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ABSTRACT

CGene Action and | nheritance of Resistance to Rhizoctonia

solani and Pythium ultinum in Cotton Seedlings

(May, 1986)
Maxwel | Aml ai Todi Poswal, B.Sc. (Agric.)
Ahmadu Bello University, Zaria, N geria
M Sc. (CGop Protection) Ahmadu Bello University,
Zaria, Nigeria.

Chairman of Advisory Commttee: Dr. KM E-Zk

Six cotton cultivars, three multi-adversity resistant
(MAR) and three non-MAR, and their 15 Fi and 15 F, pro-
genies obtained from a diallel set of crosses (no recipro-
cals) were used to determne the genetic system con-
trolling traits associated with resistance to R sol ani
and P. ultinmm Experi ments were conducted for two years
in a field naturally infested with both pathogens, and in
tenperature controlled water bath tanks, wusing soil arti-

ficially inoculated with each of R solani and P. ultinum

separately at two inoculum densities. Cenetic information
based on the diallel analyses of Hayman, Jinks and
Giffing for the data collected in the field were incon-
cl usive. However, mnmeasures of gene action and interac-
tion, and the inheritance of resistance to the two patho-

gens were obtained from the tenperature tank experinents.



| ndependent action of non-allelic genes (no epista-
sis) was the only genetic assunption of the diallel anal-
ysis that was not valid for all traits for both pathogens.
Dom nance effects (H and H;) were the nobst predom nant in
the F; and F, diallel analyses for nobst traits associated
with resistance to both R solani and p. ultimm The
additive effects (D were smaller in magnitude than the
dom nance effects. Aver age degree of dom nance ranged
from partial to overdom nance with different responses to
bot h pat hogens. The analysis of F, data detected a sig-
nificant epistatic effects for all traits and for both

pat hogens.

Heritabilities in the narrow sense were |ow, ranging
from0.0% to 20.7% for R solani. For P. ultinmum herita-
bilities ranged from 0.0% to 10.2% Gener al conmbi ni ng
ability effects were inportant for the expression of re-
sistance to R solani and specific conbining ability ef-
fects for P. ultinmm

The results indicated that resistance in cotton seed-
lings to both R solani and P. ultimm was pol ygenically
i nherited and conditioned by a conplex of mnor genes.
Extension of the genetic analysis to the F, provided nore
reliable information on the genetic system

The nost inportant trait associated with final stand
establishment of cotton seedlings in the presence of R

sol ani was post-energence danping-off, explaining 92% of



the variability in final stand. Pre-energence danpi ng-off
due to P. ultimm explained 62% of the variability in

final stand.
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INTRODUCTION

As in other crop plants, cotton production in the
growing regions cof the world has witnessed appreciable
setbacks due to many biotic and abiotic factors. These
multi-adversities, which include plant pathogens, insects
and environmental stresses, have over the years limited
realization of the genetic potential for yield and fiber
quality of adapted cotton cultivars lacking resistance and
escape mechanisms. Faced with these serious challenges,
scientists have intensified their efforts to develop cul-
tivars possessing resistance to many of the biotic and
abiotic factors, and yet retain their genetic potential
for yield and quality.

The seed and seedling disease complex of cotton i1n-

duced by Rhizoctonia solani Kuhn and Pythium ultimum Trow.

is of major importance in the United States and other
cotton-growing regions of the world (24). Under favorable
conditions of cool and wet periods, a single or combined
effect of the recognized phase(s) of the disease syndrome
can cause a significant reduction in stand establishment
that result in reduced yield. The seedling disease com-
plex caused an estimated average yield loss of 2.8% annu-

ally over the last ten years in the United States (24).

This dissertation follows the style and format of
Crop Science.




The multi-adversity resistance (MAR) program of the Texas
Agricultural Experiment Station has, through concerted
direct and indirect genetic improvement approaches, devel-
oped cottons possessing higher levels of resistance and
escape mechanisms than are possessed by most of the com-
mercial cotton cultivars to the seed and seedling disease
complex (14,47).

The mode of inheritance, gene action and interactions
involved in the expression of resistance to the seed and
seedling pathogens in the MAR cottons and some commercial
cultivars are yet to be investigated. The understanding
of the inheritance and the genetic system(s) controlling
resistance mechanisms will provide basic information on
the MAR system. The objectives of this investigation were
to:

1. Determine gene action and the inheritance of

resistance to R. solani and P. ultimum in cotton

seedlings.
2. Determine which traits and measurements are the
best for ascertaining the inheritance of resis-

tance to the cotton seedling disease pathogens.



LITERATURE REVIEW
Causal Organisms

The seed and seedling disease of cotton is caused by a
relatively complex interaction among young cotton plants,
disease causing organisms, and the environment (5,7,
15,57). A host of seed and soil-inhabiting pathogens are
known to induce the various disease symptoms singularly or
in combinations {15,25,47). The primary pathogens are

Rhizoctonia solani Kuhn, Pythium spp., Thielaviopsis

basicola (Berk. & Br.) Ferr. and Glomerella gossypii Edg.

The secondary pathogens such as Fusarium spp., Aspergillus

spp., Rhizopus sp. and Alternaria spp. and bacteria may

attack predisposed seed and seedlings. The role of

Meloidogyne spp.-in the seedling disease complex is that

of seedling predisposition to infection by R. solani and

P. ultimum. R. seolani and P. ultimum are considered the

major seedling disease pathogens based on the incidence
and severity of the disease, and the isolation frequency
of the two pathogens from infected cottonseed and seed-

lings (25,41,42).
Symptomatology

R. sclani and P. ultimum are capable of inducing

e B e e

singularly or in combination the seed and seedling disease

complex of cotton characterized by different manifesta-



tions named according to the infected plant part
(5,15,41,56,57). The syndrome includes seed root {decay
of the seed), pre-emergence damping-off (death of the
young seedling before emergence), post-emergence damping-
off (seedling death after emergence), hypocotyl rot (par-
tial or complete necrotic girdling of the hypocotyl), and
root rot (small lesions to complete necrosis of the pri-
mary and lateral roots on surviving seedlings).

Surviving plants damaged by seedling pathogens often
are unthrifty, late in maturing, and produce low yields.
They are more susceptible to other pests and toc environ-
mental stresses. Replanting and associated problems re-
sulting from delayed crop maturity and harvesting con-
tribute to the losses incurred.

Factors Influencing Disease Development and the

Expression of Resistance

The influence of temperature on disease development
involves direct effects on the host, the pathogen, and
host-pathogen-temperature interactions (15). Christiansen
(22) provided evidence that increased membrane permeabil-
ity and high levels of root exudation are associated with
the temporary blockage of respiratory activity due to
cold. Hayman (37) showed that more carbohydrates (glu-
cose, fructose, galactose, and sucrose) were exuded at any
given physiological age at 12°C and 18°C than at 24, 3¢ or

36°C. He reported that pre-emergence damping-off was 100%



at 18°Cc, 69% at 24°C and 38% at 36°C. The seed, root and
hypocotyl exudates are competitively used to increase
inoculum potential by the pathogens, resulting in in-
creased pathogenesis (39). However, exudates from seed
coat, seedling and plant roots, and fluids in tissues of
MAR cottons have been reported to be nutritionally unfa-
vorable and exhibit antibiosis to certain pathogens
(14,20). The exudates are selectively favorable for
rhizoplane-rhizosphere bacteria, actinomycetes, and fungi
that are highly competitive with root pathogens, resulting
in reduced pathogenesis (14,20). Pathogenicity and viru-
lence of isolates of R. solani and Pythium spp. on cotton
seedlings varies over a wide range of temperatures. R.
sclani is capable of infection and damage within the range
of 18-33°C; however, P. ultimum infects and causes damage
within the range of 18-27°C (6). Johnson (41) differen-
tiated resistant and susceptible cultivars to P. ultimum
at temperatures of 18-21° C but no significant difference
could be ascertained at 24-27°C. Bird (15) used 18-20°C
in controlled temperature tanks and early season plantings
in the field when daily average soil temperature range
from 14-18°C for assessing resistance to R. solani.
Lifshitz and Hancock (46) observed an exponential decline
(death rate) of P. ultimum germinable propagules (oospores

and sporangia) with temperature. The rate of decline was



higher at extreme temperatures of 9°C and 27°C than at
intermediate temperatures of 15°C and 21° C.

With high quality seed, which gives optimum expression
of seed-seedling cold resistance, plantings made early in
the season when night to day soil temperatures vary from
13 to 18°C have a potential of disease escape and reduced
disease development (l5). Under these conditions the
pathogens are at a greater disadvantage than the host.
This is an application of the concept of escape by
planting cold resistant crops when so0il temperatures are
sub~optimum as proposed by Leach (45). Low quality cot-
tonseed looses the ability to perform at reduced tempera-
tures. They should not be planted until soil temperatures
exceed 18-24°C which is near-optimum for the pathogens but
more advantageous to the host.

Studies on the effect of soil moisture levels on the
expression and development of the disease syndrome indi-
cate that under constant and favorable so0il temperatures
R. solani is favored by low to medium moisture levels (42)
and P. ultimum by a high moisture level {(54). Based on
its evolutionary background, it is suggested that Pythium,
‘a phycomycete, should be well adapted to a semi-aquatic
environment with resultant low oxygen tensions, while

Rhizoctonia is favored by high oxygen and low CO, tensions

{16).



In a study of the effects of pathogen virulence and
inoculum density on seedling resistance, Bird (15) showed
that a Texas isolate of R. solani adjusted to a soil
inoculum density of 43.4 and 39.5 propagules per 100 g of
soil was less virulent than a California isolate at the
same inoculum density. Significant differences among
cultivars for resistance were measured at the same inocu-
lum densities with the Texas but not with the California
isolate. Bush, et al. (21) were able to differentiate MAR
cultivars in soils infested with 42 propagules and not
with 100 propagules per 198 g of soil. At inoculum densi-
ties of 10@ propagules/g of soil in the field and 69
propagules/g of soil in the greenhouse, DeVay, et al. (25)
showed that a highly virulent isclate of P. ultimum gave

50% seedling death.
Control of the Seedling Disease Complex

Walla and Bird (55) recommended five measures that
should be practiced in an integrated approach to reduce
losses from the seedling disease complex. These included
the planting of high-quality seed, consideration of soil
temperature in the selection of planting date, planting of
chemically treated seed, the use of scil fungicides ap~-
plied in the covering soil at planting for extended pro-

tection during seedling development, and the use of MAR



cultivars which have seed and seedling cold resistance and
partial resistance to the seedling pathogens.

High quality seed are more resistant to low tempera-
tures and their seedlings less susceptible to attack by
soilborne organisms. In selecting planting date relative
to soil temperature, it is recommended that only high
quality seed be used in early plantings since they can
escape the disease when soil temperatures (16-18°C) are
less favorable to the pathogens. Bird (12) attributed a
77% gain in yield to disease escape from cottons developed
in the MAR program. 1t is recommended that a combination
of two or more fungicides (both seed treatment and soil
granule formulations) effective against both R. solani and
P. ultimum be utilized .(15,31,47,55). These include among
others, Pentachloronitrobenzene (PCNB), and Chloroneb
(demosan) for R. solani, and Fenaminosulf, Apron, and

Captan for P. ultimum.
Resistance to the Seedling Disease Complex

Several researchers in the United States and other
parts of the world have reported resistance to seedling
pathogens. In screening 650 strains and cultivars of
cotton from several countries, for cold tolerance and
resistance to the seedling disease complex, 1t was shown
that some Arkot lines exhibited resistance to P. ultimum

and moderate tolerance to R. solani (3@). Hefner (38)



reported variation among cotton lines with similar seed
history for resistance to pre-emergence and post-emergence
damping-off induced by R. solani. Johnson (41) found
eight out of 27 commercial cultivars assessed for hypo-
cotyl resistance to P. ultimum to be significantly more
resistant than Stoneville 683; however, all cultivars were
susceptible to R. solani. Dixie King II1 has been shown
to possess reistance to both P. ultimum and R. solani
% IS }s Resistance levels among the MAR cottons to the
seedling disease complex have been increased and diversi-
fied (15). Minton and Garber (47) reported that three MAR
cotton cultivars had significantly higher numbers of sur-
viving seedlings than the Acala's and a Mississippi com~-
mercial cultivar in a California field naturally infested
with R. solani, P. ultimum and T. basicola. Bush, et al.
(21) observed variability in resistance to R. solani in
solls infested with 42 propagules/199 g of soil amongst 37
MAR cultivars, with Tamcot CAMD-E and TX-LEBO-1-76 being
most resistant. In assessing the resistance of 15 culti-
vars to R. solani under two temperatures and inoculum
levels of 360 and 62 propagules/lYd g of soil, Wallace, et
al. (56,57) found that the MAR cultivars GN-8-76, Tamcot
CAMD=-E and Tamcot SP 37 had 73%, 63% and 64% higher emer-
gence, respectively, than the non-MAR cultivars DES 56
(33%) and Lankart 611 (35%). Tamcot SP-37 and Tamcot SP-

218 produced high stands at both temperatures. The MAR



cottons had lower incidence of damping-off and seed rot
than non-MAR cultivars (56,57).
Interrelationships of Seed and Seedling Traits
with Seedling Disease

The genetic improvement of cotton in the MAR program
is based on the proper combinations of favorable seed and
seedling traits that are interrelated and associated with
resistance to several pathogens, stand establishment,
earliness and yield (14). Seed and seedling traits that
have been shown to be positively and/or negatively asso-
ciated with the seedling disease complex include seed
weight, seed mold, seed rot, damping-off, root length,
root grade, rate of germination, seedling emergence,
welight of seedling and cotyledons, and components of seed
and root leachates (10,13,20,53,58). Bird (13) estab-
lished a relationship of surviving cotton plants with
weight /189 g of seed of seven cotton culivars. A negative
association between seed weilight and final stand and a
positive relationship between seed weight and post-
emergence damping-off was demonstrated. Slow seed germi-
nation and low moldy seed in a laboratory germinator, are
favorably associated with field stands 28-45 days after
planting (13,14). Post-emergence damping-off was posi-
tively related with early emergence. Tsai and Bird (53)
reported that a combination of low concentrations of mag-

nesium and sodium ions in the seed leachate, low dry

10



weight of seedling roots, low concentration of carbohy-
drate and sodium ions and high concentration of calcium
and magnesium in the root leachates indirectly, through
advantagecus microbial competition, resulted in low fre-
guencies of R. s¢lani on seedlings. High bacterial popu-
lations and high actinomycete populations were associated
with low and high seedling root disease grade, respec-
tively. Low post—-emergence damping-off and high stands
(seedling survival) were asscciated with high bacterial
and low actinomycetes population. In laboratory germi-
nator studies, Batson (18¢) showed high coefficient of
velocity of germination (rapid germination)} to be asso-
ciated with low pre-emergence damping-off and high emer-
gence. <Cotton strains with high percentages of abnormal
radicles could héve a high incidence of pre-emergence
damping~off in the field. Batson (18) associated low
post-emergence damping-off in a field study at McGregor,
Texas to slow germination, low leachate resistance and a
low succulence index. The combination of a rapidly germi-
nating seed and a hardening-off of a root-hypccotyl tissue
is believed to favor low post-emergence damping-off. Of
the two locations used, disease'incidence was low at
McGregor and high at College Station. High initial emer-
gence was assocliated with high final stand at McGregor,
but not at College Station, indicating that in the pres;

ence of a severe disease condition, rapid emergence was
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undesirable. Using 23 MAR and two non-MAR cotton culti-
vars, Bush (20) found that a high ratio of rhizoplane
bacteria to rhizoplane actinomycetes from 18-day-old
plants were associated with high incidence of damping-off.
Increased numbers of rhizosphere and rhizoplane actinomy-
cetes from 18~day-old plants were associated with high
stands. High levels of calcium ion in the root zone was
associated with less damage to cotton seedlings by R.
solani; however, high levels of sodium ion and rhizosphere
actinomycetes increased root damage by R. solani (20). In
studying the relationships between laboratory and field
measurements for seed and seedling traits from selected
MAR and non-MAR cotton cultivars, Wallace, et al. (58)
found that coefficient of velocity of germination (C.V.G)
at 17°C in a laboratory germinator was negatively corre-
lated with emergence and stand in the field. Low emer-
gence and stand, and high seed rot, measured in the tem-
perature tank at 17°C, were associated with high stand in
the field. Low damping-off and healthy roots (low root
grade) at 2@°C, and long roots at 17°C in the temperature
tank, were associated with high stands in the field.
Variability in field emergence was best explained by slow
seedling emergence (low C.V.E), high stand, healthy roots,
and high damping-off in the temperature tank. The same
traits with the addition of long roots and a high C.V.G

explained 97% of the variability in field stand. High
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damping-off in the temperature tank was associated with
high emergence and stand in the field. Low damping-off in
the field was best explained by slow rate of seedling
emergence {(low C.V.,E), less seed rot, long and healthy
roots in the temperature tank and a fast germination {(high
C.V.G) in the germinator (586).

