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INHERITANCE OF REACTION OF A DIALLEL SET OF DIPLOID
ALFALFA CIONES TO TWO PATHOGENS OF
THE BLACKSTEM COMPLEX
Abstract
SADI A, TAMIMI

Under the supervision of Associate Professor M., D, Rumbaugh

In the North Central Region, Phoma herbarum var, medicaginis Rab,
and Cercospora zebrina Pass, cause more damage to alfalfa than other come
ponents of the blackstem complex, The objectives of this investigation
were: (1) to determine the ecological relatlonship between the two
pathogens, and (2) to obtain some information regarding the genetic sys=-
tems in alfalfa which condition the reaction to the two fungi,

A diallel set was established from eight diploid, heterozygous
clones of alfalfa, The parental (P;), the selfed (P,) and the Fy families
were space-planted in two greenhouse benches, esach bench constituting one
replication, A family was represented by 10 plants per replication when
possible.

One P, herbarum and two C, gebrina isolates were used, The five
types of inocula, designated as treatments, were as follows: (a) P,
herbarum alone (Phoma), (b) C. zebrina alone (Cercospora), (c) both
pathogens mixed (mixture), (d) P, herbarum followed after 438 hours by
C. zebrina (PhomaCercospora), and (e) C, gzebrina followed after 48 hours
by P. herbarum (Cercospora-Phoma), Three leaves from each plant were
excised, placed in a Syracuse watch-glass, sprayed with the inoculum,
floated on a 2 per cent sugar solution and incubated at 68°.72° F, in

the dark for six days, Visual estimation of per cent infected leaf.



surface was based on a 0 (no infection) to 10 (severe infection) scale,

Since it was difficult to distinguish between the type of lesions
produced by each pathogen parasitizing the same tissue, the gross infec.
tion was used as a basis to determine the relationship between the two
fungi, The magnitude in level of infection produced by the various treat-
ments suggested that the relationship was not neutral, and a certain type
of interaction between the two pathogens did exist, Based on the mode
and speed of penetration of the two pathogens, there was evidence that
Ces zebrina exhibited an antagonistic effect on P, herbarum,

Analysis of diallel crosses indicated that dominant and reces:ive
genes in the host plants were inwolved in controlling resistance to both
pathogens., Dominant genes, however, were more frequent than recessive,
There was evidence also that dominance was not unidirectional, lLack of
unidirectional dominance resulted in underestimation of number of loci
showing dominance. It was evident, however, that at least two loci were
involved.

In addition to dominance, epistatic gene actlon seemed to play a
major role in controlling the reaction of the host plants to both pathow
gens, This none-allelic interaction appeared as h/d ratio in the range
of overdominance and as heterosis of the F, families for resistance and
susceptibility, In all analyses h/d ratio was more than 1,0, and over
42 per cent of the F, families were heterotic segregants in each of the
five treatments. The extent to which this epistatic gene action was
operational in relation to dominance was not estimated, The fact that
at least three of the eight points on each graph fell below and to the

right side of the regression line suggested that epistatic gene action



contributed considerably to the genetic varlations in the reaction of the
host plants to both pathogens.

Genetic and rank correlations between the reactions to Phoma and
to Cercospora treatments indicated that the genetic factors which cone
trolled the reaction to both pathogens were similar, The possibility
that genes with plelotropic effects were operational in the host popula-
tion cannot be excludeds This observation suggested that econcurrent

selection for resistance to both fungl is feasible,
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INTRODUCTION

Alfalfa in many reglons of the world is adversely affected by a
disease known as the blackstem complex. The disease, which is caused by
several pathogens, inflicts heavy losses in seed and forage ylelds of
alfalfa and other leguminous forages in the North Central States, 1In
this region, Phoma herbarum var, medicaginis Rab, (Ascochyta imperfecta
Pk.) and Cercospora gebrina Pass., cause more damage than any other éom—
ponent of the blackstem complex, The former pathogen spreads rapidly in
the cool, humid weather of the spring and the fall, while the latter
thrives in the warm summer months, Overlapping infection by these organe
isms does occur, but the ecological relationship between them is not
known,

At present, alfalfa varieties available for commercial use do not
possess sufficient resistance to infection by these two pathogens, How-
ever, variations in resistance are known to occur within these varieties,
This resistance can be incorporated into new varieties through approprie
ate measures of breeding, Information relative to the genetic system of
resistance in the host species is essential to the efficlency of the
breeding programs, Also, diploid alfalfa is the best available plant
material for such genetic studies, and the method of diallel crosses
provides an effective statistical tool for understanding better the
genetic mechanism of the host population,

The objectives of this experiment were: (1) to determine whether
the ecological relationship between the two pathogens was neutral, antago-

nistic, metabiotic or synergistic; and (2) to obtain infdrmatlon relative



to the genetic mechanism or mechanisms in the host plants which condi-

tion reaction to these two pathogens.



LITERATURE REVIEW

I. Blackstem Disease of Alfalfa

Blackstem disease of alfalfa has a wlde geograplic distribution,
It has been reported prevalent in many alfalfa-growing regions of the
United States and Canada (45,25,9,44,32,17,20,28) and was encountered
in several Furopean countries (38) and in Argentina (1), |

The disease is caused by several species of plant pathogens (26,
32,15,40), 1In the North Central Region of the United States, the two
most important ones are Ascochyta imperfecta and Cercospora gebrina (7,
15,4,40), the causative agents of spring and summer blackstem, respec-
tively, Schenck and Cerdemann (43) investigated spore-septation and
host species of A, lmperfecta and suggested the use of the name Phoma
herbarum var, medicaginis in place of A, imperfecta, Edmund and Hanson
(12) ecarried out a similar investigation and concluded that the name A
imperfecta was the correct name for this fungus,

Estimates of the damage to alfalfa céﬁsed by the disease were
reported, Richards (41) estimated 40-50 per cent reduction in forage
yvield as a result of an outbreak in Utah, In several North Central
States defoliation up to 75 per cent was observed in some alfalfa fields.l
In greenhouse tests, severely infected plants with P, herbarum failed to
produce seeds; mildly infected plants, on the other hand, produced
shrivelled seeds a few of which germinated (30), The disease was also

lrenfro, B. Ley Ma, de la Isla, R, D, Wilcoxson and J, J, Chris
tensen, Minnesota regional survey., Annual Report of Cooperative Regione
al Projects Supported by Allotments of Reglonal Research funds Hatch
Act as Amended Aug. 11, 1955, Pe 3, 1957.



found to play a secondary role in winter-killing of alfalfa (45) and to
reduce quality of hay (44) and total nitrogen in infected leaves (6).

