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IIKERITAMGE OF EESIS2AICB TO ffUSAHIUM ROOT ROT IE  PBASEOLPS 

VULGiEIS L.» MW  PHilSEOLlIS COQCIHE1US L, 

. IFIRODUCflOM 

fhe snap bean Phase olus vulgar is I*, is one of tlie 

jaajor vegetable crops grown for processing in Oregon and 

the Pacific Horthwest* Oregon ranks first among the states 

in snap bean production^; having about 10,000 acres grown 

mainly for canning and freezing. She most widely grown 

type is the Blue lake pole bean, in recent years, the 

demand for processed snap beans has increased rapidly, 

resulting in extensive culture of the crop. In Oregon, 

most of the growers are planting beans, year after year, 

on the same land with only occasional farmers practicing 

rotation with other crops. !Hiis concentrated type of 

culture favors development of soil borne fungus diseases. 

For several years, the wide spread occurrence of dry 

root rot (Fusarium solani f. phaseoli) in Oregon bean 

fields has been noted by pathologists, and the disease is 

now found in most bean fields in Western Oregon.  The 

reduction in yield, in severe cases of dry root rot, is 

a threat to successful bean culture in the area* 

One of the best means of controlling the disease would 

be by breeding for resistance to root rot infection* As a 

first step in the breeding program a study of the inherit* 

ance of resistance to the disease is desirable, and such a 
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study has been the major purpose of this thesis# 

It was felt, "by some, that pigmented bean varieties 

are more tolerant of dry root rot than non-pig&ented 

varieties. I'hus, since one of the tolerant parents (Mexican) 

was pigmented and the susceptible parent (O.S.C. 22) was 

green, the inheritance of pigmentation was followed along 

with the inheritemce of resistance to find whether any such 

relation does exist. 

Since a study of inheritance of resistance to an 

organism such as dry root rot of bean has plant pathological 

as well as genetic implications this thesis was completed 

as a joint one between the Horticulture and the Plant 

Pathology Departments at Oregon State College* 



LUERATURB RSVIBI7 

!Eb.e occurrence of dry root rot has been reported in 

widely different parts of the world, such as Spain, England, 

Bulgaria, Canada, Peru, and the United States (12, p, 19). 

Burkholder in 1916 (3) was the first to describe a root 

rot disease of bean which occurred in Western Hew York in 

the summer of 1915* -Che fungus causing this disease was 

a distinct species of Pusaritmu  The disease, however, had 

been observed by the growers for several years prior to 

Burkholder's report. 

The  symptom expression of root rot disease has been 

described by many workers (5» 9» 12, 28, and 29» pp. 3-4). 

A reddish discoloration is observed on the tap root when 

beans are young. This discoloration occurs in streaks or 

points and may coVer the entire tap root. Later, the 

infected areas deepen in color, become brownish and the 

lower part of the tap root dries out. As the disease 

develops further the tap root may become completely     <> 

destroyed. Secondary roots may also show the symptoms. 

?;fhen the tap root dies the plants produce surface roots 

above the diseased areas and these roots may in turn become 

infected. The  symptoms of the disease above the ground 

are not noticeable. However, the bean pi tuts may be 

stunted and reduced in vigor, when compared with healthy 

plants. 



Snyder and Hansen, in the classification of the genus 

Pusarium (23) designated the pathogen causing bean root 

rot as gusarium solani f» phaseoli (Burk,). 

Burkholder and Crosby 1923 (9) indicated that planting 

beans in the same field continuously, or the use of short 

rotations, favored the increase of the organism in the 

soil, leiners reported in 1950 (18) that no root rot 

had developed in fields where beans were planted on land 

just brought under cultivation. With the use of seven 

year rotations, Wilson (10, p» 5) reported that most root 

rot occurred when beans folloived carrots, parsnip, or beets. 

He secured highest yields from continuous planting of 

beans even though the plants were severely infected with 

root rot. A long rotation program has been recommended by 

Barter and Zauaeyer (12, p* 32). 

Burkholder in 1932 (8, p* 181) reported that hydrogen- 

ion concentration of the soil has no effect on bean 

susceptibility to root rot. 

