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Abstract

Phytophthora root rot is one of the most serious diseases of soybeans in

Argentina. Surveys of commercial fields and trial plots of soybean were

conducted throughout the northern Pampeana subregion (Argentina)

between 1998 and 2004. A total of 193 isolates of Phytophthora sojae were

collected and classified into races or virulence formulae. Among the 173

isolates tested on 8 differentials, 42 different pathotypes were detected,

including 18 described races. Races 1, 4, 5, 7, 9, 13, 23 and 24 were found

in both plants and soils, whereas races 2, 3, 6, 8, 11, 14, 15, 17, 43 and 44

were only isolated from plants. An additional 19 pathotypes were

described from 20 isolates tested in Canada on the expanded set of 14 dif-

ferential cultivars. Currently, all Rps genes/alleles associated with resis-

tance have been defeated, indicating an increased complexity of virulence

within the P. sojae populations in the region. The great increase in viru-

lence complexity found in this study is most likely a result of a long period

of continuous production of soybean cultivars with Rps genes and the

extensive adoption of the no-tillage system.

Introduction

In Argentina, over 82% of soybeans (Glycine max (L.)

Merr.) are produced in the northern Pampeana subre-

gion (including the provinces of C�ordoba (Cba), Entre

R�ıos (ER), central and southern Santa Fe (SFe), north-

ern Buenos Aires (BA) and north-eastern La Pampa

(Ploper 2004). Phytophthora sojae (Kaufmann & Gerde-

mann) causes seed rot, pre- and postemergence

damping-off, and root and stem rot (Schmitthenner

1985). Phytophthora root rot (PRR) is regarded as one

of the most serious diseases of soybean in Argentina.

Reduction in soybean yield as a result of PRR was esti-

mated at 92 000 metric tons in 1998 (Wrather et al.

2001). Since 1959, differences in virulence among iso-

lates of P. sojae have been reported (Hildebrand

1959). With time, it has become more apparent that

the natural populations of this pathogen are very

complex and are composed of many described races

and other additional virulence phenotypes, some of

which can defeat all of the known Rps resistance

genes. Currently, more than 55 races have been

reported (Leitz et al. 2000; Anderson and Tenuta

2003) based on their reaction to 8–13 dominant resis-

tance genes (Dorrance et al. 2003; Jackson et al.

2004; Nelson et al. 2008). Fourteen Rps genes have

been mapped at eight loci in soybean (Burnham et al.

2003; Gordon et al. 2006). Two more genes have

been described recently, RpsYu25 (Sun et al. 2011)

and another that is allelic to Rps1 or at a tightly linked

locus in a gene cluster (Sugimoto et al. 2011).

Phytophthora root rot was first detected in Argen-

tina in the 1970’s (A. F. Schmitthenner, personal com-

munication). In 1978–1979, it was found in 15

localities in southern SFe and northern BA (Martinez

and Ivancovich 1979). From 1989 to 1992, annual

surveys of soybean fields carried out in the northeast

of BA indicated that only race 1 was present in the

area surveyed (Barreto et al. 1991, 1995). In the last

15 years, there has been a dramatic shift from con-

ventional tillage to conservation tillage in Argentina.

At present, more than 85% of the planted area is

under minimum and no-tillage systems, and 50% is

under soybean monoculture (Rossi 2004). The use of

conservation tillage has been reported to increase

damages caused by Phytophthora sojae in soybean
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(Schmitthenner 1985; Workneh et al. 1999). In the

1994–1996 growing seasons, the disease showed a

steady increase in prevalence, incidence and changes

in pathogen virulence. Sixty-five per cent of 112 iso-

lates obtained and tested during this period belonged

to race 1, and 39% were avirulent on Rps 1-d and Rps

1-k (Barreto et al. 1998b). Race 4 was detected in

1996 in a soil sample from Los Molinos (SFe) (Barreto

et al. 1998a). These results showed that some isolates

possessed more than one virulence gene, which had

not been reported previously, and changes in viru-

lence variability of P. sojae were confirmed in the

northern Pampeana subregion. The same year, viru-

lence on Rps 1-c and Rps 2 was detected in ER (Vicen-

tini 1996). In the 1997–1998 season, 53% of 71

isolates of P. sojae, obtained from different localities in

northern BA, southern SFe and south-western Cba,

belonged to race 1 (Gally et al. 1999). The evidence of

increasing virulence of the pathogen in the area has

led to integral studies of population virulence to pro-

vide information for breeding programs. The objective

of this study was to characterize the virulence of pop-

ulations of P. sojae in the Pampeana subregion of

Argentina during the period from 1998 to 2004.

