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Abstract. Susceptibility to root rot in beans Phaseolus vulgaris incited by Fusarium solom (Mart.) Appel & Wr.
f.sp. phaseol: (Burk.)} Snyd. & Hans. was dominant in crosses between resistant PI 203958 and susceptible culti-
vars ‘Cascade’, ‘Falcon’, “State Half Runner’ and “California Small White’. A quantitative inheritance pattern for
disease reaction was observed. Selection of F3 plants showing slight disease symptoms resulted in F4 populations
with a lower disease index than the unselected Fy population, indicating substantial gain. The results suggested
that breeding methods such as recurrent selection, which are more snitable for improving quantitative traits than
are backcrossing or pedigree selection, should be used to develop, Fusarium root rot resistant bean populations

and cultivass.

Fusarium root rot of beans is a significant problem 1n bean
growing areas throughout the world. Since modification of cul-
tural practices 1s not a wholly effective means of conirol, the
development of root rot resistant cultivars is necessary. The
first resistant dry bean cultivars were released in 19743, but no
resistant snap bean cultivars are available.

Conflicting interpretations of the inheritance of root rot
resistance in beans have been reported. McRostie (5) studied
the cross of ‘Flat Marrow’ with ‘Robust Pea Bean’ in feld and
greenhouse tests and concluded that two duplicate recessive
genes were involved. Yerkes and Freytag (10) obtained root rot
resistant F] plants from a Phaseolus vulgaris x P. coccineus
cross, which suggested that resistance from P. coccineus was
dominant over susceptibility. Azzam (1) used PI 165435 and
L. coceineus, line no. 2014 as resistant parents in crosses with
0OSC 22. Results of field and greenhouse tests indicated three
recessive genes governed resistance in PI 165435, but the Fp
ratios did not show good agreement to a classical Mendelian
ratio. Progenies from P. coccineus reacted similarly, with 2 or
3 major recessive genes being involved. Smith and Houston (7)
used 7 resistant parents, including N203 (PI 203958), in crosses
with 10 susceptible culfivars. All artificially inoculated F)
parents were susceptible and few resistant plants were found in
three Fo families. In the other 4 families, 16-19% of the plants
were found to be resistant, suggesting a 13:3 ratio and that
resistance was controlled by 1 dominant and 1 recessive gene.
The F3 famulies resulting from ‘Sutter Pink’ x N203, ‘California
Red’ x N203, and ‘Califorma Red’ x PI 165435 also gave
14-18% resistant plants which agreed with the hypothesis.
Smith later reported (6) that no true breeding lines had been
obtained, which would indicate that the mheritance was more
complex than previously thought. Their results involving PI
165435 differed from those obtained by Azzam, but different
susceptible parents were used and another Fusarium isolate may
have been employed.

Wallace and Wilkinson (8) found root rot resistance to have
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complex inheritance. From field studies, Bravo et al. (3) con-
cluded that resistance to Fusarium in N203 and P. coccineus
resulted from 3 or more primarily dominant genes and that
additive gene effects were greater than dominance effects.
Hassan et al. (4) published more detailed results in which N203
was estimated to possess about 4, and stramn 2114-12 about 6
primarily dominant genes for resistance. The narrow sense
heritabilities were 26 and 44 in progenies from the 2 parents,
respectively. However, when the inoculum conen was doubled,
the means of the F} and F generations shifted towards sus-
ceptibility, In greenhouse tests using young plants, gene action
was essentially addifive, but in the field experiments where
older plants were scored for root rot reaction, gene action was
shifted to partial dominance. [t is evident from these reports
that the testing procedures as well as sources of resistance and
plant age influence the results of inheritance studies.

Since knowledge of the inheritance is critical to designing
optimum breeding strategies for incorporating a particular
trait into e¢conomically-useful populations, we siudied crosses
of resistant N203 (PI 203958) with several susceptible cultivars
to obtan additional information about the inheritance of re-
sistance to rool 1ol incited by Fusarium soluni [sp. phaseoli
and to determine the improvement m resistance from an nitial
cycle of recurrent selection.