Inheritance of Seed and Seedling Disease Traits
Associated with Resistance to the Seedling Disease Complex

Within the framework of the MAR program, associations
among genes conditioning resistance to the different cot-
ton pathogens have been measured and these form the ge-
netic interrelations which are the basis for the selection

procedures used (l1,14). These associations include genes
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conditioning resistance to two or more pathogens, and

genes conditioning a mechanism which is effective against
several pathogens,

Abd-2lla (2) showed that most seed and seedling dis-
ease escape traits were polygenically inherited. oOver-
dominance was indicated for electrical resistance of seed
leachates, moldy seed, and days to emergence; complete
dominance for seed weight; and partial dominance for per-
cent germination and days to germination. None of the
genetic components for percent emergence, damping-off and
'final stand were sgignificant. A complex of minor and
modifying genes has a direct favorable effect on electri-

cal resistance of seed leachates, percent moldy seed, days



to emergence, and root types which indirectly affects the
control of cotton seedling disease (2). 1In a four parent
diallel cross it was found that maternal effect was sig-
nificant only for moldy seed and non-maternal reciprocal
differences were indicated for mold growth on seed
(1,3,4). No maternal effect was measured for seed weight,
days to germination, electrical resistance of seed leach-
ates and root types (1,3,4). In a seven-parent diallel
set of crosses, Abd-Alla (2) reported maternal and pa-
ternal effects for some of the traits studied. Maternal
effects were significant for percent moldy seed and days
to germination but not significant for percent emergence,
damping~-off and final stand.

Bourland (17) showed that seed weight was controlled
by large additive and dominance effects, while duplicate
gene action and epistasis were proposed for root grade and
stand establishment in temperature tank tests. He con=-
cluded that low seed weight and short root length are
important traits in explaining variability in damping-off
and stand establishment in the field. El-Zik and Bird
(28) showed that stand ability of cotton is quantitatively
inherited and mainly attributed to the dominance effect of
genes. Coefficient of velocity of emergence (C.V.E) was
found to be greatly influenced by environment. Emergence
and final stand were controlled by a minimum of four and

three genes, respectively, that exhibit overdominance or

14
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epistasis (28}. Studies to determine the number of genes
controlling post-emergence damping-off were inconclusive
(28}. Inheritance studies {(26) indicated that large
amounts of additive, dominance, and additive by additive
epistatic effects were present for seedling root length
and relative root weight. It was reasoned that plants
with long roots and high relative root weight should
possess increased levels of a mechanical resistance to the

seedling disease complex (26).
The Diallel Crossing System - Theory and Analysis

The term "diallel analysis" refers to any one of
several procedures by which genetic variances are parti-
tioned from diallel crosses. Griffing (32) defined a
diallel crossing system as one in which a set of (p)
inbred or homozygous lines are chosen and all possible
cfosses among them are made. A complete diallel has p2
combinations including parents, one set of F;'s and recip-
rocal Fl's. A "diallel table”" is an arrangement in a

sguare of p2

measurements corresponding te the crossing
combination on a one-to=cne basis. Each row and column is
an array. An array is defined as one parental line and
all the crosses involving it.

The diallel crossing system has been recognized as a

valuable tcol by plant and animal breeders, geneticists

and other related disciplines, in early generation evalua-



tion of parental materials, the investigation of general
and specific combining abilities, genotype-environmental
interactions and the investigation of the mode of inheri-
tance and gene action conditioning the expression of guan-
titative traits (23,32,33,34,35,36,40,60).

The diallel analysis of Jinks (4@) and Hayman
(33,34,35,36) provides information about the genetic sys-
tems controlling the expression of biometrical traits
amongst sets of parental lines and their group of crosses.
This analysis gives information about the average additive
effects of genes, effects of heterozygosity, and dominance
effects (interallelic interactions) of genes. High ex-
pression of a trait in a cross can thus be attributed to
either heterozygosity, additivity of gene action, or non-
additivity of gene action, that is, epistasis if the non-
additivity is between loci or to dominance relationships
if the non-additivity is within loci. Where the dominance
relationships are expressed, the high manifestation may be
due to dominant genes, to recessive genes, or to a bal-
anced grouping of dominant and recessive genes.

The diallel assumptions on which Hayman (34) and
Jinks (40) based their biometrical genetic model are:

1. Homozygous parental lines or inbreds

2. Diploid segregation

3. Only environmental differences between reciprocal
crosses

16



4, Independent action of non-allelic genes, that is,
no epistasis

5. No multiple allelism

6. Genes independently distributed between the par-
ents, that is, uncorrelated gene distributicons

Valid and adegquate statistical analysis and their
corresponding genetic interpretations is to be based on
whether or not the parents chosen are from a fixed or
random populations (9). In fixed models, the parental
lines constitute the whole population about which infer-
ences are to be made, while in random models, the parents
are random sample from the population.

When parental and F; populations are used, the anal-
yais of variance of the diallel tables provides a test for
additive, dominance, and maternal effects, as well as
reciprocal differences. Alternatively, the genetic system
¢an be analyzed and estimates of the genetic parameters D,
%, %1, and %2 and h obtained, whose genetic content is
interpretable on the basis ©of the diallel thecry. Graphs
may also be constructed and the data interpreted in terms
of the genetic control of the character under investiga-
tion. An-extension of the analysis to the F, generation
by Hayman (35,36) provides adequate investigation of the
presence of epistatic effects (non-allelic interactions)

in the F, diallel analysis which may not be detected in

the F, diallel analysis.
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When the validity for the assumptions ©f the diallel
analysis is satisfied, the contribution of one locus re-
presented by two alleles {(A,a) to the family means in a p2
diallel cross may be described in terms of the parameters

N -
ua, va, da, and ha, where ut+v=l and illustrated on a basis

of additive-dominance model using a scale below:

AR 1/2 (AA+aa)=m aa

y hg ;J<: da

Here, ua is the frequency of parents that are AA, va is

the frequency of parents that are aa, da is the estimator
of the additive phenotypic increment of the alleles A and
a, and ha is the estimator of dominance phenotypic incre-
ment of the allele A. da and ha measure additive and
dominance deviations, respectively, from the mid-
homozygote {m) at locus A. When h=@, dominance is absent
and the genetic variance 1is totally additive and when h=4,
dominance is complete. For genetic traits under the con-
trol of many genes, dominance variation is the summation
of the individual deminance components. Dominance may
occur in a positive or negative direction, by increasing
and decreasing the phenotypic expression of the trait,
respectively. Thus, the overall effect of dominance sum-

mation may even be the apparent absence of dominance.

18



By using F1 data, the diallel cross components of
variance, D (additive gene effects), H; or H, (dominance
gene effects), h4 (the summation of dominance deviations
over all loci) and F (the mean covariation of additive and
dominance effects over all arrays and an indicator of the
relative frequencies of dominant and recessive alleles in
the parents) can be estimated (33,34,40). All of these
components are overall measures of gene action. The com-
ponent E is an estimate of non-heritable or environmental
effects. The F, diallel analysis provides estimates of D,
F, H; and H, and the test of epistasis (35).

Another important feature of the diallel analysis is
that genetic information can be obtained from the graphic
analysis of Vr and Wr. Vr is the variance of the com-
ponents of each parental array, that is, the offspring and
Wr is the covarience between the offspring in each paren-
tal array and the non-recurrent parents. El-Zik (27) and
Whitehouse, et al. (68) described how the genetic informa-
tion can be estimated based on Jinks and Hayman models.
If the assumptions of the daillel analysis are valid, the
guantity (Wr-vr) is constant over arrays and equal to 1/4
(D-Hl)- Thus Wr=Vr+constant, and the regression of Wr and
Vr is a straight line of unit slope. The relative posi-
tions of the array points along the regression line depend
on the relative proportion of dominant and recessive

alleles present in the common parent of each array. Thus,

19



points with lower values of Vr and Wr corresponds to
dominant parents and points with higher values correspond
to recessive parents. Consequently, the distance between
the points provides indication of the genetical diversity
among the parents.

As the regression of (Vr, Wr) agrees with slope of
one, the genetic system can be deduced to be additive
without the complication of gene interactions (27,68). 1If
dominance of the gene(s) is complete, the line with slope
b=1 would pass through the origin, while partial dominance
(H1<D) shifts the line above the origin, and overdominance
(Hl>D) the line would cut the Wr axis below the origin.
In the absence of dominance, the points would cluster
about the position where the slope of the parabola
(Wr2=V§Vr) is +1 and there is no regression. Vp is the
variance of the parental means. The position of the line,
being near to that of a tangent to the parabola, indicates
little dominance. Non-allelic interactions leads to a
deviation from the unit slope, giving a slope less than
unity.

Combining ability analysis as proposed by Sprague and
Tatum (52) and expanded by Griffing (32) is another ap-
proach of analyzing diallel data. Spragque and Tatum (52)
defined "general combining ability" as the average per-
formance of a parental line in hybrid combination and

"specific combining ability" as thoses cases in which cer-

20



tain combinations do relatively better or worse than would
be expected on the basis of the average performance of the
lines.

Griffing (32) defined four experimental methods of
combining akility analysis based on both fixed and random
effects models. These are: 1) parents, one set of F's

2 combinations);: 2)

and reciprocal F,'s are included (all p
parents and one set of F;'s are included but reciprocal
Fl's are not (1/2 p (p+l) combinations); 3) one set of
F,'s and reciprocals are included but not the parents (p
(p=1) combinations); and 4) one set of Fl's but neither
parents nor reciprocal F;'s is included (r1/2 p (p-1)
combinations).

The experimental method 4 (fixed effect medel) is the
most common diallel crossing design for anlayzing general

{g.c.a) and specific (s.c.a) combining ability effects of

parental and cross combinations, respectively. There are
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a =p (p-1}/2 different F; mean values. The mcdel for the

combining ability analysis is

X5 W+ gy +g5*s;4 74 _i_.%%eijkl

C
where
xij = means of the Fy; regulting from cross-
ing the i*" and j parent,
U = population mean.

g; and gy = general combining ability {(g.c.a)

sj5 = s.c.a effect such that s;y = sjj



b = number of blocks
¢ = number of observations

error effect peculiar to the ijklth
individual observation.

eijkl

The restrictions imposed on the combining ability effects
are:

ig; = @ and _ E-Sij = @ (for each j).
1 7]

When a set of inbred lines are used in a diallel
crosgsing system, a genetic interpretation in terms of
quantitative inheritance is made possible by the fact that
the analysis is really a "gamete" combining ability anal-
ysis [(32). Thus, genetic properties of a diploid indi-
vidual may be regarded as the combination of the genetic
properties o©of the two gametes which united to form the
individual (32}. Griffing (32) congiders the genotypic
effects of an individual or parental line in the statisti-
cal analysis as the summation of effects contributed by
each gamete, that is, set of genes in the gamete and the

interaction between the set of genes.
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MATERIALS AND METHODS

Genetic Material
Parental Selection

85ix cotton cultivars were selected as parental mater-
1al for this investigation. Three of the parents are MAR
cultivars and represent different hybrid-pools of the MAR
program. The other three are non-MAR cultivars. The cul-
tivars possess a range ©of resistance and susceptibility to
the seedling disease pathogens R. solani and P. ultimum.
The following is a brief description of the six cotton
cultivars used ag parents in this investigation:
1. Dixie King 111 « a commercial (non-MAR) cultivar
that possesses resistance to P. ultimum and R.

solani. T

2. Acala 5J-5 - a commercial {(non-MAR}) cultivar
susceptible to R. solani and P. utlimum.

3. Lankart 57 - a commercial {nen-MAR) cultivar
' susceptible to R. solani and P. ultimum.

4. Tamcot SP-37 - a commercial (MAR) cultivar with
low to partial resistance to R. solani and P.
ultimum.

5. Tamcot CAMD-~FE - a commercial (MAR} cultivar with
resistance to R. solani and partial resistance to
P. ultimum.

6. TX-LEBO-3~-88 - a MAR cotton line with resistance
to R. solani and partial resistance to P.
ultimum.



Development of Genetic Poﬁhlation

All possible crosses among the six parents were made
in the field in 1982 to produce the F, generation. The
pdrenta and F,'s were then planted in the field in 1983
and all crosses made again with selfing of the parents and
Fl's to produce the necessary seed of the parents, F, and
F, generations for a six-parent diallel cross with no
raciprocals. This gave a total of 36 entries (six par-
ents, 15 F;'s and 15 Fy's). Crossing was done by the
thumbnail esmasculation-soda straw method, while selfing
was accomplished by sealing flower corollas with a tagged
wire prior to anthesis. Selfed seed were obtained from
the parental plants used for crossing. The various popu-
lations were harvested in order of boll maturity and
opening. These bolls were then bulked for each entry.
The seed were ginned on a roller gin, acid-delinted, and

stored in metal boxes in an air conditioned laboratory.
Inoculations and Disease Assessment
Inoculum Preparation
Choosing Isolates

Two isclates representing a range of variability in
virulence of R. solani and P. ultimum were used in a

preliminary evaluation to determine the reactions of the

parental lines. The two isolates of R. solani were from



Texas and California. The P. ultimum isolates were from
Texas and Tennessee. Both pathogens were isolated from
diseased cotton seedlings. Four inoculum densities of
25,50,75, and 100 propagules of each pathogen were eval-
uated in the preliminary tests. The Texas isolates of both
R. solani and P. ultimum adequately differentiated suscep-
tibility and resistance among the parental lines at inocu-
lum densities of approximately 48 propagules per 108g of
soil and 50 propagules per 1.8g9 of soil, respectively. The
Texas isolates and the 48 and 50 inoculum densities were

used for the experiments conducted in the controlled tem-

perature water bath tanks.
Increasing and Establishing Inoculum Densities

Inoculum for each fungal isclate was increased 1in
non-sterile Houston black clay soil in plastic containers.
Non-sterile soil was used to mimic natural field condi-
tions. More importantly, studies (14,206,53) have indi-
cated that resistance to seedling pathogens in MAR culti-
vars is due to selected favorable rhizoplane-rhizosphere
bacteria, actinomycetes, and fungi populations which are
highly competitive with root pathogens (20,24). This
natural interaction would not be possible if a sterilized
soil medium was used. Inoculum densities for each fungus
were thus increased with minimum disruption of the natural

soil flora.
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Rhizoctonia solani

For R. solani, cotton seedlings grown on potato car-
rot dextrose agar (PCDA) and infested with a 4 mm plug of
the pure Texas isolate, was added to the Houston black
clay soil after maceration and mixing prior to planting.
The soil was densely planted to untreated seed of Lankart
57, a known susceptible cotton cultivar. Twenty-one days
after planting, the stems and leaves 0of the damped-off
seedlings were removed leaving the roots infested with R.
solani in the soil. This soil was thoroughly mixed in a
concrete mixer to insure uniform distribution of R. solani
propagules. Determination of inoculum densities expressed
as propagules per 1900 g of soil (dry-weight basis) was
made according to Weinhold (59). To establish appropriate
inoculum densities for experimental covering soil, dilu-
tions of the infested soil with non-sterile Houston black

clay soil, and subsequent bicassays were conducted,

Pythium ultimum

A pure culture of the Texas P. ultimum isolate was
used for increasing propagule levels (cospores and sporan-
gia) prior to soil infestation. Four millimeter cores of
the isolate was inoculated and grown in 12 ml V8-
cholestrol (B-sitosterol) broth (208 ml V8 vegetable
juice, B@Y ml distilled water, and 2.5 g of CaCo4 solution

clarified by centrifugation at 13,908 g for 3¢ minutes) in

26



sterile petri dfshes, and incubated in the dark at 20°C
for three weeks {(8). The culture mats with high popula-
tions of oospores and sporangia were then covered with
non-sterile soil extracts to lyse the mycelial mats and
induce conversion of "thick-walled" oospores to "thin-
walled germinable oospores". Lysed mats were blended and
suspensions passed through cheesecloth two or three times
toc remove most mycelial fragments. Non-sterile Houston
black clay soil was infested with the suspensions cf
oospores and sporangia. Untreated cottonseed of Lankart
57 were then planted in the infested non-sterile Houston
black clay soil in plastic containers. Twenty-one days
after planting, the stems and leaves of damped-off seed-
lings were removed leaving the roots infested with P.
ultimum in the soil. The infected soil was bioassayed to
determine the inoculum density per gram of soil according
to Mircetich and Kraft {(49) using the selective medium
developed by Mircetich (48). 1In establishing appropriate
inoculum densities for the experimental covering soil, the
infested so0il was diluted with non-sterile Houston black

clay so0il, and subseguent bicassays were conducted.
Experiments

The experiments were conducted in controlled tempera-

ture water bath tanks and in the field.
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Temperature Controlled Tank Experiments

The water of the tanks was controlled to maintain
soil temperature at 20 + 1°C for both R. solani and P.
ultimum. Four replications for each pathogen were used in
the experiment. Entries were assigned at random. Twenty
acid=delinted seed of each entry were planted in metal
trays (33x9x11.5 cm). Houston black clay soil was used as
the planting medium. The metal trays were filled to
three-quarters its volume. Using a two-row seed-template,
the twenty seed of each entry were planted with a distance
of 2 cm between seed within and between rows. FoOr each
fungal pathogen, the metal trays were then covered with
infested non-sterile Houston black clay soil with the
appropriate inoculum density tc a depth of 1.9 cm. The
trays were placed in the temperature tank with their soil
lines at the water level. An initial watering of 340 ml
was made by pouring water down a uniformly perforated
plastic container, with bottom area matching that of the
top of the metal trays. After 4-6 days, the frequency of
watering was determined by the rate of evaporation from
the scil-surface in the trays. For P. ultimum, the fre-
quency of watering was higher than for R. solani. Two
runs of the experiment were conducted for each of R.

solani and P. ul timum.
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Rhizoctonia sclani

In the case of R. solani, the covering soil for run 1
and run 2 were adjusted to approximate inoculum densities
of 49.5 and 48.9 propagules per 100 gram of scil, respec-
tively. Run 1 was planted on 19 December, 1984 and run 2

on 17 January, 1985.

