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ABSTRACT
Fernando, W. G. D., and Linderman, R. G. 1993. Occurrence, distribution, and pathogenicity
of the cowpea root and stem rot pathogen, Phytophthora vignae, in soils of Sri Lanka. Plant

Dis. 77:1158-1164.

A Phytophthora sp. isolated from stem and root lesions of cowpeas (Vigna unguiculata subsp.
unguiculata ‘California Blackeye’) grown in a mixture of riverbank and forest soils in containers
under greenhouse conditions was identified as P. vignae based on morphological characters
and pathogenicity tests. P. vignae was isolated from soils in three of five cowpea-growing
districts of Sri Lanka by baiting with plants of the susceptible cowpea cultivar California Blackeye
or by floating disks of tea leaves over soil. However, the root and stem disease was apparent
at only one site, suggesting that some field soils might be suppressive. Among the 25 field
soils tested, the disease potential index varied from 0 in many fields to 16 in one field. Among
the cowpea cultivars grown in Sri Lanka, MI-35, ETA, Muttessa, and Sudumung were most
resistant. The U.S. cultivars Mississippi Purple, Purple Hulk, and Hercules were resistant to
most isolates but susceptible to three—P006, P007, and P009. The morphological characters
and pathogenicity of these three isolates on the U.S. cultivars differed from those of the other
isolates, suggesting they were of a different race(s). No other legume tested—Vigna radiata
(green gram), V. mungo (black gram), Phaseolus vulgaris (cvs. Top Crop, French Bean, and
Kentucky Wonder), Glycine max (soybean), Cajanus cajan (pigeon pea), Mucuna pruriens

(velvetbean), and Lanka kadala—was susceptible to the cowpea pathogen.

Additional keywords: disease resistance, suppressive soils

A stem and root rot of cowpea (Vigna
unguiculata (L.) Walp. subsp. unguicu-
lata) was first reported by Purss (17) in
Queensland, Australia. In 1957, Purss
(18) showed the causal agent to be a
Phytophthora sp., which he subsequently
named P. vignae Purss. Nirwan and
Upadhyaya (14) and Kitazawa et al (10)
reported this pathogen on cowpea and
adzuki bean (Vigna angularis (Willd.)
Ohwi & H. Ohashi) grown in India and
Japan, respectively. Disease caused by
P. vignae in these three countries was
distinct from a root rot of cowpeas
caused by Pythium myriotylum Drechs.
2).

P. vignae has been reported only from
Japan, India, Australia, South Korea,
and Taiwan (5,8,10,14,17,18). It has
always been host-specific, with one
exception. Kitazawa et al (10) and Han
et al (5) showed that adzuki (red) bean
was susceptible to P. vignae. Unlike P.
megasperma Drechs. f. sp. glycinea T.
Kuan and D.C. Erwin, which causes a
similar disease in soybean (Glycine max
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(L.) Merr.) and is distributed worldwide
(23), P. vignae is sparsely distributed. In
1991, P. vignae was reported for the first
time in Sri Lanka by Sivakadadcham and
Fernando (24) on cowpea, which is
grown on approximately 400,000 ha. The
disease was detected on greenhouse-
grown virus-indicator plants that
exhibited wilting, basal stem rot, and
root rot.

The report on the existence of P.
vignae in Sri Lanka (24) was from soils
collected from the banks of the Mahaweli
River and from a forest area about 1
mile from the C.A.R.L. research station
in Gannoruwa. The pathogen could have
moved downstream from cowpea-
growing areas further up the river, or
it may have been harbored by another
host, possibly a wild legume in the forest.
The purposes of this study were to: 1)
describe the symptoms observed in the
first recording of P. vignae in Sri Lanka
and to characterize the pathogen, 2)
evaluate the distribution of the pathogen
in field soils, 3) determine any additional
hosts, and 4) determine the pathogen’s
disease potential and virulence to cowpea
cultivars grown in Sri Lanka.

MATERIALS AND METHODS
Isolation and identification of the

pathogen. Cowpea cv. California Black-

eye seed was planted in 20 10-cm-diam-

eter pots containing a reddish brown
loam soil (pH about 6.5) in which the
cowpea disease had first been observed.
When symptoms appeared after 2-4 wk,
stem tissue pieces 1-2 cm long were cut
from the advancing edge of lesions,
washed, and surface-disinfested for 30
sec in 0.19% mercuric chloride, followed
by three washings in sterile distilled
water. Stem pieces were cut into thin
disks with a sterile scalpel in sterile dis-
tilled water. Disks were blotted dry on
sterile paper towels and transferred to
plates containing potato-dextrose agar
(PDA) or cornmeal agar (CMA) and
incubated for 7 days in the dark at room
temperature (23 + 3 C).

Mycelium growing out of the stem
tissue was transferred to PDA, CMA,
and cowpea agar (CPA) (crude extract
of 200 g of cowpea cv. California Black-
eye stems and roots plus 20 g of agar
in 1,000 ml of distilled water). Plates were
incubated at room temperature in alter-
nating light and dark for 10 days and
observed for mycelial growth and any
sexual or asexual reproductive struc-
tures. Plugs (5 mm) of the fungus grow-
ing on PDA were transferred to Petri’s
mineral solution (7) in petri plates or a
nonsterile garden soil extract (50 g of
soil in 1,000 ml of water incubated with
occasional swirling for 24 hr at room
temperature and then filtered through
four layers of cheesecloth and filter
paper). During the first 10 days of growth,
hyphae from plugs were examined for
presence of sporangia.