Several reports on the progress of the disease have been published,
Schenck and Gerdemann (43) found that germination tubes of P, herbarum
spores penetrated alfalfa leaves directly and through the stomata, and
the mycelia grew intercellularly at the beginning of the infection, then
intracellularly in dead and dying tissue, In the stem, the mycelia grew
inter- and intracellularly in living tissue, Infected leaves showed
dark brown necrotic spots which enlarged rapidly, causing defoliation,
while lesions on the stems were dark and elongated (37,7,1%4). Horsfall
(21) described lesions on alfalfa leaves infected with C, zebrina as
sunken, round, ashy-gray in color and on stems as elongated sunken
reddish«brown to dark brown, Size and color of lesions were aifected
by environmental factors. Baxter (4) found that the long multiseptated
conidia of O, gebrina germinated on alfalfa leaves after six hours of
ineubation, but penetration of the germ tubes was observed only after 43
hours of incubation. Penetration was through the stomata only,

The dissemination of the pathogens has also been investigated,
Peterson and Melchers (38) reported that P, herbarum overwintered as
mycelia and pyenidia in crop residue, and that the primary inoculum was
disseminated as conidia by rain the following spring, Cormack (8) found
the fungus to be seed and soil borne, capable of infecting roots as well
as abovewground parts of the plants, Kernkamp and Hemerick (29,30) also
demonstrated the seed<borne nature of the organism and they showed that
the fungus affected seed yleld and germination, In contrast, Ce gebrina
overwinters as mycelia in crop residue and conidia arise from these



mycelia in the following spring and infect young alfalfa leaves, Baxter
(4) showed that this pathogen was not seed borne,

The morphological characteristics of P, herbarun were studied.
Schenck and Cerdemann (43) deseribed the growth of this fungus on agar as
being grayish oliveegreen with abundant pyenidia, Optimum growth occurred
at 21° ¢, FEllingboe (13) recorded measurements of pyenidia and conidia as
150250 microns and 4.7 microns, respectively, Baxter (4) conducted culw
tural studies on G, gebrina, He reported the fungus grew best at 25° C.
Spores failed to develop on acidified media, Best sporulation occurred
on carrot agar, sterilized stems of alfalfa, red clover and sweet clover,
Conidial measurements were 21,6-180,0 microns x 1,846,2 microns (21),

Single-spore isolates of P. herbarum were found to exhibit wide
variations in virulence (39,7,15,42), Ellingboe (13) detected differw
ences in rate of growth between single-spore isclates and related them
to differences in carbohydrate metabolism, He (14) also found that some
isolates were equally virulent on alfalfa and red clover, while others
were more virulent on the host from which they were isolated, Reiltz et
al, (39) compared eight single-spore isolates of P, herbarum and found
one to be more virulent than all others, A mixture of the eight isolates
produced less infection than the highly virulent one. Using the detachede.
leaf technique, Ward (46) failed to observe any difference in virulence
of four single-spore isolates of this pathogen,

Ellingboe (14) attempted to elucidate the source of variation in
virulence of singlewspore isolates of P, herbarum, He found singleecell
and two=cell spores possessed one nucleus per cell, The germination tube
also contained one nucleus per cell, except the terminal cell which was



maltinucleated regardless of the source of the isolate. He suggested that
variations in virulence were perhaps due to microenvironmental factors,

He suspected that fusion between conidia and mycelia (hyphal anastomosis)
may have contributed to these variations.

The studies of Horsefell (21) indicate that single.spore isolates
of G gebrina do not exhibit variations in virulences This observation
was confirmed by others (15),

Damage from the blackstem disease has been reduced by burning and
sweeping the erop residue from the field (37) and by grasing (25)s Howe
ever, a major disease of forage crops, such as blackstem of alfalfa, can
be sontrolled best through development of resistant varieties, Several
workers (25,26,33,15,46,40,36) have indicated that variations between
and within varieties of alfalfa in reaction to the blackstem pathogens
were highly significant and selection for resistance 1s worth the efforts
Several factors, however, have contributed to a delay in the development
of such resistant varieties, One of these was the inability to distine
guish between symptoms of the various pathogens in the field, Pearson
and Flling (36) stated that "unless a satisfactory method of distinguish
ing among these organisms in the field has been developed, or until a
reliable method of producing artificial epidemics of each individual
disease has been devised, little progress can be expected in breeding
blackstemeresistant varieties,” One method of producing epiphytotics in
the field was suggested by Ward (46). He sprayed rows of alfalfa plants
with pure cultures of Ps herbarum and obtained satisfactory infection.



Another major problem in developing resistant varieties of alfalfa
to the blackstem pathogens has been the variations in virulence within
some specles of the causative agents, The variations may have been due
to physiological forms of the pathogens, Carnahan and Graham (7) men-
tioned that the lack of hishly resistant (Lmmmne) selections of alfalfa
hindered progress in locating differentials for demonstrating whether
physiclogical races were common.

Hansen (17) suggested each component of the disease complex should
be handled separately in order to inecrease the efficiency of breeding
alfalfa varieties resistant to the blackstem pathogens, Accordingly,
nost of the testing for resistance is made in greenhouse experiments with
pure cultures of the pathogens as inoculum, Bean and Wilecoxson (5) cone
ducted an extensive study with Ps herbarum to determine the environmental
factors which affect disease development on alfalfa and red clover, They
found that spore concentration, temperature during and after the incuba.
tion period, moisture, stage of plant growth and mechanical injury to the
leaves were important factors in disease incldence and severity, Satisw
factory infection was obtained in the greenhouse with mixture of isolates
(39,40,12) and with single.spore isolates of P, herbarum (39,15,42,46),

Ward (46) and Mead and Downey (35) inoculated detached leaves to
evaluate alfalfa selectlon for resistance to P herbarum and found the
method quick and economical, Ward (46) obtained maximum infection in
45 days at 18%-23° ¢, in complete darkness. MHe floated the laaﬁa on a
2 per cent sugar solution, The ratings obtalned with this method were
in agreement with field and greenhouse ratings on whole plants, On the
other hand, Mead and Downey (35) incubated inoculated leaves at 65° F,

¢



for three days, then at 700.72° F, for three more days under strong light,
The leaves were placed on a filter paper soaked in 3 per cent sugar solu=
tion, The results were consistent, but there was little if any agreement
between ratings obtained with this technique and field and greenhouse
ratings.,

Reitz et al, (39) attempted to associate resistance in alfalfa to
P. herbarum with morphological characteristics of the plants, They found
that resistance was assoclated with glossy leaves which were more diffi.
cult to wet with the inoculum than pubescent leaves of the susceptible
plants, Thus, resistance was a product of an escape mechanism, In the
same study julces from resistant and susceptible plants were used in media
to detect physiologlcal differences between plants, but the fungal growth
on both media was equally vigorous,

Studies aimed at investigating the genetic factors which condition
the reaction of alfalfa plants to the blackstem pathogens were limited,
Reitz et 21, (39) studied selections of tetraploid alfalfa, their selfed
and Fy progenies in regard to reaction to P, herbarum, They concluded
that the genetic system of the host species was not a simple one, Only
in one case did they find resistance was conditioned by one dominant gene,
They suspected that recessive and dominant genes were involved in cone
trolling resistance to this pathogen. Rumbaugh et al, (42) studied the
reaction of eight diploid alfalfa plants in a diallel set to two P, here
barum isolates and found that susceptibility was assoclated with genes
operating at the complete dominance level, They also reported that resiste.
ance was conditioned by recessive genes which were of low frequency in

the plant population tested., Epistatic gene action and 1aek of



unldirsctionzl dominance were sncountered in their investigation,

The resstions of selfed progenies of alfalfa plants to some of
the Wlacksten pathogens were deseribed (39,31)s Reltz et als (39)
reported that 37 progenies were more sultable lor evaluating selectlons
than the parental cloness Also, S, progenies from selacted Sy plants
axhibited & rmch higher level of resistance than those from unselected
3, plants, Xoffman and Wlsle (31) observed that the inbred progenies
were damaged more severely hy the blackstem pathogens than noneinbred
plants in the field, In greenhouse studies, Geise et al. (15) found a
nighly significant regression for the 5; progenles' reaction on the

diplold perents® reaction to both P, herbarum and J, zebrina,.