Materials and Methods

Parents were grown and crosses made in the greenhouse.
The following populations were studied using the nutrient
culture technique described by Boomstra et al. (2) The Fy,
Fa, BCPy, BCP7, and F4 progenies derived from selected Fp
plants of ‘Cascade’ x PI 203958 (hereafter designated CN);
F1, P2, and F4q progenies from selected Fp plants of ‘Falcon’
x PI 203958 (FN): F3, and F4 and Fs5 progenies from selected
F3 and F4 plants, respectively of ‘Cahfornia Small White’ x
PI 203958 (WN); and F7 and F3 progenies from selected Fy
plants of ‘State Half Runner’ x PI 203958 (SN). Plants from
each population were inoculated and placed at random in the
tanks, and seedlings of the susceptible and resistant parents
were included as checks. Results from different tanks were
compared and later pooled when they were found to be homo-
genous. Fy and backeross progeny from the CN cross and Fy
progenies from the FN cross were studied using a greenhouse
pot test (2) to compare disease reactions of plants subjected to
different conditions. Pots were placed at random on a green-
house bench, with susceptible and resistant parents included as
checks.

Seedlings were rated as having slight, moderate or severe
symptoms based on the intensity of hypocotyl (lesions) and
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Table 1. Distnbutions of plants in different root rot reaction classes
(Fusarium solani f.sp. phaseolt) within progenies derived from crosses
of ‘Cascade’ x PI 203958 and ‘Falcon’ x PI 203958. The nutrient
culture technique was used.

—

Table 3. Distributions of plants in different root rot reaction classes
(Fusarium solanf f.sp. phaseolf) within progenies derived from crosses
of ‘Cascade’ x P] 203958 and ‘Falcon’ x Pl 203958. The greenhouse
pot test was used.

Distribution
Infection type
Pedigree No of Disease
and generation plants slight moderate severe indexZ
Cascade (P1) 150 0 0 150 1000
PI 203958 (P2) 150 100 50 0 30.0
Fi (P} xP3) 26 0 12 14 76.9
Fo 338 9 29 300 93.6
Fq¥ 376 125 158 93 324
BCPy 14 1 2 11 87.1
BCP2 109 2 31 76 84.3
Falcon (P3) 120 0 0 120 100.0
P1 203958 (P2) 120 80 40 0 30.0
Fi (P3 x P3) 5 0 1 4 90.0
| o) 546 15 -39 492 94 6
F4¥ 282 113 120 49 46 7

Z3light - 20, moderate = 50, severe = 100,
Y¥Total of several F4 families, derived from selected Fp plants

vigor of the foliage, with values of 20, 50 and 100, respectively
being assigned. The disease index of each family was computed
as the mean value of individual plant ratings.

F2 plants that were resistant based on results of the nutrient
culture technique were selected and transplanted into pots
filled with soil. Only a few F3 seeds were obtained, so F3 plants
were grown without further selection to produce Fq seeds.
Progeny testing was used fo verify the accuracy of selection
since discrete segregation ratios were not obtained in the Fq.
To evaluate the effectiveness of selection, disease indices of the
unselected Fp generation and F4 families dertved from Fo
plants showing only slight symptoms were compared.

Results and Discussion

F1, F2, and backcross data indicated that susceptibility was
dominant over resistance in the CN and FN families evaluated
using the nutrient culture technique (Table 1), These popula-
tions did not show discrete segregation patterns, but rather a
complex inheritance. The disease indices of the F1 generations

Table 2 Distnibutions of plants in different root rot reaction classes
(Fusarittm solani f sp phaseolf) within progemes dérived from crosses
of *State Half Runner’ x PI 203958 and “Californiza Small White’ x
PI 203958. The nutrient culture technique was used.