Pathogenicity tests. Two experiments
were conducted to test the pathogenicity
of the isolated fungus on cowpea cv.
California Blackeye. The soil used was
a mixture of two parts loam soil, one
part sand, and one part coir dust (pulver-
ized coconut husk). The soil mixture was
autoclaved at 120 C and 15 psi pressure
for 20 min before use in 22-cm-diameter
clay pots.

In the first experiment, two l-cm-
diameter plugs of the fungus grown on
PDA for 7 days were placed 1 cm below
the seed in the soil mix. The control
consisted of noninoculated PDA plugs
added to the soil mix. Five seeds were
sown in each pot. There were five repli-
cates per treatment, and the experiment
was repeated once.



In the second experiment, the fungus
was grown for 1 mo at room temperature
in the dark on a roedium containing equal
volumes of loam soil and washed sand
amended with cornmeal (39, w/ w). This
fungal inoculum was added (3%, w/w)
to a soil mixed thoroughly by hand and
placed in clay pots. Five seeds were sown
in each pot. The control pots received
3% (w/w) noninoculated, autoclaved
cornmeal:soil:sand mixture added to
autoctaved soil. There were five repli-
cates per treatment, and the experiment
was repeated once.

Plants in both experiments were
fertilized 1wice with the recommended 5-
10-10 N-P-K mixture, watered daily, and
allowed to drain freely, in a greenhouse
with 8 hr of daylight.

Field sites and sampling method. Five
of the 10 main cowpea growing districts
in Sri Lanka were selected for sampling:
Kurunegala, Anuradhapura, System C,
Kandy, and Matale. On the basis of
annual rainfall, Anuradhapura and
System C are in the dry zone, Kandy
and Matale are in the wet zone, and
Kurunegala is in the intermediate zone.
Five sampling sites were selected
randomly from each district. Cowpea
was growing ai cach site at the time of
sampling. However, the cultivars (MI-
35, Arlington, Bombay) and age of plants
(3-8 wk) differed.

Soil cores 15-20 cm deep were col-
lected within rows and near plant roots
at about 20-m intervals and randomly
along a W-shaped path covering the
entire area of each field sampled {11).
On¢ hundred soil samples were taken
within a sampling site, bulked and mixed
in large buckets, and then placed in
polyethylene bags for transportation to
the research station.

Isolation and identification of P.
vignae from soils. Techniques for isola-
tion of several Phytophthora spp. from
soil have been described by Tsao (30)
and Ribeiro (21), but neither report men-
tions isolation of P. vignae from soil.
Isolation of P. vignae from cowpea-
growing soils was attempted by three
methods.

Plant trap method. This involved use
of plants of a susceptible cowpea cultivar
to trap the pathogen from soil. Soils were
transferred to 12-cm-diameter pots
within 24 hr after collection. Four seeds
of California Blackeye cowpea were
planted in each pot. There were five
replicate pots for each sampled field. The
control for each field was autoclaved soit.
The experimental pots were placed in the
greenhouse {24-28 C) under natural
daylight (10 hr) conditions. The plants
were watered daily and kept for i mo
or until disease symptoms deveioped. If
disease occurred, small pieces of stem
from the advancing margin of lesions
were cut and immersed in 0.9 mercuric
chloride for 30 sec, washed three times
in sterile distilled water, and blotted dry

before being placed on CMA containing
20 pg/ml of pimaricin and 200 ug/ml
of vancomycin. Plates were incubated in
the dark at room temperature for 4 days.
Mycelia growing out of stem tissue were
transferred to CMA and CPA. Plates
were incubated for 1 wk under the same
conditions before examination and
identification.

fn vitro baiting by the double-cup
method. The double-cup leaf disk trap
method (i3) was used for all samples
from cowpea fields. After California
Blackeye cowpeas were grown in soils
for a month or less, small representative
soil samples were collected from the five
replicate pots, mixed, and used in the
leaf disk trap assay. Because the bait
leaves frequently became infected with
Pythium spp., Hamm and Hansen’s (4}
modification of the method was used
with further slight modifications.
Hymexazol, which suppresses most
Pythium spp., was added at a concen-
tration of 35 ug/ml to distilled water,
which was then added 10 soil at 6:1 (v/v,
water:soil) (16). Disks 8 mm in diam-
eter were cut from tea leaves and floated
on the water. Ten disks were placed in
each of five replicate cups. The control
assay was with autoclaved soil. The leaf
disks were transferred aseptically into
petri plates containing a selective
medium after 48 hr of incubation at room
temperature under light/dark condi-
tions. The selective medium was CMA
with 10 pg/ml of pimaricin, 200 ugfml
of vancomycin, 100 pg/ml of PCNB, and
50 ug/ml of hymexazol {(31). Five disks
from each replicate were cut in half, and
five halves were transferred to one plate.
The colonies growing out of each disk
were aseptically transferred to petri
plates with CMA so that colony mor-
phology and reproductive structures
could be observed and P. vignae iden-
tified. The other halves of each of five
disks were immersed in Petri’s solution
to induce sporangial production. After
24-48 hr, they were transferred to the
selective medium and allowed to grow
out.