II. Anslysis of Diallel Crosses

Hayman (19,18) and Jinks (24) presented a detalled description of
the method of analysis of diallel crosses, Hayman (19) discussed the
theory underlying the method and listed the assumption required for the
validity of the analysis as diploid segregation, no miltiple allelism,
homogzygous parents, genes independently distributed between parents, no
difference hetween reciprocals, and independent action of noneallelic
genes, The method of analysis has been extended to apply to tetraploid
segregation (10), heteroszygous parents (11), arbitrary gene action (27),
arbitrary number of genes per locus (16,27) and arbitrary inbreeding
(34), Jinks (22) extended the method to apply to Fp and backeross
generations,

The analysis of diallel crosses was shown to be effective for
studying genetics of quantitative characters, meks (2&) 'showed that

:



10

the method gave estimates of over.all level of dominance, relative domi-
nance of parents and distribution of dominant and recessive genes in these
parents, The method was also used to estimate genetic environmental
interaction (2,34),

Jinks (23) collected and analyzed diallel data from several erops
and found that non-allelic interaction was always associated with overw
dominance, Several workers have removed parents and their arrays from
diallel tables and reanslyzed the data to elucidate noneallelic inter.
action (23,3,33)s In all cases such action resulted in a drop of the
overdominance, Kempthorne (27) objected to removal of parents and their
arrays from the data on the basis that the information obtained from the
reanalysis would not apply to the original population of parents or the
population from which these parents were selected,



MATERIALS AND M2THODS

Plant Materisl
Eight heterozygous, diploid alfalfa clones were selected and

crossed in every possible way to establish a diallel set. The parental
(Py), the selfed (P2) and the Fy families, including reciprocals were
space-planted in two greenhouse benches. Spacing was 2.5 inches between
and within rows, Bach bench constituted a replication, A family mé
represented by a maximum of 10 plants in each replication, The desig-.
nation of the clones, their origin? and species are listed below:

Parental

designation Origin Species

18 Tran Medicago sativa
2 Turkey 4. sativa

3 Caucasus, U,S.5.Re M, falcata

7 (52128-9) Armenian, S,SeRe M, sativa

11 (Don Sel) Don Province 4, falcata

14 (833<1-7) (unknown) M, falcata

20 (Alaskan) Tomsk Province, Siberia M, falcata

" b - t e

Pathogens
The isolates of the pathogens used in this study were:

2purther information on the origin of these plants was given in
the South Dakota Agr, Expt, St., (Agronomy) Pamphlet #69, p. 3, 1962,
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a. A singlewspore isolate of P, herbarum, isolate number 42,

bs A mass-conidial isolate of C. ggbri.na3 obtained from infected alfalfa
leaves in Missouri., This isolate was used in the first of two trials,
then was discarded because of contamination,

¢+ A mass-conidial isolate of C., zebrina obtained from the Department of
Plant Pathology at South Dakota State College and was used in the
second trial,

Cultures of P, herbarum were grown on potato dextrose agar and used
when 2.3 weeks old, Cultures of C. gebrina were grown on carrot agar and

used when 2% wseks old,

Preparation of the Inoculum
Five types of inocula, henceforth designated as treatments, were

used, The pathogen and preparation and the designation of these treat-
ments are listed below:

Pathogen and preparation Designation

P, herbarum, alone Phoma

Ces zebrina, alone Cercospora

P. herbarum and C, gzebrina, mixed Mixture

Ps herbarum followed after 43 hours by C. gebrina Phoma=Cercospora

C. zebrina followed after 43 hours by P, herbarum Cercospora-Phomna
In all preparations invelving P, herbarum, one petri dish oulture

JThis isolate and that of P, herbarum were obtained through the
courtesy of the Department of Plant Pathoiogy and Botany, University of
Minnesota,
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was mixed in a liter of distilled water. The first isolate of C. zebrina
had been mixed at a rate of three petri dish cultures per liter of water.
The second isclate was used at the same rate in preliminary tests and
produced satisfactory infection; after a few transfers, however, this
isolate showed a marked reduction in virulence and the amount of culture
per liter of water was doubled,

A1l cultures were mixed in a Waring-blender for approximately two
minutes, Ten drops of Tween 20 were added as a wetting agent to each

liter of inoculum, All inoculations were made with freshly mixed inoculum,

Inoculation

The detached-leaf technique of inoculation was used for all treat-
ments, From each plant three young leaves, uniform in size and free of
blemishes, were excised with a forceps and placed in a Syracuse watche
glass, The watch-glasses for all plants were moved to the inoculation
chamber where the leaves in each watch-glass received four dashes of a
fine mist of inoculum from a hand atomizer. The procedure produced a
uniform inoculum distribution., Thereupon, each Syracuse watcheglass
received approximately 7 cc, of a 2 per cent sugar solution and the watch-

glasses were then placed at 68%°.72° F, in complete darkness for six days.

Rating of Infection
Ratings were based on visual estimation of per cent leaf surface

showing necrosis. A scale of 0 (no infection) to 10 (severe infection)

boween 20 is the commercial name for Polyoxyethylene sorbitan
monolaurate, produced and distributed by Atlas Powder Company,

158572 - o
SOUTH DAKCTA STATE COLLEGE LIBRARY
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was used, Ratings were averaged over leaves per plant and plants per

family, Analyses were based on the mean family score.

Analysis of the Data
The following methods of analysis were used:

1, Analysis of variance
Analysis of variance was conducted on the data from each of the

two trials and each of the five treatments (10 analyses), Also, analye
sis of varlance was conducted on the combined data of the two trials
for each of the five treatments (five analyses),

2. Sealing

The mean score of each Fi family was compared with the mean score
of each of the two parental families. The scores were averaged over
replications and trials. On this basis, the Fl families were classie
fied into the following classes:

i

Class I F, more resistant than more resistant parent,

Class II

i

Fl resembled the resistant parent,
Class III = Fy resembled the midwparent,

Class IV

Fy resembled the susceptible parent, and
Class V

Fl more susceptible than the more susceptible parent.

3« Analysis of diallel crosses
Diallel tables were obtained from ratings on each replication

following inoculation with each of the five treatments in two trials
(20 tables), The following genetic variances and covariances were CoNe

puted from each of these tables:
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Vpy = variance of parental families,
Vpo = variance of selfed families.
Vry = mean variance of arrays with parental scores on diagonal.
Vr, = mean variance of arreys with selfed families' scores on diagonal.
Vrl = variance of array means with parental scores in arrays.
Vr, = variance of arrays with selfed famllies' scores in arrays.
Wpy/ry = mean covariance of arrays and parental scores.
Wpp/rp = mean covariance of arrays and selfed families' scores.
Wp, [p, = covariance of parental and selfed families' scores,
From these statistics the following genetic parameters were computed:
Dp =2 Vpy+8 Vpy=8 Wpy /po
Hy = 4 Vpy+16 Vpy+l6 Ty +16 Wpy /ry=32 Wop/rp-16 Wpy /o
Hyy = 16 Vry16 V)
Hypp = 16 Vp#16 Vpo=32 p /pp
Hyy = 8 Vpy=16 Wpy /ry+16 Wpp/rp<8 Wpy/p,
FL = 8 Vpp+32 Vpy+16 Wpy/ry-32 Wpp [rpm=32 Yipy [0y
Fyrp =16 Vpy+32 Vpo-i8 vy /P2
h/d = V0.5 (HpsHiry) / D1
Nunber of loci showing dominance = 16 (F;P,) / Hys where F) and Fp

are the mean scores of the F; and the selfed progenies' scores, respec-
tively. The Vrz and V;z were substituted for Ej_ and V;l, respectively,
which gave two estimates of Hy, Hyr, h/d and number of loeci showing
dominance,

Before computing the genetic parameters, the variances and covari.
ances were corrected with E and B, for varlations due to noneheritable
components, B[, was estimated from the analysis of variance of ratings
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of the parental families, The form of analysis was as follows:

Source of variations D, F, Mean square expectation
Total 79

Between parental families ¢ 4 Ve+n, Vp

Within parental families 72 Ve

E, = Ve |/ 1y, where Ve = the variance within parental families, and

n, = number of clonal cuttings representing each parental clone, Eq
was estimated as Eq = Ep / N, where N = number of parental families.
E, was used to correct Vpy, Vop, Vry and Vrp, while V;l, Vro, Wpy /7
and Wpp/r, were corrected with Ea.