Materials and Methods

Region surveyed

Between 1998 and 2004, soybean production areas

were surveyed in the northern Pampeana subregion

(32°290S to 34°320S, Fig. 1). These areas comprised

20 localities within BA, Cba, ER and SFe provinces.

Samples were obtained mainly from commercial

soybean fields and some trial plots. All fields were

planted with soybean and were at R1-R5 growth

stages (Fehr and Caviness 1977) at sampling in Jan-

uary, February and early March. In 2000, the sur-

vey was conducted at the V1–V2 growing stages.

Areas sampled were intentionally selected based on

reports of the presence of wilting and dead plants

in cooperation with breeders, extension personnel

and individual farmers. Soybean plants, with typical

wilting and dark brown stem lesions, and soil from

around the roots of plants with root rot were col-

lected. After removing whole symptomatic plants

(10–15 plants from each lot) including the root sys-

tem, stem sections (20–40 cm long within the upper

margin of the lesion) were cut to remove leaves

and upper branches. Sections and roots were stored

in plastic containers with ice at approximately 10°C
until processed (within 48 h). At least 15 individual

soil samples collected in each lot were transported

to the laboratory in closed plastic containers with

ice. The samples were stored for no more than

5 months at 25°C prior to use.

Isolation from diseased plants

Diseased stems were thoroughly washed in distilled

water to remove soil particles, soaked in 0.5%

sodium hypochlorite solution for 30 seconds, rinsed

in distilled water and blotted-dried with paper tow-

els. In 2001, stem isolations were made after wash-

ing with distilled water, without using the sodium

hypochlorite solution. Isolations were made from

the advancing margin of stem and branch lesions,

after the epidermis was removed. Five to seven sec-

tions of vascular tissue (0.3–0.5 cm) were cut out

and transferred to Petri plates on diluted V-8 juice

medium (VA) (Schmitthenner et al. 1994). VA con-

sists of 40 ml of V8 juice in water (first autoclaved

with 0.6 g of CO3 Ca and filtered through diatoma-

ceous earth), 1.0 g of sucrose, 0.2 g of Difco yeast

extract, 0.01 g of cholesterol and 20 g of Difco

Bacto agar/litre. To suppress fungi and bacterial

growth, a solution of PCNB (0.02 g), benomyl

(0.005 g), neomycin sulphate (0.1 g) and chloram-

phenicol (0.01 g) was added after the VA medium

was autoclaved and cooled to 60°C. In 2001, isola-

tions were made on diluted lima bean agar (LBA,

extract from 25 g/l of frozen lima beans) plus the

Fig. 1 Distribution of Phytophthora sojae in Argentina. Numbers repre-

sent the 20 localities where isolates were collected. Letters represent

Argentine provinces: BA (BUENOS AIRES) 1 Arrecifes; 2 Field plot; 3 Per-

gamino; 4 El Socorro; 5 M. Ocampo; 6 Ramallo; 7 Rojas; 8 R. Obligado; 9

San Antonio de Areco; 10 Pilar. SFe (SANTA FE) 11 Bigand; 12 Godeken;

13 Hughes; 14 Mu~noz; 15 Las Rosas. Cba (CORDOBA) 16 Marcos Juarez;

17 Saira. ER (ENTRE RIOS) 18 Victoria; 19 Villa. Teresita; and 20 Guale-

guaychu.
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same fungicides and antibiotics as used for the VA

medium. Stem sections were placed under the

medium in the Petri plate to seal the tissue in a

bubble for additional bacterial control. The isola-

tions were held in an incubator at 23–25°C in

darkness for 7–10 days. Hyphal tips reaching the

surface of the medium were transferred to fresh

VA or LBA media without inhibitors for further

purification and identification, and maintained on

VA slants.

Isolation from soil

Soil subsamples were bulked, sieved through a 0.5-cm

(mesh-size) screen and mixed to obtain a single com-

posite sample of approximately 2–3 kg. Each compos-

ite sample was stored in a sealed polyethylene bag for

no more than 6 months at laboratory temperature.