Isolation by use of selective media. The
basal component in alt three selective
media used was CMA, Selective medium
| consisted of 5 ug/ml of pimanicin, 200
pg/ml of vancomycin, 100 ug/ml of
penicillin, 100 pg/ml of PCNB, 2.5 ug/
m) of benomyi, and 20 ug/ml of
hymexazol (15). Selective medium 2
contained 10 ug/ ml of pimaricin, 200 ug/
ml of vancomyein, 100 ug/ml of PCNB,
and 30 pg/ml of hymexazol (31). Selec-
tive medium 3 consisted of 20 ug/ml of
pimaricin, 200 pg/ml of vancomycin,
and 200 ug/mi of penicillin (6). The
antimicrobial agents were added to CMA
after autoclaving at 120 C and 15 psi
for 20 min and cooling 10 45 Cjust before
pouring plates. Soil from cowpea fields
was sprinkied onto three replicate plates
of each medium.

Pathogen identification. The CMA
and CPA plates containing the mycelial
piugs transferred from any of the three
isolation methods were observed under
a phase contrast microscope for spor-
angia and/or oogonia and antheridia. If
the reproductive structures of a culture
were characteristic of a Phytophihora
sp., it was further compared with the
original £, vignae isolate from Sri Lanka
(IMI316196). These cultures were grown
on PDA, and eight 8-mam-diameter plugs
were transferred to 500 ml of autociaved
cornmeal:soil:sand (1:1:1) (CMSS)
medium in 1,000-mt Pyrex conical flasks
and allowed to incubate at room tem-
perature {approximately 26 C in the
dark)for 1 mo. The Phytophihorainocu-
lum was mixed in pasteurized soil at 1%
{v/v), and seeds of cowpea cv. California
Blackeye were planted. The control had
1% (v} v) of sterilized CMSS medium in
the soil. Induction of disease symptoms
on the plant confirmed that the test
fungus was pathogenic, and it was further
confirmed to be P. vignae by Koch’s
postulates. The cultured isolates were
maintained in tube slants on PDA,
CMA, and CMSS a1t 20 C, All isolates
were recultured every month,

Quantification of P. vignae propagules
in soil. The serial dilution end-point
method (29) was modified for quanti-
{ying P. vignae propagule numbers, using
the susceptible cowpea cv. California
Blackeye as the trap plant. This method
gave an estimate of the disease potential
index (DPI), which reflects the inoculum
potential of the pathogen in soil. Cowpea
field soil was diluted twofold with sterile
soil (1/2, 174, . . . 1/64), and seeds of
California Blackeye cowpea were planted
in soils of each dilution. Five replicate
12-cm-diameter pots, with four plants
per pot per dilution, were used. The DPI
of a given soil was calculated as the
reciprocal of the highest of the dilutions
that gave typical Phyrophthora symp-
toms of stem lesions and wilting on sus-
ceptible cowpea cv. California Blackeye.

Additional hosts, While cowpea fields
in all five districts were being sampled,
weeds and legumes growing close to the
fields were surveyed for stem lesions and
blight symptoms. Any showing such
sympioms were collected in moistened
bags, and isolations were atiempted as
described previously. Weeds or legumes
growing near soil where the pathogen
had been collected for greenhouse use
were also examined.

Cultivar resistance. Eight cowpea cul-
tivars grown in Sri Lanka, five cultivars
grown in the United States, and four
breeder lines were compared with sus-
ceptibte ¢v, California Blackeye. The cul-
tivars tested in Sri Lanka were Arlington,
MI-35, ETA, Bombay, Sudumung,
Hawari-Mae, Polon-Mae, and Muttessa.
The cultivars tested in the United States
were Mississippi Purple, Mississippi
Silver, Hercules, Purple Hulk, and
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Cowpea Banquet, plus California
Blackeye. The breeder lines tested were
IT-84E-i-108, IT-83-5-818, IT-84E-124,
and [T-82D-513-1.

P. vignae P0O01 inoculum grown in
CMSS medium was used at 1% (v/v) of
the soil mixture of sand and loam,
pasteurized at 60 C for 30 min. Five seeds
were planted in each of five replicate pots
in tests in Sri Lanka. The six cultivars
tested in the United States were inocu-
lated with all isolates collected from Sri
Lanka with the exception of P020 and
P0O17, which died in transit. The inocu-
lum was prepared in 250-ml conical
flasks containing 125 ml of coarse
vermiculite moistened with 75 ml of
dilute V8 juice (200 m] of V8 juice con-
centrate, 800 ml of distilled water, and
2 g of CaCQ,) auvtoclaved twice over a
period of 24 hr for | hr each. The inocu-
lum was grown for | mo, observed under
the microscope, and then added to the
pasteurized soil at 1% {v{v) in 10-cm-
diameter pots. Control pots contained
autoclaved vermiculite moistened with
V8 juice added to pasteurized soil. Four
seeds were planied in each of five repli-
cate pots. Occurrence of disease symp-
toms was observed over the next 2 mo,

Pathogenicity on other legumes. Nine
leguminous crops grown in Sri Lanka
were tested and compared with suscep-
tible cowpea cv. California Blackeye.
These were soybean, black gram (V.
mungo (L.) Hepper), green gram (V.

radiata (L.} R. Wilcz.), pigeon pea
(Cajanus cajan (L.} Huth), Lanka
kadala, velvetbean (Mucuna pruriens
(L) DC), and Phaseolus vulgaris L.
‘French Bean’, ‘Top Crop’, and “Ken-
tucky Wonder’. Five replicate 12-cm-
diameter pots of ¢ach legume with five
seeds in each pot were planted in infested
soil (same inoculation procedures as in
the cultivar resistance trial}. Disease was
evaluated after 2 mo.

