrast to this
specics, (.’_\'. navicwlatum Crous & M.]. Wingf. is pres-
ently known only from its type collection, isolated
from soil in the Amaconas Provinee, Brazil (Crous et
al,, 1994}, In the present study, several soil samples
were collected from Fuealyptus plantations in South
America (Colombia and Venezuela)., Some of the
samples rendered isolates of Cylindrocladivm spp., in-
cluding Oy naviewlatum and a species morphologi-
cally similar to Oy gracle. When cultured, two pre-
viously undescribed Calonectria states were mduced
for these species. This report describes the hitherio
unknown tt‘luumurph of Oy naviculatum, and char-
acterizes the Calonectrin species isolated rom Colom-
bian sail.

MATERIALS AND METHODS

Isolation and identification.—Filteen soil samples
were mandomly collected from  different eucalypt
plantations in Colombia and Venezuela. Each sample
consisted of two peti dishes filled with moist soil col-
lected in the upper 15 em soil layer in a 1 m radius.
Dished were sealed, and transported to the labora-
tory, where soil samples were moistened. alter which
surface-disinfested (1 min in 1% NaOCL) alfalfa seeds
were scattered onto the soil surface in cach dish. Af-
ter 14 d, the germinating seedlings were removed
from the dishes, submerged in 1% NaOCI for 30 s,
rinsed in sterile H,O, and plated onto 2% malt ex-
tract agar (Biolab), amended with streptomycin sul-
phate (0.05 g/L) (MEA). Petri dishes were incubated
for 7 d at 25 C under continuous near-ultraviolet
light, after which single conidia from sporulating Cy-
findrocladium isolates were plated onto carnation leaf
agar (CLA) (Crous et al,, 1992), Cardinal tempera-
ture requirements for growth and cultural character-
istics were determined after 6 d on MEA using the
procedures of Crous et al. (1994). Cultures of Cylin-
dracladium were identified using the kevs of Crous
and Wingfield (1994). Wherever possible, 30 mea-
suremenis were made of structures mounted in lac-
tophenol, and extremes given in parentheses. T}"pt
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specimens were lodged at the National Collection of
Fungi in Pretoria (FREM), and ex-type cultures main-
tained in the culture collection of the Department of
Plant Pathology at the University of Stellenbosch,
South Africa (STE-L).

Sexual compatibility—lsolates of Cy. naviculatum col-
lected and identified in this study were mated on
CLA with their ex-type strains (STE-U 627-629) in all
possible combinations using the technigue previously
described by Crous et al, (1993a), Pewri dishes were
inspected weekly for perithecial development. Single
conidial isolates of the Colombian species (STE-U
1153, 1213} readily formed perithecia in culture, and
were, therefore, accepted as being homothallic.

Molecular comparisons—Morphologically the Cylin-
drocladium sp. isolated from Colombian soil is char-
acterized by having lseptite conidia and clavate ves
icles, Based on these observations, it was further com-
pared with Cylindrocladivm spp. known to have cla-
vate vesicles, and primarily l-septate conidia, The
nuclear ribosomal DNA (nrDNA) of the Colombian
Cylindrocladium sp. (STE-U 1153) was compared with
ex-type strains of Gy gractle (PC 551197, = Gy ela-
vatumn, ATCO 22833), Ca, plevidis Crous etal, {anam,
O, ptevidis Woll, PPRI 4157) and Ca, gracilis Crous
et al. (anam. Cy. pseudogracile Crous, PPRI 4176).
The nrDNA of these isolates was digested with the
restriction enzymes HeoRl, HindlIl and Xhol, and a
Southern blot analysis was performed using the
6.3-kb ribosomal DNA repeat unit of Newrospora cras-
sa as probe (Crous et al., 19495).