Each soil was dispensed into a shallow tray with bot-

tom drainage, flooded for 1 h and then drained. Soils

were incubated at 25°C for 10 days, approximately

when the soil moisture reached field capacity, and,

following incubation, the sample was placed into a

plastic bag to maintain moisture. The soybean seed-

ling baiting technique was used to isolate P. sojae from

the soil (Schmitthenner et al. 1994). Eight to ten

2-day-old pregerminated soybean seeds of Williams

or Sloan genotypes were transplanted into 10-cm-

diameter plastic pots filled with the infested soil, and

covered with a wet, coarse mix vermiculite and perlite

(1:1 v/v). When the cotyledons reached the surface,

generally 48 h after transplanting, the soil was

flooded for 24 h and drained and pots were incubated

in a cool room at 20–25°C. Isolation of Phytophthora

was made from the hypocotyls of damped-off seed-

lings. Before isolation from the hypocotyls, root

tissues of damped-off seedlings were stained with

lacto-fuchsin or lactophenol-trypan blue to verify the

presence of oospores under a compound microscope.

Culture identification and storage

Cultures were characterized by colourless, coenocytic

mycelium with irregular hyphal swellings and identi-

fied by the abundant production of homothallic

smooth-wall spherical oospores. Pure cultures were

transferred to slants of VA for storage and LBA for

maintenance at room temperature. In both cases, cul-

tures were kept in an unlighted incubator. To main-

tain aggressiveness, the isolates were inoculated into

susceptible lines (cv. Sloan or Williams) using the

inoculum layer technique at 4-month intervals (Ohal

et al. 1985; Schmitthenner et al. 1994).

Virulence evaluation of cultures

Pathotypes or virulence formulas were used to

describe virulence patterns based on reactions to a

known set of soybean genotypes containing eight dif-

ferent Rps genes (Schmitthenner et al. 1994; Dorrance

et al. 2004). The different genes included HARO 12

(Rps 1-a), HARO 13 (Rps 1-b), Corsoy 79 (Rps 1-c),

HARO 16 (Rps 1-d), HARO 15 (Rps 1-k), HARO 3272

(Rps 3-a + Rps 7), HARO 6272 (Rps 6+Rps 7) and Haro-

soy (Rps 7). The susceptible controls were Haro (1-7)

1, Williams and Sloan. Some isolates obtained from

2002 to 2004 were evaluated on an expanded set of

14 differential cultivars, in addition to the aforemen-

tioned differentials, which included L82-1449 (Rps

2-7), HARO 33 (Rps 3b), HARO 34xx (Rps 3c), HARO

4272 (Rps 4), HARO 5272 (Rps 5), the Rps 8 gene (PI

399073) and 3 experimental lines, Haro Nez (Rps

744), Ox 939 (Rps Ox939) and X570-20-2-1 (Rps

Ox940), with 3 putative genes/alleles at Harrow (Can-

ada) (Table 1). The soybean cultivars (differentials)

were obtained from A.F. Schmitthenner at the Ohio

Agricultural Research and Development Center, and

T. Anderson at Agriculture Canada, Research Station,

Harrow, Ontario. Some of these differentials might

not be recommended due to inconsistencies in the

results (Dorrance et al. 2004). Phytophthora virulence

was evaluated using the hypocotyl inoculation tech-

nique (Schmitthenner et al. 1994). Inoculum was

produced on VA or LBA media (1.2% agar) in Petri

plates in a cabinet without light at 23–25°C. A 7- to

12-day-old colony of each isolate was macerated by

passage through a syringe and was then reloaded into

the syringe. Longitudinal slits (of approximately 1 cm

long) were made with a 16-gauge needle on hypoco-

tyls of 10 7-day-old plants of each differential growing

in coarse vermiculite and perlite (1:0.5, v/v), and

approximately 300 ll of macerated culture was placed

on each slit. The plants were incubated in new plastic

containers with lids to maintain high humidity (98%

RH) during the initial incubation period. After

20–24 h, plants were removed and incubated in a cool

room chamber at 20–25°C for 6 days. Plants were

watered daily, and care was taken to keep the soil

moist. Symptom development was rated 3 days after

inoculation in susceptible differentials. The final

assessment was completed 5 days after inoculation.