Distribution

Pedigree No Infection type Disease
and generation tested slight moderate severe index?
State Half
Runner x PI
203938
Fn 102 4 12 86 910
F3y 235 i6 8 1 32.8
California Small
White x PI
203958
F3 264 9 10 245 954
FaX . 23 7 10 6 53.9
FsW 40 37 3 0 22.3
Z8light = 20, moderate = 50, severe = 100
-¥Derived from selected Fo plants
¥Derived from selected F3 plants.
WDerved from selected Fy plants.
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Distribution

Pedigree No Disease
and generation tested slight moderate  seveie mndex?
Cascade (P1) 50 0 2 438 98.0
PI1 203958 (P3) 50 33 17 0 30.0

F1 (1 x-P2) 15 10 5 0 30.0
BCP2 80 33 31 16 47.6
Falcon (P3) 30 0 2 28 97.0
P1 203958 (P2 30 20 10 1 30.0
Fy (P x P2) 342 14 63 265 87.5

Z5light = 20, moderate = 50, severe = 100.

were closer to the susceptible rather than the resistant parent,
and few resistant plants were recovered in the F7 and backeross
families. When assuming that 1)} two recessive genes are pri-
marily responsibie for resistance, and 2} the moderately mnfected
plants are, in fact susceptible, there were too many susceptible
plants in the F7 and backeross families to fit this hypothesis.
The deficiency of resistant segregates may be due to some mis-
classifications, ‘or minor genes could be involved in resistance.
The following factors may also contribute to the lack of discrete
segregation ratios. Classification of infection types was some-
what arbitrary, and different ratios would have been realized
if dafferent classification criteria had been used. Moderate infec-
tion types may not constitute a definite class or the low re-
sistance of some plants might not have been stable.

The F4q families were derived through the F3, from F7 plants
selected as being resistant. All Fq fanulies continued to segre-
gate, and none was either completely susceptible or resistant,
suggesting that minor genes may be involved. The average di-
sease indices of the Fq families were considerably lower than
those of the F populations from which the resistant selections
were derived. Selection in the Fo generation produced improved
F4 populations but continued selection is necessary to establish
umform resistant lines. The populations derived from the
crosses of N203 with ‘Califorma Small White’ and ‘State Half
Runner’ followed similar segregation patterns, and gain from
selection in the tested progenies from selected F or F3 planis
was similar (Table 2).

The F] and backcross data from the CN cross obtamed using
the greenhouse pot test (Table 3), did not agree with results
obtained using the seedling tank test (Table 2), but were similar
to the results of Hassan et al. (5), who also used N203 as a .
resistant parent and a similar pot testing procedure. They found
resistance to be dominant over susceptibility. The Fp popula-
tions from the FN cross reacted similarly to the populations
analyzed using the seedling tank test, but results differed from
those of Hassan et al. (4).

These studies provide no additional conclusive evidence
concerning the mode of inheritance of Fusaritzn resistance.
We found, as did Hassan et al. (4), that the inheritance patterns
were mfluenced by the testing procedures employed, age of
plants, and the parents involved. The improved level of re-
sistance of F4q families derived from F7 plants showing a slight
reaction supgested that resistance was heritable. The disease
mndices of the Fp populations vaned from 93.2 to 96.1, while
those of the F4q populations derived from the CN and EN
crosses were 52.4 and 46.7, respectively. The disease index
(35.3) of one F4 family from the CN cross approached the
index of N203 (30.0), and several others were below 45.

Pedigree selection and backcross breeding have been used
extensively to transfer disease resistance into desirable strains.
However, complex inheritance and low heritability have limited
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the success of attempts to incorporate Fusarium resistance into
bean cultivars, although sources of resistance have been known
for more than 50 years (9). Wallace and Wilkinson (8) found
root rot resistance from N203 and 2114-12 to be quantitatively
inherited. They suggested the desirability of intercrossing
superior mdividuals which could be backcrossed later to appro-
pnate recurrent parents for developing acceptable cultivars.
Bravo et al. (3) found sizable additive gene effects although
resistance was largely dominant over susceptibility. They em-
phasized the need for progeny tests to determine resistant
lines. Hassan et al. (4) suggested that highly resistant, homo-
zygous selections could be differentiated from partially re-
sistant, heterozygous ones only by progeny testing.

Recurrent selection was developed as a systematic method to
increase the frequency of favorable genes or gene combinations
while retaining the genetic vamability within a breeding popu-
lation. It has not been used widely in breeding self-pollinated
ciops because of the extensive crossing required and the time
and effort mvolved. Several studies have indicated the need for
intercrossing and cyclic selection programs (4, 9) based on
apparent quantitative mheritance of resistance and linkage to
undesirable traits. Qur results from an initial cycle of selection
support the feasibility of this approach.
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