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The significant yield declines due to pea diseases pronpted the pea
industry in the Pacific Northwest to lobby for an ARS Plant Pathol ogist/
Breeder position to be established at Prosser, WA In 1964, a position
was established to control soil-borne diseases of peas through breeding,
chem cal, cultural, and biol ogical nmeans.

In 1966, a pea disease nursery was established where peas are grown in

nmonocul t ure. A winter wheat crop succeeds the pea crop on alternate
years. This nursery is now heavily infested with several soil-borne root
pat hogens of peas. Soil fertilization is applied once every five years,
based on recomendati ons of a conmercial testing |aboratory. The nor mal
annual rainfall of approximately 230 mm is supplenmented by sprinkler
irrigation applied in 4 h sets every 7 days at ca. 13 mm of water/week.
The low annual rainfall, warm tenperatures, and sandy |oam soil, which

dries out quickly, make this field location ideal for screening candidate
lines for root diseases (Fusarium Pythium Aphanonmyces root rot, Fusarium
wilt race 2), heat and drought stress.

For all field plot studies we use a fluted cone planter (ALMCO), wth
John Deere Max- Emerge double disc openers, which plants single, double, or

6-row plots. Seed for all plots is counted using an electronic seed
counter and is treated with Captan prior to planting. Candi date, early
generation lines (F3-F5) are evaluated in 3 msingle plot rows with 70-100
seeds/ r ow. Rows are planted on 112 cm centers. In alternate rows, every
third plot is seeded to the control (Dark Skin Perfection = DSP). Si ngl e

row plots are only conpared with the nearest control plot because of the
variation in soil-borne disease pressure as influenced by environnent and
i noculum level (10). A candidate line is considered resistant when
above-ground root disease synptons (stunting, yellowed, or dead |ower
| eaves) are absent at flat pod stage and the yield is at least 30 % nore
than DSP. When stunting occurs, but above-ground symptons are not
evident, several plants within the test row are uprooted. The nore
resi stance to uprooting, the less root disease. Single plant selections
are made in heterozygous lines segregating for resistance and phenotype.
It is inportant not to select individual plants on the ends of rows or to
conpare one plot with another that differs significantly in maturity. A
new comerci al seed stock of DSP is used each year. More advanced |ines
(F5-F9) are planted in 4.6 m double row plots with 150 seeds/row and 28 cm
bet ween rows. Al 2-row plots and DSP are replicated three and six tines,
respectively. Advanced lines (F7-F9) with desirable horticultural type are
planted in 6-row plots, 6.1 mlong. Two hundred seeds/row are planted and
one-half of each of three replicates is harvested for freezing and taste
eval uation tests; the remainder is dried and harvested for seed. Al l
6-row pl ots, including DSP, are replicated four tinmes.

In the winter nmonths, crossing and di sease screening are conducted in
the greenhouse and growth chamber. A crossing program i s conducted where
the nost resistant USDA |ines, gernmplasm releases from other institutions
and selections fromtolerant conercial lines, are intercrossed and the
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screening and eval uation repeated.

Candidate lines are planted into soil bins (1.5 mx 1.5 mx 0.3 m
high) filled with soil artificially infested with Fusarium solani (Mart.)
Sacc. f. sp. pisi (Jones) Snyd. & Hans., Pythium ultimm Trow, and
Aphanonyces euteiches Drechs. Suppl emental light (4 h illumnation) is
created by netal halide |anps which produce 1000 ft/c at the soil surface.
Greenhouse tenperatures vary from 20-25°C Twenty seeds are planted per
[ine. Four replications of DSP are planted in each of four bins. Test
plants are watered when the top 2 cm of soil is dry. Candi date lines are

eval uated for resistance at 3-4 weeks after emergence by carefully digging,
washing the roots, and scoring each plant on a 0-5 scale, where 0 = healthy

root and 5 = a conpletely rotted root. Pl ants obvi ously segregating for
resistance (score a 0-2) in a heterozygous line are transplanted and saved
for seed. Those lines which outyielded DSP by 30 % in the field nursery

and scored a 0-2 in the greenhouse test are . considered resistant to
Fusarium Pythium and Aphanonyces root rot.

Specific resistance to Fusariumroot rot, caused by Fusarium solani f.
sp. pisi, 1is determined in artificially infested soil (40,000 colony
formng units/g air dry soil) in a controlled environment (1). Resi st ant
plants (a 0-2 score) from segregating popul ations are saved and grown to
produce seed, are increased and reeval uated. Qur resistant and
susceptible check varieties for Fusarium root rot are P.1. 257593 and DSP
(1), respectively.