The virulence pattern was identified on the basis of a

susceptible (70% or more seedlings killed) or a resis-

tant (30% or less seedlings killed) reaction. Seedling

mortality from 31 to 69% was considered an interme-

diate reaction (Anderson and Buzzell 1992; Ryley

et al. 1998). Inoculation tests were conducted twice.
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Table 1 Distribution of virulence of Phytophthora sojae isolated in the northern Pampeana subregion (Argentina) from 1998 to 2004, tested on 8 Rps

genes or 14 Rps genes, and three experimental lines (* Tested in Harrow – Canada)

Virulence formulaea Race No of isolaresb Area

7 1 41pl-16 s MO-R-A-SA-LR-Go-H-Mu-S-MJ-FA-Gu-Vi

6,7 13 8pl-2s MO-Pi-Go-ES-MJ

3a,7 15 2pl MO-Go

3a,6,7 6pl MO-Bi-Go-ES

1a,7 3 2pl Pe-ES

1a,6,7 9 13pl-7s ES-Go-RO

1a,1c,7 4 15pl-3s MO-R-ES-Ra-Pi-RO-VT-Vi

1a,3a,6,7 7 3pl MO-Go

1a,1c,6,7 5 1pl-1s S-Vi

1a,1d,7 44 1pl MO

1a,1d,6,7 8 1pl RO

1a,1d,3a,6,7 6 1pl Mu

1a,1b,6,7 23 3pl-3s ES-Bi-Go-RO

1a,1b,1c,6,7 1pl ES

1a,1b,1d,6,7 2pl RO

1a,1b,1d,1k,6,7 1pl-2s ES-Go-RO

1a,1c,1d,7 43 3pl MO-Pe

1a,1c,1d,3a,7 1pl MO

1a,1c,1k,6,7 2pl B

1a,1c,1d,1k,6,7 1pl Pe

1a,1d,1k,7 3pl MO

1b,7 2 9pl MO-R-A-SA-LR-B

1b,6 1s ES

1b,6,7 11 1pl-1s Pi-MJ

1b,1c,1d,6,7 1pl ES

1b,1d,6,7 1pl-2s Go-RO

1b,1d,3a,6,7 17 3pl Mu-Gu

1b,3a,6,7 24 4pl MO-Pi-LR

1c,7 14 2pl-2s MO-Pe

1c,6,7 1s Pe

1c,1d,7 1s Pe

1c,1d,6,7 1s Pe

1c,1d,1k,6,7 1pl Pe

1c,3a,7 1pl ES

1c,3a,6,7 1pl ES

1d,3a,7 1pl MO

1k,7 1s Vi

Tested in Canada

1a,1c,1d,7 43 1pl Ra

1a,1c,1d,3b,7 1pl Pi

1a,1b,1c,1d,1k,2,3b,3c,4,5,6,7 1pl VT

1a,1b,1c,1d,1k,3b,4,5,6,7,940 1pl Vi

1b,1d,2,3b,3c,4,5,6,7 1pl Mu

1b,1d,1k,3b,4,7,940 1pl Gu

1b,1d,1k,2,3a,3b,3c,4,5,6,7,8,944,939,940 1pl Mu

1b,1d,2,3a,3b,3c,4,5,6,7,8,944,939,940 1pl SA

1b,1k,2,3b,3c,5,6,7,940 1pl H

1b,1k,2,3a,3b,3c,4,5,7 1pl SA

1b,3a,3b,5,7,8,940 1pl Vi

1b,3b,5,7 1pl A

1k,3b,4,5,7 1pl Vi

1k,2,3b,5,6,7 1pl Vi

1k,3b,7,940 1pl FA

(continued)
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If intermediate reactions occurred both times, the iso-

lates were considered race unclassifiable (Schmitthen-

ner et al. 1994).

Results

During the 6 years of the study, a total of 50 soybean

fields were selected and sampled for Phytophthora

root rot in the northern Pampeana subregion. Sev-

enty-eight of the surveyed fields were commercial

soybean fields with a long history of soybean produc-

tion, and the remaining fields were soybean trial

plots. P. sojae was isolated in 96% of the suspected

infected fields. A total of 193 isolates of P. sojae were

recovered from 1998 to 2004 in the surveyed region,

75% from diseased plants and 25% from soils. All the

isolates proved to be pathogenic and were tested in

the susceptible differentials Haro (1–7)1, Williams or

Sloan cultivars.

