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Diallel Analysis of Bacterial Wilt Resistance in Tomato
Derived from Different Sources
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Ralstonia solanacearum (Smith) Smith,
the soilborne pathogen that causes bacterial
wilt (BW) in tomato (Lycopersicon escu-
lentum Mill.), is endemic in the tropics and
subtropics. Disease control is difficult
because of the broad host range, wide-
spread distribution, and vast genetic varia-
bility of the pathogen (12). Consequently,
BW resistance should be a component of
tropical tomato cultivars. Often, however,
tomato cultivars resistant to BW at one
location have been susceptible at other
locations (11,27). Virulence differences
among pathogen strains can cause resis-
tance instability (5,18), although other

biotic and abiotic factors affect host resis-
tance (12). Instability of BW resistance
complicates the development of resistant
tomato cultivars, necessitating extensive
multilocation testing.

The BW resistance in cultivated tomato
originated from L. esculentum var. cera-
siforme or L. pimpinellifolium (17). Resis-
tance in most current BW-resistant tomato
cultivars can be traced to one of three
major sources. (i) PI127805A (L. pimpinel-
lifolium), first identified at the University
of Hawaii, was the donor of BW resistance
in Kewalo (7). Highly resistant lines
Hawaii 7996, Hawaii 7997, and Hawaii
7998 are thought to have derived from
PI127805A, although this is not certain (J.
Scott, personal communication). (ii) CRA66
(L. esculentum var. cerasiforme), a small-
fruited landrace found by researchers at the
Institut National de la Recherche Agrono-
mique (INRA) in the French West Indies,
was the resistance source in Caraïbo and
Caravel (17). (iii) PI129080 (L. pimpinel-

lifolium) and Beltsville #3814, which were
the sources for the “North Carolina” resis-
tance, were used to develop BW-resistant
cultivars Venus and Saturn (13) and pos-
sibly North Carolina breeding lines BW2
and BW4. BW2 and Roma VF were the
sources of BW resistance in Rodade (2),
and BW4 was the source of resistance in
Rotam 4 (8).

Additional BW resistance sources have
been identified but have not been exten-
sively exploited, primarily because of their
small fruit sizes and poor horticultural
characters. These accessions include L285
(11) and selections from wild tomato
accessions PI263722, PI126408, PI196298
(L. esculentum), and PI251323 (L. pimpi-
nellifolium) (14).

Reports on the genetic control of BW
resistance among different sources vary
both in the number of genes and the types
of gene action involved. Acosta et al. (1)
concluded that resistance in 5808-2, a
selection from PI127805A, showed partial
dominance early in the season. A single
dominant gene for BW resistance was re-
ported in Hawaii 7998 (19) and in Hawaii
7996 (10). Important resistance quantita-
tive trait loci in H7996 were detected on
chromosomes six and four as well as addi-
tional lesser quantitative trait loci (25,26).
Polygenic BW resistance has been reported
for CRA 66 (17) and the North Carolina
resistance derived from PI129080 and
Beltsville #3814 (22). Two genomic re-
gions on chromosomes six and ten showing
partial dominance for BW resistance were
found in L285 (4).

Since BW resistance originated from L.
esculentum and from wild Lycopersicon
species more genetically diverse than cul-
tivated tomato, the presence of different
genes or alleles conditioning BW resis-
tance is likely. This research was under-
taken to determine whether combining
BW-resistant parents originally derived
from different resistance sources would
result in F1 progenies with higher resis-
tance levels and to estimate general and
specific combining abilities for BW resis-
tance in this set of resistance sources.

MATERIALS AND METHODS
Parents and crosses. Five BW-resistant

inbred lines derived from different resis-
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ABSTRACT
Hanson, P. M., Licardo, O., Hanudin, Wang, J. F., and Chen, J.-T. 1998. Diallel analysis of
bacterial wilt resistance in tomato derived from different sources. Plant Dis. 82:74-78.