TAXONOMY

Calonectria gracilipes Crous et G.RA, Mchau, sp.
nov. Fics. 1-4, 9-11

Anamerph. Cylindrocladium  graciloideum Crous e
G.RA. Mchau, sp. now,

Perithecia globosa ad ovoidea, 350400 pm alea, S00-380
prn b, crocea ad rubra, parjele exteriore verrucosa, os-
tiolo papillato. Asci clavati, in stipitem longom tenuem
gradatim angustatae, 80=120 * 12-18 pm, Sspori. Ascos-
porae hyalinae, fusiformes, lsepiatae, ad septum constric-
tag, (28-133—40{—45) ® (5-)6-7(-7.5) pm. Filum septatum,
hyalinum (150-) 200{-260) pwm, in vesiculam clavatam (-
4) pm dian terminans. Rami primarii non seprati vel raro
l-seprat, 15-25 ¥ 4-5 pum; rami secundarii non septat, 10—
15 ¥ A6 pm. Phialides doliiformes ad renilormes, hyali-

nae, non septatae, 10-15 % 25-4 pm, Conidia cylindrica,
hyalina, I-septata, apicibus obuusis, (55-)40—48(-60) = 4—
5(=6) pm. Microconidiophora ignota,

HOLOTYPE, COLOMBIA. La Selva, soil, Jun. 1965, M.f

‘ingfield (PREM 54417 teleomorph, PREM 552949 ana-
morph, ex-type culture STE-L! 1153),

Perithecin orange, globose o ovoid, 350-400 pm high,
300-580 pm wide, turning dark red in 3% KOH; ostiole
papillate, orange to red, generally darker than the perithe-
cium body, Perithecial wall consisting of two layers: outside
layer ol textura globulose, 40-50 pm wide; inner layer of
textura angulariy, 10-50 i wide; hymenial laver of fextura
frasmatice, hyaline, 5-10 pm wide; perithecial base up to
10 pm wide, consisting of dark red, angular cells. Asa
Bspored, clavate, 80-120 % 12-18 pm, mpering w a long
thin stalk. Ascaspores hyaline, fusoid with rounded ends,
straight 1o slightly curved, |-septate, constricted at the sep-
tam, {(28-133-40(-45) ¥ (5-)6-7{-7.5) pm. Macroconi-
diofores comprising a stipe, a sterile elongation and »
penicillate arrangement of ferile branches, Stipe septate,
C150-)200(-260) wm long, terminating in a narrowly cla-
vate vesicle, 3(—1} pwm diam; primary branches asepate or
rarely lseptate, 15-25 % 45 pm; secondary and tertiary
branches aseptate, 10-15 X 46 pm, each terminal branch
producing 2-6 phialides; phialides doliifform to reniform,
hyvaline, non-septate, 10-15 ¥ 2.5-4 pm, apex with minute
periclinal thickening. Conddia ovlindrical, rounded ar both
ends, straight, (35-)40-48(-60) *% 4-5[{-6H) pm, l-scpiate,
lacking a visible abscission scar, held in eylindrical packets
by colorless slime, Microconidiophores not observed. Chla-
myefospores dark brown, walls thickened, formed in moder-
ate numbers throughoot the mediom, and aggregated w
form microscleroti

Cultnres, Colony color {reverse) 13 sienna (Rayner,
1970, Colonies attaining a radius of 1518 mun diam on
MEA after 6 d in the dark ar 25 C

Clardinel trmpevattre reguiremends for gretl. Min, above
10 €. max, below 35 C, opt. 25 G Thisisa high wemperare
species, with mediam sporulation on aerial myceliom,

Suilstrate, Soil.

Dristrafetion. Colombii,

Calonectria naviculata Crous et M.J. Wingl, sp. now,
Fics, h-8, 12-14

Anamarph, Cylindvocladium  naviculatum Crons & ML
Wingf., Mycotaxon 50: 443, 1994,

Perithecia rubricbrunnea, globosa ad ovoidea, 350-450
pm alt, 350400 pm laa, paricte exteriore verrcoss, os
tiolo papillato. Asci clavat, in stipitem longum tenuem gra-
datim angustatae, TO-100 * 8-12 wm, 2-8spori. Ascosporae
hyalinae, fusiformes, falcatae, 1(-3)-septatae, ad sepra con-
strictve, guttulatae, (20-140-48(-52) * (3-)5-6(-6.5) pm.

—

Fics. 14.  Calonectria gracilipes and its anamorph Cylindrocledium graciloideum. 1. Asci and ascospores. 2. Conidiophore,
clavate vesicles and l-septate conidia. 3. Section through a perithecium wall showing the various wall layers. Bar = 10 pm.