In 1998, 60 isolates were obtained from diseased

plants and three from soil in five cities. In 1999, 35

and 30 isolates were obtained from plants and soil,

respectively, from five cities. In 2000, only 4 and 7

isolates were obtained from plants and soil, respec-

tively, from two cities. In 2001, no isolates were

obtained; however, in 2002 and 2003, 8 isolates were

obtained from plants in each year, from two and one

locality, respectively. In 2004, 27 and 11 isolates were

obtained from plants and soil, respectively, from four

localities. Virulence phenotypes of isolates from soil

and plants and their distribution in 1998–2004 are

summarized in Table 1.

In recent years, the number of identified pathotypes

has increased dramatically, which has made the num-

ber system of classification into races cumbersome

(Dorrance et al. 2004), but both virulence formulas

and race number have been included because Argen-

tine breeders and farmers are accustomed to the num-

ber system. Among the 173 isolates tested on the

eight differentials, 42 different pathotypes were

detected, including 18 described races. Undescribed

virulence phenotypes constituted 24% of the strains.

Sixty-one pathotypes were identified, 18 of which fit

previously described races; race 1 was prevalent, com-

prising 25% of the isolates and was present in 12 of

the 20 cities surveyed, followed by race 13 which

made up 5% of the isolates and was present in only

four localities. A higher virulence variability was

found in BA and SFe where most of isolates were

obtained. The second most prevalent races were race

4 in BA and race 2 in SFe. Race 9 was the third most

prevalent in both provinces (Fig. 1). In BA, races 1, 2,

3, 4, 7, 8, 9, 11, 13, 14, 15, 23, 24, 43 and 44 were

identified; in SFe, races 1, 2, 5, 6, 7, 9, 13, 15, 17, 23

and 24 were identified; in ER, races 1, 4, 5 and 17

were identified; and in Cba, races 1, 5, 11 and 13 were

identified. Races 1, 4, 5, 7, 9, 13, 23 and 24 were

found both in plants and soils, whereas races 2, 3, 6,

8, 11, 14, 15, 17, 43 and 44 were only isolated from

plants. An additional 19 pathotypes were described

from 20 isolates tested in Canada on the expanded set

of differentials (Table 1). The frequency of isolates

compatible on Rps genes in soybean is illustrated in

Fig. 2. All of the eight differentials were defeated,

showing that Rps 7 was most frequently susceptible.

The majority of the isolates tested in Argentina were

virulent on Rps 1a (41.5%) or Rps 6 (46.1%), and

21.5% of the isolates also showed virulence on Rps

1b. Only 6% of the isolates exhibited virulence to the

resistance gene Rps1k. Within the expanded set, the

isolates tested in Canada were virulent on Rps 3b

(91.3%) or Rps 5 (78.3%), and 56.5% of the isolates

also showed virulence on Rps 4. Fewer than 18% of

the isolates exhibited virulence to the resistance gene

Rps 8 and the putative genes/alleles of the Ox744 and

Ox939 lines.

Discussion

The results of this survey support the hypothesis that

in Argentina, like in other soybean regions, P. sojae is

a highly variable pathogen (Schmitthenner et al.

Table 1 (continued)

Virulence formulaea Race No of isolaresb Area

2,3b,4,5,7 1pl Vi

3b,7 1pl Vi

3b,4,5,6,7 1pl H

3b,5,6,7 1pl A

aListing of defeated Rps alleles (1a, 1b, 1c, 1d, 1k, 3a, 6, 7) and 3b,3c,4,5,8,939, 940, 944.
bpl, Plant; s, Soil; MO, Manuel Ocampo; R, Rojas; A, Arrecifes; Pe, Pergamino; ES, El Socorro; Ra, Ramallo; SA, San Antonio de Areco; Pi, Pilar; LR, Las

Rosas; B, Bigand; S, Saira; Go, Godeken; H, Hughes; Mu, Mu~nos; RO, Rafael Obligado; MJ, Marcos Juarez; FA, FAUBA; Gu, Gualeguaychu; VT, Villa Tere-

sita; Vi, Victoria.
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1994; Drenth et al. 1996; Ryley et al. 1998; Dorrance

et al. 2003; Jackson et al. 2004). Currently, all Rps

genes/alleles known for resistance are susceptible,

indicating an increased complexity of virulence

within the P. sojae populations in the region. No iso-

late was pathogenic on all the soybean differentials,

unlike results obtained in Michigan (Kaitany et al.

