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Physiological Races of Phytophthora sojae in Iran
and Race —Specific Reactions of
Some Soybean Cultivars

H. Sadeghi Garmaroodi’*, M. Mirabolfathy?, H. Babai' and H. Zeinali®

ABSTRACT

Phytophthora root and crown rot of soybean is known as a-destructive disease of soy-
bean both through out the world and in Iran. Physiologic races. of Phytophthora soja were
determined in this research and also a fast, accurate and simple method for inoculation of
soybean to test race specific resistance. During the years® 2001-4, infected soybean plants
at different growth stages were collected from different areas and 22 isolates of P. sojae
were recovered using PARPH medium. Physiological races-of the pathogen were deter-
mined on differential seedling lines by the hypocotyl inoculation method. Ten seedlings
from each differential line grown in a 10-cm pot were inoculated under greenhouse condi-
tions (25°°) by a 10-14 days old fungus (LBA medium). The reaction of the seedlings was
classified after 5-6 days as resistant (70% or more of seedlings alive) or susceptible (70%
or more of the seedlings killed). Most isolates were identified as race one, six as race three,
one as race four and one as a putative race 13. Race-specific resistance of the 60 cultivars

towards race three was determined. Some of them such as ‘TMS’ , ‘Maverick and
‘Williams 82° were considered as resistant cultivars. All experiments were repeated

three times.
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INTRODUCTION

Phytophthora sojae'M. J. Kaufmann and J.
W. Gerdemann (Syn. P. megasperma
Drechs. f. sp. glycinea T..Kuan and D. C.
Erwin) [10], the causal agent of Phy-
tophthora root: and stem rot of soybean
(Glycine~max (L) Merr.), is widespread
throughout soybean growing areas of the
world [9, 16]. This aggressive species is
race-specific to soybean and causes few or
no symptoms on other hosts [2]. The popula
tion of this pathogen is made up of numer-
ous pathogenic or physiological races de-
scribed by their virulence on a set of differ-
ential soybean varieties [10]. The fungus is

notable among the species of Phytophthora
as consisting of many races of which most
are built up in response to only two resis-
tance genes in popular soybean cultivars.
Soybean is unique in having many different
aleles and loci for resistance to the pathogen
and resistance is easy to evaluate in seed-
lings [9]. Schmitthenner (1985) considered
this pathogen to cause pre-emergence and
post-emergence damping-off, gradual Kkill-
ing, seed and stem rot, and infection on
leaves and stems. This pathogen was first
observed in Iran by Mirabolfathy et al. in
1998 [7]. The objectives of thisinvestigation
were to determine the frequency of races of
P. sojae in the main soybean growing areas
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(Lorestan, Mazandaran and Golestan Prov-
inces) and the reaction of the most common
commercia soybean cultivars currently used
in lIran to this pathogen.

MATERIALS AND METHODS
Isolation of P. sojae from Plants

Plants with symptoms of stem rot were
collected from several fields in Lorestan,
Mazandaran, Golestan and Ardabil Prov-
inces from 2001 to 2004. Small sections
taken from the edge of the stem lesions were
placed on PARPH medium after disinfesting
then with 10% housekeeping bleach. The
semi-selective media (PARPH) had a corn
meal agar (CMA) base and included pi-
maricine (10 mg/l) and quintazone (100
mg/l) for selective inhibition of nonpy-
thiaceous fungi and ampicillin (250 mg/l)
and rifampicine (10 mg/l) for bacterial con-
trol. Hymexazole (20 mg/l) was used in the
medium for partial control of Pythium spp
[11]. The hyphal tip isolates were kept on
dlant tubes containing CMA at 4°C.