Pythium ultimum

For P. ultimum, run 1 and run 2 had inoculum densi-
ties of the covering soil adjusted to 50 and 52 propagules
per 1.8 gram of soil, respectively. Seeds were planted on
19 March and 4 May, 1985 for run 1 and run 2, respec-
tively. All experimental runs were terminated after 25
days.

The following traits were measured for each of R.

solani and P. ultimum.

a) Coefficient of velocity of emergence (C.V.E)-
based on daily counts of emergence from planting
through day 25, using the formula of Kotowski
{(44).

b) Emergence - the number of emerged seedlings
{cotyledons above the soil) expressed as a per-
centage of the number of planted seed.

c) Pre-emergence damping-off = total number of seed
that did not germinate and rot, and of young
seedlings that died before emergence expressed as
percent of seed planted.

d) Post-emergence damping-off - emerged seedlings

dead at the end of 25 days expressed as percent
of all emerged seedlings.
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e) Hypocotyl lesion grade - the geverity of the
lesions was assessed cn a l-7 scale:

1. no apparent lesions on the hypocotyl

2. small localized lesions

3. small tc medium coalesced nec¢rotic lesions,
less than #.5 ¢m in length, < 50% of hypo-
cotyl girdled

4, medium necrotic lesions, abecut ©#.5 cm in
length, 51-75% of hypecotyl girdled

5. medium to large necrotic lesions, #.5 — 1 cm
in length, 76=198% of hypccotyl girdled; no
apparent wilting of the seedlings

&. severe and extensive necrotic lesions, 108%
girdling of the hypocotyl, plants wilted with
cotyledons drooping

7. dead seedling

£) Root grade - the extent of damage was assessed

on a l-7 scale:

l L)

6-

7.

no apparent lesions on root

small localized lesions on root

light discoloration of root

moderate disccolaration of root

heavy discoloration of root

death of most root system, seedling still alive

dead seedling

g} Final stand - the proportion of seed planted that
gave live seedlings at the end of 25 days.

Field Experiments

Field experiments were conducted at College Station

for two years (1984 and 1985). Acid-delinted seed of each



entry were planted in a completely randomized block design
with four replications at a rate of 18P seed per plot.
Each block consisted of 36 single-row plots measuring
12.2 x 1m. Seed were planted on 4 April, 1984 and on 5
April, 1985,

The following traits were measured:

a) Emergence — determined 25 days after planting

b) Pre-emergence damping off

¢} Post-emergence damping-off

d) Final Stand - determined 50 days after planting
Statistical and Genetic Analyses

Data for each trait obtained from each experimental
run for both R. solani and P. ultimum were analyzed by
analysis of variance (ANOVA) using plot means. A combined
ANOVA over runs was obtained for each pathogen. Signifi-
cant differences among parents, Fy and F, generations were
determined by Duncan's multiple range test. Simple corre-
lation coefficients and step-wise multiple regression
coefficients were calculated to determine the associations
among traits and identify traits that are best for
measuring resistance. Significant differences -among Fy
means for any trait was used as a basis for the analysis
of combining ability effects.

The diallel analysis, as developed by Jinks (40) and

Hayman (33,34) for parental and F; data was used to test

31
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the validity of the assumptions upon which the biometrical
model is based and also to estimate genetic parameters.
The analysis of the data was accomplished by use of the F
(no reciprocals) FORTRAN diallel program developed by K.M.
BEl-Zik and B.L. Lisenbe (unpublished, Texas A&M University
Data Processing Center). Based on the diallel theory
(34,36,40), the following tests and parameters were esti-
mated:

1. Test of Wr-Vr for homogeneity. This was carried out
by analysis of variance. The Wr-Vr must be homogeneous
over arrays for the assumptions to be valid. Hetero-
geneity indicates failure of one or more of the assum-
ptions.

2. Estimation of the genetic components of variance: D
(additive component), F (indicator of excess of positive
or negative alleles in parents), H; and H, (both are
dominance components), h2 (overall dominance component
variation) and calculations of their standard errors. The
environmental variances (E) were estimated from error mean
squares from the ANOVA. For the combined data analysis,
the parental and Fl (E) values were obtained from ANOVA
using averages OVer runs.

3. Genetic estimators and ratios - The following estima-

tors and ratios were obtained:

i) (H1/p)1/2 = yeighted measure of the average
degree of dominance at each locus



when

ii)

iii)

iv)

vi)

vii)

H,/D =0
B < Hl/D < 1
Hl/D > ]

indicates no dominance

indicates partial dominance

indicates overdominance

< ©.25 is an estimator of the average

frequency of negative versus
positive alleles at loci
exhibiting dominance. It has a
maximum value of ©0.25 when
p=v=1l/2

Kp (4DH1}1/2 + F the ratio of the total number

= of dominant to recessive

KR

h2

(4DH1)1/§ - F alleles in all parents

ﬁz = an estimator of the number of groups of genes
which control the trait and exhibit dominance
to some degree

(Wr+Vr) = an estimator of the parental order of
dominance. Low values indicate high
levels of dominance, while high values
indicate low dominance.

Estimates of heritability were calculated using

the formula of Crumpacker and Allard (23):

Heritability

r (y, Wr+vr)

I

1/4D
1/4D-1/4F + 1/4 H + E

a measure of direction of dominance
is indicated by the correlation of
the mean parental phenotypic values
(%) and (Wr+Vr) values. A correla-
tion of +1 indicates that the
recessive genes have positive
effects. Small r values indicate
equal portions of the dominance
genes have positive and negative
effects (33,34).

Hayman's (35) F, diallel analyses were processed uti-

lizing a FORTRAN program developed by K.M. El-=Zik and B.L.

Lisenbe (unpublished,

Texas A&M University Data Processing



Center). Outputs from this program include genetic com-
ponents of variation (D, F, Hy and Hy) and environmental
variances E,, E, and E,;. <Chi~square analysis for test of
epistasis, and detailed analysis of variance of residuals
to test for epistasis, multiple alleles, gene correlation,
and parental heterozygosity were made.

Chi-square values were obtained from the 2L5-Lq
diallel table. An L; diallel table consists of the F;
family means together with the parental means on the
leading diagonal, while the table of the F, means with the
parents on the diagonal again is the L, diallel table.
Chi-square (x2) values with 1/2 n {n-1) degrees of freedom
were obtained from the squares of the deviations of the
parental, F; and F, means from their expectations on the
basis of dominance deviations (positive and negative) of
genes and additive contributions (positive and negative)
of genes, all corrected for Eys E;, and E,. A chi-square
value (based on 15 d.f.) were then calculated for each
replication and a pooled chi-square was calculated (also
based on 15 d.f£.). A heterogeneity chi-square was ob-
tained by substraction (45 d.£.) from the sums of all chi-
sqguares.

Griffing's (32) analysis of variance for c¢ombining
ability was used to partition genotypic.variances of F,
means into general and specific combining ability effects.

Method 4, (set of F; but neither parents nor reciprocal

34
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Fl) model one (fixed effect) was used,. The source of

variation and degrees of freedom are as follows:

ANOVA for combining ability

Source s [P o
GCA p-1 =5
SCA p (p=3)/5 =9

Error m= 42

where p = number of parental lines.

The analysis is only possible when significant dif-

ferences have been detected among F, means for any trait.

The analysis was performed using a computer program devel-

oped by H.E. Schaffer and R.A. Usanis (51). Estimates of

general combining ability effects (g) for each parental

line was calculated as fcllows:

A

gi - l [px]"o = le.]‘
p (p-2)
where p = number of parental lines;
X;. = summation of F; family means for each ith
parental array.
X.. = grand total for all ¥, family means
Specific combining ability effects (Eij) of F; cross com-
binations were estimated as follows:
;---—-x--- 1 iX:e # i) #® 2 .ol
i i i
’ S>> (D (pm2)
where Xij family mean involving any two parental lines.
X3. = summation of F, family means for each jth

parental array
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Standard errors to test differences between effects were

calculated ag follows:

(1) S.E. (§;. - aj.) = 2_ - Msg,
p-2
test for significant differences in g.¢.a effects for any
two parental lines. -
test for significant differences in 5+.C.a effects between

test for significant differences in $.c.a effecta Dbetween

any two F; means.
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RESULTS
Statistical Analyses
Field Experiments

No significant differences were obtained among the
parental lines and their F; and F, progenies for emer-
gence, pre- and post-emergence damping-off, and final
stand for the field experiments conducted at College
Station in 1984 and 1985. This could be attributable to
the unfavorable environmental conditicns of soil tempera-
ture and moisture low inoculum density in the field, and
variation of pathogen distribution from plot to plot. 1In
1983, lack of rainfall in the first three weeks after
planting, although supplemental overhead sprinkler irriga-
tion was applied, and soil temperatures above 18 - 2¢°C
may have affected inoculum potential and hence disease
exXxpression. In 1985, favorable conditions conducive to
disease development did not last for a prolonged pericd

for adequate expression of resistance and susceptibility.
Temperature Controlled Tank Experiments

The results of the seed and seedling response of the
parental lines and their offsprings to each fungal path-
ogen are presented for each experimental run and combined

over runs. Eight seed and seedling traits for parental,



F, and F, populations inoculated with R. solani and P.

ultimum were analyzed and interpretations made.

Rhizoctonia solani

Experimental Run 1

Significant differences among parental lines were ob-
tained for post-emergence damping-off, final stand, C.V.E,
hypocotyl grade, and root grade when inoculated with R.
solani at an inoculum density of 49.5 propagules per 10d g
of soil (Table 1). Significant replication effects were
obtained for emergence, pre-emergence damping-off and
C.V.E.

Presented in Table 2, are parental averages for the
eight traits. Tamcot CAMD-E gave the highest seedling
emergence of 29%, followed by Dixie King 111, Lankart 57,
TX-LEBO-3-80 and Acala SJ-5, however, the differences in
emergence were not significant. Tamcot SP 37 had the
lowest seedling emergence of 78.7%. Conversely, Acala SJ-
5 had the highest pre-emergence damping-off (21.2%) and
Tamcot CAMD-E, the lowest (10%). The fastest rate of
seédling emergence (C.V.E) was that of Acala 5J-5, while
Dixie King III had the slowest rate. The rates of emer-
gence varied from 11.4 to 12.8. Significant differences
among the parental lines were also obtained for post-
emergence damping-off, which ranged from 16.1% to 86.7%.

Post-emergence damping-off was the lowest for Acala §J-5

38
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(13.3%) and Tamcot CAMD-E (16.1%). Damping-off was sig-
nificantly higher for Tamcot 8P 37 (69.7%) and Lankart 57
(86.7%) than the other four parents. The fastest rate of
post-emergence damping-off (C.V.D) was recorded for Tamcot
sp 37 and Lankart 57, the two cultivars that had the
highest post-emergence damping-off.

Final stand in the temperature tank ranged from 11.2%
to 76.2%. Final stand establishment is the end result and
cummulative action of seedling emergence, pre-and post-
emergence damping-off, Differences among the parental
lines in final stand were significant. Tamcot CAMD-E gave
the highest stand (76.2%), followed by Dixie King II1 and
Acala SJ-5 with equal values (68.7%) and TX-LEBO-3-80
(63.7%). Lankart 57 and Tamcot SP 37 gave the lowest
final stand of 26.2% and 11.2%, repectively, which were
significantly lower than the stand of the other four
parental lines.

Hypocotyl grade ranged from 3.9 to 6.5, Hypocotyl
grades of Tamcot CAMD-E, Acala SJ-5, Dixie King III, and
TX~-LEBO-~3-88 were significantly lower than those of
Lankart 57 and Tamcot SP 37. Generally, root grade fol-
lowed the same pattern as hypocotyl grade. Average root
grade was lowest for Tamcot CAMD~-E and TX~-LEBO-3-80 (2.4).
Acala 8J-5 and Dixie King 1III had intermediate root
grades. Lankart 57 and Tamcot SP 37 had significantly

higher root grades of 4.5 and 4.8, respectively.
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Analysis of variance for Fy generation (Table 3),
shows that significant differences were obtained for post-
emergence damping-off, final stand, C.V.E, hypocotyl
grade, and root grade. Similar results were obtained for
the F, generation (Table 4). The lack of significant dif-
ferences for emergence and pre-emergence damping-off among
the parents 1is reflected in their offsprings in both
generations.

Averages for traits of the F, and F, generations are
presented in Table 5. The averages of nine Fl's were
higher in emergence than their mid-parents. Eight F,'s had
higher emergence than those of their mid-parents. Emer-
gence of F,'s ranged from 70% to 93.7%, while F, averages
ranged from 77.5% to 93.7%. The results indicate that
dominance deviation was more towards higher emergence.
Overdominance and epistasis are also suggested. In the
case of pre-emergence damping-off, nine of the Fl's were
lower than their mid-parent. Eight F,'s gave lower pre-
emergence damping-off than their mid-parental values.
There was evidence of trangressive segregation in the Fq
towards higher and lower values. Pre-emergence damping-
off for the F|'s averaged 15.5%, and 16% for the F,'s.
Seven F,'s and eight F,'s had less post-emergence damping
off than their mid-parents. There was also evidence of

trangressive segregation in the F, towards both higher and

lower incidence of damping-off.



Final stand of eight F,'s and seven F,'s was greater
than their mid-parents, suggesting ovérdominance. Final
stand ranged from 13.7% to 82.5% for the F, and from 1.2%
to 87.5% for the F,. Dominance deviation was both in the
direction cf higher and lower final stand. Transgressive
segregation was evident in the Fz's.

Eight F,'s and seven F,'s had rates of emergence
(C.V.E} that were lower than their mid-parents. Dominance
deviation was 1n both directions, however, more was
towards slower rates of emergence. There were no signifi-
cant differences for the rate of post-emergence damping-
off (C.v.D).

Hypocotyl grade, revealed that eight F;'s and nine

F,'s had lower severity of hypocotyl rot than their mid-

43

parents. Dominance deviation was more in the direction of.

less hypocotyl rot severity. Transgressive segregatiocon in
the F, was observed. Six F;'s and eight F,;'s had root
grade values lower than their mid-parents. Dcminance
deviation was more in the direction of less root rot.
Some F;'s and F,'s had root grades that were approximately
the same as thelr mid-parents. Both F,'s and Fp's aver-

aged 3.4.
Experimental Run 2

The analysis of variance for parental lines inocu-

lated with R. solani at an inoculum density of 48.9 propa-
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(c) Hypocotyl grade, Root grade,

Table 5.
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gnificantly different

according to Duncan's multiple range test at the 5% level of probability.