Data analysis. All experiments were
arranged in a completely randomized
design with five replicates. All green-
house experiments were repeated at lcast
once. Percentage data of the cowpea cul-
tivar resistance experiments were
arcsine-transformed (28) and analyzed
with an analysis of variance and mean
separation test suitable to the experimen-
tal design (P << 0.05). The variance of
repeated trials was compared with a
Bartlett’s test of homogeneity of vari-
ance. There were no differences in vari-
ance between trials (36). The pathogeni-
city of different isolates of P. vignae on
different cowpea cultivars was tested by
average linkage cluster analysis (25).
Results reported are from the first experi-
ment. Data were analyzed using an SAS
program (22}.

RESULTS

Disease symptoms and pathogen
identification. When the disease was first
discovered in experimental greenhouses

Fig. 1. Phytophthora root and stem rot disease of cowpea: (A) Stem lesion (arrow) on symplomatic
cowpea, (B) oospore of the incitant, £. vignee, produced after [0 days on cowpea agar, and
(C) sporangium of P. vignae produced within 2448 hrin Petri’s mineral solulion,
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in Sri Lanka, symptoms of cowpea stem
and root tot consisted of wilting when
leaves were still green and shrinking of
the basal stem at or near the soil surface
or a few centimeters above it. The first
or second internodal stem was generally
affected. Stem lesions initially occurred
on one side of the stem and were pale
or gray-green but not water-soaked.
Brownish streaks appeared subsequently
on the affected part of the stem. A stem
girdling at this region (Fig. 1A) resulted
in permanent wilting and death of the
plant. Roots of plants skowing stem rot
were poorly developed and necrotic.

A slow-growing fungus with aseptate
hyphae was recovered from surface-
sterilized stem lesions placed on PDA
and CMA. Mycelia subcultured on PDA
and CMA for 7 days produced no repro-
ductive structures. Subcultures on CPA,
however, produced abundant oogonia
and antheridia (Fig, 1B). The mycetia
produced on CPA were sparse, $o repro-
ductive structures were easily observed
microscopically (400X). Sporangia were
produced within 24-48 hr from mycelium
on cowpea roots transferred to either
Petri’s mineral solution or soil extract
(Fig. 1C). Sporangia developed on
simpie norbranched sporangiophores
and en simple monochasial sporangio-
phores. Sporangia were mostly ovoid to
obpyriform and nonpapillate or incon-
spicuously papillate and germinated on
cowpea broth by release of zoospores or
directly by germ tubes through the exit
pore plug. These features matched the
description of P. vignae (36).

Qospores were observed in host tissue
(400X} and were abundant in cultures
on CPA. QOogonia were spherical and at
first hyaline, becoming light brown with
age. Antheridia were ail amphigynous.
Qospores were apierotic. The fungus had
all the morphological features of P.
vignae as described by Purss (18). The
identification as P. vignae was confirmed
by the Commonwealth Mycological
Institute, London, and the culture was
deposited in the IMI culture collection
under the accession number 1IMI1316196.

Pathogenicity tests. In the first patho-
genicity tests using agar plugs of
inoculum, only about 1055 of the plants
showed typical root and stem rot symp-
toms; all control plants were healthy. In
the second experiment, in which corn-
meal:soil:sand inoculum was used, 100%
of the plants became infected and stem
girdling and leaf wilting symptoms
appeared within 10-15 days after plant-
ing; plants in the control pots remained
healthy. The causal agent of the stem
lesions was reisolated and identified as
P. vignae, fulfilling Koch's postulates.

Isolation from sofl and DPI. Of the
three methods used for isolating P.
vignae from cowpea field soil, the plant
trap and leaf disk bait methods were
successful. Neither P. vignge nor any
other Phytophthora spp. were isolated



directly from soils using selective media.

Sporangia characteristic of P. vignae
developed from the tea leaf half-disks
from the leaf disk bait method that were
placed in Petri’s solution. Hymexazol in
baiting water or selective media inhibited
Pythium growth. P. vignae was isolated
from the Kandy, Anuradhapura, and
System C districts. Of the five sites
sampled in each district, three in Kandy,
two in Anuradhapura, and three in
System C contained the pathogen (Table
1). The isolates grew out well on V8 agar,
CMA, PDA, and CPA. On CPA and
CMA, the fungus formed oospores. The
mycelial morphology of the isolates was
similar, but isolates P006, P007, and
P009 from Anuradhapura grew slowly
and had slightly smaller sporangia than
the other isolates. The trap plant assay
also recovered P. vignae (Table 1); 10
isolates of the pathogen were recovered
by this method. Fourteen isolates were
obtained by the leaf disk bait method
and confirmed to be P. vignae by
microscopic examinations and their
pathogenicity on cowpea. In one sam-
pling site (Ku-1, in Kandy), P. vighae
was recovered with the leaf disk bait
method but not with the plant trap
method. At least three isolations from
three diseased plants per sample site were
attempted. The roots and stem parts of
collected plants were thoroughly exam-
ined for disease symptoms. Koch’s

postulates were fulfilled with isolates
from these plants by the induction of
stem and root rot symptoms on cowpea
and reisolation. Other Phytophthora
spp. were isolated by the baiting methods
but did not cause disease symptoms on
cowpea.