The genetic parameters used for interpretation were computed in
two ways: (a) from means of varilances and covariances of the four diallel
tables of each treatment, and (b) by averaging the genetic parameters of
the four diallel tables per treatment. The averages of the variances

and covariances were also used to establish two graphs per treatment,

henceforth designated as the Vry and Vr, graphs.

L4, Correlation and regression

Rank-correlation coefficients for the order of dominance on the
Vry and Vr, graphs were calculated between graphs of all treatments.
Also, rankecorrelation coefficients were calculated between the various
combinations of the following scores: (1) parental families, (2) selfed
families, (3) array means. The formula used in these calculations was
re = l- _g.%igéé%__., where (£di?) is the sum of squared differences

between paired ranks and ¥ is the number of paired ranks,
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A genetle correlation coefficient between the response to Phoma
and the response to Cercospora treatments was estimeted according to the

following formile:

G

fp fc
r. =
g

N7: V¢
P ]
where Cf g 18 the between families mean product component from anelysis
P ‘e

of covariance and pr and Vfc are the between families mean square com.
ponents from analysis of variance of the Phoma and the Cercospora data,
respectively,

Maltiple correlation and standardized multiple regression coeffie
cients for three variables were calculated, The data of the Phoma and
the Cercospora treatments were considered as the independent variables
(X3 and X, respectively) and each of the mixture, PhomawCercospora and
Cercospora-Phoma as the dependent variable (Y),

With the exception of the rank.correlation coefficients for order
of dominance, all correlation and regression caloulations were performed
on the data averaged over replications and trials,

5. Estimates of heritability

Heritability was estimated as h® = bpg or the regression of the
offspring on the mid.parent, Reciprocals were averaged to obtain the
offspring scores, The h? estimates were obtalned for each trial and for
the combined data of the two trials,
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RESULTS

The eight parents used to establish the diallel set showed wide
variations in selfe and crossefertility and in ease of vegetative propa-
gation, Therefore, it was dlfficult to obtain and maintain a complete
set of plants throughout the period of investigation. Crossing and
selfing were performed continuously to provide new plants to replace
dead or weak ones.

Tahle 1 contains the mean ratings of the Py, Py and Fy familles,
Tnoculation with Py herbarun resulted in similar disease ratings in three
of the four inoculations, The J, zebmina isolate used in trial A pro-
duoed .4 times more infection than the isolate used in trdal B, The
infection obtained with the mixture treatment was more severe than that
obtained with either pathogen alone in trial A, but wes intermediate in
trial B, In general, the PhomaeCercospora treatment produced twice as
mich infection as any other treatment. The Cercospora.fhoma treatment
exhibited considerable variations in level of infection between and
within trizls, The difference between trials for the mixture, Phomge
Cercospora and Cercospora-Phoma treatments, was parallel to the differe
ence in virulence of the two (. gebrina isolates,

The combined data of the two trials indicate that P, famllles
were more susceptible than the Py families to four of the five treate
ments, The Cercospora treatment wos the exception, Also, the Fy
families showed less infection than either the Py or the P, families,

Teble 2 contains the mean scores of the eight parental families,
their selfed and Fy progenles. The mean scores of the parental families
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Table 2, Mean Scores on Eight Diploid Alfalfa Selections, Their Selfed
and Fy Progenies Inoculated in a Diallel Set with Indicated
Tréatments, Ratings were Based on a 0 (No Infection)
to 10 (Severe Infection) Scale, and were Averaged
Over Two Replications and Two Trials

e s

Treatment
Families and Phoma Cercospora Mixture Phonae Cercospora- lMean
agsigned no. Cercospora Phoma
Parental 1B 1.53 1.84 1.45 b, 48 1,60 2,18
families 2 1,39 1.32 1,89 2498 1.69 1.85
3 3.50 2,93 3. 58 6,16 2,86 3.81
7 1.90 2,n 2,40 3.9 2459 2,56
y 5 3.83 3. 41 4,05 5,24 1.86 3. 68
14 2,60 1.92 2,72 5e 34 2,19 2,95
20 L.77 1.64 2,02 2,56 1.62 1.92
40 2,73 343 4,73 4,93 3.71 3.91
Selfed 1B 2,22 2.55% .11 4,29 1.83 2,60
families 2 2.1 2,18 2,08 4,27 2,42 2,67
3 3,06 3.07 3615 5¢23 337 3.58
7 2.84 2,28 3, 40 4,26 3.31 3,22
11 2.92 2,23 4,10 b, 62 2.85 3,34
s 1,99 1,32 3.10 b, 82 2,17 2,68
20 2,38 1.74 1.90 357 1,87 2,29
1o 4,29 2,38 4,13 5.11 2,93 3.77
F 1B 2.27 2,16 1.96 3.88 1.99 2,45
fimlies 2  1.96  1.78 2.17 3.66 2,07 2.33
3 2,00 1.98 2.25 3.98 2,13 2455
” 2.29 1,67 2453 4,13 2.35 2,59
11 2.17 2,01 2.17 3,64 2,07 2.0
14 2.49 1,87 2.37 4,38 2,21 2,66
20 1.99 1.66 1.98 371 2,09 2429
40 2,15 2,62 2,09 3,45 2,04 2,47

e e
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show parents 1B; 2 and 20 were the most resistant to all treatments., Pare
ents 7 and 14 were intermediate in reaction, while parents 3, 11 and 40
were the most susceptible., The Duncan multiple range test indicated that
the difference in reaction of the three most resistant parents and that
of the most susceptible ones was significant. The differences between

the most resistant and intermediate parents on the one hand, and the
susceptible and intermediate on the other, were nonesignificant,

Mean scores of the selfed families also indicated that parents
1B, 2 and 20 were the most resistant, 7 and 14 were intermediate and 3,
11 and 40 were the most susceptible, Parent 14 gave the most resistant
Pz progenies to both Phoma and Cercospora treatments, The difference
was significant only between the reactions of the most resistant parent
(parent 20) and the most susceptible one (parent 40),

Parents 2 and 20 produced the most resistant F, families, GCen-
erally, however, differences between the reactions of the Fl families
from the eight parents were small,

The mean square values obtained by the analysis of variance on
ratings from individual trials are presented in Table 3, In general,
differences between replications, genotypes and diallel families were
significant, while differences between parental families and between
arrays were non-significant,

The mean square values obtained by the analysis of variance of
ratings from the combined data of the two trials are presented in Table
4, Differences between trials were highly significant in all treatments,
With the exception of the Cercospora treatment, differences between
genotypes and diallel families were significant, Differences between
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were non-significant except for the Phoma treatment, The interaction of
trials x genotypes was significant in all treatments,

The frequency distribution of the Iy families as classified accord-
ing to the mean score of each cross in relation to the mean score of its
parents is shown in Table 5. On the average, about 30 per cent of the
Fq families showed heterosis for resistance and 13 per cent for suscep=-
tibility. Also twice as many Fq families resembled their more resistant
parent than those which resembled their more susceptible parent, In all
treatments approximately 30 per cent of the F{ families resembled the
mid~parent.