Race Identification

The inoculum was prepared by growing
the hyphal tipped isolates on Limabean agar
(LBA, Scharleau®): containing pimaricine
(10 mg/l) in glass Petri platesin an unlighted
germinator at+25°C for 7-10 days. The ag-
gressiveness of the isolates was maintained
by inoculating the isolates on a susceptible
cultivar  “Williams’ using the hypocotyl
inoculation method at 6-monthly intervals.
Seeds of the differential set were supplied by
D. Baretto from Argentina and H. Zeinai
from the Faculty of Agriculture, Tehran
University (Kargj). It included 9 differential
cultivars:  ‘Union”  (Rpsla), Haro 13’
(Rpslb), Corsoy 79’ (Rpslc), ‘Haro 15’
(Rpsik), ‘Haro 16’ (Rpsld), ‘L83-
570° (Rps3), ‘L89-1581° (Rps6), ‘Ha
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rosoy’ (Rps7) and the susceptible check

‘Haro (1-7)" (rps) (Tablel). About 15
seeds per line were sown in 10-cm diameter
pots containing a 2:1 pasteurized mixture of
sand and farm soil. The seeds were alowed
to germinate in the laboratory on filter pa
per, then healthy and vigorous ones planted
in the 10-cm pots, covered with a thin layer
of Perlite® and alowed to grow for 10 days
in a greenhouse with a 25/30°C day/night
temperature and daily watering (Figure 1).
At least 10 seedlingsin each pot were inocu-
lated using the wounded hypocotyl tech-
nique [1, 2, 9, 10 and 17]. In this method, a
1-cm vertical dit ismade with a sharp clean
scalpel just below the cotyledonary node, a
small'mycelial plug (2x3 mm?) of the patho-
gen was placed on the dlit, the inoculated
point was covered with parafilm® and then
incubated for 4-5 days in green-house at
25/30°C. Hypocotyl reactions were classi-
fied resistant (70% or more of the seedlings
alive) or susceptible (70% or more of the
seedlings killed) (Figure 1). These experi-
ments were repeated three times for each
isolate.

Reaction of Commercial Cultivars

The responses of 60 soybean commercial
cultivars currently used in Iran toward P.
sojae, race three, were determined by the
hypocoty! inoculation method. For each cul-
tivar, at least 20 seedlings were tested. The
infection percentage of hypocotyls that al-
ways lead to mortality and damping-off was
recorded for each pot after 4-5 days. The
soybean cultivars were classified as resistant
(below 30% mortality), susceptible (more
than 70% mortality), moderately resistant
(30-50% mortality) or moderately suscepti-
ble (50 to 70% mortality) [12, 15]. The pots
were distributed randomly in the greenhouse
and cultivar ‘Williams', as a susceptible
control, was tested in each experiment.
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Figure 1. Inoculation of hypocotyls. a Susceptible reaction in © Harosoy’ cultivar., b. The arrow
head shows the inoculated hypocotyl that is resistant to the pathogen. c. Inoculation of hypocotyl and
invasion of the pathogen to the downwards and upwards from the inoculating point.

RESULTS

The selective media couldn't inhibit
abundant growth of Pythium spp. in rotted
roots. Other fungi such as Fusarium spp. and
Phytophthora spp. were aso isolated, but
none of them could cause disease on  “Wil-
liams ° cultivar as a susceptible check by
using hypocoty! inoculation method.

About 22 isolates of P. sojae from 35 dif-
ferent farms country-wide were. obtained
during this research. The reactions of the
isolates on the differential sets using the hy-
pocotyls inoculation method are shown in

~race 118
~wer—." Golestan
Mazandaran

%% Lorestan

races 1,3,4 and 13

Figure 2. Distribution of the isolates and races
in Lorestan, Mazandaran and Golestan Prov-
inces.

Table 1. /All isolates are virulent on Harosoy
and Haro (1-7). Most of them were race one
(63.6%).Six isolates out of 22 (308, 328,
324, Ps-16, Ps-26 and Ps-27) were race three
(27.5%), one isolate, Ps-20, was race four
(4.5%) and one isolate, Ps-5, was a putative
race 13. Distribution of the races was shown
in Figure 2.