Bacterial wilt, caused by Ralstonia solanacearum, is a major constraint to tomato production in
the tropics and subtropics. Most bacterial wilt-resistant tomato cultivars have not shown consis-
tently high resistance levels over locations. The objective of this study was to determine
whether combining resistance derived from different sources would result in F1 progenies with
resistance greater than that of the parents. Five bacterial wilt-resistant tomato lines or acces-
sions (CL5915, L285, CRA84, H7997, and GA219), each derived from different resistance
sources, and a susceptible processing tomato line (UC204A) were crossed in all combinations
without reciprocals. Parents, F1 progenies, and F2 progenies were evaluated in greenhouses at
three locations (Taiwan, Philippines, and Indonesia) for percent survival 6 weeks after drench
inoculation with virulent local strains of R. solanacearum. Percent survival means over loca-
tions were 17.4 to 83.0 for parents and F1 progeny and 16.2 to 75.0 for parents and F2 progeny.
The percent survival means over locations of L285 × H7997 were highest among crosses in the
F1 (83.0) and F2 (75.0) generations but were not significantly greater than that of H7997. Highly
significant mean squares were found in the F1 and F2 progenies for general combining ability
(GCA) and GCA × locations. Positive GCA effects over locations were detected for H7997,
CRA84, and L285, indicating that progeny with those lines as parents showed bacterial wilt
resistance that was greater than the average of all crosses. Only H7997, however, had positive
GCA effects estimates at each location for each generation, and its GCA effects estimates over
locations were significantly greater than those of the other parents in the F1 and F2 progenies.
Among this set of parents, H7997 is the best source to develop bacterial wilt-resistant progeny.
We did not observe statistically significant increases in resistance by combining different
resistance sources. However, the presence of large GCA variances suggests that hybridization of
parents that have high GCA for bacterial wilt resistance, such as H7997, CRA84, or L285,
followed by selection in segregating populations might yield inbred progeny with resistance
greater than that of the parents.
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tance sources and UC204A, a BW-sus-
ceptible processing tomato line, were
selected as parents. The BW-resistant lines
and the original resistance source of each
were as follows: (i) CL5915-93D4-1-0-3
(CL5915), a small-fruited, determinate,
heat-tolerant line bred at the Asian Vege-
table Research and Development Center
(AVRDC) with BW resistance derived
from Saturn, and UPCA1169, a bred line
from the University of the Philippines (11);
(ii) L285, an indeterminate L. esculentum
var. cerasiforme accession from Taiwan
maintained at the AVRDC Genetic Re-
sources and Seed Unit that has shown
relatively high BW resistance in multi-
location trials conducted in Southeast Asia
(11); (iii) CRA84-58-1 (CRA84), a deter-
minate, large-fruited line bred in Guade-
loupe by INRA with BW resistance de-
rived from CRA66 (CRA84 was among
the most resistant entries in multilocation
BW trials in Southeast Asia) (11); (iv)
GA219, a small-fruited, indeterminate
selection from PI126408 (L. esculentum)
that has shown high BW resistance levels
in Florida tests (20,23); and (v) Hawaii
7997 (H7997), a medium-fruited, semi-
determinate plant type with a high level of
BW resistance (19,20,27), presumably
derived from PI127805A (L. pimpinelli-
folium).

The six parents were crossed in all
combinations without reciprocals to pro-
duce 15 F1 single crosses. Bulk F2 seed
from each cross was obtained by self-
fertilization of F1 plants. Two experiments
were conducted to evaluate treatments. The
first experiment included the 15 F1 crosses
and six parents, and the second experiment
included the 15 F2 crosses and six parents.

In both experiments, treatments were ar-
ranged according to a randomized com-
plete block design with three replications.
Experimental units included 12 plants of
each parent and 24 plants of each cross,
except at AVRDC, where plots of parents
and crosses contained 48 plants.

Treatments were evaluated for BW reac-
tions in greenhouses at three locations:
AVRDC, Taiwan; Institute of Plant Breed-
ing, University of the Philippines, Los
Baños; and Segunung Horticultural Re-
search Station, Java, Indonesia. Experi-
ments 1 and 2 were conducted once at each
location. Seedlings were grown individ-
ually in plastic pots (170-ml volume at
AVRDC; 220-ml volume at the Philippines
and Indonesia). The potting soil mixture,
consisting of sand, soil, rice husks, and
compost (1:3:1:1), was pasteurized with
steam prior to use.