The frequency distributions of the F, families in the five classes
followed a similar trend in the Phoma, Cercospora, mixture and Phoma-
Cercospora treatments, but deviated considerably in the Cercospora-Phoma
treatment,

The means of the variances and covariances from the four diallel
tables of each treatment are shown in Table 6, The Vp; exceeded the
Vpo in four of the five treatments., A comparison between the Phoma and
the Cercospora treatments for these statistics revealed that the Vrz.
Wpllrl and Wpy/p, were approximately of the same magnitude,

Since the two methodé of calculating the genetic parameters yielded
approximately the same values for seven of the nine parameters, only one
set of these estimates is shown in Table 7. 1In general, the variations
in magnitude of these parameters between treatments were considerable,
especially for the Hy, Hyrr, Fy and Fry. The parameter Hy; was compara-
tively consistent between treatments, 1In all analyses the Fy and Fr1

were positive, In general, there was a certain degree of resemblance
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Frequency Distributions (%) o
the Performance of the Parents in Eac

Set of Diploid Alfalfa Inoculated with Indicated Treatments,
Ratings were Averaged over Two Replications and Two Trials

M
Heterotic
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f F, Family Means in Relation to
Cross of an 8x8 Diallel

Treatment — Phgeixot ¢ ¢ :‘i segr;gants
Phoma 25,0 19,6 30,4 7,1 17.8 42,8
Cercospora 32,1 17,8 33,9 5.4 10,7 42,8
Mixture 35,7 23,2 23,2 10,7 7.1 42,8
Phoma-Cercospora 37.5 12,5 37.7 8.9 5.4 42,9
Cercospora«FPhoma 23,2 16,1 23,2 12,5 25.0 48,2
Mean 30,7 17.8 29,7 8.9 13.2

Sonupsassas snbmde 4

s 2 s

e imiots oo s e

*The phenotypic classes were:

Class I
Class II 1
Class III
Class IV F

Class V

e

i ST o

|

F, as resistant as the most resistant parent,

F, as mid-parent in resistance,

F1 more resistant than the most resistant parent,

1 s susceptible as the most susceptible parent, and

F, more susceptible than the most susceptible parent,
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Table 6, Mean Variances and Covariances of Disease Ratings on an 8x8
Dizllel Set of Diploid Alfalfa Clones Inoculated with
Indicated Treatments, Two Inoculations were
Made on Each of Two Replications, and the
Data from Each Inoculation were
Analyzed Separately

and freatnent Phomae Cercospora=
cova ces Phoma __Cercospora e__Ce a Phoma
Vp, 0.9417 1.4289 1.8338 2,8064 1,194
Vpy 1.2572 045555 1.0769 0.8427 0.7244
Vry 0.4888  0,6937 0,6553  1.0617 0. 5390
Vr, 0.6065  0.6065 0. 5643 0.8851 0. 5372
vr, 0,1207 0,2496 0.1116 0. 3174 0.0964
Vro 0.1018 0,2020 0.1186 0.2699 0.0810
Woy /1y 0,2782 0,2909 0.2537 0.5350 0.2037
Vo /7y 0,1397  0,3288 0,2780 0.1521 0, 3478
wpy /p, 0.5188 0. 4900 1.1276 0.7680 0.3287
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Table 7, Genetic Parameters Computed from the Statistics in Table 6
e

Treatment
Genetic Phoma- Cercospora=
WMN‘H&WW& Fhoma
Dy 747906 3.3818 3.2620 6,21.04 5.5538
By 23,3828 11,9956 12,1720 33,1008 11.8612
Hrp 5.8896 71056 8, 6992 11,9088 7.,0816
- 18,5808 16,0704 10,4880 33,8096 20,1776
Hry 1,1672 8.1176 6,0384 10,1808 9.2288
Fr 31,1432 746600 8,2112 28, 5344 14,3448
- 30,3952  17.1184 9, 6763 35,0048 26, 5088
Vrs
Hy 25,2660 10,6004 10,7160 30,2752 11,8324

Hyr 8.0752 6. 4720 7.1312 9,8432 7.2992
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in magnitude of these genetic parameters between the Phoma and the Phoma
Cercospora on the one hand, and between the Cercospora and Cercospora-
Phoma treatments on the other,

The two methods of calculating the genetic parameters gave estimates
of h/d ratios and number of loci showing dominance which were different
in magnitude, Estimates by the two methods are presented in Tables 8
and 9, In both tables h/d ratios exceeded 1,0 in all treatments, Also,
estimates of both parameters were somewhat larger when averaged over the
four inoculations (Table 9) than from the genetic parameters derived from
means of the statistics (Table 8)., In general, estimates of number of
locli were very small, especially for the Cercospora treatments, At least
two loci were involved in the mixture treatment and one locus in each of
the other three treatments,

The Vry and Vr, graphs for each of the five treatments are shown
in Figures I to V., The following observations were made from these graphs:
1. The regression coefficient of the variances on the covariances was
less than 1,0 in nine of the 10 graphs, In the mixture treatment the
regression coefficient was 1,27 in the Vrl graph,

2, The unit slope intersected the lower curvature of the parabola below
the Vr axis in all graphs,

3. In general, points representing the eight parents fell closer to the
regression line in the Vrz than in the Vr, graphs. This was more pro-
nounced in the mixture and the Phoma-Cercospora treatments,

4. The distribution of points which indicated order of dominance in the
parents was fairly consistent between the first four treatments,
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Figure I, The distributions of mean variances and covariances of the
reaction of a diploid alfalfa diallel to the Phoma treatment,
when the parent clones (Vr;) and the selfed families (vry)
are included in the arrays

32



33

-0+S
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Figure II. The distributions of mean variances and covariances of the
reaction of a diploid alfalfa diallel to the Cercospora
treatment, when the parent clones (Vrl) and the selfed

families (Vry) are included in the arrays
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Figure III, The distributions of mean variances and covariances of the
reaction of a diploid alfalfa diallel to the mixture treatment,
when the parent clones (Vr,) and the selfed
families (Vr,) are included in the arrays
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Figure IV, The distributions of mean variances and covariances of the
reaction of a diploid alfalfa diallel to the Phoma-Cercospora
treatment, when the parent clones (Vr,) and the selfed

families (Vr,) are included in the arrays



Figure V. The distributions of mean variances and covariances of the
reaction of a diploid alfalfa diallel to the Cercospora-
Phoma treatment, when the parent clones (Vrl) and the
selfed families (Vr,) are included in the arrays