In the serial dilution end-point exper-
iment, the greatest DPI was 16, in soil
from site MI-3, in Anuradhapura. All
other soils had smaller DPIs or zero
(Table 1).

Additional hosts. Repeated attempts
were made to isolate P. vignae from
weeds and leguminous plants, other than
cowpea, growing in the area and
exhibiting some possible root or stem
symptoms. Since P. vignae was never
recovered, no attempt was made to
identify any of the plants.

Of the cowpea cultivars grown in Sri
Lanka, Muttessa and the four breeder
lines (which came from the parent
Muttessa) were the most resistant (Table
2). Compared with the other cultivars,
ETA, MI-35, and Sudumung were
moderately resistant to isolate P001. All
other cultivars had below 50% survival
rates when P. vignae was present at 1%
(v/v) inoculum:soil. Among the cultivars
grown in the United States, Mississippi
Purple, Hercules, and Purple Hulk were
resistant to all isolates except PO006,
P007, and P009 (Table 3). These three
isolates were more virulent on U.S.

Table 1. Phytophthora vignae isolates obtained from soil from five cowpea-growing districts
of Sri Lanka, percent mortality of cowpea cv. California Blackeye plants grown in test soils,

and calculated disease potential index (DPI)

Isolates obtained by: P:;:::im
District Site Plant trap Leaf disc bait plants DPI’
Anuradhapura MI-1 0.0 0
MI-2 PO10 P001, P003 325 8
MI-3* P007, PO09 P005, P006 375 16
PPD-2 0.0 0
PPD-3 0.0 0
System C DK-1 P021 P012, P002 30.0 8
DK-2 PO19 P004, P008 27.5 4
SE-1 P020, P022 PO16 375 8
SA-1 0.0 0
NA-1 5.0 4
Kurunegala NI-1 0.0 0
MAK-1 0.0 0
MAW-2 0.0 0
PA-1 0.0 0
PA-2 0.0 0
Kandy GN-1 P014, PO15 PO11 12.5 1
HA-1 PO18 P013, P017 20.0 2
PI-1 0.0 0
KU-1 P023, P024 0.0 0
KU-2 0.0 0
Matale MA-1 0.0 1
SI-1 0.0 0
SI-2 0.0 0
DA-2 0.0 0
DA-3 0.0 0

YValues based on reciprocal of last twofold dilution with a positive disease reaction. Five pots
each with four plants per pot were used to provide means for percent dead plants and DPIL.

“Only site where disease was observed in the field.

cultivars than all other isolates. There
was no difference in virulence among the
three isolates on any cultivar, except on
Mississippi Purple. There were two
distinct groups of P. vignae pathogens
separated on the basis of average linkage
cluster analysis. Isolates P006, P007, and
P009 (cluster 1) were distinct from the
rest of the isolates (cluster 2) in their
pathogenicity reactions on different
cowpea cultivars (Fig. 2). The average
distance between these clusters was about
1.9. In cluster 2, the most distant
branches were between P018 and other
isolates (average distance around 0.5),
which is about four times smaller than
for the first two main clusters. We used
several other cluster analysis procedures
as well and found no clearer delineations
among isolates in the second cluster. For
example, P019 and PO13 were linked
closely to each other; the only difference
was in their pathogenicity on cultivar
Mississippi Silver, i.e., one more plant
survived after inoculation with PO19 than
after inoculation with P013. Within
cluster 2, there was one main subcluster
(with 11 isolates) and a series of very
small subclusters with one or two isolates
that apparently did not differ in distance
from the main subcluster in cluster 2.
Results indicated that U.S. cultivars are
completely resistant, moderately resis-
tant, or highly susceptible to isolates
P001 and P006 in a greenhouse pot
environment.

Table 2. Responses of cowpea cultivars and
breeder lines to Phytophthora vignae isolates
P001 and P006 2 mo after inoculation under
greenhouse conditions’

Cl;llt]l(;'ars Percent plant survival
breeder lines P001 P006
Arlington 20 de*
MI-35 60 be
ETA 70b
Bombay Oe
Sudumung 60 be
Hawari-Mae 30 de
Polon-Mae 40 cd
Muttessa 95a .
Mississippi Purple 100 a 45a
Mississippi Silver 25 de 20b
Hercules 100 a Oc
Purple Hulk 100 a Oc
Cowpea Banquet Oe Oc
California Blackeye Oe Oc
Breeder lines

IT-84E-1-108 100 a

IT-83-S-818 90 a

IT-84E-124 100 a

IT-82D-513-1 100 a

*Five pots per treatment with four plants per
pot were used. Plants in control pots (nonin-
oculated pasteurized soil) were completely
disease-free.