Inoculation. At each location, treat-
ments were inoculated with one highly
virulent R. solanacearum strain isolated
locally from infected tomato plants. Strains
used for inoculation were Pss4 (Taiwan),
T22 (Philippines), and Tom22 (Indonesia);
all strains were identified as race 1, biovar
3. Because of quarantine regulations, ex-
change of strains and testing of all strains
in the same experiment at one location
were not possible. For inoculum prepara-
tion, strain cultures stored in 30% glycerol
at −80°C or in water at room temperature
were streaked on tetrazolium chloride
medium (16). Several fluidal colonies were
transferred to plates containing 523 media
(15) for multiplication at 30°C for 24 h.
Bacterial cells were harvested with glass
slides, suspended in water, and adjusted to
OD600 = 0.3, (about 108 CFU/ml). Imme-

diately before inoculation, inoculum was
further diluted to 1 × 106 CFU/ml. Four-
week-old seedlings, approximately in the
five-leaf stage, were inoculated by pouring
30 ml (20 ml at Taiwan) of 1 × 106 inocu-
lum on the soil surface at the base of each
plant. Plant roots were not wounded before
inoculation. Mean greenhouse temper-
atures during the trials (from inoculation
until the last evaluation) were 25.7 to
32.2°C during the day and 20 to 25.0°C at
night.

Disease evaluation and data analysis.
Treatments were evaluated for wilting at
weekly intervals for 6 weeks, beginning 1
week after inoculation. Wilted plants in-
variably died, so plants were judged as
either healthy or wilted. Percent survival
was determined for each experimental unit
on the basis of the last evaluation in each
experiment. Prior to analysis, percent sur-
vival data were transformed by the arcsine
of the square root to normalize the scale.
Analyses of variance of percent survival
means of crosses and parents for each
location and over locations were carried
out separately for parents and F1 progeny
and parents and F2 progeny. The model for
the analysis of variance over locations
assumed parents and crosses to be a fixed
effect and locations a random effect. Par-
ents and cross means were separated by
Waller-Duncan (K = 100) with appropriate
error terms. Heterosis was measured at
each location as the difference in percent
survival between each F1 progeny and its
respective high (most resistant) parent
within replications. Statistical significance
of differences was tested by t test (24).

Combining ability analyses of F1 and F2

crosses were conducted separately accord-

Table 1. Percent survival means of parents and F1 progenies, and parents and F2 progenies evaluated for bacterial wilt resistance at Taiwan, the
Philippines, and Indonesiaz

Parents and F1 Parents and F2

Parent/cross Taiwan Philippines Indonesia Combined Taiwan Philippines Indonesia Combined

CRA 84 66.7 cd 36.1 b–f 91.7 ab 64.8 c–e 55.5 a–c 77.8 ab 91.7 bc 75.0 a
UC204A 7.6 i 16.7 e–g 27.8 g–i 17.4 j 2.8 l 34.7 c–f 11.1 k 16.2 f
H7997 76.4 b–d 61.1 a–c 91.7 ab 76.4 ab 69.7 a 19.4 ef 100.0 a 63.1 a–c
CL5915 22.2 gh 11.1 g 66.7 c–e 33.3 hi 26.5 g–i 11.1 f 38.9 ij 25.5 d–f
GA219 37.5 fg 36.1 b–f 33.3 f–i 35.6 h 15.4 ij 27.8 d–f 58.3 f–h 33.8 b–f
L285 84.0 ab 52.8 a–d 50.0 ef 62.3 c–e 30.9 f–h 13.9 f 91.7 bc 45.5 a–f
CL5915 × L285 61.1 de 58.3 a–d 68.1 c–e 62.5 c–e 30.4 f–h 77.8 ab 63.9 e–h 57.3 a–e
CL5915 × CRA84 64.6 d 30.5 c–g 93.1 ab 62.7 c–e 31.9 e–h 51.4 b–e 98.6 a 60.6 a–c
CL5915 × H7997 75.0 b–d 44.4 b–e 93.0 ab 70.8 bc 51.4 b–d 55.6 b–d 97.2 ab 68.1 a–c
CL5915 × GA219 39.6 f 27.8 d–g 51.7 d–f 39.7 gh 27.2 g–i 57.0 b–d 54.1 g–i 46.1 a–f
CL5915 × UC204A 11.1 hi 32.0 b–g 45.8 fg 29.6 hi 6.9 kl 51.4 b–e 45.8 hi 34.7 c–f
L285 × CRA84 80.6 a–c 57.0 a–d 93.0 ab 76.9 ab 47.2 b–d 76.4 ab 80.6 c–e 68.1 a–c
L285 × H7997 89.6 a 63.9 ab 95.6 a 83.0 a 61.1 ab 77.8 ab 86.1 cd 75.0 a
L285 × GA219 63.2 d 77.8 a 40.3 f–h 60.4 d–f 38.9 d–g 82.0 ab 70.8 d–g 63.9 a–c
L285 × UC204A 44.5 ef 44.4 b–e 26.4 hi 38.4 h 11.8 jk 70.8 ab 59.7 f–h 47.5 a–f
CRA84 × H7997 73.6 b–d 36.1 b–f 94.4 ab 68.1 b–d 46.5 b–e 68.0 a–c 97.2 ab 70.6 a
CRA84 × GA219 66.0 d 27.8 d–g 77.8 c 57.2 ef 44.7 c–f 55.6 b–d 73.6 d–f 58.0 a–e
CRA84 × UC204A 33.3 fg 13.9 e–g 70.8 cd 39.3 h 16.7 ij 15.3 d–f 63.9 e–h 32.0 c–f
H7997 × GA219 69.4 b–d 52.8 a–d 80.6 bc 67.6 b–e 46.1 b–e 58.3 b–d 77.8 c–f 60.7 a–d
H7997 × UC204A 36.1 fg 31.9 b–g 80.6 bc 49.5 fg 24.3 hi 93.1 a 80.6 c–e 66.0 a–c
GA219 × UC204A 14.6 hi 26.4 d–g 20.8 i 20.6 ij 4.9 l 41.6 b–f 23.6 jk 23.4 ef