5. The two points representing parents 2 and 40 usually fell 1n‘ the
region where the unit slope intersected the upper curvature of the parab-
ola indicating that they were the most recessive parents,
6, In seven of the 10 graphs the point representing parent 1B fell in
the region where the unit slope intersected the lower curvature of the
parabola indicating that it was the most dominant parent,
7. In all graphs, 3 to 5 points fell to the right side and below the
regression line indicating that epistatic gene action was functional in
the reaction of the arrays of these parents, Points representing pare
ents 11, 14 and 20 were most consistent in this respect,
8. The point representing parent 3 fluctuated about the mean and fell
either to the left of the right side of the regression line,
9. The point representing parent 7 shifted position consistently between
graphs of the various treatments, and between graphs of the same treatment.
Rankecorrelation coefficients for the order of dominance of the
elght parents as detected from the graphs in Figures I to V are shown
in Table 10, These coefficients indicated that the distribution of
points on the graphs was fairly consistent between treatments, except
for the Cercospora~-Phoma treatment, Eight of the 16 coefficients for
this treatment were negative, The highest correlation coefficients were
obtained between the Vr, graphs of the first four treatments, Three of
these 10 coefficlents were significant at the 1 per cent level, and two
at the 5 per cent level,
Rank-correlation coefficients between the scores of the parental
families, selfed progenies and array means are shown in Table 11, In
.goneral. the scores of the selfed families were better correlated with
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Table 11. RankCorrelation Coefficients (r.) Between Scores on Parental
Families (P,), Selfed Progenies (Pp) and Array Means (A) Obtained
from Disease Ratings on an 8x8 Diallel Set of Diploid
Alfalfa Inoculated with Indicated Treatments.

The Correlation Coefficients were Averaged

Over Two Trials

e trESO

= correlation coefficient

treatment ) A
Phomna

P 0, 4881 0.2857

Py - 0,4762
Cercospora

Py 0. 4881 0,2024

P, n 0,6667*
Mixture

Py 0. 7143% 0. 5000

P, - 0.7619*
Phoma<Cercospora

Py 0.3810 0, 3689

P, - 0.3810
Cercospora-rPhoma

Pl 0, 5238 0.3214

P, - 0.6310

*P less than 0,10,



the array mean scores than those of the parental families, There was
some resemblance between the Cercospora end the Cercospora-Phoma treate
ments in magnitude of these coefficients.

A genetic correlation coefficient (rg) between the reaction of the
72 families to Phoma and their reaction to Cercospora trestments was estie
mated at 0.8839.

Multiple correlation coefficients (Rs> between the Phoma and the
Cercospora as the independent variables and each of the mixture, Phoma.
Cercospora and Cercospora-Phoma as the dependent variables were 0, 5968,
0.7185 and 0,6549, respectively. All these coefficients were highly
significant,

Standardized multiple regression coefficients (b') for three
variables are shown in Table 12, These coefficients indicated that in
all three treatments where the two pathogens parasitized the leaf-tissue
at the same time, P, herbarum was more effective than C, zebrina,

Table 12, Standardized Multiple Regression Coefficients (b!) for the
Phoma (X,) and the Cercospora (X,) Data as the Independent

Variables, and Each of the Mixture, Phoma-Cercospora
and Cercospora~Phoma Data as the Dependent

Variable (Y)
e —— g e e
Mixture Phoma-Cercospora Cercospora-Phoma
b*'Y1l.2 0, 5601%* 0, QLlsmn 04 4581 n%
B! Y 2,1 0,0692 042004 0.1697

MW
#%5ignificant at the 13, level. . B

Estimates of heritability (h2) are presented in Table 13, There

was conslderable difference in magnitude of these estimates between



treatinents and between trials of each treatment.

the combined data were less variable than those based on individual trials.,

The estimates based on

Table 13, Estimates of Heritability (h°) for the Reaction of an 8x8
Diallel Set of Diploid Alfalfa Inoculated with Indicated

Treatments in Two Trials

W

Trial Trial Mean of Combined data
Treatment A B the two of the two
triels _ trials
Phoma 0.,0492 0.4985 0.,2738 0,1685
Cercospora 0,496 0,0389 0,2292 03965
Mixture «0,0318 00,2157 0. 0920 0,0388
Phoma-Cercospora 0,1105 0,287% 0,1990 0,1262
Cercospora=Phoma -0,0760 0,5499 0,2370 01043
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DISCUSSION

Several investigators (15,21) have reported no detectalle differ-
ence in virulence between single-spore isolates of (s zebrina, In this
study, two isolates of this fungus exhibited a marked difference in viru-
lence, It should be pointed out, however, that both isolates were obtained
by mass-conldial isolation, and were tested at different times, Also,
the two isolates produced a satisfactory infection when first used, .but
after a few transfers, one isolate showed a considerable reduction in
virulence, while the other was highly consistent,

One objective of this experiment was to determine the ecological
relationship between P, herbarum and . zebrina, For this purpose, the
disllel set was inoculated with the two pathogens in various sequences
with the intention of distinguishing between the types of lesions pro=
duced by each pathogen. Unfortunately, this distinction was not possible,
and instead, the gross infection was used as a basis to determine the
relationship between the two fungi,

The consistency in level of infection obtained by inoculation with
the P, herbarum isolate indicated that the differences in level of infec
tion produced by the various treatments were due to the treatments themw
selves, rather than to drastic fluctuation in environmental factors, A
comparison between levels of infection presented in Table 1 indicated
that Phoma-Cercospora produced on the average twice as much infection
as any other treatment, Had the relationship between the two pathogens
been neutral, the mixture treatment would have resulted in the highest

level of infection, since the two pathogens were associated with the
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leaf«tissue for a longer period of time than in any other treatment. The
fact that the Phoma-Cercospora treatment produced approximately twice as
much infection as the mixture treatment suggested that a type of interw
action between the two fungi did take place, Accordingly, an antagonistic
effect for C, gebrina on P, herbarum is proposed. Evidence for this
hypothesis may be derived from the mixture treatment in trial B where

the level of infection was less than that obtained with Phoma alone. The
question which may arise here is why the level of infection obtained with
the mixture treatment in trial A was higher than that obtained with either
pathogen alone, Reports in the literature indicate that the spores of

Ce 2zebrina germinated after six hours, but penetration into the leaf.
tissue occurred only after 43 hours of incubation, and the penetration

was through the stomata only (4). In contrast, P, herbarum produced infec-
tion within two days, which indicated that germination and penetration
took place within 48 hours, and such penetration was direct and through
the stomata as well (43). According to these observations, the mixture
treatment in trial A resulted in more infection than either pathogen alone
because P. herbarum penetrated the leaves first, but before it produced
its maximum effect it was interrupted by the slow penetrating C, gebrina.
The difference between the two trials in level of infection was due to

the difference in virulence of the two C, zebrina isolates,

Further evidence of the antagonistic effect of C. gebrina on P,
herbarum was detected in the treatments PhomaCercospora and Cercospora-
Phoma, The former treatment resulted in the highest level of infection
because P. herbarum had a 96-hour period (43 hours between inoculations,

and 48 hours for C, zebrina to penetrate the leaves) to produce its



effect before it was subjected to the influence of C. gebrina. The
Cercospora-Fhoma treatment on the other hand produced only half the

level of infection produced by Phoma-Cercospora, This was due to the
presence of C. gebrina in the leaf.tissue when P, herbarum penetrated
the leaves. According to the hypothesis presented, this treatment should
behave 1ike the Cercospora treatment, In two of four inoculations this
was true, In general, however, the Cercospora~Phoma treatment deviated
from all other treatments in more than one respect,

Although evidence of an antagonistic effect of G, zebrina on P.
herbarum was detected in this study, the latter pathogen seemed to be
more effective than the former in production of infection, The multiple
regression coefficlents (Table 12) clearly demonstrated that this was
true, This perhaps was due to the distinet difference between the two
pathogens in mode and speed of penetration reported in the literature
and discussed above, Also, the inoculum of P, herbarum contained abune
dant spores, while that of C, zebrina contained only mycelial fragments,
Usually, spores are more effective than mycelia in producing infection.