§ Averages within columns followed by the same letter are not si

¥ Mid-parental values,
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gules per 1ddg of soil, shows that only significant dif-
ferences were indicated for hypocotyl grade and C.V.D
(Table 6). Presented in Table 7, are parental averages for
the eight traits. Dixie King III gave the highest emer-
gence of 81.3%, followed by Tamcot CAMD-E with 76.3%.
Acala SJ-5 had the lowest emergence of 63.8%. The fastest
rate of emergence (C.V.E) of 12.4 was for Lankart 57,
while the slowest rate was for Tamcot SP 37 with a C.V.E
of 11.1.

bixie King I1I gave the lowest pre-emergence damping-
off of 18.8% and Acala SJ-5, the highest (36.3%). Post=-
emergence damping-off ranged from 14.1% to 45.9%. Tamcot
CAMD-E gave the lowest post-emergence damping-off (14.1%).
Tamcot SP 37 and Lankart 57 gave the highest damping-off
of 45.9% and 37.9%, respectively. Significant differences
among the parental lines was obtained for C.V.D. The
slowest rate of damping-off (2.9) was for Acala SJ-5, and
the fastest rate for Dixie King III (7.8).

Final stand ranged from ;ﬁ% to 63.8%. Tamcot CAMD-E
gave the highest stand (63.8%), followed by TX-LEBO-3-80
and Dixie King III with values of 61.3% and 60.0%, respec-
tively. Tamcot SP 37 and Lankart 57 had the lowest final
stand of 40% and 41.3%, respectively.

The differences among parental lines were significant
for hypocotyl grade. Acala SJ-5 and TX~LEBO-3-80 gave the

lowest hypocotyl grades of 3.6 and 4.1, respectively. The
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significantly highest hypocotyl grade of 5.1 was for
Lankart 57 and Tamcot SP 37. Average root grades were
lowest for Tamcot CAMD-E (3.1) and TX-LEBO-3-80 (3.3).
Lankart 57 and Tamcot 37 gave the highest root grades of
4.2 and 4.7, respectively.

Presented in Table 8 are the mean squares for the
eight seedling traits for the Fy generation. Significant
differences among the F,'s was indicated only for C.V.E.
For all the other traits, the magnitude of the mean
squares for replication and the error term were high. The
analysis of variance for the F, generation reveals that
C.V.E and C.V.D were the only traits with significant mean
squares (Table 9).

Averages for traits of the F, and F, generations are
presented in Table 10. Nine F;'s and fourteen F,'s had
higher emergence than their mid-parents. Thus, the di-
rection of dominance deviation was towards higher emer-
gence and overdominance was apparent. Averages of F,
ranged from 57.5% to 83.7%, while F, averages ranged from
70% to B6.3%. A similar trend towards lower pre-emergence
damping-off was observed for the F;'s and F,'s. Dominance
deviation was more towards lower pre-emergence damping-
off. For post-emergence damping-off, seven F|'s and ten

F,'s had values lower than their mid-parents. Dominance

deviation was in both directions. Only three F}'s and
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four F,'s had values that were lower than the lowest mid~
parent. The Fl's averaged 26.5%, and the Fz's 20.8%.
Seven Fl's and twelve Fz‘s had higher final stanad
than those of their mid-parents. Dominance deviation was
in both directions. The F;'s averaged 54.3% and the Fr's
64.5%. S8ix F;'s and nine F,'s had final stand lower than
their mid-parents. Dominance deviation for C.V.E was in
both directions of reduced and increased rates of emer-
gence. The rate of post-emergence damping-off (C.v.D), of
eleven F,;'s and F,'s were lower than their mid-parent. Two
F,'s and eleven Fg's had hypeocotyl grade values lower than
their mid-parents. Segregation in the F,'s was more
towards lesser hypocotyl rot severity. Similar trends as

that of hypocotyl grade was cbtained for root grade.
Combined Analysis Over Run 1 and Run 2

An analysis was made of the seedling trait data
combined over the two runs. The combined data would be
analagous to variation over locations and years which
reflects environmental conditions and factors that may be
favorable and unfavorable for disease development and the
expression of resistance. It was observed, that while
significant differences between parental F,'s and Fy's
were obtained only for run 1, similar trends were obtained

for run 2.
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(c) Hypocotyl grade, Root grade.

Table 1@,
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Root grade
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Mean squares for the parental lines from the combined
analysis of variance indicates significant differences for
post-emergence damping-off, final stand, C.V.E, hypocotyl
grade, and root grade (Table 11). Lack of significant
differences between the parental lines for emergence and
pre-emergence damping~off agrees with the results of run
1.

Emergence was highest for Tamcot CAMD-E and Dixie King
III (83.1%) and lowest for Acala SJ-5 (71.3%) but this
difference was not statistically significant (Table 12).
Pre-emergence damping-off ranged from 16.9% to 28.7%;
however, the differences among cultivars were not signifi-
cant,

Post-emergence damping-off ranged from a low of 16.3%
for Tamcot CAMD-E and 17.1% for Acala SJ-5, to a high of
53.8% for Lankart 57 and 66.3% for Tamcot SP 37. Tamcot
CAMD-E, Acala s8J-5, TX~-LEBO-3-8d, and Dixie King III had
significantly much less post-emergence damping-off than
Lankart 57 or Tamcot SP 37.

Average final stand over runs was 52.8% (Table 12).
The differential response in post-emergence damping-off,
hypocotyl rot and root rot among cultivars was reflected
in final stand. Tamcot CAMD-E had the highest final stand
of 70%; however, it was not significantly different from
Dixie King III (64.4%), TX-LEBO-3-80 (62.5%) or Acala SJ-5

(60.6%) . The lowest final stands of 33.8% and 26.6% were
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for Lankart 57 and Tamcot SP 37, respectively, which were
significantly lower than the other four parental lines.

A significantly slower rate of emergence (C.V.E) of
11.4 was indicated for Dixie King III and Tamcot SP 37.
The fastest rate of emergence (12.6) was of Lankart 57.
The parental lines did not differ in rates of post-
emergence damping-off (C.V.D) although they ranged from
4.9 to 7.3.

Differences among the parental lines are reflected in
the hypocotyl and root grades (Table 12). Hypocotyl
grades ranged from 3.3 to 5.8. Acala SJ-5, Tamcot CAMD-E,
Dixie King III, and TX-LEBO-3-88 had significantly lower
hypocotyl grades than Lankart 57 and Tamcot SP 37. Simi-~
lar trends among the parental lines were obtained for root
grades, which ranged from 2.8 to 4.7. Tamcot CAMd-E had
the lowest root grade of 2.8, while the highest grades
were for Lankart 57 (4.4) and Tamcot SP 37 (4.7).

The combined test analysis of variance (Table 13),
shows that the F, generations differed in post-emergence
damping-off, final stand, C.V.E and hypocotyl grade. Sim-
ilar results were obtained for the Fq generation (Table
14), and root grades also differed. The F, Qeneration
mean squares for entry X run interaction were significant
for post-emergence damping-off, final stand, and hypocotyl
grade. The F, generation mean squares for the Fo's X run

interaction were significant for post-emergence damping-
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off, final stand, and hypocotyl grade. Variation in inoc-
ulum potential due to fluctuations in temperatures and
plot to plot differences of inoculum density between ex-
perimental runs are probably reasons for the significant
interactions.

Averages for the seedling traits for the F;, and F,
generations, combined over runs, are presented in Table
15. There was no significant difference among the F, and
F, entries (crosses) for emergence and pre-emergence
damping-off. Average emergence of the F, was 78.9% and of
the F, 8l1.6%. Average pre-emergence damping-off ranged
from 14.3 to 30.0% for the F; with an average of 21% and
ranged from 13.7 to 23.7% for the F, with an average of
18.3%,

Post-emergence-damping—off ranged from 1@.5% to 56.9%
for the F; with an average of 32.5% and a range of 6.1% to
67.4% for the F, with an average of 29%. seven F,'s and
eight Fz'a had less damping-off than their mid-parents.
Dominance deviation was in both directions. In the F,
generation, transgressive segregation was more towards
lower post-emergence damping-off.

Significant differences for final stand were obtained
among the F; and also the F, entries. F, stand averaged
54.2% with a range of 31.8 to 73.7%. Stand of the F,
ranged from 27.5% to 79.3%, and averaged 59.4%. Eight

F,'s and nine F5's had higher stand than their mid-
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parents, indicating dominance deviation to be more in the
direction of increased final stand, suggesting overdomi-
nance for these crosses.

Nine F;'s and eight F,'s emerged slower than their
mid-parents. Dominance deviation is more in the direction
of slower rates of emergence (C.V.E). No significant
differences were observed for rate o0f post-emergence
damping-off (C.V.D).

Hypocotyl grades were lower for six Fy's and eight
Fz's than their mid-parents. Hypocotyl grades ranged from
3.2 to 5.6 in the F; and from 3.1 to 5.7 in the F,. Root
grade of five Fl‘s and nine F2's were lower than thelir
mid-parents. This suggests that dominance deviation is in
both directions of low and high root grades. One F; and

two F,'s had root grade lower than the lowest mid-parent.

Pythium ultimum

Experimental Run 1

Significant differences among the parental lines were
obtained for emergence, pre-emergence damping-off, final
stand, and C.V.E when inoculated with P. ultimum at an
inoculum density of 50 propagules per 1.0g of soil (Table
16). In Table 17, the parental averages for the eight
traits are presented. Tamcot CAMD-E gave the highest
seedling emergence of 68.7%, followed by Dixie King III

(67.5%), Tamcot SP 37 (61.2%), and Lankart 57 (57.5%).
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Acala §8J-5 and TX-LEBO-3-80 gave the lowest emergence of
42.5% and 46.2%, respectively, which were significantly
lower than the emergence of the other four parental lines.
The rate of seedling emergence (C.V.E), ranged from 12.2
to 14.6. The slowest rate was for Dixie King III (12.2),
followed by Acala SJ=5 and Tamcot CAMD~-E. Lankart 57 and
TX-LEBO-3-80 had the fastest rates of 14.&6 and 13.9,
respectively, which were significantly faster than that of
Dixie King III.

Differences among the parental lines in pre-emergence
damping-off induced by P. ultimum were significant.
Tamcot CAMD-E gave the lowest pre-emergence damping-off
(31.2%) but was not significantly different from those of
Dixie King III (32.5%), and Tamcot SP 37 (38.7%) or
Lankart 57 (42.5%), (Table 17). Acala SJ-5 and TX~LEBO-3-
86 had the highest significant pre-emergence damping-off
of 57.5% and 53.7%, respectively. TX-LEBO-3-80 had the
highest post-emergence damping-off (33.9%), and Acala SJ-5
the lowest (13.6%). Differences among the parental lines
for post-emergence damping-off were not significant. The
fastest rate of post-emergence damping-off (C.V.D) was
that of TX-LEBO-3-80 (8.4), while Tamcot CAMD-E had the
slowest rate (3.6).

Final stand ranged from 30.9% to €4.0%. Significant
differences among the parents for final stand is indica-

tive of their levels of resistance to the combined effects
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of pre- and post-emergence damping-off. Tamcot CAMD-E
gave the highest stand (68.0%), followed by Tamcot SP 37
(53.7%) and Dixie King III (52.5%), respectively. X~
LEBO-3-88 and Acala SJ-5 had the lowest final stand of
30.0% and 32.2%, respectively, which were significantly
lower than the stand of Tamcot CAMD-E, Tamcot SP 37 and
Dixie King III. The highest severity of hypocotyl and
root rot was for TX-LEBO-3-80, while the lowest was for
Tamcot CAMD-E.

Analysis of variance for F; generation (Table 18)
shows that significant differences were obtained for post-
emergence damping-off, final stand, C.V.E, hypocotyl
grade, and root grade. In the Fo generation, only emer-
gence, pre-emergence damping-off and C.V.E gave signifi-
cant differences (Table 19).

Averages for traits of the F; and F, generations are

presented in Table 24. On the average, the F,'s gave
higher emergence than the F,'s. Eleven F,'s and twelve
F2'3 had higher emergence than their mid-parents. Domi-
nance deviation was more towards higher emergence. Emer-

gence ranged from 48.7% to 82.5% for the F;'s and from
48.7% to 86.2% for the F,'s. Pre-emergence~damping-off
for the F,'s ranged from 17.5% to 51.2%, and from 13.7% to
51.2% for the F,'s. Twelve F;'s and fourteen F,'s had
lower pre-emergence damping-off than their mid-parents.

Dominance deviation was in both directions, but more
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Root grade

Hypocotyl grade

(c) Hypocotyl grade, Root grade,

Table 28.
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towards lower pre-emergence damping-off. Post-emergence
damping-off averaged 19.2% for the Fy's, and 21.1% for the
F,'s. Dominance deviation was in both directions.

Final stand of twelve Fl's and twelve F,'s were
higher than their mid-parents. Dominance deviation was
more towards increased final stand, suggesting overdomi-
nance and probably epistasis. Final stand ranged from
36.2% to 80.9% for the F,'s and from 48.9% to 73.7% for
the F,'s.

The rate of emergence (C.V.E) averaged 13.5 for the
F;'s, and 13.1 for the F,'s. Segregation in the F,'s was
more towards slower emergence (low C.V.E). Dominance
deviation in both generations was 1in both directions.
There was no significant differences among the F; and F,
entries (crosses) for C.V.D. Average rate of post-
emergence damping-off of the F, was 6.6, and of the F,,
6.3.

Hypocotyl grades were lower for eight F;'s and six
Fz's than their mid-parents. Dominance deviation was 1in
both directions. Hypocotyl grades ranged from 2.8 to 5.5
in the F; and from 3.3 to 5.8 in the F,. Similar trend of

results were obtained for root grades.
Experimental Run 2

The analysis of variance for parental lines inocu-

lated with P. ultimum at an inoculum density of 52 propa-
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gules per 1.9g of scil, indicates lack of significant
differences for all the seedling traits (Table 21).

The parental averages are presented in Table 22).
Average emergence ranged from 58.7% for TX-LEBO-3-88 to
77.5% for Tamecct CAMD-E. The result, though not signifi-
cant, agrees with the established trend for run 1. The
rate of emergence (C.V.E) ranged from 12.3 to 13.4 Tamcot
CAMD-E had the lowest pre-emergence damping-off (22.5%),
and TX-LEBO-3-8¢ the highest (41.2%). Post-emergence
damping-off ranged from 6.5% for Acala 8J-5 to 22.80% for
TX-LEBO-3-80. The rate of post-emergence damping-off
ranged from 1.7 for Ac¢ala SJ-5 to 8.7 for TX-LEBO-3-84.

Tamcot CAMD-E gave the highest final stand (67.5%),
and Lankart 57, the lowest (45.9%). Hypocotyl rot was
more severe on Lankart 57, with a hypocotyl grade of 4.3,
The lowest grade was for Acala SJ-5 (3.5). Similar trends
were obtained for root grade.

Analysis of variance for F; generations showed sig-
nificant differences for emergence, pre—-emergence damping-
off, final stand and C.V.E (Table 23). Only C.V.E indi-
cated significant differences for the F, generations
(Table 24).

Averages for traits of the F; and F, are presented in
Table 25. Seven F;'s and fourteen F,'s had higher emer-
gence than their mid-parents. Deminance deviation was

more towards higher emergence, suggesting overdominance
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and epistasis. Similar trends towards lower pre-emergence
damping-0ff were obtained in the Fy's. Pre-emergence
damping~-off for F;'s ranged from 21.2% to 46.2% and from
15.0% to 33.7% for the F,'s. Dominance deviation was more
towards lower pre-emergence damping-off. No significant
differences for post-emergence damping-off were obtained
in the F; and F, generations. Post-emergence damping=-off
ranged from 1.5% to 32.8% for the Fl's, and from 3.1% to
22.1% for the F,'s, |

Significant differences were obtained for stands of
the F; and not of the F, entries. Final stand ranged from
46.2% to 75.9% for the F,, and from 58.7% to B1.2% for the
F,'s. Nine F;'s and fourteen F,'s had stand higher than
the highest mid-parent. This suggests overdominance
and/or epistasis. Dominance deviation towards fast and
slow rates of emergence {C.V.E) was cbtained in both the
¥, and F, generations. Fl's ranged from 11.5 to 14.1, and
Fo's from 18.7 to 14.1.