Mean 53.2 39.9 66.3 53.2 32.9 53.2 69.8 52.0

z Mean separation by Waller-Duncan (K ratio = 100). Data were transformed to the arcsine of the square root for analysis. Nontransformed means are
shown. Means within columns followed by the same letter are not significantly different.
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ing to Griffing (9) by using experimental
method 4 (crosses only) and model 1 (fixed
effects). Combining ability analyses over
locations were carried out as described by
Singh (21). For each parent in this diallel,
five of the 15 crosses had that line as one
of its parents. General combining ability
(GCA) is the average of all F1 or F2 crosses
sharing a common parent expressed as a
deviation from the overall mean of all
crosses (3,6). GCA assessed the value of a
parental line for BW resistance on the basis
of the mean performance of its progeny.
An expected value for each F1 or F2 cross
was estimated on the basis of the GCA of
its parents, and specific combining ability
(SCA) was calculated to determine wheth-
er F1 or F2 performance exceeded or fell
below the expected value (3,6). Combining
ability analysis was used to break down
variance resulting from crosses into GCA
and SCA components. GCA and SCA
effects were calculated if their respective
mean squares were significant in the anal-
ysis of variance. In this study, a positive
GCA effect indicated that BW resistance of
crosses with that line as a parent was better
than the average. Similarly, a positive SCA
effect arose if resistance of a cross was
better than predicted on the basis of paren-
tal reactions.

RESULTS
Parents and cross means. Wilted plants

were observed in all parental lines at each
location, demonstrating that parents were
not immune to BW. Some researchers
regard “tolerance” as a better term to de-
scribe BW resistance (17,25). Over loca-
tions and experiments (Table 1), parental
lines H7997 and CRA84 gave the highest
percent survival means (69.8 and 69.9,
respectively) followed by L285 (53.9),
GA219 (34.7), CL5915 (29.4), and UC-
204A (16.8). Parental means varied greatly

among locations. For example, percent sur-
vival of H7997 over F1 and F2 experiments
was 73.1, 40.3, and 95.9 at Taiwan, the
Philippines, and Indonesia, respectively.
Furthermore, reactions of several parents
were inconsistent between experiments at
the same location, notably L285 at all
locations and CRA84 and H7997 in the
Philippines. By conducting experiments in
the greenhouse instead of the field, we
reduced environmental variation caused by
pathogen strains, soil type, and moisture
levels, which can affect resistance (12).
However, since the parental lines were
inbreds, variation of parental reactions
between experiments at the same location
inoculated with the same strain suggests
that environmental factors, possibly tem-
perature, affected disease reactions.

