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High temperature stress during reproductive development causes major yield re
duction in common bean (Phaseolus vulgaris L.) in both tropical and temperate zones and 
in both fresh and dry market classes. Heat stress increases floral abscission; damages 
male reproductive development, thus resulting in pollen sterility; and reduces pod and 
seed set (Gross and Kigel, 1994; Konsens et al., 1991; Monterroso and Wien, 1990; Porch 
and Jahn, 2001). Genetic studies indicate that the response to temperature stress is spe
cific to both the particular environment and genotype tested. Several physiological traits 
associated with reproductive heat tolerance show additive gene action and large general 
combining ability/specific combining ability (GCA/SCA) ratios (Shonnard and Gepts, 
1994). Dominance effects have also been detected for the two genes controlling pod set in 
two dry bean genotypes under concurrent heat and drought stress (Bouwkamp and Sum
mers, 1982), and for pod set in snap beans under heat stress (Dickson and Petzoldt, 
1989). In addition, bud retention and pod set under heat stress were quantitatively in
herited with significant additive, dominance, and cytoplasmic effects (Shonnard and 
Gepts, 1994). Yield and yield components under high temperature stress were found to 
be heritable (Baiges et al., 1996; Román-Aviles and Beaver, 2001). In summary, the trait 
has been determined to be heritable and both quantitative and qualitative, depending on 
the measurement method and germplasm used. The objective of this study was to deter
mine GCA effects for pod number in selected snap bean lines under conditions of heat 
stress during reproductive development. 

A diallel analysis of pod number was conducted with 10 lines under high tempera
ture conditions in the greenhouse. The diallel consisted of snap bean inbred lines or 
cultivars all of which were of primarily Andean origin (Table 1). Four New York (NY) lines 
in the 10-parent diallel, NY8214, NY8222, NY8223, and NY8224, were originally bred for 
root rot tolerance at Cornell University, but were also heat tolerant. The three lines, 
NY8333, NY8713, and NYCT70, were originally bred for cold tolerance during vegetative 
and reproductive development. BBL47, BBL94, and Labrador were heat-susceptible 
check genotypes. 

The 10-parent diallel was sown in two randomized complete block design plantings, 
spaced 10 days apart, in order to accommodate all plants. One seed was planted per 
18-cm-diameter round pot. The plants were grown in greenhouses in Geneva, NY, with 
supplemental lighting to maintain a 14-hour photoperiod. A 25/20° C (day/night) temper-
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TABLE 1. Response of the diallel parents to high temperature treatment during 
reproductive development and general combining ability (GCA) for pod 
number per plant. 

Parents1 

BBL47 
BBL94 
Labrador 
NY8214 
NY8222 
NY8223 
NY8224 
NY8333 
NY8713 
NYCT70 

Standard 

Reported 
temperature 

response2 

HS 
HS 
HS 
C T & H T 
C T & H T 
C T & H T 
C T & H T 
C T & H T 
C T & H T 
C T & H T 

arror 

Temperature 
response 
reference 

(Gross and Kigel 1994) 
(Dickson, unpublished) 
(Dickson, unpublished) 
(Dickson, unpublished) 
(Dickson, unpublished) 
(Dickson, unpublished) 
(Dickson, unpublished) 
(Dickson, unpublished) 
(Dickson, unpublished) 
(Dickson, unpublished) 

Mean of pods 
per plant for all 

single cross 
progenies 

2.62 
4.68 
4.92 
4.52 
6.32 
6.11 
5.46 
9.03 
4.93 
7.71 

GCA effects 
for pods 

per plant3 

-3.40 
-1.35 
-0.95 
-1.29 
0.80 
0.87 

-0.26 
3.90 

-0.77 
2.44 

0.49 

'All genotypes are Andean snap beans provided by Michael H. Dickson. 
2CT, cold-tolerant; HT, heat-tolerant; HS, heat-sensitive. 
Significance (^ =0.05) for GCA effects are gñ ± (2 X s.e.). 

ature regime was used from planting until three days before anthesis of the first flower, 
at which time the plants were moved to a 35/27 °C greenhouse. The high temperature 
treatment was applied for a seven-day period and the plants were then returned to the 
25/20 °C greenhouse, where they remained until plant maturity. Fans were used to main
tain uniform temperature and humidity conditions. Data on pod number per plant were 
recorded on the second and 10th day after the return of the plants to the 25/20 °C condi
tions. Yield was measured as pod number; only seed-bearing pods were counted. A 
randomized complete block design was used with two blocks (the two plantings), four rep
lications per block, and one plant per replication for each F1 progeny. The diallel was a 
Griffing Model I (fixed effects) Method 4 (Griffing, 1956) diallel with [p(p-l)]/2 genotypes 
and no reciprocals. The genetic parameters of the diallel (equation below) were estimated 
by using PROC REG (SAS, SAS Institute, Cary NC, USA) according to Sanders (1986). 

1,. 

Yau = H + bi + cj+ gk, +g, + su + eiju 

,b; j= l,...,c; k,l= l,...,p; em ~ N (0,af) 

Sk,Si 

overall mean 
fixed effect of block i 
random effect of replication j ; c¡ ~ N (0, a0

2) 
fixed GCA effects of the kth and 1th parents, respectively 
fixed SCA effect of the F1 from the cross of the kth and 1th parents 
residual 

The results indicate that there is variability for combining ability of pod number un
der heat stress for the specific snap bean lines investigated in this study. GCA effects for 
pod number were significant (32, p < 0.001) [formula from Griffing (1956)], whereas SCA 
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effects were not statistically significant. NY8333, NYCT70, NY8223, and NY8222 had 
positive GCA effects, whereas BBL47, NY8224, NY8713, Labrador, NY8214 and BBL94 
had negative GCA effects for pods per plant. The result of negative general combining 
ability for the controls, Labrador, BBL94 and BBL47, is consistent with results from pre
vious field and greenhouse high temperature trials with these genotypes (M. Dickson, 
unpublished; Gross and Kigel, 1994; Porch, 2001); however, several of the heat tolerant 
lines also had negative GCAs. 

All of the lines selected for this analysis were of Andean origin and are characteris
tic of the homogeneous breeding lines used in the United States for snap bean 
improvement (Nodari et al., 1992). Previous diallel studies indicated that the diversity 
of germplasm selected greatly affects the estimates of combining ability (Nienhuis and 
Singh, 1988). The origin of parental lines will likely have a strong effect on results; there
fore, caution should be used in extending specific inferences about a parent's 
performance beyond the pool of germplasm analyzed. To further elucidate the genetics of 
heat tolerance and thereby speed germplasm improvement, there should be more studies 
that incorporate greater numbers of diverse germplasm. Selection of parents for breeding 
should be based on combining ability, genetic distance, and parental performance in the 
target environment in order to optimize genetic gain from selection. 

Field-based plant breeders have long surmised that heat tolerance and cold tolerance 
may be genetically associated, although documentation beyond anecdotal observation is 
scarce. In this report, two of the most cold-tolerant genotypes, NY8333 and NYCT70, also 
possessed positive GCA effects for tolerance to high temperature. It is possible that there 
may be some similarity in mechanism, genetic control, or genetic linkage of tolerance to 
temperature extremes. The relationship between reproductive heat and cold tolerance, 
therefore, requires further investigation including quantitative trait locus (QTL) studies 
using populations that segregate for yield under high and low temperature stress. 

In conclusion, reproductive heat tolerance has the potential to enhance bean yield 
and hence human nutrition and economic status in both tropical and temperate zones. 
Our results indicate that there is significant variance in GCA effects for pod number in 
bean and that improvement for heat tolerance is therefore possible. 
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