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ABSTRACT 
Seed yield of valencia peanut (Arachis hypogaea L. ssp. fas- 

tigiata Waldron var. fastigiata) cultivars currently grown in 
Ontario, Canada appears quite sensitive to cooler or shorter 
than normal growing seasons. High seed yield may be as- 
sociated with high percentage emergence and early maturity in 
this unique peanut-growing region. Selection for percentage 
emergence and maturity was practiced among F, derived F, 
families of five populations. Maturity was determined by per- 
centage of pod yield as sound mature seeds. Percentage 
emergence selections and percentage sound mature seed selec- 
tions were recombined in a Comstock and Robinson design 11 
mating design to develop 16 crosses. F, and F, bulk progeny of 
these crosses were entered in three trials in two locations. 
Crosses on average had significantly higher percentage 
emergence and percentage sound mature seeds than the ances- 
tors at only the coolest, shortest season location. Crosses on 
average were not significantly different from ancestors for pod 
or seed yield in any trial. General combining ability (GCA) and 
its interaction with trial were significant for all characteristics 
except percentage emergence for the percentage sound mature 
seed selections. The GCA x trial interactions appeared to be 
associated with differences in rainfall and temperature in Au- 
gust and September between the two years. Specific combin- 
ing ability and its interaction with trial were also significant for 
all characteristics except emergence. 
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Commercial peanut (Arachis hypogaea L.) production 
in Ontario, Canada is limited to a region along the 
northern shore of Lake Erie at approximately 43 de- 
grees N Lat with a mean temperature of 18.2 C during 
a 130 day growing season. Seed yield of the valencia 
(ssp. fastigiata Waldron var. fastigiata) cultivars cur- 
rently grown in that region appears quite sensitive to 
cooler or shorter than normal growing seasons. Seed 
yield in Ontario in 1982 was 68% of the 7 year mean fol- 
lowing a 0.5 C cooler growing season and an early kil- 
ling frost that shortened the normal growing season by 
21 days. 

A cultivar development project in Ontario has in- 
cluded high percentage emergence and early maturity 
among its selection criteria with the expectation that 
these characteristics are associated with higher yield in 
a cool, short growing season. Plant stand and percen- 
tage of pod yield as sound mature seeds has been shown 
to influence yield in Onta-io (9). Ablett et al. (1) re- 
ported that abnormal seedling growth in Ontario re- 
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sulted in decreased emergence, stand and yield. High 
percentage of pod yield as sound mature seeds was as- 
sociated with high yield in a cool growing season in On- 
tario (Michaels, unpublished). 

Conventional methods are used for evaluating yield 
and emergence in Ontario, but evaluation of maturity is 
problematic. Conventional pod and seed indicators of 
maturity that rely on pericarp or mesocarp darkening, 
or testa color changes (4,6,7,11) are not fully expressed 
in Ontario. As an alternative, the percentage of pod 
yield as sound mature seeds following the first killing 
frost is used to differentiate late maturing, unadapted 
segregates with a low percentage sound mature seeds 
from earlier maturing, adapted segregates with a higher 
percentage of sound mature seeds. Use of this percen- 
tage as an indicator of maturity is an extension of the 
concept of a seed/hull ratio maturity index (8,10), al- 
though the seed/hull index was originally proposed for 
use in determining maturity of samples of cultivars 
whose seed/hull relationship is known. 

The objective of this study was to identify the signif- 
icant sources of variation in percentage emergence, pod 
yield, seed yield and percentage sound mature seeds 
among progeny of crosses derived from a Comstock and 
Robinson design I1 mating design where one set of par- 
ents was selected for high percentage emergence and 
the other set was selected for high percentage sound 
mature seeds. It was hoped that this experiment would 
also indicate whether recombination of early generation 
emergence and maturity selections would result in 
breeding populations from which cultivars could be 
selected. 

Materials and Methods 
The following crosses among ancestors were made in 1979 to estab- 

lish five populations: 1) Blanco Rio Segundo x Honduras, 2) Blanco 
Rio Segundo x Chico, 3) Line 546 x Honduras, 4) Line 546 x Chico, 
and 5) Delhi x Chico. Blanco Rio Segundo, Honduras and Line 546 
are high yielding valencia peanut introductions to Canada from Argen- 
tina, Honduras and Zambia, respectively. Chico is an early maturing 
Spanish peanut (2). Delhi is an early maturing Spanish peanut of un- 
documented origin that is traditionally grown in home gardens near 
Delhi, Ontario. Two hundred families were initiated in each popula- 
tion from individual plants. Seeds were bulked within families in the 
F, generation, and in 1982 the F, derived F, families were grown in 
single, nonreplicated, 7 m rows at Delhi, Ontario. During the 1982 
growing season, which was cooler and shorter than normal, the 200 
families within each population were evaluated for percentage 
emergence and percentage sound mature seeds riding a 0.60 x 1.9 cm 
slotted screen. One family with high percentage sound mature seeds 
and one family with high percentage emergence were selected from 
each of the five populations. The percentage sound mature seed selec- 
tion from population 4 (Line 546 x Chico), and the percentage 
emergence selection from population 5 (Delhi x Chico) were sub- 
sequently lost. The remaining eight selected families were designated 
as parental families. 

Plants representing each of the four parental families selected for 
percentage sound mature seeds were crossed with plants representing 
each of the four parental families selected for percentage emergence 
in a Comstock and Robinson design I1 mating design (3). Parental 
families were represented by different plants when making each cross. 