*Values followed by the same letter are not
significantly different (P = 0.05) according
to the Student-Newman-Keuls test. Values
were arcsine-transformed before analysis.
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Table 3. Pathogenicity of Phytophthora vignae isolates from Sri Lankan soils on U.S. cowpea

cultivars’
Number of infected plants per cultivar®

Isolate CBE MP MS CB PH H
P00 20 1 20 17 0 0
P003 20 1 17 20 0 0
PO10 20 0 18 18 0 0
P00S 20 0 20 19 0 0
P006 20 10 20 20 19 20
P009 20 9 18 20 20 20
P007 20 9 18 19 20 20
P012 20 0 15 16 5 1
P002 20 0 17 18 0 0
P021 20 0 18 18 0 0
PO19 20 0 14 20 0 5
P004 20 0 19 20 4 0
P008 20 0 20 20 0 0
PO16 20 0 15 18 5 0
P022 20 0 14 19 0 0
PO11 20 1 19 20 0 0
PO14 20 0 19 20 1 0
PO15 20 0 15 20 0 0
PO13 20 0 15 20 0 5
P018 20 0 20 19 5 5
P023 20 1 20 18 0 0
P024 20 0 20 18 0 0

YFive pots per treatment with four plants per pot were used. Average linkage cluster analysis

was applied to differentiate isolates that produced different reactions.

*CBE = California Blackeye, MP = Mississippi Purple, MS = Mississippi Silver, CB = Cowpea

Banquet, PH = Purple Hulk, H = Hercules.
Average Linkage Cluster Analysis

Average Distance Between Clusters

P PO PO PR PO beeeane PO Foeen PO PO + Isolate #

L

—

POO1

P023
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PO05
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P002
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Fig. 2. A dendrogram, drawn from a cluster analysis, on pathogenicity of 22 isolates of
Phytophthora vignae on cowpea cultivars California Blackeye, Mississippi Purple, Mississippi
Silver, Cowpea Banquet, Purple Hulk, and Hercules. On the basis of the cluster hierarchy,

two main clusters are distinct.
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In pathogenicity tests with nine other
legumes grown in Sri Lanka, all were
resistant to P. vignae.

DISCUSSION

P. vignae was shown to be the causal
agent of stem and root rot of cowpea
in Sri Lanka. It is placed under key group
Vlin the genus Phytophthora (27), along
with some broad host range Phytoph-
thora spp. such as P. cambivora and P.
cinnamomi.

Our success in isolating P. vignae from
cowpea field soils in Sri Lanka can be
attributed largely to the use of the sus-
ceptible cowpea cultivar California
Blackeye. Growing the susceptible cow-
pea cultivar in soil allowed P. vignae to
cause lesions on which the pathogen
could multiply. Heavy watering also
created environmental conditions condu-
cive for the disease to occur in the
greenhouse.

The leaf disk bait assay to isolate P.
vignae was also successful, possibly
because the soil used had been heavily
irrigated and planted with a susceptible
host grown under conducive greenhouse
conditions. These conditions appeared to
activate the pathogen propagules.
Canaday and Schmitthenner (1) reported
that keeping the soil moistened for 2 wk
prior to baiting increased the chances of
isolating P. m. glycinea from soil. Our
method went a step further by using a
susceptible host plant to enhance the
production of sporangial inoculum in
situ before baiting. Using hymexazol in
both the bait water and the selective
medium helped to minimize colonization
of the baits by Pythium spp. This is
important in baiting, especially when the
pathogen propagule number in soil is low
(31). We also used a high water-to-soil
ratio to encourage sporangial production
and to reduce fungistatic effects by soil
dilution.

The serial dilution end-point technique
was used successfully to determine DPI
values of different soils. All the fields
sampled generally had a low DPI. Only
with soil from one field where disease
was apparent was the DPI as high as
16, and that field was watered daily and
soil remained very moist. But even that
DPI was low compared with the DPIs
of 128 reported by Greenhalgh (3) for
fields examined for P. cinnamomi. The
Kandy district had the lowest DPI values
of the areas from which the pathogen
was isolated, possibly because of milder
temperatures (21-26 C) than in
Anuradhapura and System C (30-35 C).
One site in the Matale district had a DPI
of 1, but P. vignae was not isolated from
that region. Also, P. vignae was isolated
from the Ku-1 site in the Kandy district
by the leaf disk bait method, but the DPI
was 0. These results suggest that the soils
sampled had different potentials to cause
disease, even under conducive condi-
tions. For soils with a DPI of 0 and from



which the pathogen was not isolated, the
pathogen probably was not present or
propagule levels were below the detection
limit. Soils with the pathogen present and
at detectable levels, however, may be sup-
pressive to the disease because of phys-
ical, chemical, or biological properties.

This study established the presence of
P. vignae in at least three different
districts of Sri Lanka, even though the
disease was observed in the field at only
one site in the Anuradhapura district.
That site was more heavily watered than
the other sites, as it was managed by the
agricultural research station at Maha
Illuppallama. All other sites in that
district had well-drained, drier soils with
high soil temperatures. Disease occurs in
fields where the pathogen is present only
if susceptible cultivars are planted.
Antagonistic microorganisms in soils of
those fields may restrict the pathogen
from causing disease (12). Alternatively,
symptoms or signs of the disease may
have been overlooked. For example, low
yield could easily have been attributed
to environmental factors rather than to
root disease. Somasiri (26) stated that
the performance of cowpea in poorly
drained soils was unsatisfactory but that
response could have been due to the
presence of Phytophthora spp. causing
disease.

The fact that we did not isolate the
pathogen from any weeds or legumes
does not rule out the possibility of
additional hosts. We examined only
weeds exhibiting stem lesions or wilting
near cowpea fields. An additional host
could harbor the pathogen without
exhibiting visible aboveground disease
symptoms.