Significant differences among the F;'s and F,'s were
not cobtained for rates of post-emergence damping-off
(C.V.D)}, hypocotyl grade, and root grades. Rates of post-
emergence danping-0ff ranged from 1.9 toc B.5 for the Fq
and from 1.5 to 5.9 feor the F,. Hypocotyl grades ranged
frem 3.1 to 4.4 for the Fie and from 2.4 to 3.8 for the
Fy, indicating segregation towards lower hypocotyl rot. A

similar trend for root grade was obtained.
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(c) Hypocotyl grade, Root grade,

Table 25.
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Combined Analysis Over Run 1 and Run 2

As indicated for R. solani, a combined analysis over
runs is the average performance of the parental lines and
their offsprings over the two runs. Significant dJdiffer-
ences among parental lines for emergence, pre-emergence
damping-off, final stand, and C.V.D were obtained when the
data were combined over runs 1 and 2. (Table 26). Aver=-
ages for the parental lines, are presented in Table 27.
Tamcot CAMD-E had the highest seedling emergence of 73.1%,

followed Dby Dixie King III (67.5%), and Tamcot SP 37

{66.8%). Emergence for these three cultivars were not
significantly different. Emergence o¢©f Lankart 57 and
Acala §J-5 were intermediate. The lowest emergence of

52.5% was that of TX—~LEBQ-3-~80.

Pre-emergence damping-off ranged from a low of 26.8%
for Tamcot CAMD-E, 32.5% for Dixie King III, and 33.1% for
Tamcot SP 37, to a high of 47.5% for TX-LEBO~3-88, and
42.5% for Acala SJ-5. Tamcot CAMD-E, Dixie King III, and
Tamceot SP 37 had much less pre-emergence dampinhg-0off than
TX-LEBO-3-84. Post-emergence damping-off ranged from
19.1% to 27.9%, however, the differences among cultivars
were not significant.

Average final stand over runs was 51.4%. The differ-
ential response in pre-emergence damping-off and to a
lesser extent post-emergence damping-off among c¢ultivars

was reflected in final stand. Tamcot CAMD-E had the
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highest stand of 63.7%; however it was not significantly
different from Dixie King III (55.6%), Tamcot SP 37
(55.6%), and Acala SJ=5 (51.2%). The lowest stand of
38.7% was for TX-LEBO-3-80, which was significantly lower
than the other three parental lines, except Lankart 57.
The rate of emergence (C.V.E) ranged from 12.8 to 13.5;
however, the differences were not significant.

Significant differences among the parental lines was
obtained for the rate of post-emergence damping~off
{C.V.D). Acala SJ-5 gave the lowest C.V.D of 3.9. This
reflects its low post-emergence damping-off. The highest
rate of damping-off of 8.6 was for TX-LEBO-~3-84.

Differences among the parental lines were not sig-
nificant for hypocotyl and root grades. Hypocotyl grades
ranged from 3.6 for both Tamcot CAMD-E and Acala SJ-5 to
4.5 for TX-LEBO-3-80. The same trend was obtained for
root grade.

Combined over runs, the analysis of variance for the
F, generations showed significant mean squares for post-
emergence damping-off, final stand, C.V.E, hypocotyl grade
and root grade (Table 28). However, significant dif-
ferences between the F,'s generations was indicated for
emergence, pre-emergence damping~off, and C.V.E (Table
29). Replication effects were significant for some
traits, both analyses, and for some entry X run inter-

actions.
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Averages for the ¥F; and F, generations for each
trait, combined over runs, are presented in Table 38.
Average emergence of the F;'s was 68.7% and of the F,'s,
74.6%. Twelve F;'s and all the fifteen Fo's had higher
emergence than their mid-parents. Dominance deviation was
in the direction for increased emergence.

Segregation in the Fz's lead to lower pre-—emergence
damping=-of£; being reduced from an average of 31.2% for
the F;'s to 25.3% for the F,'s. Twelve F;'s and all the
fifteen F,'s had lower pre~emergence damping~off than
their mid-parents. Dominance deviation was in the direc-
tion of reduced pre-emergence damping-off. Averages of
post-emergence damping~off for the F;’'s and F,'s were
apparently the same; however, F;’'s ranged from 3.5% to
33.1%, while the F,'s ranged from 7.8% to 23.8%. Domi-
nance deviations was in both directions.

Final stand for twelve F,'s and all F,'s were higher
than their mid-parents. Dominance deviatién was more in
the direction of higher stand, Overdominance and epi-
stagis was indicated. The F;'s averaged 58.5%, while the
Fo's averaged 63.2%. Significant differences among the
F,'s and F,'s was obtained for C.V.E. Six Fy's and seven
F,'s had lower C.V.E values than their mid-parents. Domi-
nance deviation was in both directions. Noe significant

differences for the Fy's and Fz's were cbtained for C.V.D.

The rates of post-emergence damping-off (C.V.D] ranged
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(c) Hypocotyl grade, Reot grade.

Table 38.

Root grade

Hypocotyl grade
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from 3.3 to 8.4 for the Fl's and from 3.9 to 7.4 for the
F,'s. Dominance deviation for hypocotyl grade appears to
operate 1in both directions. The F,'s averaged 3.9 and the
Fy's 3.8. Ten F;'s and ten F,'s had hypocotyl grades
lower than their mid-parents. Similar trends was obtained
for root grade as was for hypocotyl grade. Both F;'s and

F5's averaged 3.6.
The Diallel Analyses

The diallel analysis and its genetic¢ interpretations
will be based on the combined analysis over the two runs
for each of R. solani and P. ultimum. Comparative refer-
ences of results with the two runs for each fungal patho-

gen will be made where necessary.
vValidity of Assumptions

The methods of testing the diallel assumptions upon
which Hayman {34) and Jinks (4@) based their biometrical
genetic model, as well as information that help to verify

the validity of some of such assumptions, follow.
Diploid Segregation

Brown {19), Kimber (43) and Endrizzi (29) presented
evidence from cytological studies that tetraploid cotton

segregates in a diploid-like manner. However, duplicate

29
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was for C.V.E with a significant parent X run interaction
(Table 26). In the F,, significant interaction term was
obtained for emergence, pre-emergence damping-off and
final stand (Table 28).

No Epistasis and Multiple Allelism and Uncorrelated

Gene Distribution

The validity of the assumptions can be tested using
parental and Fy generations data. If the assumptions are
valid, the wvalue {(Wr-vr), i.e. the covariance between
parents and the means ©f their offspring minus, the vari-
ance of offspring arrays having common parents, should be
constant {(33,42}. A significant array effect indicates
that one or more of the three assumptions was not met.
Presented in Tables 31 and 32 are the mean squares for the
(Wr-vr) analysis for R. solani and P. glgiggg, respec-
tively. The results indicate that the arrays were homoge-
neous, and that the assumptions of the diallel analysis

were met for all traits for both R. solani and P.

ultimuam. 299‘-09

flayman's (35) extension of the diallel analysis to
the F, generation provided sensitive procedures for de-
tecting epistatic effects, muitiple allelism, and uncorre-
lated gene digtribution which may not be detected using

(Wr~vr) analysis. Epistasis was tested by chi-square.

T,

v

“‘K’ KC
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33. Sum of all and pooled chi-square values were signifi-
cant for all the traits. Heterogeneity chi-square values
were also signficant for each trait; however, the magni-
tude was higher than for the pooled chi-squares except for
C.V.E. A similar result is indicated for P. ultimum
(Table 34). The results suggest that the assumption of
independent action of non-allelic genes, that is, no epi-
stasis are not valid for all the traits for both R. solani
and P. ultimum. Also, the significant heterogeneity chi-
squares suggests that epistasis in the F2'a was not uni-
form or unidirectional in all crosses.

A detailed analysis of variance of the second degree
statistics was performed to test for no multiple allelism
and uncorrelated gene distributions for the eight traits
associated with resistance to g. solani and P. ultimum.
The deviation of observed statistics from expected were
calculated after fitting the estimated genetic components,
to each replication and totals over replications (36).
The results of this test for R. solani showed compoﬁents
and interaction - multiple allelism to be significant for
all the traits (Table 35). Similar results were obtained
for P. ultimum (Table 36). In no case was the inter-
action, multiple allelism, parental heterozygosity and
gene correlation component significant. It may, there-

fore, be concluded that the significance of the interac-

tion and multiple allelism component was due to epistasis
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since the chi-square tests, were significant. The results
strongly indicate that only the assumption of independent
action of non-allelic genes (epistasis) was not met for
both R. solani and P. ultimum.

Estimates of the genetic components for traits having
a partial failure of the assumptions are still possible
(35); however, the estimators are less reliable than when
all the assumptions are fulfilled. Hayman (35) theoreti-
cally showed that a complementary type of gene interaction
distorts the (Wr,Vr) graph, inflates H1/D (which estimates
the average degree of dominance), depresses h2/H2 (which
estimates the minimum number of group of genes), but has
little effect on H2/4H1 (which estimates the average fre-
quency of positive versus negative alleles in the par-
ents). Types of epistasis that are similar to duplicate
gene interaction have little effect on H;/D, H2/4H1, and
the (Vr,Wr) graph, but depresses hz/Hz. The effect of
significant epistasis for all the traits studied and some
of the genetic estimators will be discussed in the next

section.
The Genetic System

Analysis of the genetic system was carried out, as
stated previously, by the methods of Hayman (33,34,35) and
Jinks (48) using FORTRAN programs developed by K.M. El-Zik

and B.L. Lisenbe (unpublished) for the parental and F,
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data, and for the parental, Fl and Foy data, commonly
referred as the F, diallel analysis. Estimation of the
genetic components of variation was obtained from the two

diallel analyses for R. solani and P. ultimum.

Rhizoctonia solani

It was implied from the analysis of variance for the
parental lines, that significance for any trait indicates
genotypic differences. PFrom the combined analysis of
variance, significant differences were obtained for post-
emergence damping-off, final stand, C.V.E, hypocotyl
grade, and root grade.

The F; diallel analysis for the combined runs (Table
37) shows that additive genetic component (D) was signifi-
cant for post-~emergence damping-off, final stand, and
hypoecotyl grade. The dominance components (Hl and H,)
were significant for all traits. The magnitude of H; and
H, are much larger than D. The non-significance of com~
ponent h2 for all the traits, confirms that dominance is
bidirectional.

The parameter F was significantly different from zero
and positive for post—emergence damping-off, final stand
and hypocotyl grade. The positive sign of F for the three
traits indicates an excess of dominant alleleg, or of
dominant genetic effects in the parents. The same pattern

of results was obtained for run 1 (Appendix Table 1). The
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results for run 2 are presented in Appendix Table 2. It
shows the same trend for the dominance components (Hl and
Hy); however, none of the D components were significant.

Comparable results were obtained from the F, diallel
analysis, utilizing parental, Fl' and F2 data (Table 38B).
Additive gene action was indicated for emergence, pre-
emergence damping-off, post-emergence damping-off, final
stand, hypocotyl and root grade. 1t should be recalled
that the additive component was not significant for emer-
gence and pre-emergence damping-off utilizing the parental
and F, analysis. Dominance components (H; and Hy) were
significant for all traits and of larger magnitude than
the additive component. This agrees with the results from
the parental and F, analysis. The F component was signif-
icant and positive for all traits except for C.V.E and
C.V.D. The results from the combined data agrees with
those of run 1 (Appendix Table 3) and run 2 (Appendix
Table 4).

The ratios of genetic components, phenotypic and domi-
nance order of parents, and the correlation of parental
phenotypic means (y) and (Wr+Vr), from the parent and Fq
diallel analysis for the combined runs are presented in
Table 39. The average degree of dominance, (Hl/Djlfz, was
greater than one for post-emergence damping-off, final
stand, and hypocotyl grade indicating overdominance or

epistasis for these traits. The values of H,/4H; for
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emergence and pre-emergence damping-off were not signifi-
cantly different from #.25, indicating that for these
traits the proportion of positive and negative alleles of
genes (at loci exhibiting dominance) were equally distrib-
uted among the parents (Table 32). The ratio of dominant
to recessive genes, K, /Kp, was more than one for all
traits. This 1s further evidence of an excess of dominant
genes in the parents.

The number of effective factors, h2/H2, that control
the traits and exhibit dominance to some degree, were all
below the value of one. This gquantity is underestimated
when gene effects are not equal. This result is confirmed
by values of H2/4Hl discussed earlier. As Hayman (35)
showed, it is probable that the epistatic effects indi-
cated for all the traits may have depressed the values of
h2/H2.

Estimates of heritability in the narrow sense were
calculated by the method suggested by Crumpacker and
Allard (23). The method estimates the additive and/or
additive X additive epistatic variance to the total pheno-
typic variance. The values ranged from -1.91% for emer-
gence to 20.7% for hypocotyl grade. Values were rela-
tively high for post-emergence damping-off, final stand,
hypocotyl grade and C.V.E. It may be recalled that a
major part of the total phenotypic variance is due to

dominance and overdominance. Utilizing a breeding and



115

*Areatioedsas ‘K3717qeqoid JO STRAST T9°@ DUP GP°'@ Y3 3B UEDTITUSTS 4a's

*j30-butdwep sousblews—3sod jJo A3100T3A JO JUSTO1ZISCD

-

*aouablawe jo £37d20T2A JO WUBTOIIJ00 +

IA+IM pue (L) 2

gz o P69° B STh°0- TEL"8 SLy @ 89" 9 66L 8- 66t @ J0 BUOTIETal110D
FETT9S yeg1ST FET9S? EZ9SPT PEZOTS vET9ZS ZEDOTS ZE¥91S  Ispio ordijouayq
v9sE1zZ | 213740 FZ9EST ET¥S19 P9sETE Y9ESTT TEZS9Y TEZS9Y 18plo aQueuTwoqg
isjueled jo IJaplo
Le"d [ A4 12"y LE'FT 89°11 85 ¥l 16°1- 16" 1~ k31119031300
[44.1 0" 661070 cE6F'@ FeT'@ Les1'e 988170 avb-e STvk'e ‘as
h@Ese" @ 8798° 0~ 69TL 9~ LBy8'D L6Ba" - 2orE 9~ of@e g~ B¥OL 8- ~=\~.._
Le9d" T 7515"@ griEt TiLL @ 786" 0 68LL @ yzee's EZSE'R ‘s
«9688°¢ *x698T°€ ST56°T *«6968°7 *LBLZ'E PVAT 108 3 sBELS'T #LELS'T Uy /0y
yezo'o vin'e TZ61°0 1900°9 1€Z8°0 Sylece sZEgTe 9zER P *3°s
+»e19L1°0 #6897 0 4aB8T90° 8- 4»lEF1°0 227128170 »»7891°¢@ e PEZT e . Tuy/ Ty
vZ1s'1 616170 SH6T"T fEiste 608" 2 8¥61°9 T4 1 AN 9Z8%'1 *a‘s
660T° 0 *»$B¥76°1 8TL58°7- TGTT°T- *21685°C »»E760° 7 BLPS T- BLyS 1~ N\HB\_.E
apeib apeib JA°AT0 *u.b.u (%) (%) (1) (1) s3usuCdWOD)
3004 1£3000d8H pueis 330-butduep jjo-buydurep aousbisug
Teuts acusabiawe-150d asusblaum-a1d

*SUNI 19A0 PaUTQuUOO ‘TURTOS °§ 03 30UR3ISTSaI YIIM PIIRTOOESe §3Tell YBTa 107 ‘®Biep [a1Teip 4 woil
IA+IM pue £ Jo UOTIRT31200 pue ‘sjualed jo laplo aoueulwop pue d1dijousyd ‘sjusuodwod OTIeUs Jo O1led  ‘gE @1qel



selection procedure, like the one being used for the MAR
program {l14), whereby the frequency of favorable alleles
(whether dominant or recessive) are increased will lead to
an increase of the frequency of resisgtant plants in the
target population.

Dominance and phenotypic orders of the parents for
the eight traits showed little similarities for all the
traits, suggesting that dominance was not unidirectional
(Table 39}. This agrees with the significant values of
both H; and H,. Tamcot SP 37 possessed the most dominant
genes for emergence, followed by TX-LEBO-~3-88 and Tamcot
CAMD-E, The parental line with the most recessive genes
for emergence was Dixie King III. Resistance in Dixie
King III to pre—emergence damping-off is conditioned by
recessive genes. Tamcot SP 37 has the highest frequency
of recessive alleles for sgusceptibility to post—emergence
damping=-off, hypocotyl and root grades and final stand
establishment. The dominance and phenotypic orders agree
perfectly. | Dixie King III generally tended to possess
more dominant alleles than Tamceot CAMD-E and TX-LEBO=-3-88.