The five ancestors (Blanco Rio Segundo, Honduras, Line 546, 
Chico and Delhi) and the F, bulks derived from each of the sixteen 
crosses were evaluated at Delhi, Ontario in 1985. The five ancestors 
and the F, bulks of the sixteen crosses were evaluated at Delhi and 
Cambridge, Ontario in 1986. The Delhi location is a Fox loamy sand 
situated at 42" 52' N Lat with a mean temperature during the growing 

season of 18.2 C, and is representative of the peanut producing region 
in Ontario. The Cambridge location is a Fox loamy sand situated at 
43" 27' N Lat with a mean temperature during the growing season of 
17.4 C, and is used to screen breeding lines for tolerance to cooler, 
shorter seasons. Plots at both locations were one row, 7 m long with 
0.6 m between rows, seeded at a rate of 13 seeds/m2in a randomized 
complete block design with four replications. The central 6 m of each 
plot were harvested at the end of the growing season. Percentage 
emergence, pod yield, yield of seed riding a 0.60 x 1.90 cm slotted 
screen and percentage sound mature seeds were recorded for each 
plot. Data were analyzed using an analysis of variance where effects 
were considered fixed. Mean squares were partitioned to determine 
variance due to combining ability as outlined by Hallaurer and 
Miranda (5) for model I since the parental families represented a fued 
sample. Residuals for all characteristics were randomly, indepen- 
dently and normally distributed. 

Results and Discussion 
Mean temperature at Delhi was approximately 17.2 C 

in both the 1985 and 1986 growing seasons, while at 
Cambridge in 1986 the mean temperature was 16.2 C. 
Rainfall during the growing season at Delhi in 1985 and 
1986, and Cambridge in 1986 was 92, 102 and 125 mm, 
respectively. Effects due to trial, entry, and entry by 
trial interaction for all four characteristics were highly 
significant (Table 1). As expected, yield and percentage 
sound mature seeds were lowest at Cambridge, al- 
though emergence was lowest at Delhi in 1986. 

The entry and entry by trial interaction variances 
were further partitioned into several components, in- 
cluding among ancestors, ancestors versus crosses, com- 
bining ability and the interactions of each of these com- 
ponents with trial. The among ancestors and ancestor by 
trial interaction partitions indicated that there were sig- 
nificant differences among ancestors for all four charac- 
teristics, but that their relative performance with regard 
to percentage emergence and sound mature seeds was 
dependent on the trial (Table 1). The ancestors versus 
crosses partition indicated that on average, the crosses 
had higher emergence and percentage sound mature 
seeds than their ancestors at Cambridge, but not at 
either Delhi trial (Table 2). On average, the crosses 
were not superior to the ancestors in any trial for pod or 
seed yield. Therefore, it appears that in this experi- 
ment, selection for emergence and percentage sound 
mature seeds was only effective at improving 
emergence and percentage sound mature seeds at the 
coolest, shortest season location, but had no effect on 
pod or seed yield at any location. The lack of improve- 
ment in yield might be due to ineffective selection for 
emergence and maturity, or might be because improve- 
ments in emergence and maturity beyond a threshold 
vaIue do not result in higher yield. 

The combining ability partitions included effects due 
to general combining ability of the parental families 
selected for percentage sound mature seeds (GCA,), pa- 
rental families selected for percentage emergence 
(GCA,) and their interactions with trial. GCA, and its 
interaction with trial were highly significant for all 
characteristics except emergence (Table 1). GCA, and 
its interaction with trial were highly significant for all 
four characteristics. Parental family means, which are 
indicative of general combining ability effects, illustrate 
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Table 1. Mean squares from the analysis of variance for percentage emergence, pod yield, seed yield and percentage sound mature seeds. 
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Table 2. Mean percentage emergence, pod yield, seed yield and percentage sound mature seeds of ancestors and crosses. 
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the GCA by trial interaction through changes in rank 
across trials (Table 3). Even though the parental families 
were selected and therefore were presumably more 
homogeneous than a random sample, these results 
suggest that there were still differences in breeding 

directed toward the highest performing bulks, but 
selection of superior cultivars from crosses with lower 
mean yield in early generations might also occur (12). 

value among the parental families. The GCA x trial in- 
teractions were most apparent when trials at the same Acknowledgements 
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Table 3. Mean percentage emergence, pod yield, seed yield and percentage sound mature seeds of selections in each family for percentage 
sound mature seeds. 
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tions. Based on this pattern of GCA x trial interaction, 
one could speculate that combining ability in this exper- 
iment was dependent on environmental conditions in a 
particular year that were common to both locations 
rather than on characteristics common to a particular lo- 
cation across years. The environmental conditions com- 
mon to Delhi and Cambridge in 1986 may have occur- 
red in August and September when rainfall was higher 
and temperatures lower than at Delhi in 1985. 

The main effect of SCA was highly significant for all 
characteristics, and the SCA by trial interaction was 
highly significant for all characteristics except 
emergence (Table 1). These results suggest that 
genotypic performance of a cross could not be predicted 
solely by the breeding value of its parental family. 

This experiment was initiated in part to help deter- 
mine whether early generation selection for emergence 
and maturity, followed by recombination of those selec- 
tions in a design I1 mating design, would result in useful 
breeding populations from which higher yielding cul- 
tivars for Ontario might be selected. If the criterion for 
judging a population is mean yield, then the proposed 
breeding method would not be considered particularly 
successful, since on average crosses were not better 
yielding than ancestors, nor were there any instances 
where a cross was significantly higher yielding than the 
highest performing ancestor. However, due to 
heterogeneity within each cross, a cultivar that is higher 
performing than any of the ancestral lines might be 
selected from among the individual genotypes making 
up the cross. Such selection efforts might be especially 
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