Depth of seed planting has an effect on the degree of 

bean infection. Moore in 1938 (19, p. 10) reported that 

heavier infection occurred at a 2 inch depth as compared to 

1 or Tf inch levels* Also he pointed out that the placement 

of fertilizers, rather than the type of fertiliser, had an 

effect on infection in certain seasons* Walter and Burke 

(27) in 1951 reported that plants from seeds planted 3 
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inclxss deep.had more root rot than plants from 1 inch 

planting, tfiedman (29, pp* 77-78) in 1956 fotmd gusarium 

solanj f■» phaseoli in the soil at depths as great as two 

feet. 

Walters and Burke (27) in 1951 reported that heavy, 

infrequent irrigation resulted in more bean root rot than 

light frequent irrigation* In 7/yoming, Vaughn (.10, p. 3) 

studying the influence of soil moisture found that there 

were no. significant differences in the incidence of root 

rot between light, frequent irrigation and heavy, less 

frequent irrigation* However, the production of adven- 

titious roots was favored by light, frequent irrigation* 

Burkholder (7, p. 187) in 1924 observed that the 

variety Well's Red Kidney was sensitive to soil moisture 

variations* Infected plants of this variety showed greater 

reduction in yield in dry soil than in medium wet or wet 

soil. Hoot rot infection in this variety increased its 

sensitivity to soil moisture. 

Soil temperature plays an important role in the degree 

of infection of many diseases, especially those which are 

soil horne. Beddiek (22) and Burkholder (6) indicated 

differences in yield of root rot infected bean plants, 

when grown under different soil temperatures* ffiedman in 

1956 (29, pp. 38-47), studying the effect of soil temper- 

ature on the severity of root rot, showed that greater 
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reduction in yield occurred in beans growing at a soil 

temperature of 280G than at 160C or 360C. 

The  reduction of yield from diseased bean fields has 

been reported by many investigators. Yet Efurphy (20, pp. 

19-20) in 1940, indicated that good yields could be 

obtained in spite of the disease damage. 

The use of chemicals as a mean . of controlling or 

reducing the efiect of root- rot has been trjed by several 

investigators, (15, 26, 29, pp* 59-71) but none of the 

chemicals has given satisfactory control without damage 

to the bean plants* 

Wade (25f p* 263) in 1937 mentioned that little work 

had been done toward breeding for resistance against root 

rotting organisms* Harter and 2aumeyer (12, p. 23) in 1944 

recognized the necessity of breeding for resistance to 

the dry root rot of bean as an effective means of control. 

They indicated the possibility of finding resistant 

materials if a large world collection were tested* 

There are no known commercial varieties which have 

immunity or a high degree of resistance to the disease. 

However, a limited degree of resistance or toleremce has 

been reported for some germ plasm.  Ogilvie and Mulligah 

(21, p. 124) reported in 1931 that Early Saxony and Maagmn 

Bonum were resistant to dry root rot. >Dixie Belle was 

mentioned by Townsend in 1948 (24) to be resistant to root 



rot, as well as msmy  other diseases. Burke and 3tarr (2) 

in 1950 tested 28 varieties and indicated that Cherokee Wax. 

and the Scarlet Huaner bean (?• c.gc.cineug.) showed the 

highest resistance* Burkholder (4) in 1917 thought that 

certain undesirable types of the White Karro?/ had a high 

degree of resistance to root rot* Houston (10, p.. 4) 

reported that £* cocci.neus showed some resistance to 

Fusarlam species, tfaltois and 3urfee (27) in their root rot 

investigation in Wyoming in 1950 reported that Pinto 78 

shov»'ed the least amount of root rot followed hy (treat 

Northern 16, Eed ilexiean 3, and CJreat Northern 123« 

iEhe interspecific hybrid between Baaaeolus y-alKaris L., 

and Phaseolns coccineus L«-, and its genetic implications, 

have been discussed by several workers (14, p* 356) and 

(30, p* 32). Due to the genetic aberrstions and self- 

sterility in the progenies, this interspecific cross has 

not been very satisfactory for transferring disease re- 

sistance factors imown to be present in P.*. ooccineus* 

Terkes and Freytag (30) reported in 1956, however, the 

finding of a wild Ayocote (?* coccineus) which had a high 

degree of resistance to root rot and also produced a 

fertile F^ when crossed to a canario type bean (B* vulgarls)« 

Kendriek and Allard (13) in 1952 reported a breeding 

selection of lima bean, designated as I«-4, which was 

exceptionally tolerant of root rot caused by Hhiaoctonia 
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solani and gnsarium solani f *■ phaseoli» In spite of the 

root infection, the fungus remains superficial and limited 

with no extensive decay of the hypocotyl, 

McHostie (16) in 1920 reported that the inheritance 

of root rot resistance followed a definite Hendelian ratio* 

In 1921 details of this inheritance study were published. 