Mean percent survival of crosses ranged
from 20.6 to 83.0 in the F1 and 23.4 to 75.0
in the F2 progenies (Table 1). Among
crosses, L285 × H7997 produced the high-
est mean percentage of resistant progeny
over locations in both the F1 (83.0) and the
F2 (75.0) generations, but these means
were not significantly greater than those of
H7997. F1 and F2 progenies of L285 ×
CRA84, CRA84 × H7997, and CL5915 ×
H7997 also ranked among the most resis-
tant crosses at each location. Over loca-
tions, the F1 and F2 means of all crosses
with H7997 as one parent (67.8 and 68.1 in
the F1 and F2, respectively) were greater
than the progeny means of the other
parents. F1 and F2 progeny means were
64.2 and 62.4, respectively, for L285 and
60.8 and 57.9, respectively, for CRA84. As
expected, high proportions of wilted plants
were found in crosses with UC204A as a
parent, except for H7997 × UC204A in
Indonesia, where F1 and F2 means of this
cross exceeded the location means in each
experiment. It is possible that resistance to
the Indonesian strain is simply inherited or

that UC204A contributed alleles enhancing
resistance to the Indonesian strain. Cases
of BW-susceptible tomato lines passing
genes to progeny that improved BW resis-
tance have been reported (2,4).

Each F1 progeny was compared with its
respective high parent (most resistant) at
each location to measure heterosis, which
was judged present when the percent sur-
vival mean of the F1 progeny significantly
exceeded that of the high parent. None of
the F1 crosses demonstrated significantly
greater survival than its high parent (Table
2), and most F1 means, in fact, fell below
that of its high parent. F1 progeny means of
L285 × H7997 were slightly greater than
that of the high parent at each location
(L285 at Taiwan; H7997 at the Philippines
and Indonesia), but the differences were
small (2.8 to 5.6) and not statistically sig-
nificant.

Combining ability analyses. We found
significant mean squares for locations,
crosses, GCA over locations, and the GCA
× location interaction for the F1 and F2

progenies (Table 3). SCA mean squares
over locations and the SCA × location
interaction were significant in the F2 but
not in the F1 progenies. In the combined
analysis of variance, GCA mean squares
exceeded SCA mean squares by almost 40
times in the F1 and seven times in the F2

progenies. The larger magnitude of GCA
compared with SCA mean squares suggests
that among this group of parents, expres-
sion of BW resistance is primarily the
result of additive gene action and F1 and F2

progeny performance could be predicted
from mean parental reactions (3). This is in
agreement with González and Summers
(8), who also found GCA mean squares
that were 3 to 15 times greater than SCA
mean squares for BW resistance in tomato.

Positive estimates of GCA effects over
locations were found for H7997, CRA84,
and L285 in both the F1 and F2 progenies
(Table 4). A positive GCA effect indicated
that percent survival means from crosses
that included one of the above parents was
higher than the average of all crosses (6).

Table 2. Differences between F1 progeny and high parent means for bacterial wilt percent survival
evaluated at greenhouses in Taiwan, the Philippines, and Indonesiaz

Parent

Location Parent L285 CRA84 H7997 GA219 UC204A

Taiwan CL5915 −22.9* −2.1 −1.4 2.1 −11.1
Philippines 5.5 −5.6 −16.7 −8.3 15.3
Indonesia 1.4 1.4 1.3 −15.0** −20.9*

Taiwan L285 . . . −3.4 5.6 −20.8 −39.5*
Philippines . . . 4.2 2.8 25.0 −8.4
Indonesia . . . 1.3 3.9 −9.7 −23.6

Taiwan CRA84 . . . . . . −2.8 0.7 −33.4
Philippines . . . . . . −25.0 −8.3 −22.2
Indonesia . . . . . . 2.8 −13.9 −20.9*

Taiwan H7997 . . . . . . . . . −7.0 −40.3
Philippines . . . . . . . . . −8.3 −29.2*
Indonesia . . . . . . . . . −11.1 −11.1

Taiwan GA219 . . . . . . . . . . . . −22.9
Philippines . . . . . . . . . . . . −9.7
Indonesia . . . . . . . . . . . . −12.5

z Differences calculated as F1 − HP within blocks, where HP is the percent survival of the most resis-
tant parent of that F1 progeny. Significance of the difference was tested by t test. ** = Significant at
P < 0.01, and * = significant at P < 0.05.

