counted for by the wind.

Conclusions

Stack surface temp increase as the burning rate increases on
the large cone, return stack and auto clean stack heaters, but
decrease on the spot heater. Surface temp on the spot heater
are lower in general than the surface temp of the other three
heaters tested. The position of the highest temp was near the
bottom of the large cone, return stack and auto clean stack
heaters but near the top on the spot heater.

Radiant fractions tend to be constant over the recommended
range of burning rates. This implies that the radiant output of
the heaters increases linearly with the burning rate. Radiant
fractions tend to increase with the area of the heater stack. The
radiant fraction of new shiny heaters was approx 30% lower
than that of older and more oxidized heaters.

Although the technique used in this study underestimated
the radiant output of the large cone, return stack and auto clean
stack heaters, the observed radiant fractions for these heaters
were greater than 20%. The total radiant fraction of the spot
heater was overestimated due to the model flame method and
was still less than 16%. At the higher burning rates, only 5% is
due to the stack and the other 8% is contributed by the flame,
i.e., the flame contributed as much as two-thirds of the radiant
fraction.

The effect of wind speed on the radiant fraction was negligi-
ble in this study. However, there are theoretical arguments
that would indicate that increasing wind speed should decrease
the radiant fraction by decreasing the surface temp. Apparently
this effect is negligible below the maximum of 2 m/sec wind
speed observed in this study.
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Abstract. Eight clones of sweet potato Ipomoea batatas L. were evaluated for resistance to the soil-borne patho-
gen Fusarium oxysporum (Schlecht) f. sp. batatas (Wr.) Snydor & Hanson and their reactions varied from ex-
tremely susceptible to extremely resistant. The 8 clones were used as parents in a modified diallel crossing design
which generated 24 families each consisting of 10 full-sib clones. These 240 clones were evaluated for Fusarium
wilt resistance in a randomized complete block design. They showed a gradation of resistance similar to the par-
ents which is consistent with the theory of a quantitative mode of inheritance for this character. Diallel analysis
of the 24 families revealed significant general and specific combining ability effects. Additive variance accounted
for 87% of the total genetic variance while dominance variance accounted for only 13%. Broad-sense and narrow-
sense heritabilities estimated for individuals and full-sib families from the diallel analysis weie consistently greater
than 70%. Narrow-sense heritability of individuals using the parent-offspring regression method was 50%. Results

indicate that gains in Fusarium wilt resistance should be rapid and substantial in sweet potatoes.

Fusarium wilt in sweet potatoes is caused by Fusarium
oxysporum f. sp. batatas. The fungus is a long-term soil in-

1Received for publication August 16, 1976. Paper No. 5048 of the
Journal Series of the North Carolina Agricultural Experiment Station,
Raleigh. The use of trade names in this publication does not imply en-
dorsement by the North Carolina Agricultural Experiment Station of
products named, nor criticism of similar ones not mentioned.

2Present address: Department of Horticultural Science, N. C. State
University, Raleigh, N.C. 27607.

J. Amer. Soc. Hort. Sci. 102(2):109—-111. 1977.

habitor which forms persistent chlamydospores and colonizes
roots of nonsuscepts also. It is difficult to eliminate from the
soil through conventional crop rotation or practical chemical
applications. In sweet potatoes, as in many other crops attacked
by the fusarium wilt fungi, resistant cultivars have been the
most successful means of control.

Presently, many sweet potato breeding programs endeavor
to incorporate wilt resistance into new cultivars. Several studies
have concluded that resistance is multifactorial and that varia-
bility is extensive due to the natural outcrossing behavior of

109

/0’ #7/PU-ou-Aq/sasua9l|/610 suowwosaAlealo//:sdny (/0" ¥/pu-ou-Ag/sesual|/Bio°suowwooaAnealo//:sdiy) asusol|
AN-DN-AgG DD @y} Japun pajnquisip ajoie ssaooe uado ue si siy] "ssad0y uadQ BIA | 0-60-GZ0Z e /woo Alojoejqnd poid-awiid-ylewlsjem-jpd-swiid//:sdpy woly pepeojumoq



sweet potatoes, their hexaploid nature, and the resultant hetero-
zygosity (4, 5, 10).