The cultivar Muttessa and the four
breeder lines were highly resistant to the
pathogen isolate P001, and the cultivars
ETA, Sudumung, and MI-35 showed a
moderate resistance. MI-35 and ETA are
the most common cultivars grown in the
districts sampled. Breeding for these
cultivars was done in the Anuradhapura
district, and breeders may have unknow-
ingly selected for resistance to P. vignae.
These cultivars also have higher yields
and command a higher market price
because of their better texture and flavor.
The higher yields could be related to the
resistance to stem and root rot. We have
not made any yield comparisons to
confirm this, however.

Three U.S. cultivars—Purple Hulk,
Mississippi Purple, and Hercules—were
completely resistant to isolate PO0O1.
However, all were susceptible to isolates
P006, P007, and P009. This was con-
firmed by average linkage cluster anal-
ysis. These three isolates were in one
cluster and were distinct from the rest.
These results suggest the occurrence of
two races of P. vignae in Sri Lanka, with
P006, P007, and P009 belonging to one
race (race A) and all other isolates
belonging to the other (race B). It is

interesting that race A was found only
at the MI-3 site in the Anuradhapura
district. Purss (20) described four races
according to cultivar resistance observed
in Australia. Tsuchiya et al (34) proposed

three races of P. vignae f. sp. adzukicola

based on pathogenicity of isolates in
Japan.

We feel that the race designated A is
anew racein Sri Lanka that is pathogenic
on all six U.S. cultivars tested. It would
be interesting to test both races on Sri
Lankan cultivars of cowpea and also to
compare both races with races found in
Australia. In a field situation, some of
these cultivars showed “field resistance,”
except in the Maha Illuppallama area,
where soils were heavy and moist. Purss
(19) also observed field resistance of
certain cowpea cultivars that broke down
when conditions favored the pathogen.

Our work showed that, depending on
the race (isolate) or the inoculum level
of the pathogen, immunity or high
resistance could be broken down, as
encountered with isolate P006. We would
therefore be cautious in describing the
nature of resistance of cultivars, as some
cultivars appear to have a general type
of resistance while others have a more
specific type. These may be analogous
to horizontal and vertical resistance,
respectively (35).

All legumes other than cowpea that
we inoculated showed complete resis-
tance. Purss (19) showed similar results
with some legumes, and our work adds
to his susceptibility/ resistance list of dif-
ferent legumes and legume cultivars.
Adzuki bean is the only legume other
than cowpea known to be susceptible to
P. vignae (9,10,33). Kitazawa et al (9)
further tested the four races of P. vignae
from Australia on adzuki beans and
cowpeas, along with the Japanese iso-
lates of P. vignae that were pathogenic
on adzuki bean. Tsuchiya et al (34) sug-
gested designating formae speciales for
isolates of P. vignae differentiated on the
basis of their pathogenicity to adzuki
bean and cowpeas. They named P. vignae
f. sp. adzukicola and P. vignae f. sp.
vignae for the isolates pathogenic on
adzuki bean and cowpea, respectively.

ACKNOWLEDGMENTS

Financial support for this project as a scholarship
for the first author from USAID through the Sri
Lanka Department of Agriculture is gratefully
acknowledged. We thank P. Dutilleul for advice on
statistical analysis.

LITERATURE CITED

1. Canaday, C. H., and Schmitthenner, A. F. 1982.
Isolating Phytophthora megasperma f. sp.
glycinea from soil with a baiting method that
minimizes Pythium contamination. Soil Biol.
Biochem. 14:67-68.

2. Croft, B. P. 1988. Root rot of cowpeas caused
by Pythium myriotylum in northern Queens-
land. Australas. Plant Pathol. 18:8-9.

3. Greenhalgh, F. C. 1978. Evaluation of tech-
niques for quantitative detection of Phytoph-

20.

21.

22.

23.

24,

25.

26.

thora cinnamomi. Soil Biol. Biochem. 10:257-
259.

. Hamm, P. B., and Hansen, E. M. 1984.

Improved method for isolating Phytophthora
lateralis from soil. Plant Dis. 68:517-519.

. Han, E. H., Lee, C. H,, Sin, C. S., and Lee,

E. K. 1982. An investigation on the stem rot
of red bean caused by Phytophthora vignae
Purss. Res. Rep. Off. Rural Dev. Soil Fert. Crop
Prot. Mycol. Farm Prod. Util. 24:69-71.

. Hansen, E. M., Hamm, P. B., Julis, A. J., and

Roth, L. F. 1979. Isolation, incidence and man-
agement of Phytophthora in forest tree nurseries
in the Pacific Northwest. Plant Dis. Rep. 63:607-
611.

. Johnston, A., and Booth, C., eds. 1983. Plant

Pathologist’s Pocketbook. Commonwealth
Agricultural Bureaux, Farnham Royal, Slough,
England.

. Kao, C. W, and Leu, L. S. 1982. Phytophthora

stem rot of cowpea caused by Phytophthora
vignae Purss in Taiwan. Plant Prot. Bull. 24:189-
191.

. Kitazawa, K., Suzui, T., and Yanagita, K. 1979.

Pathogenicity of Phytophthora vignae Purss to
adzuki bean and cowpea (in Hokkaido, Japan,
Australia). Ann. Phytopathol. Soc. Jpn. 45:406-
408.