4. Vertical section through a perithecium. Bar = 20 pm.
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Fios, 58 Calonectria naviculata and its anamorph Cylindvecladium noavicnlatum, 5, Asci (immature) and ascospores, b,
Naviculate vesicles (above) and lseptate conidia. 7. Section through a perithecium wall showing the various wall layers, Bar
= 10 pm, 8, Vertical section through a pertheciom, Bar = 20 pm,

HOLOTYPE. BRAZIL ¥ VENEZUELA. Asaroxas: sail
collected [rom Manaus (Brasl) and Rio Orinoco (Venerue-
la), respectively, heterothallic mating of STE-L 627 *
STE-U 962, Feh. 1995, M, [ Wingfield (FREM 54418).

Perithecia red-brown, globose o ovoid, 350450 pm
high, 350—400 pm wide; ostiole papillae, red, perithecium
turning blood red in 3% KOH. Penthecial wall consisting
ol two lavers: outsicle laver of fextura glofadosa, 2040 pm

wide; inner layer of fextura angularis, 20-30 pm wide; hy-
menium layer of fextura prissatica, hyaline, 5-10 pm wide;
perithecial base up to 80 pm wide, consisting of dark red,
angular cells. Asci 2- to Sspored, clavate, 70-100 > B-12
pwm, tapering to a long thin stalk. Ascospores hyaline,
siooth, fusoid with rounded ends, mostly stightly curved,
1{=3)=seprate, becoming constricted at septa when 3seprate,
guttnlate, (20-)40-48(-52) X (3-}5-6(-6.5) pm.
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Fies. 8-14.  Caleneciria gracilipes and Ca, novieuleta, 911, Calonectria gracilipes. 9. Penicillate conidiophore of Gy gra-
cilpidenm. 10, Section through a perithecium wall. 11, Ascospores. 12=14. Calonectiia navicudata, 12, Section through a
perithecium wall. 13, Ascus and ascospores. 14. Ascospore. Bar = 10 jum.
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Fic. 15. Ribosomal DNA  hybridization paterns [or
EeoRl digested nDMNA of straing of Cylindroctadinm and Ca-
fonectria species. Lanes 1, 2. Gy grvacile PC 551197 and
ATCC 22833, Lane 3. Ca. gracilipes STE-U 1153. Lane 4.
Ca. graclis PPRI 4176, Lane 5. Ca. plerdis PPRI 4157, Sire
markers are lambda DNA digested with EeoR1 and HindlITl

Chultwres and cavdined tengperature requiremends for growth,
As reported by Crous et al. (1994),

Substrate. Soil.

Distribution. Brazil, Amazonas state; Venezuela, Rio Ori-
noco, Puerto Avacucho, Amazonas,

Additional cultures examined. BRALIL. Amadomas; Ma-
naus, soil, Apr 1993, M Wingfield, STE-U 627629 (ex-
type of anamorph), VENELZUELA. Amazonas: Rin Orinoco,
Puerto Avacicho, soil, 19949, MLJ Wingfield, STE-LT 947, 955,
961, 962,

[HSCLISSTO N

Species differences in Cylindrmeladim are primarily
manifested in conidil size, septation and in the Torm
of the 1werminal vesicle of the conidiophore. Among
the species having clavate vesicles and conidia that
are primarily I-septate, Gy gracile has been recorded
to have a wide range of conidial measurements,

Crous and Wingfield (1994) rewined Cy elavatum
{(=Cy. brassicar) (conidia 38-52 X 46 um) and Oy,
gracile (conidia 40-56 ¥ 3.5-5 wm) as separate spe-
cies despite strong morphological similarity. EI-Gholl
etal. (1993) identified Cy. davatum as the anamorph
of Ca. clavata Alfieri et al. Crous etal, (1993Db) linked
Cy. gracile to Ca. gracilis Crous et al. However, in us-
ing nrDNA RFLP's, Crous et al. (1995) showed the
ex-type strains of Oy, davatum and Cy. gracile to be
identical. The anamorph of Ca. dlavara was further-
more found o be misidentified by El-Gholl et al.
(1993) as v, davatum (= 0y graciled), and it was sub-
sequently described as Gy flexnasum Crous (Crous et
al, 1995). To further confuse this issue, the strain
described as Ca. gracilis was incorrectly linked w Gy
gracile (Crous et al,, 1993b), and was thus described
as Oy, psewdogracile (Crous et al, 1997), Cylindroclad-
fum spp. in this group are difficult to identify, and it
has noww become obwious that with several species
both morphs are required to accurately identify new
strains, and that in problematic cases more specific
molecular techniques would have to be cmployed to
confirm idennfications.