The definition of physiologic races of Phy-
tophthora sojae based on their interaction
with Rps aleles in differential lines was
adapted from Ward (1990). Those reactions
in table 1 were repeated at least three times
except for the specific reaction of isolate Ps-
5 on L89-1581(Rps 6) which was repeated
two times. When an isolate showed infection
percent between 30-70 %, we repeated in-
oculation to get infection lower than 30% or
more than 70%, showing resistance or sus-
ceptibility, respectively. If it didn’t show
such areaction, it was omitted and we didn’t
include it in the race determination experi-
ments.

In race-specific resistance experiments, we
used the same method for inoculation. Most
cases showed resistance or susceptibility
reactions. However we could see some in-
termediate cases in which the infection per-
centage was in the range between 30 to 70
%. These cases were considered as moderate
(Table 2).



Sadeghi Garmaroodi et al.

Table 1. Seedling reactions of differential lines (dfs) to hypocotyl inoculation with different isolates of

Phytophthora sojae .

dfs Alleles Haro
1-7)
rps

Haro
13
Rps1b

Union
Rpsla 79
Rpsic

Isoltes

Corsoy Harol5 Harol6
Rps1k

L83-
570
Rps3

L89-
1581
Rps 6

Harosoy Race

Rpsld Rps7  type

186
187
196
201
300
303
308
324
328
330
343
Ps-3
Ps-5
Ps-11
Ps-15
Ps-16
Ps-17
Ps-18
Ps-19
Ps-20
Ps-26
Ps-27

VOO ONOOONOOONNOnY
NUOLMAOTDITNIOTAODIOODOTDNHODONIOIOAOADNIOD
AV XVOVOOVDAVOVVDOOVDIOOVVDOOINOIOIONOD
DIONMNAOVDOVDIVOVVDIOVOOVDIVDOVDOOVDINIODIOIOIOIOD

VXV OVOVDXVOVVDIOVOOVDIVDOVDIOIOUDIONDODIODOIOIOD

AV IVOVDO0OO0WVON0DOVDIOVDODODOVOIOINOIOIOIOD
VDOVIVOVAOVAWVAOOVOVDODOANOIOIOIOINIOIONOIOAD
VDOVIVOVOVDOVOVOODWNWAIOAODOOIOIOIOOIOOIOAD
nNLuLLLLLLOLOLLLOLOOLOOLOOLOLOOOOnnn
WWhRRPWRRPRERRRPROWWORRPRRRRER

? R and Sindicate to the resistance and susceptible reaction, respectively.

DISCUSSION

Thirteen aleles of resistance genes to:P.
sojae in seven different loci have been iden-
tified in different cultivars.and lines of soy-
bean (Glycine max). The main aleles used
in race determination by most researchers all
over the world are.Rpsla, Rpslb, Rpslc,
Rpslk, Rpsld, Rps3, Rps6 and Rps7 [9,11
and 14]. Evaluation of the virulence formu-
las for the P. sojae.isolates performed was
based on the lines and cultivars having those
alleles. Rpsl1-b, Rpsl-k or Rpsl-d and Rps3
could be used to control a mgjority of the
races causing root and stemrot (Table 1). So
these aleles especially Rpsl-k [1, 10] have
been used by plant breeders for introducing
to the high yielding soybean cultivars.

In the first two years of this research we
recognized race one and three. So some high
yielding cultivars were tested with isolate
324 (race three) and ‘TMS' was introduced
to the farmers in Lorestan Province as a re-
sistant cultivar (Table 2). Many farmers used
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this cultivar in Lorestan for getting rid of
this disease in the second and third year, but
we were able to distinguish new races (four
and putative race 13) in our disease samples
in the third year. Diversity of the races can
be increased by using race-specific resistant
cultivars in infected areas. Theoreticaly,
there must be 256 races (2%, 8 main resis-
tance genes which are listed in Table 1) in
the infected areas and using race specific
resistant cultivars suppressed distribution of
the prevailing races (races one and three) in
that area and new races, such as race four or
race 13 that had a different virulence for-
mula, could escape the resistance and have
occupied the ecological niches that the pre-
vious races are no longer able to use. So,
determination of the races must be done
every year to know the prevailing virulence
in the farms. Race four was the most virulent
isolate in this research (Table 1). So it must
be used for future disease resistance breed-
ing programs. However we found this race
in the last year of this research and the race-
specific resistance shown in Table 2 are



Physiological Races of Phytophthora Sojae in Iran...