Hayman| (34) reported that the parental mean (y) is
closely correlated with the number of positive alleles- in
the parents, while (Wr+Vr) bears the same relation to the
number of necessive alleles in the common parent of an
array. If the genes are unequal in their effects, then

the correlation between (y) and (Wr+Vr) is weighted in

116



favor of genes with large effects.
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Pythium ultimum

The F, diallel analysis for the combined runs (Table
40), shows that additive genetic component (D) was not
significant for any trait, except for the rate of post-
emergence damping-off (C.V.D). The dominance components
(Hl and H2) were significant for post-emergence damping-
off, final stand, C.V.D., hypocotyl and root grades (Table
4¥). The dominance components were of larger magnitude
than the additive component. The non-significance of
component h? for all the traits, except for root grade,
indicates that dominance was bidirectional. The parameter
F was not significantly different from zero for any trait.
Generally, similar trends were established for run 1 (Ap~
pendix Table 5) and run 2 (Appendix Table 6).

Comparable and additional results were obtained when
the diallel analysis was extended to the F, (Table 41).
The additive component of variation was significant for
all the traits, except C.V.E. Dominance components (Hl
and Hz) were significant for all the traits, thus con-
firming results from the F; diallel analysis. The magni-
tudes for H; and H, were also larger than for the D com~
ponents.

Recall that the F values were not significant in the
F| analysis; however, the F component was significant for
all traits, except C.V.E and C.vV.D, from the F, analysis.

All F values were positive, thus indicating excess domi~-
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nant alleles for emergence, pre- and post-emergence
damping-off, final stand, hypocotyl and root grades. Gen-
erally, similar trends in the results were obtained for
run 1 (Appendix Table 7 and run 2 (Appendix Table 8).
These results point out the need and importance of
extending the analysis to the F, generation to obtain
reliable information on the genetic system controlling
résistance. Indeed, the analysis of the genetic basis for
resistance to P. ultimum would be misleading if only the
F, analysis was employed. Significant additive components
(D) of variation and of F values were evident in the Fq
analysis. Evaluation of the genetic system for resistance
to this pathogen, especially for emergence and pre-
emergence damping-off, would require the use of the F,.
The ratioc of genetic components, phenotypic and domi-
nance order of parents, and the correlation of parental
phenotypic means (y} and (Wr+vr) from the parental and Fy
diallel analysis, for the combined data over runs, are
presented in Table 42. The values for average degree of
dominance, (Hl/D)l/Z, were not significantly different
from gero, but greater than one for emergence, pre-
emergence damping-cff, and C.V.E. This suggests overdomi-
nance for these traits. Partial dominance (@ to 1.0) was
indicated for post~emergence damping-off, final stand,

C.Vv.D. and hypocotyl and root grades (Table 42).
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The wvalues o©fF H2/4H1 for post-emergence damping-off,
final stand, C.V.D., hypocotyl and root grades were not
significantly different from $.25, indicating that for
these traits the proportion of positive and negative
alleles of genes (at loci exhibiting dominance) were
equally distributed among the parents (Table 42).

The ratio of dominance to recessive genes, KD/KR, Wwas
more than one only for post-emergence damping-off, £final
stand, C.V.E, C.V.D, hypocotyl and root grades. For these
traits, there is an excess of dominant genes in the par-
ents.

The values for the number of effector factors or
genes, h2/H2, that control the traits and exhibit domi-
nance to some degree, were all below one, except for final
stand. The significant eﬁistatic effects demonstrated for
all the traits indicates that the values of hZ/HZ wara
indeed depressed (35). The estimates are, therefore,
unreliable.

~ Estimates of heritability in the narrow sense ranged
froﬁ. -0.89% for C.V.E. to 10.2% for C.V.D (Table 42),
Since the major component of the total phenotypic variance
for all the traits is due to dominance, effective pheno-
typic selection for resistance would be difficult. The
utilization of breeding and selection procedures that
increases the fregquency of favorable alleles will lead to

an increase in the frequency of resistant plants (14).
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Dominance and phenotypic orders of the parents showed
little similarities for all the traits, further suggesting
that dominance was not unidirectional. For emergence,
Dixie King III, has more of the dominant genes, while TX-
LEBBC-3-8d has a preponderance of recessive alleles. This
pattern was indicated for pre-~emergence damping-off. This
means that resistance in Dixie King III to P. ultimum is
conditioned by dominant genes. In the case of R. solani,
it was shown that resistance in Dixie King 1II1 was due to
recessive genes. TX-LEBO=-3-8¢ had the highest frequency
of recessive alleles for pre-emergence damping-off. Thus,
resistance is conditioned by recessive genes. Tamcot
CAMD-E tended %o have the same proportions of dominant and
recessives alleles. TX-LEBO~-3-80 had the highest fre-
gquency of recessive alleles for post-emergence damping-
off. This may be true for hypocotyl and root grades.

The correlation coefficients of (y) and (Wr+Vr) were
not significantly different from zero for emergernce, pre-
eﬁergence damping-off, final stand, C.V.E, C.V.D, hypo-
cotyl and root grades. The correlation was positive and
near unity (significantly different from zero but not from
unity) for post-emergence damping-off (r = 8.83). This
shows that most of the dominant genes in the parents were
acting in one direction, that of resistance or low ingci-
dence of post-emergence damping-off. On the other hand,

the rate of post-emergence damping-off (C.V.D) was nega-
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tive (-0.99) and significantly different from zero, but
not from -1, This indicates that recessive alleles were
acting in the positive direction (higher rate of damping-

off).
Combining Ability Analysis

Rhizoctonia solani

The combining ability analysis for the combined data
oﬁer runs, is presented in Table 43. Mean squares for
general combining ability effects were significant for
post—-emergence damping=-¢ff, £final stand, C.V.E, hypocotyl
and root grades. Significant gpecific combining ability
(sCcA) effect was indicated for hypocotyl grade. The re-
sults for run 1 (Appendix Table 9) agrees with that of the
combined analysis; however, significant SCA effect were
indicated for post-emergence damping-off and for final
stand. The magnitudes for the GCA effects were greater
than the SCA effects. For run 2, significance for GCA
effect was indicated only for C.V.E (Appendix Table 18).

| A further analysis of the GCA effects of the parents
and the specific combining ability effects for the fifteen
cross combinations is contingent on the significant dif-
ferences between the F;, means for each trait as revealed
by the Analysis of variance (Table 13). Significant dif-
ferences were indicated for post-emergence danmping-off,

final stand, C.V.E, hypocotyl and root grades. Estimates
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of the GCA effects for the parental lines, combined over
runs are presented in Table 44. A positive effect is to
be desired for emergence and final stand, while a negative
effect is to be desired for pre—-and post-emergence
damping=-0off, hypocotyl grade, root grade and C.V.D. If a
slow rate of emergence is desired, than a negative value
for GCA effect is favored.

The GCA effects for emergence and pre-emergence
damping-off were not significant. The highest average
performance of the parental lines for emergence as evi-
denced by the high estimate of GCA effect of 2.45 was
obtained for Tamcot SP 37. This means that favorable
combinations and interactions for emergence were more
frequent between the gametic arrays of other parents and
those of Tamcot SP 37. The highest emergence of 85.6% was
obtained from the cross between Lankart 57 and Tamcot SP
37 (3 x 4). The parent with the least GCA effect of -3.33
is TX-LEBO-3-80. The lowest emergence of 71.2% was ob-
tained between Tamcot CAMD-E and TX-LEBO-3-8@ (5 x 6).
Interactions between the gametes of these resistant par-
ents leads to reduced emergence. Similar results were
obtained for pre-emergence damping-off. Again, Tamcot SP
37 had the best GCA effect of -2.45. This was followed by
Tamcot CAMD-E with a value of -@.89. The lowest F, mean
value for pre-emergence damping-off was for the cross

between Lankart 57 and Tamcot SP-37 with a value of 14.3%.
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This was followed by the cross between Lankart 57 and
Tamcot CAMD-E, with a value of 15.6%.

The best GCA effect value for post-emergence
damping-off was by Acala SJ-5 (-8.26), followed by Tamcot
SP 37 (-7.87). The highest and unfavorable value of 12.15
belonged to TX-LEBO-3-88. The lowest post-emergence value
of 18.5% was for the F; cross combination between Acala
SJ-5 and Tamcot SP 37 (2 x 4). The highest GCA effect for
final stand was recorded by Tamcot SP 37, with a value of
8.39. This was followed by Acala SJ-5. Among the re-
sistant lines, Tamcot CAMD-E was the best with a value of
-1.46. The cross between Acala SJ-5 and Tamcot SP 37 (2 x
4) had the highest F, mean final stand of 73.7%. The
slowest rate of emergence (C.V.E) GCA effect of -9.52 was
for Lankért 57, while the fastest value of ¥.7 was for TX-
LEBO-3-88. Acala SJ-5 had the best GCA effect (-9.97) for
C.V.D while Dixie King III gave the highest and less
favorable value of 10.96.

The best average performance leading to the lowest
incidence of hypocotyl rot was for parent Tamcot SP 37
with a GCA effect of -08.38 for hypocotyl grade. The
lowest F; mean value for hypocotyl grade was for the cross
between Acala SJ-5 and Tamcot SP 37 (2 x 4) with a value
of 3.2. Among the resistant line, Dixie King III gave the

best GCA effect of ©.97. This was followed by Tamcot
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CAMD-E with a value of #.12. The same trend of results
was obtained for root grade.

Significant differences among the F, means for spe-
cific combining ability effects was ocbtaind for hypocotyl
gééde only. The SCA effects for all the F; cross combi-
nations for each trait is presented Table 45. The resis-
tant parents have an array cf gametes that generally
favored more of a specific combining ability effects than
a general combining ability effect., For example, the best
8SChA effects for emergence were for those crosses involving
Tamcot CAMD-E. The cross Dixie King III and Tamcot CAMD-E
(1 x 5) and the cross Lankart 57 and Tamcot CAMD-E (3 X 5)
gave the same SCA effect of 4.31. Emergence for these
crosses ranged from 83.1% to 85.6%. Specific combining
ability effects for pre-emergence damping-off ranged from
5.84 for the cross between Lankart 57 and TX-LERO-3-8@ (3
X 6) to =-5.56 for Acala 5J-5 and TX-LEBO-3-84 (2 x 6)}.
SCA effects for post-emergence damping-off ranged from the
best and favorable value (-14.28) for the cross Dixie King
I1IT and TX-LEBO-3-80 (1 x 6) to 18.26 the unfavorable
value for the c¢ross Dixie King III and Acala SJ-5 (1 x 2).

|
| The ©best and favorable final stand SCA effect of

i
13.94 was for the cross between Dixie King IITI and TX-
LEBO-3-80 (1 x 6). The lowest and unfavorable values (low

stand) were for the cross combinations of Tamcot SP 37 and

TX-LEBO-3-80 (4 x 6) and Tamcot CAMD~E and TX-LEBO-3-88 (5
R |
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X 6). These cultivars represent the various hybrid pools
of the MAR program. The results indicate that they may
have non-complementery genes for seedling disease resis-
tance which upon interaction in their progenies leads to
reduced resistance expression. The SCA effect values for
C.V.E ranged from #.45 to =-08.21, while C.V.D. values
ranged from -1.85 to 1.35.

Differences among the F; mean for SCA effect for
hypocotyl grade was significant. Values ranged from -0.78
for the cross Dixie King III1 x TX-LEBO-3-80 (1 x 6) to
@.84 for the cross Dixie King III x Acala SJ-5 (1 x 2) and
Tamcot SP 37 x TX-LEBO-3-80 (4 x 6). Similar trends were
generally obtained for root grade as for hypocotyl grade.

The results of the genetic system, the combining
ability analysis and the survey of the F| and F, means and
those of their mid-parents, suggest that the gene action
involved in the case of GCA may be due to additive and
epistasis and for SCA dominance and overdominance. A
phenotypic recurrent selection would enhance the accumula-
tion of favorable alleles in which overdominance, partial
dominance and additive gene action is involved in GCA and
SCA. A delayed convergent breeding program as practiced
in the MAR program would also enhance the levels of favor-

able alleles in the desired population (14).
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Pythium ultimum

Mean squares for the combining ability analysis,
combined over runs are presented in Table 46. Significant
mean squares for SCA were indicated for post-emergence
damping-off, final stand, C.V.D, hypocotyl and root
grades. General combining ability was significant only
for C.V.B. The results were in agreement with that of
run 1 (Appendix Table 11) where in addition, SCA mean
sqaures were significant for emergence and pre-emergence
damping-off. For run 2 (Appendix Table 12}, significant
mean squares for SCA were obtained for emergence, pre-
emergence damping-off and final stand. Significant mean
square for GCA was indicated for C.V.E.

Estimates of the GCA effects for the parental lines,
combined over runs are presented in Table 47. Differences
among the parents for GCA effects were not significant,
except for C.V.E. However, Tamcot CAMD-E was shown to be
the best parental line for average performance, associated
with resistance to P. ultimum. The highest emergence of
78.7% was obtained for the F,| cross between Tamcot SP 37
and Tamcot CAMD-E (4 x 5). Tamcot CAMD-E gave the highest
and best GCA effect (3.91) for final stand, reflecting its
average performance for pre- and post-emergence damping-
off, hypocotyl and root grades. GCA effects for C.V.E.

ranged from -@.51 for Lankart 57 to 1.805 for TX-LEBO-3-84.



134

Presented in Table 48 are the SCA effects for all the
fi:f:teen F, cross combinaticons. Significant differences
among the ¥, means were indicated for post-emergence
damping-off, C.V.D., hypocotyl and root grades. The bhest
and favorable SCA effect {-15.3) for post-emergence
damping-off was for the cross between Dixie King III and
TX~-LEBO-3-88 (1 x 6) and the unfavorable SCA effect
{17.26) was for the cross between Dixie King III and
Tamcot CAMD-E (1 x 5).

I The cross combination with the best and favorable SCA
effects for pre-emergence damping-off (-7.88), post-
emergence damping-0ff (~-15.31), hypocotyl grade (-G.93)
and root grade (-1.92) resulting in the highest and best
SCA effect for final stand (16.97) was for Dixie King III
and TX-LEBO-3-82 (1 X 6). Dixie King III was shown to be

resistance to P. ultimum. “The Fl cross with second best

SCA affect (9.16) for final stand was for Tamcot SP 37 and

Tamcot CAMD-E (4 x 5).

[
i
| Specific combining ability effect for C.V.E. ranged

from -@.51 for the ¢ross between Tameot SP 37 and Tamcot
CAMD-E (4 x 5) to 9.68 for the cross between Acala SJ-5
and Lankart 57 (2 x 3). This suggest that the Fy cross, 4
X 5, emerged much slower than the ¢ross, 2 x 3. Gener-
ally, similar trendg were obtained for the rate of post-
emergence damping-off (C.v.D} as that of post-emergence

damping-off.

%
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The results of the combining ability analysis indi-
cates favorable general combining ability between the
gametic arrays of some of the six-parents involved in the
fifteen F; cross combinations to be important in resistance
expression to R. solani, while specific combining ability
between the gametes involving specific cross combinations
were favorable for accumulating genes for resistance to P.
ultimum. The results of the genetic system, the combining
ability analysis and the survey of the F, and F, means and
those of their mid~parents, suggests that the gene action
involved in the case of GCA may be due to additive and
epistasis and for SCA dominance and overdominance. A phen-
otypic recurrent reciprocal selecti&n would enhance the
accumulation of favorable alleles in which overdominance,
partial dominance and additive gene action is invqlved in
GCA and SCA. A delayed convergent breeding program as

practiced in the MAR program would enhance the levels of

favorable alleles in the target population (14).
Interrelationships Among Traits and Measurements

One 0of the objectives ©of this investigation was to

determine the traits and measurements that best measures
resistance to beth R. solani and P. ultimum. Selection
procedures for the genetic improvement of cotton in the

MAR program has been based on the direction {positive and

negative) and magnitude of associations between seed and
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K
seedling traits under controlled laboratory conditions and
those under field conditions (14).

3 In order to identify traits that best describe resis-~
tance to seedling diseases pathogens, the term resistance
has to be defined in its useful and/or economic terms.
Under the conditions of this experiment, resistance to

both R. solani and P. ultimum, should translate to high

— i .

final stand establishment. To identify these traits that

adversely affect stand establishment, correlations and

multiple regression variable selection (maximum R?) anal-
|

ysés were performed on the data combined over runs for the

parental lines for both R. solani and P. ultimum.