The discussion presented above is relative to one P, herbarum and
two O, zebrina isolates, Undoubtedly, a better evaluation of the rela-
tionship between the two pathogens would be achieved if more isolates
are used, if symptoms produced by each are distinguishable and if other
factors are considered.

The major objective of this investigation was to obtain some
information regarding the genetic factor or factors in diploid alfalfa
which condition its reaction to the two pathogens, Such information
may aid considerably in designing more efficient breeding programs for
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developing commercial varieties of alfelfa with substantial amount of
resistance to the two parasites,

The mean scores of the parental families indicated that parents
1B and 2 were among the most resistant parents to all treatments., The
graphs in Figures I to V indicated that the rezctions of the arrzys of
parents 1B and 2 were conditioned by dominant and recessive genes,
respectively, This suggested that dominant and recessive genes were
involved in controlling resistance to both pathogens. Other workers
suggested that dominant and recessive genes have conditioned the resist.
ance in tetraploid alfelfa to P, herbarum (39). The fact that the ge-
netic parameters which estimate the over-all dominance in the population
were large in magnitude and the FI and FII parameters were positive in
all treatments suggested that dominant genes were at higher frequency
than recessive genes, Rumbaugh et al, (42) found that recessive genes
which conditioned the resistance in diploid alfalfa clones to two iso-
lates of P, herbarum were of low frequency, -

From the comparison between the reaction of each Fy family and
the reaction of the two parents that produced it, 19.6 and 17,9 per cent
of the Fy families resembled their most resistant parents, while 7.1
and 5,4 per cent resembled their most susceptible parents to P. her.
barun and G, gebrina, respectively. This indicated that dominance was
not unidirectional, Rumbaugh et al, (42) found genes operating on the
complete dominance level have conditioned susceptibility in diploid
alfalfa to P, herbarum. Dickinson and Jinks (11) reported that lack
of unidirectional dominance resulted in underestimation of number of
loci showing dominance. In this investigation estimates of number of



loci of less than 0,5 were encountered. It was evident, however, that at
least two loci were functional in producing the reaction observed.

In addition to dominance, epistatic gene action seemed to play a
major role in inducing the genetic variations in the host population
tested, Epistatic gene action was reported to appear as heterosis in
the F, families (3,23) and as h/d ratio in excess of 1.0 (11), In this
experiment more than 40 per cent of the Fy families exhibited heterosis
for resistance and susceptibility, and in all analyses an h/d ratio of
more than 1,0 has been obtained, Other evidence for the epistatic gene
action was derived from the graphs in Figures I to V, where in each graph
at least three of the eight points appeared below and to the right side
of the regression line, Removal of four of these parents from the Phoma
data and reanalysis resulted in a drop of the h/d ratio from 1,2553 to
0,9028, and in an increase in number of loci showing dominance from
0,9139 to 31.9439.

The consistent and high percentage of Fy families that exhibited
heterosis for resistance and susceptibility between the five pathogenic
treatments requires explanation., From the graphs in Figures I to V it
was evident that the reactions of parents 14 and 20 and their arrays
were conditioned by epistatic gene action, Parent 14, which was moderw
ately susceptible to both pathogens, produced the most resistant Pp
family, while parent 20, which was the most resistant parent to both
pathogens, produced a moderately susceptible P2 family, This may indi-
cate that the interacting loei in these two parents were not the same,
since the breakdown of these loci by inbreeding resulted in somewhat

different phenotypes. If this was the case, then there are at least
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two sets of interacting loci, which may have accounted for the more than
4O per cent heterotic segregants,

One of the interesting findings in this experiment was the close
association between the reaction of the 72 families to P, herbarum and
to ¢, gebrina, A genetic correlation coefficient of 0.8839 between the
reactions of the host plants to the two pathogens was obtained, Selec=-
tion of the parental clones and/or the wide crosses may have biased this
correlation coefficient upward, However, the similarity in distribution
of points on the graphs in Figures I and II, and rankecorrelation coef-
ficients between scores on the parents, selfed progenies and the arrays
in the Phoma and the Cercospora treatments suggested the genetic factors
which controlled the reaction to both pathogens were closely related if
not identical, GeiseS obtained a positive correlation coefficient of
0.36, which was significant at the 5 per cent level between the reaction
of a group of alfalfa plants to both pathogens, He reported that, although
this value was too small, it did suggest that selection for resistance
to both pathogens at the same time was feasible, and "multiple resistance
is not a physiological impossibility." These observations may indicate
that genes with pleiotropic effects have conditioned the reaction of the
host plants to both pathogens.

SGeise, H. A, Reaction of certain diploid and tetraploid alfalfas
to some phytopathogens inducing the blackstem disease, Unpublished
information from Master of thesis, at South Dakota State College, March,
1957,



SUMMARY

Eight diploid alfalfa clones were selected, crossed in every
possible way and clonally propagated to establish a diallel set, The
72 families were space planted at 2,5 inches between and within rows in
two greenhouse benches, each bench constituted a replication. Each family
was represented by a maximum of 10 plants per replication,

One P, herbarum and two C, gebrina isolates were used to inoculate
the plants, using the detached-leaf techﬁique described by Ward (46).

The pathogenic treatments and the order in which they were used were as
follows: (a) Phoma, (b) Cercospora, (c) mixture, (d) Phoma-Cercospora
and (e) Cercospora-Phoma. This order of inoculations was repeated in
two trials,

The objectives of this investigation were (1) to determine the
ecologlcal relationship between the two pathogens, and (2) to obtain
some genetic information regarding the mechanism or mechanisms which
condition the reaction of the host population to the two pathogens.

Since it was difficult to distinguish between the lesions produced
by each pathogen parasitizing the same leaf-tissue, the gross infection
was used as basis for determining the relationship between the two fungi,
The comparison between the magnitude of level of infection produced by
the five treatments revealed that such relationship was not neutral,

The possibility that C. zebrina has an antagonistic effect on P, her-
barum was proposed.

Analysis of diallel crosses showed that dominant and recessive

genes were involved in controlling resistance in the host plants to
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both pathogens, Dominant genes, however, were more frequent than recessive,
Dominance was not unidirectional, Lack of unidirectional dominance re-
sulted in underestimation of number of loei showing dominance. It was
evident, however, that at least two loci were involved.

Epistatic gene action seemed to play a major role in controlling
the reaction of these plants to both pathogens. This non-allelic inter-
action appeared as h/d ratio in the range of overdominance and as het-
erosis in the Fy families for resistance and susceptibility, The extent
to which this epistatic gene action was operational in relation to domiw
nance was not determined,

Genetic and rank correlation of the order of dominance indicated
that the genetic system which controlled the reaction of the host popu-
lation to P, herbarun was similar to that which conditloned the reaction
to ¢, zebrina, The possibility that genes with plelotropic effects were

controlling the reaction to both pathogens was proposed,



1.

24

3

by

Se

6s

7e

8.

9

10,

11.

12,

13.