JAST

Table 2. Race-specific resistance of 60 soybean cultivars to Phytophthora sojae race 3.

Cultivar Infection per- Reaction Cultivar Infection percent* Reaction
cent
T™MS 4 R? Cook 70 S
Clark 81 S Faur 92 S
LWK 100 S Maccal 100 S
LBK 82 S Chippewa 60 MS
Hobbit 53 MS Cattler 100 S
Clifford 66.7 MS Franklin 83.4 S
Stressland 10 R Tiffin 10 R
Probsen 0 R Appolo 10 R
NSMB 149 72 S L75-6141 70 S
Haueri 70 S NE-3297 80 S
Jack 72.7 S Graham 81.8 S
LD3 45 MR Darby 0 R
Iriquis 75 S K1410 0 R
Maverick 27 R Rend 90.9 S
LD10 70 S L 85-3059 125 R
NSMB5779 10 R L92-7857 0 R
Delsoy476 36 MR Loda 60 MS
Essex 100 S L91-8347 0 R
Crawford 63.7 MS L88-570 0 R
Colombus 100 S Hatcheson 875 S
Elgon 90 S L89-1581 0 R
Union 89 S KS-3494 90.9 S
Williams 100 S L91-8915 929 S
SRF 90 S Olympus 72.8 S
Monark 27 R K-1380 20 R
Lindarin 818 S Doles 67 MS
Cdland 62.5 MS L93-3258 72.7 S
Douglas 100 S Kottaman 0 R
Bonus 100 S Savoy 0 R
Kenwood 0 R L88-3488 0 R

®R, S, MR and MSindicate to the resistant, susceptible, moderately resistant and moderately suscepti-

ble, respectively.

tested on the basis of race three. Cultivars
resistant to race four were also resistant to
both race one and three.

This disease istknown as a good model as
gene for gene hypothesis, so we expect to
have only aresistant or susceptible reaction,
but race-nonspecific resistance toward P.
sojae in soybean germplasm is another trait
that is being used in controlling Phy-
tophthora root rot [4, 5, and 13]. In some
cultivars such as Zane (data not shown),
LD3 or Delsoy 476 we found that kind of
resistance.

A number of methods to screen soybean
genotypes for tolerance to Phytophthora rot
have been reported in literature [3, 5, 8 and
13]. Although field screening has the advan-
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tages of measuring full-season effects and is
relatively cheap, it shows several disadvan-
tages. These include: (i) Non-Uniformity of
the field in P. sojae density and soil condi-
tions favouring the pathogen; (ii) Non-
Uniformity in frequency of races within the
field; (iii) The possibility that the test field
does not represent the soybean production
areain race frequency; and (iv) Limitation to
a single screening experiment for year [6].
These problems have led researchers to de-
velop laboratory and greenhouse resistance
screening methods. Since zoospores of the
pathogen enter the plants through hypocotyls
[9], we used hypocotyl inoculation that is
known as a worldwide and standard way to
establish disease in the seedlings. This
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method allows us to test single gene resis-
tance easily and effectively. Single-gene
resistance is also easy to incorporate and it
will continue to be popular among soybean
breeders. Several years may be required to
incorporate new Rps aléees into high yield-
ing cultivars. So planting blends of lower
yielding resistant and higher yielding sus-
ceptible cultivars may help to optimize pro-
duction until high-yielding resistant strains
are available.
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