Rhizoctonia scolani

}
3 .
| Presented in Table 49 are the simple correlation
coefficients for the combined data between the traits for
the parental lines. The strongest negative correlation (r
= -1.9) was between emergence and pre-emergence damping-
off. The lower the incidence of pre~emergence damping-
off, the higher the emergence. This was followed by post-
emergence damping-off and final stand with a negative
correlation (r = -0.96). This was the strongest associa-
tion between any of the traits and final stand. The next
strongest association are between hypocotyl grade and/or
root grade and final stand. The lower the incidence of

post-emergence damping-off, hypocotyl and root grades, the

Lo
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higher the final stand. Post-emergence damping-off ap-
pears to be the most important trait in stand establish-
ment, followed by hypocotyl and root grades. Post-
emergence damping-off seemed to be explained by hypocotyl
and root grades with significant positive correlations of
0.95 and 0.85, respectively. Thus, a severe hypocotyl rot
and root rot leads to a high incidence of post-emergence
damping-off and hence reduced final stand. A signifi-
cantly positive correlation between percent emergence and
final stand was obtained (r = 0.53). High emergence
tends to suggest a probability for high stand establish-
ment; however, if the incidence of post-emergence damping-
off is high, the effect of ﬁigh emergence on final stand
may not be significant.

Multiple regression is useful for determining which
traits have the greatest potential for predicting a par-
ticular response, in this study, final stand. Multiple
regression variable selection analysis {maximum Rz) was
performed on the combined data to determine which of the
traits was important in explaining variability in final
stand (dependent variable) and hence to confirm the sig-
nificance of the direct associations obtained from the
correlation analysis. Traits with the highest R? value
were chosen as the best for explaining variability in
final stand. The sign of the partial regression coeffi-

cient indicates the direction of influence.
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|
|
! The single best model for predicting final stand in
thé temperature controlled tank consisted of four traits
(Tables 50 and 51). Because emergence and pre-emergence
gave a significantly negative correlation of one, the two
were not included in the model at the same time. The four
traits are pcat-emergence damping=-0£ff, hypocotyl grade,
emergence and pre-emergence damping-off, explaining 99% of
the variability in final stand. The signs of their in-
fluence were the same as those of the correlation coeffi-
cients. The results confirm and agrees with thcse ob-
tained for the analysis of variance (Table 11). Signifi-
cant differences among the parental lines were obtained

for post-emergence damping-off, final stand, hypocotyl and

root grades.

Pythium ultimum

The simple correlation coefficients for the combined
data are presented in Table 52. The strongest and neqga-
tive association of unity was between emergence and pre-
emergence damping-off. This agrees with the observation
for R. solani. For final stand, the highest positive
association was with emergence (r = ©.79), while the
strongest negative association was with pre-emergence
damping-off (r = -0.79). Thus, the higher the incidence
of pre-emergence damping-off, the lower the emergence and

hence the lower the final stand. The results tend to
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suggest that pre-emergence damping—-off is more important
for final stand establishment in the presence of Pythium
ultimum than for R. s¢olani. Thus conditions favorable for
seed rot is alsc favorable for P. ultimum. This agrees

I
wiih gsimilar observations made by Devay et al. (25). The
next strong negative association was between final stand
and post-emergence damping-cff. This indicates the in-
fluence of post—-emergence damping-cff in determing final
stand establishment for both R. scolani and P, ultimum.
Strong and positive assocliations were obtained between
post-emergence damping-off and hypocotyl and root grades.
A strong association was also obtained between hypcocotyl
and root grades. An early invasion of the hypocotyl
tissue will eventually lead to the progressive infection
of the hypocotyl - root transition zone and ultimately
the root system, thus enhancing the severity of root grade
due to primary infection of the root systems. The reverse
is true if early infections occurred in the root tissues.
This is applicable for both R. solani and P. ultimum.

| The single best model for predicting final stand in
the temperature tank consists of four traits (Table
53,54). As with R. solani, emergence and pre-emergence
damping-off with negative correlation of unity were not
included simultaneously in the model. Emergence and pre-
em;;gence damping-ocff, each explained-Gz% of the vari-

ability in final stand. The signs of these influences are

[



146

*A12aT303dsax ‘X3111qeqoad Jo STRAT T@°'@ Pu® SP°9 941 IB JUBDIJTUBTS & ‘4
*330-butdwep aousbiawa-3isod Jo A3100Taa JO JUITDIIISCD s

*adusblawe Jo A3T00TAA JO JUSTOTIIS0D +

S *n_ A*D
=tvb’0 v apevib 300y
€L’ w6160 g apei1b (fj000din
(%)
206E°@~ 5267970 #akTEL'0- — pue3s [eutld
(%)
Jjo-burdwep
*5695°0 »x818°8 #48ZR°0 =xBFL7 0 =S, souabiawa-380g8
(%)
~ J3o-butdwep
ccee 6870 e’ e »x88L° 0~ 687°'8 —— aouablawa-alg
(%)
GLe'ae- 60779 TYE 8- 488070 697" 8- »2 0087 1- b aouabiaug
6BT 8- e'e skz'e ELZ B~ 6079 LLz'o LI - = 43°A%D
R RO - A
(%) (%) (%) (%)
*n...r.u apeab ape1b pueis 330-butduep 330-butdurep aouablaug J°A%D

004 T43000diH TReULd aouabisws-3s0d asusbiswa-alg

| "SUNI ISA0 PaUTQuOD
‘WnETITN “d YiTM paje[noout sauyl Tejusied 1o s31P13 BUT[pees usamiaq SIUSTOTIFA0D UOTILTAIIOD 7§ arqel



147

"£37719eq0Id Jo T2AST T@°@ U3 1B WEDTIIUBIS a4

*330-Sutdwep soushilaws-3sod Jo AJI00TeA JO JURTOTIFBOOD

¥

‘souabiaum Jo AjIooTea JO JUBTOYTIIS00 +

—_ + - + — it 860 9
+ -— + Fym— axt 864 5
- . + o et 6@ 4
+ " et B&" 0 £
¥y axt i6 0 4
¥t 23°a 1
«a. A*D apeib apelb JATAD 330-butduep gousbiawud Nu Tapof UT SarqerIea

00N 1A3000d Y

anteblawa-3s04d

gaTqQeIIRA JuUapusdaput ay3 oz

JuaTolJieoe UOISS9Ibal Terijled ayl Jo ubig

JuapuadepUl o Jaqunoy

puelg TeUTqd

‘myetes slquries molsEeibex TdyiIT asadols

‘wruT3iTn ‘4 ao3

wnwixve Dupsn yuwy sainjeisdamy o) Uy (Afgelliea Juspuadap)
pueys Teuts uy A3rigeriea bututeidse 203 (S2TqRTIRA Juepaedopuy) $1Teal JMI0 JO FOMO{FUT UL ‘€S ITRL




148

*A31T108903d JO 1PAST 187G 941 1B JURSTITUBIS 4,
*330-butdwep sousblaws-3sod 3o A3100184 JO JUSTHTI IO x

*eousbraue Jo A310079a JO JUSTOTIIJROD +

— + —_— + yy— ] g6 o 9

+ - + [P wy=— #6° ¢ ) 5

- + . Y 96°F ¥

+ ' T e g6 @ £

p3—= = L6°8 4

- 298 T
A'A'D apeih spelb JATAD 330-butduep I30-burduep Nm TIpOW UT SB[QRTIRA
¥ 3004 T&3000dLH aouabiswa-1s0d  aousbhlawn-914 Juapuadsplit 3o Jaquin

SRTAFTIRA JUBPUSBpUT 8] 107 JUSTOIIF00 Uoysseibol reTiled ayjz jo uBbTs puels TRUTS

WWTATR @ 163 ‘ucijosTes
a[geliea uclssoabal aTdrarny asTada3s L WIWIXEE BUTSL juel aanjeladun; Ay Ul (3TQeTIeA Juapuadsp)
PUF [BUTF UT AJTTTqeYIRA BuTureldxa Joj (Salquyama Juepuadspur) s3je1y 19430 JO 30uanTIUT 4L “pg I[qel




149

opposite, but similar to those obtained with the correla-
tién coefficients. When post-emergence damping-off was
added to the model, 97% of the variability was explained.
Additicon of the rate of emergence (C.V.E) to the model
gave the best model for predicting final stand, with a RZ
value of ¢.98 (98% variability explained). The sign for
C.V.E was positive, but not significant. This means that
a higher rate of emergence may indeed lead to a higher
final stand establishment. However, other studies (56,58)
have indicated a favorable association between final stand
and slower rate of emergence (C.V.E). The MAR parental
line, Tamcot CAMD-E, was resistant to P. ultimum. Because
of the inherent cold-resistance and mold-resistance levels
of MAR cultivars, a slower rate of initial emergence under
dis?ase conditions may not enhance a high rate of pre-
em;;gence damping-off. Significant differénces among the
parental lines were obtained for emergence, pre-smergence
damping-off and final stand (Table 26).

, For R. solani, the most iﬁportant traits and measure-
ments that are associated with the expression of resis-—
tance are post-emergence damping-off, hypocotyl grade,
emergence, pre-emergence damping-off and final stand. In
the case of P. ultimum, the most important traits are pre-
emergence damping off, post-emergence damping-off, and

final stand. A low incidence of pre- and post-emergence

damping-off, hypocotyl rot, and an ability for high emer-

b



150

gence under cold conditions are characters that a resis-

tant cotton strain should possess.
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DISCUSSION AND CONCLUSION

The results of the study confirms the complex nature
of the seedling disease of cotton. The interaction of
host and pathogen(s), and the subsequent manifestations of
the disease complex can be influenced by many variables.
The important variables known to influence the severity of
the disease complex are guality and quantity of beneficial
micro-organisms in the rhizosphere-rhizoplane, pathogen(s)
and combinations of pathogens present, inoculum density
and potential of pathogens, soil temperature and moisture
levels, and seed quality.

Resistance to seedling disease pathogens in agronomi-
cally acceptable cotton cultivars is relatively new. The
potential range in host reaction from highly susceptible
to highly resistant has not been clearly defined nor are
there known sources representing these extremes. This
difficulty, as revealed in this study, is further con-
founded by the lack of consistent expression of resistance
or susceptibility among cotton cultivars to all the dif-
ferent phases of the disease complex. A perusal of liter-
ature shows that the presently known sources of resistance
are not high and do not even approach immunity; similarly,
it is not known with certanity if the sources of suscep-
tibility are indeed highly susceptible or not (15). The
parental lines chosen for this study were reported to

differ in levels of resistance and suceptibility to R.



152

solani and P. ultimum (15,21,36,38,41,47,57). Differences
among the parental lines were verified in preliminary
tests conducted to ascertain the most favorable incculum
densities to use in distinguishing between resistance and
susceptibility. The parental lines and their offsprings
were used to obtain information on gene action and the
inheritance of resistance to R. solani and P. ultimum, and
to determine which traits and measurements are the best
for ascertaining the inheritance of resistance to cotton
seedling disease pathogens,

In planning for field experiments it was anticipated
they would fail unless the natural soil temperatures and
moisture levels were favorable for seedling disease devel-
opment. It turned out that conditions in both years (1984
and 1985) of the test were unfavorable (high temperatures
and low moisture), This probably lead to reduced inoculum
potential and consequently the lack of significant differ-
ences among the parental lines and their offsprings,
Under these conditions and given the genetic levels of
resistance and susceptibility of the parents, it was not
possible to partition phenotypic variances for most traits
into true genetic and environmental components. The tests
in the controlled temperature water bath tanks were
planned to supplement the data from the field tests. The
data obtained under these conditions of controlled temper-

ature and moisture levels, and of inoculum densities pro-






Table 55. A Summary showing levels of significance for

parents, P) and F, for the measured traits in the presence

of R. solani and P. uleimum,

154

Traits R. solani - B. ultimum
parents  fy Fy parents Py Fy

C.V.E+ *h eur 'S NS T -k
Emergence (%) N5 NS NS *x s k
Pre—-emergence NS bl NS e NS *
damping~of£f

(%)
Pogt -emergenca b - LA NS L NS
damping-off

(%)
C.V.D* NS NS NS r NS NE
Final Stand (%) bkl o * * * NS

.-

Hypocotyl grade  »® b * ot wh .-
Root grade e NS * NS bk NS
+

$

N5 Not significant

» ** gignificant at the .85 and 9.8l levels of probabjiliey,

respectively.

Coefficiant of velocity of amergence.

Coefficient of velocity of post-émergence damping-off.
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pDifferences among parents and among progenies for
most traits associated with resistance to P. ultimum are
not as definitive as was the case for R. solani (Table
55), Of the five key traits the parents differed for pre-
emergence damping-off and final stand. However, differ-
ences among F, populations were obtained for four of the
five important traits, and C.V.E. Only C.V.E. had signifi-
cant differences among the Fq and F2 populations. It is
possible to obtain some genetic information when signifi-
cant differences between parents and either or both Fq and
Fo populations occurred (emergence, pre-emergence damping-
off, and final stand). It is also conceivable that some
genetic information may be obtained when significant dif-
ferences did not occur between parents but did occur among
either or both the Py and Fy generations (CJLE:, post -
emergence damping-off, and hypocotyl and root grades),.

In comparing differences between R. solani and P.
ultimum, and for traits which indicated significant dif-
ferences within the various populations, it is apparent
that host response was different for each pathogen. It is
also evident that, as expected,.g.giEEEEE had a greater
impact in the seed rot, pre-emergence and emergence phase
of stand establishment than R. solani. The observed per-
formances for the pathogens on one hand and the host
populations on the other conforms to expectations relative

to investigations by other researchers (24,25). It is
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logical to infer that data for traits important and asso-
ciated with the expression of resistance for each of R.
solani and P. ultimum should provide reliable information
on the genetic system conditioning resistance to the path-

ogens,
Interrelationships Among Traits

It has been established that R. solani exerts more of
its adverse pathogenic effect at the post-emergence phase
of seedling development. Variation among the parental
lines in hypocotyl rot is an indication of differences 1in
hypocotyl tissue resistance and hence to post-emergence
damping-off and final stand. This is in agreement with
the results of the correlation and multiple regression
variable selection analyses. Hypocotyl grade was posi-
tively correlated (r=¢.94) with post-emergence damping-
off. Post-emergence damping-off was negatively correlated
(r=-9.96) with final stand. Post-emerdgence damping-off
explained 92% of the variablity (R2-6.92} in final stand
in the presence of R. solani. A combined effect of pre-
and post-emergence damping-off and hypocotyl rot explained
99% of the variability in final stand.

In contrast to R. solani, P, ultig&m tends to exert

its pathogenic effect at the pre-emergence phase of seed-
ling development., This would reflect variation among

parental lines for seed cold resistance, seed rot (seed



157

coat resistance), and resistance of young radicles (combi-
nation of cotyledon and young hypocotyl tissues), The
combined effect of resistance for these tissues reflects
the total pre-emergence damping-off manifested, The dif-
ferences in resistance expression and the magnitude of the
individual effects of these tissues on pre-emergence
damping-off could not be partitioned in this study due to
the nature of the experiments. The correlation analysis
for P. ultimum revealed a highly negative and significant
association (r=-¢.79) between pre-emergence damping-off
and final stand. A similar association was obtained
between post-emergence damping-off and final stand
(r=-0.751}. This suggests that pre-~ and post-emergence
damping-off due to P. ultimum have the same magnitude of
influence on final stand. However, the stepwise multiple
regression analysis showed that 62% of the variability in
final stand was due to pre-emergence damping-off., Pre-
and post-emergence damping-off explained 97% of the vari-
ability, indicating that post-emergence damping-off sin-
gularly explained 35% of the variability in final stand.
The sign for the partial regression coefficients for
hypocotyl and root grades in their influence on final
stand for both R. solani and P, ultimum was negative and
positive, respectively, The negative sign for hypocotyl
grade agrees with that of the correlation analysis, but

not for root grade. This is probably a further suggestion
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of the differences in these tissues as it relates to

resistance expression to both R, solani and P. ultimum.

The confounding effect of post-emergence damping-off with
both hypocotyl and root grades may be reflected in the
signs of the partial regression coefficients. The effects
of post-emergence damping-off on hypocotyl and root grades
can be avoided by not including grades that describe dead
seedlings in severity scales when assessing the severities

of hypocotyl and root lesions.
Gene Action and Inheritance of Traits

Measures of gene action and interactions, and the

inheritance of the traits that were earlier identified to

be important and associated with resistance tolg.solani

and P. ultimum were obtained from the Fl and F2 diallel

genetic analyses according to methods of Hayman (33,34),

Jinks (49), and Griffing (32).
validity of Diallel Assumptions

A summary of the test of the validity of the diallel
genetic analyses for all traits measured for both R.

solani and P, ultimum is presented in Table 56. The

validity of the diallel assumptions of parental homozygos-
ity, no multiple allelism, and independent distribution of
genes between the parents for each trait for both R.

solani and P. ultimum were met, Diploid segregation was
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assumed for the fact that alleotetraploid cotton which is
amphidiploid in nature has been shown to segregate in a
diploid-like manner (19,29,43). However, duplicate genes
from the two genomes can influence the expression of
traits.