14,

15,

50

LITERATURE CITED

Aamodt, O, S. Alfalfa in Argentina. Alf, Impr. Conf. Rpt, 12:17,
1950,

Allard, R, W, The 2nalysis of genetic-environmental interactlon by
means of diallel crosses. Genetics 41:305.318, 1955,

. Estimation of prepotency from lima beans diallel cross
« Agron, J, U8:537-543, 1956,

Baxter, J. W. Cercospora blackstem of alfalfa, Phytopathology
463398400, 1956,

Bean, G. A, and R, D. Wilcoxson, Development of spring blackstem
on alfalfa and red clover. Crop Sci, 1:233.235, 196€l.

Brigham, R, D, Effect of Cercospora disease on forage quality of
alfalfa, Agron, J. 51:365, 1959,

Carnahan, He L, and J, H, Graham, Blackstem of alfalfa, Alf, Impr.
Conf, Rpte 15:50-57, 1956,

Cormack, M, W. Studies on Ascochyta imperfecta. a seed and soil
borne parasite of alfalfa, Phytopathology 35:838-855, 1945,

. Alfalfa Diseases in Alberta, Alf, Impr, Conf, Rpt,
12:25, 1950,

Dessureaux, L, Introduction to autotetraploid diallel. Can. J,
Genetics and Cyt. 1:94«101, 1959,

Dickinson, A. G, and J, L. Jinks. A generalized analysis of diallel
ecrosses, Genetics U4l :65.78, 1956,

Edmund, L, K. and E. W, Hanson, Host range, pathogenicity and

ta:gonomy of Ascochyta imperfecta, Phytopathology 50:105-108,
1960,

Ellingboe, A, H, Studies on the growth of Phoma herbarum var,
medicaginis in culture. Phytopathology 093773776y 1959

. A comparative study of the fungli causing the spring
blackstem diseases of alfalfa and red clover. Phytopathology
49:764-770, 1959,

Geise, Hey Ms W, Adams and G, Semeniuk., The blackstem complex,
Af, Impr. Conf, Rpt. 153 57"58! 1956'



16,

17,

18,

19.

20,

21,

22,

23,

24,

25,

26,

27.

28,

29.

30,

31.

51

Griffing, B, A generalized treatment of the diallel crosses in
quantitative inheritance, Weredity 10:31.50, 1956,

Hanson, E, W, The blackstem complex, Alf, Impr, Conf, Rpt. 15:44.49,
1956,

Hayman, B, I, The theory and analysis of diallel crosses, Genetics
39:789-809, 1954,

. The analysis of variance of diallel tables, Biometrics

10:235.244, 1954,

Henderson, R, G, Alfalfa diseases in Virginia, Alf, Impr, Conf,
Rpt. 12:22, 1953.

Horsfall, J. G. Species of Cercospora on Trifolium, Medicago and
Melilotus. Mycologia 21:304.712, 1929.

Jinks, J, L. The Fp» and backcross generation from a set of diallel
crosses, Heredity 10:1.30, 1956,

. A survey of the genetical basis of heterosis in the

variety of diallel crosses, Heredity 9:223.238, 1955,

« The analysis of continuous variations in diallel cross
of Nicotiana rustica varieties, Genetics 39:767.788, 1955,

Johnson, B, M, and W. D, Valleau, Blackstem of alfalfa, red clover
and sweet clover. lNeb, Agr, Expt, St, Bul, 339:57-82, 1933,

Jones, F, Re, Jo Lo Allison and W. K, Smith, Evidence of resistance
in alfalfa, red clover and sweet clover to certain fungus parasites,
Phytopathology 31:765.766, 1941,

Kempthorne, O, The theory of diallel crosses, Genetics 41 :451.459,
1956,

Kernkamp, M. F, The blackstem diseases of forage legumes, Alf,
Impr, Conf, Rpte 15:46-47, 1956,

. and G, A, Hemerick, The relation of Ascochyta imperfecta
to alfalfa seed production in Minnesota., Phytopathology E3:37§-383,

1953.

. and . Alfalfa seed loss due to Ascochyta imper-
fecta, Phytopathology 42:468, 1952,

Koffman, A. J, and C, P, Wilsie, Effect of inbreeding on agronomic
traits in DuPuits alfalfa. Crop Sei, 1:239.240, 1961,



32,

33

S

35

36,

37,

L3,

Lk,

45,

52

Kreitlow, K, W, The relative importance of various alfalfa diseases
in Bastern United States, Alf, Impr, Conf, Rpts 13:32, 1952,

Lupton, G, H, Studies in breeding of selfw.pollinated cereals.
Euphytica 10:209.224, 1961,

Matzinzer, D, F, and 0, Kempthorne, The modified diallel tables
with partial inbreeding and interaction with environment, GCenetics
1 :822.832, 1956,

Mead, ¥, W, and R, K, Downey, Excisedeleaf technique of inoculation

of alfalfa with Ascochyta imperfecta. Alf, Impr, Conf, Rpt,
17:45.47, 1960, -

Pearson, L, C. and L, J, Elling, Predicting Disease Resistance in
Synthetic varieties of Alfalfa from Clonal Crosses Data, Agron,
Jo. 52:291.294, 1960,

Peterson, M, L, Problems Related to Breeding Alfalfa for Resistance
to Blackstem Diseases, Alf, Impr, Conf, Rpt. 8:9-10, 1940,

Peterson, M, L, and L, B, Melchers, Studies on Blackstem of Alfalfa
Caused by Ascochyta imperfecta. Phytopathology 32:590-597, 1942.

Reitz, L. P.y Co O. Grandfield, M, L, Peterson, G, V. Gooding, M, A,
Arneson and E, D. Hansing. Reaction of Alfalfa Varieties
Selections and Hybrids to Ascochyta imperfecta, J. Agr. Res,
76:307-323, 1943,

Renfro, B, L. and E, W. Sprague. Reactlon of Medicago Species to
Eight Alfalfa Pathogens. Agron, J, 5L:481-.483, 1959,

Richards, B., L. Reaction of Alfalfa Varieties to Stem Blight,
Phytopathology 24:824-827, 1934,

Rumbaugh, M, D,, G. Semeniuk and H, A, Gelse, Inheritance of Reaction

of Diploid Alfalfa Clones to Two Isolates of Phoma herbarum var,
medicaginis, Crop Sei. 2:12«15, 1962,

Schenck, N, C, and J, W, Gerdemann, Toxonomy, Pathogenicity and
Host-Parasite Relation of Phoma trifolii and Phoma herbarum var,
medicaginis, Phytopathology 56:195:200, 1955,

Smith, O, F, Some Diseases of Alfalfa in Western United States and
Thelr Relation to Alfalfa Improvement, Alf. Impr, Conf. Rpt,
12 319-20' 19500

Valleau, W. D, and E, N, Fergus. Blackstem Disease of Alfalfa, Sweet
Clover, and Red Clover. Phytopathology 19:507-.509, 1929,



53

46, ward, C, H, The Detached-leaf Technique for Testing Alfalfa Clones
for Reslstance to HElackstem, Phytopathology 49:690.696, 1959,



	South Dakota State University
	Open PRAIRIE: Open Public Research Access Institutional Repository and Information Exchange
	1962

	Inheritance of Reaction of a Diallel Set of Diploid Alfalfa Clones to Two Pathogens of the Blackstem Complex
	Sadi A. Tamimi
	Recommended Citation


	tmp.1540576572.pdf.Ke7_x