Table 3. Mean squares from diallel analyses of
F1 and F2 generations evaluated for bacterial wilt
reaction in greenhouses in Taiwan, the Philip-
pines, and Indonesiay

df F1 F2

Location (L) 2 3,934.4** 8,633.9**
Rep/L 6 142.1 176.7
Crosses (C) 14 1316.8** 1064.1**

GCAz 5 3,525.8** 2374.0**
SCA 9 89.5 336.4**

C × L 28 348.4** 325.2**
GCA × L 10 831.9** 632.9**
SCA × L 18 79.8 154.2**

Error 84 56.8 86.4

y Data were transformed to the arcsine of the
square root for analysis. ** = Significant at
P < 0.01, and * = significant at P < 0.05.

z GCA = general combining ability, and SCA =
specific combining ability.
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In contrast, negative GCA effects were
estimated for CL5915, GA219, and UC-
204A across locations in the F1 and F2

progenies. GCA effects for L285 were
positive at Taiwan and the Philippines in
the F1 and F2 generations but negative at
Indonesia for both generations. Similarly,
GCA effects estimates in both the F1 and
F2 progenies for CRA84 were positive at
Taiwan and Indonesia but negative at the
Philippines. Inconsistent GCA effects esti-
mates among parents over locations would
explain the presence of highly significant
GCA × location mean squares (Table 3).
SCA mean squares were significant at
Indonesia in the F1 and F2 progenies, the
Philippines in the F2 progenies, and com-
bined over locations in the F2 progenies
(Table 4). L285 × H7997 in the F2 progenies
showed a negative SCA effect, which would
indicate that the percent survival mean from
this cross was less than would be expected
on the basis of reactions of the parents.

DISCUSSION
The biological reasons for the failure of

entries (parents and crosses) to perform
similarly with respect to each other be-
tween locations remain unclear because
parents and crosses were tested in different
greenhouses with different pathogen strains.

It is clear from the work of Elphinstone (5)
that genotype × strain interactions are a
major cause of instability in BW resistance
in tomato, and the variable reactions
among parents and crosses among loca-
tions probably results in part from differ-
ences in virulence among the strains used.
As previously mentioned, however, the
inconsistent performance of genetically
uniform parents between experiments at
the same location suggests that environ-
mental factors also affected resistance.

We observed a close correspondence be-
tween percent survival means of parents
over locations and sizes of their GCA
effects. Four parents in this study (H7997,
L285, GA219, and CL5915) are among the
35 entries in the International Set of Resis-
tance Sources to Bacterial Wilt in Tomato,
a worldwide collaboration to test available
BW resistance sources over locations (27).
The ranking of these four parents for
percent survival over nine trials in seven
countries (27) was almost identical to their
ranking according to magnitude of GCA
effects in this study. This ongoing effort to
evaluate the International Set will provide
useful information on the stability of dif-
ferent BW resistance sources and may
indicate the value of the entries as parents
in developing resistant progeny.

H7997, CRA84, and L285 would be the
best BW resistance sources among this set
of parents. CRA84 is particularly useful
for breeding because it yields large, mod-
erately firm fruit while H7997 and L285
have medium and small fruit, respectively,
and their fruit tend to crack. GCA effects
over locations for H7997 were signifi-
cantly greater than those of the other par-
ents in both generations, and only H7997
consistently produced positive GCA esti-
mates at each location. Although H7997
has poor fruit quality, low fruit set, and
other undesirable characteristics, it appears
to be a good parent to develop resistant
lines. González and Summers (8) noted
that Hawaii 7998 (H7998), a BW-resistant
line related to H7997 (J. Scott, personal
communication), was the only parent in
their diallel experiment that produced a
relatively greater proportion of resistant F1

progeny when tested against seven R. so-
lanacearum strains. Hawaii 7996, H7997,
and H7998, all presumably derived from
PI127805A, were among the most resistant
and stable entries in the International Set
(27) and showed consistently high survival
in multiple-year tests in Florida (20).
Achievement of broad-based resistance is
more likely when H7997 or other Hawaii
lines are used as parents. Because of the

Table 4. GCAu and SCAv effects of F1 and F2 crosses evaluated for  bacterial wilt reactions at greenhouses in Taiwan, the Philippines, and Indonesia