However, there is very little knowledge about the causal
components of variance and heritability of fusarium wilt re-
sistance. Heritability estimates have ranged from 33% (8) to
86% (7). Jones (7) found the additive variance component
accounted for most of the genetic variance measured with a very
small amount of non-additive variance. His is the only study of
this aspect of fusarium wilt resistance in sweet potatoes.

This study was to evaluate fusarium wilt resistance of breed-
ing lines from a large random-mating population and their pro-
genies in a diallel design in an effort to estimate the genetic
variance in the random-mating population from which the
lines were obtained. The nature of this variance and of gene
action was also studied. Heritability was estimated with speci-
fic application to selection programs for improving and main-
taining a high level of fusarium wilt resistance.

Materials and Methods

The population from which the parental clones were selected
originated from plants selected by Dr. Alfred Jones, USDA,
ARS, Southern Region, Charleston, S. C., for good seed set and
diverse origins. For this study 14 sweet potato clones were
initially selected from Jones’ I/3 population. However, based on
flowering performance in the field during the summer of 1972
and on preliminary crosses, the no. of parental clones was
reduced to 8. The clones were tested and categorized for re-
sistance to the wilt fungus using the inoculation procedure and
wilt index described by Collins and Nielsen (1). The 8 clones
represented a wide range of resistance to fusarium wilt and
flowered profusely under North Carolina field conditions.

The modified diallel cross procedure (Model II, Method 4)
of Griffing (3) was used. The 8 parental clones were crossed in
all combinations ignoring reciprocals (p(p-1)/2 possible crosses).
Ten seeds of each cross were obtained except for 4 crosses
which were incompatible regardless of which clone was used as
the seed parent.

The seeds were acid-scarified and germinated in flats con-
taining a 2 soil:1 sand:1 peat moss mixture. When seedlings
were 10-12 cm tall they were transplanted to separate 15-cm
clay pots containing the same soil mixture. Stem cuttings from
subsequent growth of each seedling served as material for all
disease tests.

All plants established in clay pots were fertilized weekly with
50 — 100 ml of nutrient solution. The solution contained
VHPF — 700 g (6% N, 25% P, 15% K; Miller Chemical and
Fertilizer Corp., Hanover, PA), KNO3 — 123 g, and MgSOy4 -
7Hp) — 227 gin 83 liters of tap water. Slower growing plants
were sometimes fertilized twice a week to insure sufficient
plant material for each test. Plants were watered as needed.

Two pathogenic isolates of F. oxysporum f. sp. batatas
were used to evaluate the resistance reactions of the parental
clones and their progenies. The isolates were maintained on

Table 1. Mean fusarium wilt indexes of 8 parental clones and their
progeny.

Table 2. Fusarium wilt indexes of 24 families generated in a diallel cross

design.Z

Seed Pollen parent

parent 219 532 567 334 904 723 821
327 1.87 1.75 1.67 1.43 2.05 1.44 0.89
219 1.64 1.00 0.70 2.04 1.73 0.51
532 1.29 1.00 - 1.69 0.63
567 - 1.38 1.01 —
334 1.43 0.99 -
904 2.07 0.96
723 0.63

ZQverall mean based on 4 replications, 10 progeny clones per family.

Table 3. Analysis of variance of diallel cross design.

Source df SS MS
Mean 1 167.86 167.86
Replications 3 3.04 1.01
Treatments 23

GCA 7 19.32 2.76%*

SCA 16 1.94 0.12%*
Error 69 2.84 0.04
Total 96 195.00

**F significant at 1% level.

potato-dextrose-agar (PDA) slants. The methods of preparing
inoculum, inoculating vine cuttings and indexing disease reac-
tions were those described by Collins and Nielsen (1). The
index used covered a range of 0.0Q (extreme resistance) to 3.00
(extreme susceptibility).

In the progeny analysis the means of full-sib families for each
of 4 replications were used as data entires in a computer pro-
gram (DIALL) developed by Schaffer and Usanis (9) for the
general least squares analysis of diallel designs. Due to green-
house space limitations, the 4 replications occurred over time.

Results

The parental clones represented a range of fusarium wilt
resistance from a resistant index of 0.42 to 2.48 (Table 1)
with progeny means between 0.73 and 1.65.