The assumption of independent action of non-allelic
genes, that is, no epistasis was not met for all traits
for both R. solani and p. ultimum. Baker (9) suggested
that the assumption of no epistasis and independent dis-
tribution of genes among the parents for quantitative
traits is unrealistic because gene action and interactions
cannot be avoided at the biochemical level. The reasoning
being that a structural gene(s) codes for a fixed amount
of its product which upon interation with products of
other gene(s), leads in the ultimate expression of resis-
tance and susceptibility at the phenotypic level. This
may indeed be the logical explanation for the apparent
manifestation of overdominance effects of genes for some
of the traits for each of R. solani and P. ultimum,

Hayman (34) indicated that estimates of the genetic
components of variation for traits that exhibit a partial
failure of the assumptions of the biometrical genetic
model are still possible, although the estimates are less
reliable than when all the assumptions are fulfilled. The
fact that epistatic effects of genes were exhibited for

all traits for each of R. solani and P. ultimum, does
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confirm earlier expectations of the genetic control of
traits that are important and associated with resistance
to each of R. solani and P. ultimum, These traits may

indeed be heritable.
The Genetic System

The Fy diallel analyses indicated significant addi-
tive gene effects for resistance to R. solani for post-
emergence damping-off, final stand, and hypocotyl grade
(Table 57). It was for these traits that significant and
consistent differences between parents, F1 and F, genera-
tions were indicated for R. solani. Therefore, the re-
sults of the genetic analysis for these traits are con-
sidered highly reliable. For these traits, the signifi-
cant and positive (F) component indicated that dominant
genes were predominant relative to their recessive coun-
terparts in the expression of resistance to R. solani. 1In
the presence of R. solani, significant dominance com-
ponents (Hl and Hz} were indicated for emergence, pre- and
post-emergence damping-off, final stand, hypocotyl and
root grade (Table 57). Dominance deviation was unidirec-
tional for C.V.E.

In contrast to R. solani, the F, diallel analysis
revealed no significant additive effects of genes for any
of the key traits associated with resitance to P. ultimum,

except C.V.D (Table 57). This suggests that the parents



Table 57, A summary showing levels of significance for genetic
components from the Fy diallel analysis for traits associated
with resistance to R, solani and P, ultimum,

Traits R. solani P. ultimum
2 2
D F By H; h D F Hy Hy h
C.V.E" NS N5 * NS NS NS NS ¢ " NS
Emergence (%) NS NS * NS NS NS NS NS NS
Pre-emergence NS N5 ¥ o NS NS NS NS NS NS
damping-off
(%)
Post -emergence LE L NS NS N§ #* *k NS
damping-off
(%)
C.'J.Dt NS NS NS NS NS NS NS " e NS
Final Stand (%) il o i nk NS NS NS - " NS
Hypocotyl grade ** % kN NB NS HNS ¥ . NS
Root grade NS Ns ¥ i - NS NS ¥ w ¥

+

¥ Coefficient of velocity of post-emergence damping-off,

NS Not significant

* *% gignificant at the 2,85 and @#.@1 levels of probability,
respectively.

Coefficient of velocity of emergence.
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and Fq populaﬁions could not detect additive gene action
in the expression of resistance to P. ultimum, A further
confirmation of this observation is indicated in the lack
of significant F component for any of the traits (Table
57). In the presence of P, ultimum, significant dominance
components (Hl and Hzﬁ were obtained for C.V.E., post-
emergence damping-off, final stand, hypoc¢otyl and root
grades, pominance effects of genes could not be detected
in the parents and F, populations for emergence and pre-
emergence damping-off due to P, ultimum.

For both R, solani and P. ultimum, the F1 diallel

analyses revealed no significant additive effects of genes
for root grade. Dominance deviation for post-emergence
damping-off, final stand, hypocotyl and root grades was

bidirectional for each of R. solani and P, ultimum. For

these traits and for both pathogens, dominance acted in
the directions of both resistance and susceptibility. It
is interesting to note that dominance components (H; and
H,) were not significant for emergence and pre-emergence
damping-off in the presence of P, ultimum, This is fur-
ther evidence of the differences in gene action for these
traits (emergence and pre-emerdgence damping-off) bhetween
R. solani and P. ultimum. However, similarity in the

dominance effects of genes (significant Hy and H2) for

both R. solani and P. ultimum were indicated for post-

emergence damping-off, final stand, hypocotyl and root
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grades, The low average dominance over loci component,
hz, relative to the dominance components, Hy, and H,, for
all the traits for each pathogen, except root grade in the

case of P. ultimum, was indicative of two-directional

dominance., This is in agreement with similar findings of
Bourland and Bird (18) relative to the rate of seedling
emergence (C.V.E.).

Extension of the genetic analysis to the Fsy provided
a more reliable information on the genetic system condi-
tioning resistance to both R. solani and P. ultimum (Table
58). 1In the presence of R. solani, the Fq analysis re-
vealed additive gene action for emergence, pre- and post-
emergence damping-off, final stand, hypocotyl and root
grades. The Fy populations confirmed the results of the
Fq populations for post-emergence damping-off, final
stand, and hypocotyl grades. These were the key traits for
the expression of resistance to R. solani. Therefore,
they are the most important for inheritance studies of
resistance to R. solani. 1In addition the F, populations
detected additive gene action for emergence and pre-
emergence damping-off. Significant dominance components
(H, and Hz) were indicated for all traits; further, con-
firming the results of the Fq analysis. Significant F
component of the F1 for post-emergence damping-off, final
stand, and hypocotyl grade was also indicated for the Fy

analysis. 1In addition, however, the F, indicated signifi-



Table 58.

A summary showing levels of significance for

genetic components from the Fy diallel analysis for traits
associated with resistance to R. solani and P. ultimum.

Traits R. solani P. ultimum
o F Hl Hz D F Hl H2

c.v.e* NS NS * Li NS N§  ww *
Emergence(%) " L *n LA £Ts »* . .
Pre-emergence * * hudiad i . * * *
damping-off

(%)
Post-emergence ol * Ll L . * - *n
damping-off

(%)
C.V.Dt NS NS NS 'l g NS * b
final Stand (%) i * Lad ko *w LR *
Hypocotyl qrade * * L *k ok Ew *h
Root grade * * *k L ok * * *
+

t

MS Not significant

*,*» gignificant at the 2,95 and 8.2l levels of probability,
respectively.

Coefficient of velocity of emergence,

Coefficient of velocity of post-emergence damping-off.
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cant F component for emergence, pre-emergence damping-off,
and root grade.

In the presence of P. ultimum, no significant addi-
tive effects of genes were indicated for emergence and
pre-emergence damping-off for the Fq analysis, however,
the F, analysis indicated significant additive gene action
for these traits. Similarily, the Py analysis did not
detect significant dominance effects of genes for emer-
gence and pre-emergence damping-off; however, the Fy de-
tected significant dominance effects for all traits.
Also, significant F component for all traits except C.V.E
and C.V.D was indicated, as against none for the Fqy anal-
ysis. For those traits that are important and associated
with resistance to P. ultimum, the F, populations provided
evidence of gene action and inheritance,

Additive gene action for the expression of resistance

to both R. solani and P. ultimum was detected in the F2

populations for emergence, pre-emergence damping-o0ff, and
root grade, Because the F;, analysis could not detect
additive gene action for these traits, it is conceivable
to assume that the range of genetic variability of the Fl
populations for these traits were limited. While the Fy
analysis detected significant dominance effects of genes
for emergence and pre-emergence damping-off in the pres-
ence of R. solani, it was in the Fq populations dominance

effects of genes was detected for these traits in the
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presence of P. ultimum. The® F, diallel analysis also

revealed significant epistatic effects of genes for all
traits associated wtih resistance to both R. solani and P.
ultimum, The significant heterogeneity chi-squares sug-
gest that epistasis in the F,'s was not uniform or unidi-
rectional in all crosses for both pathogens, A survey of
the F, crosses for each of the pathogens suggested a lack
of consistent gene interaction for some of the cross
combinations. This type of gene interaction (complemen-
tary and duplicate) as proposed by Hayman (35) is probably
different for some crosses for both R. solani and P.
ultimum.

From the foregoing, it can be concluded that the
evaluation of the genetic system conditioning resistance
to P. ultimum would have been misleading if only the
parents and F, populations were employed. This is because
the parental lines and their F,'s represented in this
study could not adequately differentiate gene actions that
condition resistance to P. ultimum. For adequate genetic
information, the range of variability among the parents in
resistance to P. ultimum should be widened; more so, that
there is evidence of increased levels of resistance to the
seedling disease pathogens within the advanced MAR hybrid
pool strains.

In this study, the Fy diallel analysis was inadequate

for the investigation of the inheritance of resistance to
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both pathogens but extension of the analysis to the Fs
generation provided reliable information en the genetic
system, El-2Zik (27) indicated that adequate information
about the genetic system controlling resistance to races

of Xanthomonas campestris pv malvacearum (Smith} Dye in

cotton ¢an be obtained utilizing the parental and Fq
diallel analysis. The expression of resistance and sus-

ceptibility in cotton to X. campestris pv malvacearum is

controlled by major genes and a complex of minor and
modifier genes. Also, the effect of environmental varia-

tions on resistance expression in cotton to X. campestris

pv malvacearum is much less than on the seedling disease

complex of cotton.
Average degree of dominance for traits associated

with resistance to R. solani and P. ultimum ranged from

partial to overdominance (Table 59;. The probable role of
epistasis in the apparent expression of overdominance was
discussed ecarlier, Partial dominance effects of genes for
R. solani was indicated for C.V.E., emergence, pre-
emergence damping-off, C.V.D. and root grade, while over-
dominance was indicated for post-~emergence damping-off,
final stand, and hypocotyl grade., 1In contrast, partial
dominance effects of genes for P. ultimum was obtained for
post-emergence damping-off, C.v.D, final stand, hypocotyl

and root grades, while for emergence, pre-emergence

damping-0ff, and C.V.E., overdominance was indicated.
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Table 59. A summary of partial dominance and overdominance
for traits associated with resistance to R. solani
and P. ultimum. B

Traits Partial Dominance Overdominance
R. solani P, ultimum R. solani P. ultimum

(o % 1 P N N P
Emergence(%) P N N P
Pre-emergence P N N P
damping-off

(%)
Post-emergence N P P N
damping-off

(%)

t
cC.V.D P P N N
Final Stand (%) N p P N
Hypocotyl grade N P P N
Root grade P P N N

P,N Positive and negative, respectively,
*  coefficient of velocity of emergence.

' coefficient of velocity of post-emergence damping-off.
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This is an agreement with the results of El1-2ik and Bird
(28) which showed that emergence and final stand were
controlled by genes exhibiting overdominance and epi-
stasis.

Conclusions are drawn from the results of the average
degree of dominance, although the role of epistasis in the
phenotypic expression of overdominance effects of genes
may confound these interpretations, are as follows: 1)
genes that condition partial dominance effects in the
presence of R. solani, may or may not condition overdomi-
nance effects in the presence of P. EiEEEHE for C.V.E.,
emergence and pre-emergence damping-off. 2) genes that
condition partial dominance effects in the presence of P.
ultimum, may or may not condition overdominance effects in
the presence of R. solani for post-emergence damping-off,
final stand and hypocotyl grade. 3) genes that condition
partial dominance for the expression of resistance to root
rot (grade) to both R. solani and P. ultimum, may be
common, but do not condition overdominance effects,

Since direct selection to P. ultimum was not employed
in the MAR program, it means that the resistance of Tamcot
CAMD-E to both R. solani and P. ultimum was accomplished
by the MAR procedure, Therefore, MAR cultivars probably
possess genes that condition resistance to two or more

pathogens. This would be in agreement with the working

hypothesis of the MAR genetic improvement program (14).
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Minton and Garber (47) showed that MAR cultivars gave
higher seedling survival than a Mississippi and Acala
cultivars in a California field known to be infested with
R. solani, P, ultimum and T. basicola., Dixie King III was

also shown to be resistant to both R. solani and P.

ultigﬂg. Is the resistance of Tamcot CAMD-E and Dixie

King III conditioned by genes with similar gene action?
The answer to this question would require chromosome map-
ping of genes, While the dominance and phenotypic paren-
tal orders were not similar for all traits and for both
pathogens, some inferences can be made. For example,
resistance of Dixie King III to pre-emergence damping-off

due to R. solani and P, ultimum is conditioned by reces-

sive and dominant genes, respectively. This trend was not
clearly established for resistance of Tamcot CAMD-E to
both pathogens. Dominance deviation seem to be operating
in the direction of resistance and susceptibility. This
may be due to the MAR procedure, which relies heavily on
both direct and indirect selection pressure, and to the
intraoagression of interspecific genes,. Dixie King III
possesses more dominant genes for final stand than Tamcot

CAMD-E in the presence of both R. solani and P, ultimum,

The same being the case for hypeocotyl and root grades.
For both pathogens, the number of genes, or effective
factors, that control the expression of the traits and

exhibit dominance to some degree were all below the valuse
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of one. This indicates that the expression of each of the
eight traits contributing to resistance to R, solani and

P. ultimum was conditioned by polygenes with minor ef=-

fects, Major genes are probably not involved in the
genetic system. This would be in agreement with findings
of Abd-alla (1), which indicated that most seed and seed-
ling disease escape traits were polygenically inherited,
El-Zik and Bird {28) indicated that the number of genes
controlling post-emergence damping~off could not be deter-
mined.

Heritabilities in the narrow sense were low, ranging
from 9.9% to 2¢.7% for R. sclani and from @.6% to 10.2%

for P. ultimum. This is a reflection of the large domi-

———

nance component relative to the additive component of
variation. Heritibility estimates for traits associated
with resistance to R. solani were higher than those for b.

ultimum. For example, heritability for post-emergence

damping-off due to R, solani was 14.5% compared to 4.6%

for P. ultimum., Heritability of final stand in the pres-

ence of R. solani was 11.7%, and 3.7% in the presence of

P. ultimum. These results suggest that selection for

these traits will be more efficient in the presence of R,

solani than for P. ultimum,
General and specific combining ability effects of the

parental lines and their Fy ¢ross combinations, for both

R. solani and P. ultimum, showed Tamcot SP 37 to be a good
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general combiner, while Tamcot CAMD-E and Dixie King IIT
were good specific combiners. However, interactions be-
tween the gametic arrays of Tamcot CAMD-E and TX-LEBO-3-80
in the Fy and F, progenies resulted in reduced expression
of resistarnce to both pathogens.

The results ¢f the combining ability analysis indi-
cated favorable general combining ability between the
gametic arrays of the parental lines in the F, cross
combinations to be important for the exXpression of resis-
tance to R. solani, Specific combining ability between
the gametes of parental lines involved in specific Fl
cross combinations appeared to be favorable for accumu-

lating genes for resistance to P, ultimum,

The selection of parents for crosses should be based
on good combining ability for high emergence percentage
and consistency of expression of resistance to different
phases of the seedling disease syndrome s¢0 as to result in
high final stand establishment. With respect'to R.
solani, the cross between Lankart 57 and Tamcot CAMD-E (3
X 5) gave emergences of 84.3% and 82.5% for the Fq and For
respectively, and a final stand of 66.8% for the F, and
65.8% for the Fop. The cross hetween Tamcot SP 37 and
Tamcot CAMD-E (4 X 5) was the overall best performer in

the presence of_g.ultimgm, with 78.7% emergence for the

Fy and 83.7% for the F,, Frinal stand was 72.5% and 73.1%

for the Fq and Foy, respectively. It is logical to infer
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that selection utilizing these crosses would have the
highest probability for the accumulation of favorable

effects of minor gene complexes,
Implications for Breeding

The results of this study indicate that resistance to
both R. solani and P. ultimum is polygenically inherited
and under the control of minor genes, with gene actions of
additive effects, overdominance, partial doeminance and
epistasis., It would be difficult to select directly for
the desired expression of traits conditioned by genes with
such actions, Therefore, a phenotypic recurrent selection
would enhance the accumulation of favorable genes. Direct
selection procedures of the MAR program for traits such as
seed coat resistance to mold and resistance  to cold, known
to have indirect effects on the expression of resistance
to both R. solani and P. ultimum (14,15), facilitates the
pyramiding of favorable genes in the target population,
In addition, an adequate selection pressure for both path-
ogens would help in the identification of resistant seed-

lings.
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