2001) and Arkansas (Henry and Kirkpatrick 1995) in

the USA. Barreto et al. (1998b) reported an increase

in virulence from 1992 to 1997; however, prior to this

study, the most common pathotype reported in the

Pampeana region of Argentina was virulent only on

Rps7 (race 1). Although race 1 is still prevalent (25%

of the isolates tested belonged to this race, present in

12 localities surveyed), the level of complexity has

dramatically increased. Race 13, never before

detected, was the second most prevalent race in 1999,

indicating that Rps 6 is one of the most frequently

deployed genes. The Rps 1k gene, which has been uni-

versally used in breeding programs due to its effec-

tiveness against 21 physiologic races (McBlain and

Schmitthenner 1991) and is still highly effective in

Brazil (Costamilan et al. 2013), was defeated by 11

isolates from different localities. This result indicates

that Argentinean and Brazilian P. sojae populations

most likely do not share the same origin. In contrast,

although there is no strong evidence, Argentinean

populations seem to have a common origin with the

US population, because the development of the dis-

ease in both countries has been similar. The most

commonly deployed resistance genes in the US soy-

bean cultivars were Rps1a, Rps1c or Rps1k genes

(Slaminko et al. 2010). In Argentina, resistance to

P. sojae began to be included in breeding programs in

the 1980’s; genes Rps1a and Rps1c were incorporated

in 1984 and Rps1k in 1991 (Rossi and Nari 1995).

However, it is not still possible to establish a direct

relationship between the genes released and the dis-

tribution of their effectiveness as it occurred in the

USA. Recently, Stewart et al. (2014) reported that

changes in pathotype structure were not necessarily a

function of the type of resistance being deployed.

P. sojae has the potential to shift pathotypes or to

evolve new genotypes very quickly; however, it has

not been possible to demonstrate that the shift is a

function of the Rps gene used. Therefore, the overuse

of an Rps gene does not necessarily appear to be the

primary reason for changes in pathotype structure of

P. sojae.

Genetic intraspecific variability among P. sojae iso-

lates from the same geographic origin was also

observed in Argentina (Gally et al. 2007) and in the

USA (by Dorrance et al. (2003) in Ohio, by Jackson

et al. (2004) in Arkansas, by Malvick and Grunden

(2004) in Illinois and by Nelson et al. (2008) in North

Dakota). As reported in Brazil by Costamilan et al.

(2013), the great increase in virulence complexity

found in this study is most likely a result of a long per-

iod of continuous production of soybean cultivars

with Rps genes and the extensive adoption of the con-

servation soil tillage system in both countries. Selec-

tion pressure has most likely been induced by

cultivars with increasing virulence to a greater num-

ber of Rps genes, possibly enhanced by a local indige-

nous wild-type population (Drenth et al. 1996). This

conclusion is supported by the fact that the pathogen

was found in undisturbed soils, which were never

previously cropped (Pilar locality, BA province).
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Fig. 2 Percentage of the Phytophthora sojae isolates collected in Argentina with a compatible interaction with Rps genes. White: tested in Harrow

(Canada) on 15 differential cultivars, and three experimental lines. Black: tested in Argentina on eight different Rps genes.
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The possibility of stacking resistance genes Rps1k

with Rps3a or Rps8 (neither of these two have been

used to control this disease in Argentina) would most

likely be highly effective as suggested by Kaitany et al.

(2001) and Cochran and Abney (1999). Figure 2 may

indicate other gene combinations that would be effec-

tive against most races. However, in this process, care

should be taken to combine these Rps genes in culti-

vars with high levels of partial or non-specific-race

resistance to avoid selection pressure that could lead

to a change in the virulence composition of the patho-

gen (Dorrance and St. Martin 2000; Grijalba and Bar-

reto 2002). In recent years, a number of plant

pathologists and breeders have expressed preference

for the use of partial resistance, described as the ability

of plants to survive pathogen infection without dis-

playing severe disease symptoms or yield loss (Tooley

and Grau 1984; Burnham et al. 2003; Dorrance et al.

2003; Zhang et al. 2010). The data resulting from this

research are essential for breeding programs, leading

to a selection of effective Rps gene programs for culti-

var development, which, combined with high levels

of partial resistance in conjunction with other control

measures, should provide improved protection from

PRR.
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