Full-sib family means ranged from 0.51 (family 219 x 821)
to 2.07 (family 904 x 723) (Table 2). Families derived from
parent clone 821 gave consistently low fusarium wilt index
readings, always less than 1.00 even in crosses with the most
susceptible parents. The correlation of parent and offspring
means (r = 0.82) indicates that, on the average, resistant parents
give more resistant than susceptible offspring and susceptible
parents give more susceptible than resistant offspring.

A diallel analysis showed both general and specific combining
ability to be significant at the 1% level (Table 3). GCA and SCA
components of variance (02gca, 02gca) were estimated from
the expected mean squares of the analysis (Table 4). These vari-
ance components can be shown to have the following genetic ex-

Wilt Mean wilt index ~ Pectations under the assumptions of diploid inheritance,no epis-
Parent index of progeny
821 0.42 0.73 Tabilela;l»y.Sigomponents of variance and standard deviations from diallel
334 0.70 1.11
;%g ?3(9) igg Component Value SD
2 2 D
o0 o e "Sca 020 010
:? 1.34 052 1.32 aé 041 .007
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Table 5. Estimates of variances and heritabilities of full-sib families from
diallel analysis.

o 517
o3 080
o2, (total) 597
o&; (FSF) 278
o8 (FSF) 289
hig 894
Hpg .962

tasis, independent assortment, and Hardy-Weinberg equilibrium:

2 2
o =Yoo
cca = 4%
2 v 2
0%sca T 0y

in which 0a2 denotes additive genetic variance and og denotes
dominance variance. These variances and the estimate of en-
vironmental variance were used to estimate genotypic variance,
phenotypic variance, broad-sense heritability, and narrow-sense
heritability of full-sib family means (Table 5). Broad-sense
(H =.962) and narrow-sense (h2 = .894) heritabilities of full-
sib family means are exceptionally high and indicate that
progress toward disease resistance through full-sib family selec-
tion should be rapid.

Individual heritabilities were estimated from the diallel
analysis data and parent offspring regression (2) which also
gave an additional estimate of additive genetic variance. Using
the first method (diallel analysis) 03 was 0.517 and h2 0.714;
using the parent-offspring regression method, og was estimated
as 0.356 and h2 as 0.503. The parent-offspring regression
method is probably the more reliable method of estimating
individual h2 because o% from the diallel analysis may be
biased upward slightly. The fact that all the progenies were
grown and evaluated at the same time led to a common environ-
mental variance component which was reflected in of. This
component, however, was not present in the parent offspring
regression method since parents and offspring were grown and
tested separately.

Discussion
Jones (6) has shown that chromosomal pairing in the major-
ity of sweet potatoes occurs in a regular bivalent manner. The
interpretation of the results of these studies is based upon the
assumption that meiosis occurs in a regular diploid fashion.

J. Amer. Soc. Hort. Sci. 102(2):109—-111. 1977.

The diallel analysis indicates that genetic variation for
fusarium wilt resistance in_sweet potatoes is mainly due to
additive effects of genes (0%) which accounted for 87% of the
total genetic variance (Table 5). This suggests that attempts to
identify heterotic combinations are unnecessary. The domin-
ance component of genetic variance (o:‘;) was also significant in
this study, but could be due to epistasis since one of the as-
sumptions made in analyzing the results was that of no epistasis.
If epistatic effects do exist, then the dominance variance com-
ponent will reflect those effects as well as dominance variance.
Further studies should be performed using designs to estimate
epistatic variation in sweet potato to determine the magnitude
and the effect on heritabilities of fusarium wilt resistance and
other characters. Should epistatic variation prove to be signi-
ficant, it could be very valuable in a sweet potato breeding
program due to the asexual propagation of the plants.

Estimates of H and h2 of full-sib families are high indicating
that full-sib family selection might be valuable in a breeding
program. Several family means in this study were below 1.00,
and genetic advance would progress rapidly with full-sib family
selection. In addition variability would be maintained in the
population due to within-family segregation. Thus, full-sib
family selection could be used to maintain a genetically variable
population with a high level of fusarium wilt resistance from
which individuals could be removed at intervals for advanced
testing for future release.
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