I&cRostie used the flat Marrow as the resistant parent, and 

the Hobust Pea bean as the susceptible parent (17, pp. 24- 

32), From the ¥^  behavior, susceptibility was concluded 

to be dominant, or partially so, over resistance* (Eh© F2 

generation gave a ratio of 9 susceptible to 7 resistant 

proving a two factor hypothesis. fficRostie pointed out the 

difficulty of drawing a definite line between resistance 

and susceptibility* He also observed the various degrees 

of susceptibility and resistance in bean Varieties and thus 

concluded that different/genetic ratios rather than his two 

factor hypothesis might be obtained if material having 

different degrees of resistance and susceptibility were 

used. 
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MAfERIALS AID 1ESH0DS 

Source of Culture 

A single spore isolate of the dry root rot organism 

was obtained from Dr. H. W. Wiedman of the Plant Pathology 

Department during Ms work on the pathological aspects of 

the disease.  She isolate was originally obtained from a 

bean field in the Willamette Valley of Oregon.  The JPungus, 

designated (29), was identified by Dr. \7. C. Snyder of the 

University of California, and by Dr. Wiedman, as ffusarium 

solani f. phaseoil. 

Culture Media 

1. The  medium used throughout this investigation for 

culturing the fungus was potato dextrose agar 

"PDA*1 which was prepared from: 

a. Iiiquid from 200 grams of boiled potatoes* 

b. Dextrose, 20 grams* 

c Agar, 17 grams. 

d. Distilled water to one liter volume. 

Uhe prepared "PDA" was poured in Petri dishes then 

seeded with the fungus and left for at least 10 days at 

room temperature prior to seed inoculation. 

2. 3*0 facilitate the inoculation technique, especially 

in the field where many seeds were planted for 

testing, a second method of culturing was employed" 
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f   Oats were soaked in water for afeout 24 hours and 

then put in pint jars or culture flasks and steri** 

Used in the autoclave for 20 minutes at 15 

pounds pressure* After the oats had cooled, the 

fungus was transferred tinder sterile conditions. 

The  culture was left at room temperature and the 

:  jars or flasfes were shaken "by hand once every day* 

This method, however, was not quite satisfactory 

due to the slow growth of the fusarium in this 

aediuiE compared with potato dextrose agar* For 

that reason this method of culturing the fungus 

was used only for preliminary trials* 

inoculation gechniques 

(She agar culture sras macerated in a Waring blender 

with the addition of sterilized water to form a thick 

suspension of spores and mycelia* With the use of a cheese 

cloth the seeds were dipped in the suspension to obtain 

a ttcoatt? around every seed before planting. Shis method 

was used in both greenhouse and field plantings,, during the 

entire course of tbe study. In preliminary trials, however, 

other methods were used. In one field trial oat culture 

was spread in the rows before planting* and in a green- 

house trial 25ce, 50cc and lOOec of a water spore suspension 

were poured over the planted seed in cans* the results of 

these trials will later be presented under a section on 
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preliminary tests. 

Method of testing in the (rreenhouse 

5he soil used was a mixture of about 1/3 sand anqi 2/3 

loam soil from the field ..  Gallon cans with holes punched 

in the bottom' for drainage were filled with soil and 

sterilized in a steam autoclave at 15 pounds pressure for 

about four hours* After sterilization the eans were placed 

on greenhouse benches and irrigated for several days before 

planting* At planting time the cans were watered lightly 

and the inoculated seeds were placed at the surface of the 

soil. Sterilized sand was then used for covering the seeds 

and another light irrigation was applied* During growth, 

the plants were irrigated whenever needed (figure 1). For 

most of the tests, no fertilizers were applied to the soil, 

since a preliminary experiment indicated that there was ho 

magor influence of soil fertility on disease expressions 

in the early stages of bean growth. Air and soil temper- 

atures were recorded* Soil temperatures ranged from 50° 

to 65 0F and air temperature from 50° to 70°]?, in winter 

and spring planting. However, in suamer plantings the soil 

temperature ranged from 55° to 90oF and the air temperature 

from 55° to 1050P. 