Resi stance/tol erance to Aphanonyces root rot is determned in the

greenhouse at 22.25 °C Test lines, 20 seeds/line, are planted in flats
of coarse-grade perlite and 10-day-old seedlings are inoculated with a

zoospore concentration of 3-8 x 10°/m . Zoospore inoculum of A euteiches
is produced by incubating the fungus in autoclaved pea seed broth (10 g pea
seed/100 m distilled water) for 7 days in the dark at 22°C The

resultant nycelial mats are washed in sterile tap water and incubated
overnight on the laboratory bench in a mnimal salt solution with filtered
air bubbling in each flask (7 mats/300 m sol ution). The resultant
zoospore inoculum concentration is determined with a haenocytoneter.
Plants are inoculated by renoving them from perlite and dipping the roots

in the zoospore suspension. I nocul ated plants are transplanted back into
the perlite and conpared with the non-inoculated controls after a 2-week
i ncubati on. Any lines which produce at least 70 % of the fresh plant
wei ght of control plants of the sane line are considered resistant. Wth
th< exception of a few highly resistant P.1. lines, nost inoculated |ines
will score a 4-5 using the root disease severity scale. Therefore, fresh
weights of test plants are used to deternine resistance or susceptibility.
As an exanple, DSP wll score a 4-5 disease severity rating but wll
average only 40 % fresh plant weight of the uninoculated control. Qur
resistant check for A euteiches is P.1. 180693, which will exhibit a

di sease severity rating of 0-2 with nost isolates of A euteiches used and
will produce 80 % fresh weight of the uninoculated control. Candi dat e
lines which survive the greenhouse test are also evaluated in the field
where A euteiches is severe. Dr. David Davis, Univ. of Mnnesota, St.

Paul, M\, Dr. Ted Reiling, Geen Gant/Pillsbury, Le Sueur, M\, Drs.
Don Hagedorn and Earl Gitton at the Univ. of Wsconsin, Mdison, W, have
cooperated with us the |last several years.

Resi stance to Fusariumwi |t caused by Fusarium oxysporum Schl. f. sp.
pisi (van Hall) Snyd. & Hans, race 1 (Snyd. & Hans) is determ ned under
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field conditions at Pullnman, WA, in cooperation with Dr. Fred Miehl bauer,

who has established a race 1 nursery. Resi stance to race 2 Snyd. & Hans.,
race 5 Hagl. and Kraft, and race 6 Hagl. and Kraft, is determned in pure
culture in the greenhouse, also in coarse grade perlite by procedures
descri bed previously (8). The differential varieties and gernplasm |lines

used and their sources are listed in Table 1.

Table 1. Fusariumwi It differential varieties

Varieties and Seed source WIlt reaction

ger mpl asm used RR RR RS R6
Ma10 Br ot herton Seed Co. S S S S
Vant age Brot herton Seed Co. R S S s
M ni Asgrow Seed Co. S R S S
Mni 93 Asgr ow Seed Co. R R S S
Sundance 11 Pure Line Seed Co. R S R g
G ant Brot herton Seed Co. R s S R
74SN5 USDA/ ARS R R R R

* S = susceptible reaction, R = resistant reaction

A pedigree-recurrent selection programis used and was conputerized by
adapting the MSTAT version-2 program devel oped and made available by

M chigan State University. Selection for various disease and stress
resistance is delayed until the F4 because of the wusual presence of
non-additive variance in divergent crosses. Approxi mately 2500 separate
lines are identified by hybrid nunber for: 1) generation; 2) whet her
bul ked or selected; 3) horticultural and disease resistance attributes;
and 4) seed characteristics. The long range goal of this programis to
develop multiple disease resistant/tolerant gernplasm lines in divergent
backgr ounds. These lines nust approach commercial type and be only a few
crosses away from comercial use. It appears that root disease
resi stance, excluding Fusarium wilt, is quantitatively inherited and

outcrossing wth susceptible parents greatly reduces the chances of
recovering resistant progeny.

W have officially released 20 breeding lines since 1971 which are
avail abl e upon request (2,3,4,5,6,9,11). W have an open door policy and
advocate the free exchange of gernplasm W only ask that this be mutual.

W encourage visits to our nursery during the growi ng season (June 20-July
14).
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