Calindrocladivm gracilofdewm (STE-U 1153, 1213)
had shorrer and wider conidia (35404860} X
(4=)5(=6) pm than those of Gy psendogracile
(40-3H0-55(—65) = 4(-H) pm, but wis consistent
with the variation accepted in Gy gracile (35-)40-
50(=52) ¥ 4-5(-6H) (ATCC 228353), (40-)45-50(-60)
X (35045 wm (PC HHLI9T) (Crous et al,, TU95). In
this species complex, however, the nDNA profiles of
Cy. praciloidenm digested with the restriction en-
gymes FealRl (Fios 15; Tanie 1) and Xhel, proved to
be distinct from those of the other two species. OF
the Calonertria staes described for Cylindvoctadinm
spp. with clavate vesicles and l-septate conidia, Ce,

Tane L Estimated resuiction fragment sizes (bp) ol nuelear rDNA probed with the 6.3-kb ribosomal repeat unit of New-

FOSfIT CAEST

DNA fragment sizes

Specics Accession no, ool HiadLH Mhaol
Cylindrociadinm graciloidenm STE-U 1153 G0 it B0
(telen. Ca. gracilipes) 4500
Cylindrocladism psendogracile PPRI 4176 5700 G300 =90 000
(telew. Ca. gracifis) 3500
Cylindracladium pleridis PPRI 4157 UM G000 8300
(relea. Coa. peridis) BEH)
B0
Chylindracladinm pracile PG 51197 A0 18 (o 75
ireleamorph unknown) IR0
ATCC 22853 4000 13 000 ToIM)
1500

* Exype culture of Oy glavatiom.
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gracilipes can be distinguished by forming orange
perithecia with l-septate ascospores (28-)33-40(-
45) X (5-16-7(-7.5) pm, being most similar to, hut
wider than those of Ca. grecilis {(27-)33-45(=-50) X
(4-}4.5-5(-6) pm. Although the nrDNA RFLDP pro-
files of Ca. pteridis and Ca. graclis were similar ex-
cept for one distinet band (> 20 000}, spores of Ca.
preridis |ascospores (30-)52(-75) X (4-)6(-7) pm,
conidia 50-130 ¥ 4-7 pm] were much larger than
those of Ca. gracilis [ascospores (27-)33-45(-50) X
(4=14.5-5(-6) pm, conidia (40-)56(-65) = (4-)5
pm: Crous et al., 19971

Cylindrocladiom namenlatum can be easily distin-
guished from other species of Cylindrocladium by its
characteristically naviculate vesicles, wide stipe exten-
sions, and narrowly lseptate conidia (40-55 X 3
win; Crous e al, 1994). Although several single-co-
nidial strains derived from the type collection from
Amazonian Brazil produced protoperithecia on CLA,
no fertile perithecia were observed. In mating studies
with strains obtained in the present study Trom soil
from Amazonian Veneeuela, several combinations
among six straing [STEU 627 (+) with strains (=)
STE-U 955, 961, 962, and STE-U 628 (+} with strains
(=) STE-U 947, 961 and 962] produced perithecia
with fertile progeny. The fact that both STE-U 627
and 628 mated with STE-U 961 and 962, sugeests that
isolates STE-U 627 and 628 are of the same mating
type. This would explain the absence of {ertle peri-
thecia in the study where this species was described
(Craus et al., 1994), Although strains were mated in
all possible combinations, STE-U 627 (4] did not
mate with STE-U 947 (=), nor did STE-L7 G28 (+)
mate with STE-U 955 (=), suggesting that other fuc
tars could also have played a role in these particular
Mmalngs,

Several media and techniques have been success-
fully employed in the past to bait Cylindrocladinm
strains from soil (Crous et al, 1991), and whether
the alfalfa technique used in the present study is the
maost effective, has yet to be determined. Using this
technique, however, a number of Cylindrocladium
spp. other than those deseribed here were also ob-
tained from the soil samples collected. Samples from
Venezuela rendered a few isolates of Gy peridis
(STE-U 1181, 1182), Oy candelabram Viegas (STE-U
1183) and Cy. gracle (STE-U 920-522, 938-940). Co-
lombian samples were more rewarding, and were ex-
tensively colonized by Cy. reteaudii (Bugnic.) Boesew.
(STE-U 1069-1072, 1145-1152, 1165, 1166), and to
a lesser extent by Gy parasiticem Crous et al, (STE-U
723-725), Gy. gracile (STE-U 726, 1159, 1164) and Cy.
candelabrum (STE-U 1160-1163).