F1 F2

Taiwan Philippines Indonesia Combined Taiwan Philippines Indonesia Combined

Parent, GCA effects
CL 5915 −3.97 −1.97 1.45 −1.50 −2.52 −2.53 2.69 −0.79
L285 10.99 14.50 −3.22 7.42 4.81 11.86 −1.53 5.05
CRA84 6.59 −7.26 13.85 4.39 4.81 −7.66 11.15 2.76
H7997 11.44 3.62 18.20 11.09 11.29 7.29 14.56 11.05
GA219 −3.79 1.06 −12.80 −5.17 −0.52 −3.48 −11.40 −5.13
UC204A −21.26 −9.95 −17.48 −16.23 −17.87 −5.48 15.47 −12.94

LSD0.05 (gi − gj)w 5.15 7.52 6.20 3.60 5.07 10.59 6.18 4.43
Cross, SCA effects

CL5915 × L285 . . .x . . . −0.89 . . . . . . 4.06 −8.07 . . .
CL5915 × CRA84 . . . . . . 1.33 . . . . . . 2.92 12.11 . . .
CL5915 × H7997 . . . . . . 0.09 . . . . . . −9.58 4.75 . . .
CL5915 × GA219 . . . . . . −0.89 . . . . . . 1.91 −4.02 . . .
CL5915 × UC 204A . . . . . . 0.36 . . . . . . 0.69 −4.77 . . .
L285 × CRA84 . . . . . . 6.32 . . . . . . 3.64 −5.85 . . .
L285 × H7997 . . . . . . 4.64 . . . . . . −9.97 −4.65 . . .
L285 × GA219 . . . . . . −2.91 . . . . . . 3.52 10.83 . . .
L285 × UC204 . . . . . . −7.17 . . . . . . −1.25 7.75 . . .
CRA84 × H7997 . . . . . . −13.78 . . . . . . 4.91 −3.70 . . .
CRA84 × GA219 . . . . . . 3.48 . . . . . . 6.53 −0.14 . . .
CRA84 × UC204A . . . . . . 2.66 . . . . . . −18.00 −2.42 . . .
H7997 × GA219 . . . . . . 2.61 . . . . . . −7.94 −1.26 . . .
H7997 × UC204A . . . . . . 6.44 . . . . . . 22.58 4.86 . . .
GA219 × UC204A . . . . . . −2.29 . . . . . . −4.02 −5.42 . . .

LSD0.05 (sij − sik)
y . . . . . . 10.57 . . . . . . 18.35 10.71 . . .

LSD0.05 (sij − slk)
z . . . . . . 8.79 . . . . . . 15.00 8.75 . . .

u General combining ability, the average bacterial wilt survival of all F1 or F2 crosses sharing that common parent, expressed as a deviation from the
overall mean of all crosses. A positive GCA effect indicates that the percent survival mean from crosses that included that parent was higher than the
average of all crosses.

v Specific combining ability, which measures whether actual F1 or F2 performance of a cross performed better or worse than expected on the basis of the
GCA values of the parents. A positive SCA effect indicates that the F1 and F2 progenies were more resistant that expected on the basis of the average
GCA of the parents.

w Least significant difference for comparisons between GCA effects.
x SCA effects were not calculated because the SCA mean square in the analysis of variance was not significant.
y Least significant difference for comparisons between SCA effects with a common parent.
z Least significant difference for comparisons between SCA effects with no common parent.
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importance of the genotype × environment
interaction for BW resistance, multiloca-
tion testing of progenies would be essential
for the identification of stable BW-resis-
tant lines.

None of the F1 progeny in this study that
were developed by crossing lines derived
from different BW resistance sources
demonstrated significantly higher resis-
tance than its respective high parent. Iden-
tification of F1 progeny with greater BW
resistance than the better parents, H7997,
L285, and CRA84, would have been
desirable. Development of F1 hybrids with
enhanced BW resistance by combining the
resistance sources used in this study
appears to be unlikely. The large GCA to
SCA variance ratios indicate the impor-
tance of additive and additive × additive
gene effects in governing resistance (3).
Consequently, crossing parents with posi-
tive GCA for BW and recurrent selection
to accumulate resistance alleles may be
one way to boost resistance beyond levels
present in existing resistance sources (3).
Intercrossing parents that show large posi-
tive GCA effects, such as H7997, L285,
and CRA84, followed by selfing and selec-
tion for resistance in segregating popu-
lations might yield progeny with superior
BW resistance.
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