. Kitazawa, K., Tsuchiya, S., Kodama, F.,

Kamjaipai, W., Ogashi, A., and Yanagita, K.
1978. Phytophthora stem rot of adzuki bean
(Phaseolus angularis) caused by Phytophthora
vignae Purss. Ann. Phytopathol. Soc. Jpn.
44:528-531.

. Lin, C. S., Poushinsky, G., and Mauer, M. 1979,

An examination of five sampling methods under
random and clustered disease distributions using
simulation. Can. J. Plant Sci. 59:121-130.

. Linderman, R. G., Moore, L. W., Baker, K.

F., and Cooksey, D. A. 1983. Strategies for
detecting and characterizing systems for
biological control of soilborne pathogens. Plant
Dis. 67:1058-1064.

. Linderman, R. G., and Zeitoun, F. 1977.

Phytophthora cinnamomi causing root rot and
wilt of nursery grown native western azalea and
salal. Plant Dis. Rep. 61:1045-1048.

. Nirwan, R. S., and Upadhyaya, J. 1972.

Phytophthora blight of cowpea new to India.
Indian Phytopathol. 25:162-163.

. Papavizas, G. C., Bowers, J. H., and Johnston,

S. A. 1981. Selective isolation of Phytophthora
capsici from soils. Phytopathology 71:129-133.

. Pratt, B. H., and Heather, W. A. 1972. Method

for rapid differentiation of Phytophthora
cinnamomi from other Phytophthora species
isolated from soil by lupin baiting. Trans..Br.
Mycol. Soc. 59:87-96.

. Purss, G. S. 1953. Stem rot of cowpeas. Queensl.

Agric. J. 77:139-142.

. Purss, G. S. 1957. Stem rot: The disease of

cowpeas caused by an undescribed species of
Phytophthora. Queensl. J. Agric. Sci. 14:125-
154.

. Purss, G. S. 1958. Studies on varietal resistance

to stem rot ( Phytophthora vignae Purss) in the
cowpea. Queensl. J. Agric. Sci. 15:1-15.

Purss, G. S. 1972. Pathogenic specialization in
Phytophthora vignae. Aust. J. Agric. Res.
23:453-456.

Ribeiro, O. K. 1978. A Source Book of the Genus
Phytophthora.J. Cramer, Vaduz, Liechtenstein.
SAS Institute. 1987. SAS/STAT Guide for
Personal Computers. Version 6 ed. SAS Insti-
tute, Cary, NC.

Schmitthenner, A. F. 1985. Problems and pro-
gress in control of Phytophthora root rot of
soybean. Plant Dis. 69:362-368.
Sivakadadcham, B., and Fernando, W. G. D.
1991. Root and stem rot on greenhouse-grown
cowpea caused by Phytophthora vignae in Sri
Lanka. Plant Dis. 75:215.

Sokal, R. R., and Michener, C. D. 1958. A
statistical method for evaluating systematic
relationships. Univ. Kans. Sci. Bull. 38:1409-
1438.

Somasiri, S. 1981. Land, water and crop man-
agement under irrigation in the dry zone of Sri
Lanka. Res. Rep. Dep. Agric. Mahaweli Res.
Comm.

Plant Disease/November 1993 1163



27,

23

29,

30.

1164

Stamps, D L., Waterhguse, G. M., Newhook,
F. 4., and Hall, G. 5. 1990, Revised tabular
key to the species of Phytophthora. Pages 1-
28 in: Mycol Pap. 162, Commonw. Mycal.
Inst., Kew, England.

Steel, R. G. D., and Tarrie, J. H. 1980. Principles
and Procedures of Siatistics. McGraw-Hill
Book Co., New York.

Tsao, P, H. 1960. A serial dilution end-poinl
method for estimaling disease potentials of
citrus phyltophthoras in soil. Phytopathology
50:717-724.

Tsae, P. H. 1983. Factors allecting isotation and
quantitation of Phyrophthora frem soil. Pages

Plant Dissase/Vol. 77 No. 11

kIR

32

33

219-236 in: Phyrephthora: l1s Biology,
Taxonomy, Ecology, aad Pathology. D. C,
Erwin, S. Bartaicki-Garcia, and P. R. Tsao, eds.
American Phytopathological Society, St, Paul,
MN.

Tsao, P. H., and Guy. 5. Q. 1977, [nhibition
of Mortierella and Pyihium in a Phytophihora-
isalation medium containing hymexazel.
Phylopathalogy 67:796-801.

Tsao, P. H.. and Menyonga, J. M. [966.
Response of Phyrophthora spp. and so0il micro-
Moea to antibictics in the pimancin-vancomycin
medium, {Absir.) Phytopathology 56:152.
Tsuchiya, §.. and Tanaka, F. 1984, A survey

of the oubreak of Fhyrephthora vignae in
Kamikawa district. Bull. Hokkaido Prefect.
Agric. Exp. Sin. 51:105-111.

34, Tsuchiya, S., Yanagawa, M., and Ogashi, A.

35,

36.

1986. Formae speciales differentiation of
Phytophthora vignae isolates from cowpea in
adzuki bean. Ann. Phytopathal. Scc. Jpn.
52:577-584,

Vanderpiank, J. E. 1963, Plant Diseases:
Epidemics and Control. Academic Press, Mew
York.

Waterhouse, G. M. 1970, The Genus Phyroph-
thora de Bary. Mycol. Pap. 122, Commonw.
Mycol. Inst., Kew, England.