Several Cylindrocladium spp. with l-septate conidia
have been linked to Caloneciria states similar to Ca,
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gracilipes and Ca. naviculata. Although these species
can be distinguished from each other based primarily
an their anamorphs, identifications are greatly sim-
plified if both morphs are formed in culture, Since
publication of the initial key to Calonectria spp. with
Cylindrocladiim anamorphs (Crous and Wingfield,
1994), several new species have been added 1o the
complex discussed in the present study, and thus an
emended key is provided below,

KEY TO CALONECTRIA SPP WITH Y EINDHROCLALNUM
ANAMORPHS HAVING I-SEFTATE CONIDIA
1. Vesicles clavate or clavale o avesiculate ... 0000 2
1. Vesicles not as above ;... ]
2. Supe thick-walled, freque mh ave w:nl-‘-lt cunldhl
AT-T7 % 4=7 pm, perithecia red-brown, ascospores
l{=3)-seprate in ascus, (20-)40-48{-52) = (3

T U T E S s

.......... Oy avesierefatum (eleo, Co. avesieilnle)
2. Stipe not thickwalled, never avesiculate, vesicles

clavare i 4

3. Tl:luuuu:ph LuLL:umn n‘::lll:hrl ﬁri"i }I:f]—rrl[—ﬁll'l s
(F5-04-5(=8) WM oo sivian i e Oy, grarile
4. Telesmorph readily formed in culture ..o 4
4. Perithecla orange, conidin (35-)40-18 (-6} X 4=
(-6 pin, ascopores |seprate, mostly consiricied
at seprum, (281 38—A0{=14h) X (F-)6-T(-7.5) pm
Oy praviloidenm (eleo. Ca. gracilifes)
4. Perithecta red-brown, conidin (40-)50-h8{-65) =
$(=5) pm, ascospores L-septate, mosily not con-
stricted ar septum, (27-)38-45(-50) X ()45
S{=0) pm . ... Cw prendogrecile (teleo, Co gracilis)
5, Vesicles sphaeropedunculate, conidia 35-66 % 3-5
i perithecia orange-red, ascospores l-septate i as-

cus, (18-127-36(-48) * {(4=)4.5=-0(-T) pm . ...,
o Oy flovidarum (e b, Ca. kyotensis)
A ‘-.’::514:]:-:5. not a5 above, perithecia red-brown .. ,.... 6

6. Vesicles navicalate, conidia 40-55 ¥ 53— pm, as-
cospores | (—3)-septate in aseus, (20-)40—-48(-52)
# (8-)5-6(-6.5) pm

.......... Oy, naviculoiun {lc]m {n nru-m.!fmrﬂ
6. Vesicles not as above, conidia 33-66 X 35 pm,
ascospores |-seplate inascus ... 7

7. Vesicles obovoid o pyriform or clhpm:da! 'w:uspm es
{24=}30-40(—44) X (4-)6=T(=8) pm .......
i . Oy, soparium (teleo, Ca. mnrganu]
7. ‘l.-c-:mh,s nhp}n!'c-rm, rarely ellipsoidal, ascospores
(28-133-47(-68) X (4-)5-6(-T) pm .......
.............. Oy, candelatrum (teleo. Ca. :w,i:-rﬂa}

Results of the present and other recent studies
{Crous et al., 1995; Victor et al., 1997) provide fur-
ther evidence that the morphological variation ob-
served in some species in Cylindrocladium and Calo-
nectria can, in many instances be auributed to the
lumping of distinct biological species. Of the approx-
imately 20 known species of Cylindrocladium (Crous
and Wingfield, 1994; Crous et al., 1995; Victor et al.,
1997), only six have not yet been linked to Calonec
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tria states. This genus has been shown to include
both homothallic and heterothallic species. All indi-
cations are, therefore, that additional collections will
lead to the description of teleomorphs for those spe-
cies known only in the anamorph state. The soil bait-
ing technique provides a means for collecting isolates
from diverse areas and ecological habitars. Udlizaton
of this approach will eventually increase our knowl-
edge of the diversity and mating systems within this
group, and facilitate more detailed population siud-
ies on species complexes such as Oy candeladrim
(Crous et al., 1993a) and Cy. flondanum (Victor et
al., 1997).
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