Method of gesting in the Field 

In the field, tests were conducted on Ghehalis sandy 



12 

loam soil* la the summer of 1955 enclosed "beds were used ... 

so as to prevent early spread of the Pusariuia over the 

vegetable farm* However, in the summer of 1956 a setftion 

of the farm was taken for planting of Fg ^^ ^3 progenies, 

on the assumption that this section will "be utilized for 

further testing and breeding work* After pulling the 

plants froai cans used in greenhouse tests, the infested 

soil was taken out and scattered in a field testing area to 

build up the amount of inoculum. Bean varieties which were 

highly susceptible to dry root rot were planted in the 

field plots without artificial inoculation and showed clear 

symptoms of the disease (Figure 2). for all field tests, 

rows were laid out three feet apart, and seeds planted in 

the furrows at a depth of approximately 2 inches. She 

inoculated seeds were somi by hand and were spaced 4 to 6 

inches apart in the row, then covered with soil. In the 

suEsmer of 1956 there ?^ere about 86 rows of 200 feet in 

length planted for the F2, ^3, a»d the parents. Mo 

fertilizers or stakes were used for the pole beans since 

the plants were pulled for disease scoring before they 

reached appreciable climging stage. Pest control and 

overhead irrigation were practiced as with commercial 

planting of pole beans, field plots were planted in early 

June* Soil and air temperatures were recorded during the 

suioser, and they i*yere as follows* 
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' 

Figure 1. Greenhouse layout of disease testing. 

Figure 2. Hoots of artificially inoculated plants of 
Yellow Eye  (right). Note symptoms on roots of the 
uninoculated plants (left), indicating the presence 
of the fungus in field soil. 
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Average mean range Average mean range 
air temperature soil temperature 

2-3 ineh level *>-6 inch level 

1955 580,F - 

1956 550P - 

65 0F 

660F 

630F - 71eP 

600F - 75°% 500ff - 640F 

Disease Symptoms 

\?hen a germinated seed, which has received inoculum, 

is removed from the soil pin-points of reddish color can be 

observed on the tap root and the hypocotyl. As the plant 

grows, these spots will spread and cause a reddish discolor- 

ation of most of the tap root* In cases of severe 

infection the secondary roots also show the reddish to 

brown discoloration and the tap root may be completely 

destroyed. 'She  infected plants are stunted and reduced in 

vigor when coapared with tminfected plants; otherwise there 

is no sign of infection on the portion of the plant above 

the soil level (Figures 3 and 4). In general the infected 

plant produces several secondary roots above the infected 

part of" the isain root, but often these either become 

infected or do not grow satisfactorily due to lack of 

moisture near the soil surface* 

fhe germination habit of PhaRenT»s v^lfaria is such 

that "tfo6 cotyledons appear above ground while in Phase plus 

coccineus they remain in the  soil* In some of the P* 

coccineus inoculated lines a reddish discoloration was 
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Figure 5» Healthy plants (right) as compared to 
root rot infected plants (left) of the same age. 

Figure 4. Left—O.S.G. 22 plants in iminoculated 
and sterilized sand, flight—0.3.0. 22 plants in 
inoculated and sterilised sand. 
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noticed on some parts of the cotyledon (figure 5). Iso- 

lations from these infected parts proved that this symptom 

was caused by the fungus Fusarium solaai f. phaseoli. 

Figure 5. Symptoms of gusarium solani f• ohaseoli 
on the cotyledon of a Phaseolus coccineus line, 
seeds of which had been inoculated (left). On 
the right is a check - uninoculated - plant. 

Age of Plants at the Time of Classification for Disease 
Susceptibility 

The symptoms could be noted at any stage of bean 

growth. However, it was found that the second true leaf 

stage when runners are beginning to form is a good stage 

to distinguish between susceptible and resistant plants. 

This stage is reached by bean plants, in the greenhouse, 

about 5-4 weeks from planting. In the field it takes some- 

what longer -about 4-6 weeks from planting. 
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Disease Classification 

The  wide range of infection from very slight to very 

severe necessitated development of a systeja by which, the 

plants could he classified according to their reaction to 

the fungus* It was obvious that no absolute criteria for 

classification Of dry root rot symptoms could be utilized* 

However, if one system were adopted and maintained for all 

tests it was felt that significant differences could be 

shown* Vaughn, in Wyoming (10, p* 4) used a score from 

zero, where no root rot occurs, to four, where the tap 

root is completely rotted off. ?/iedman, (29, p* 20) in 

1956, used a scoring system, from zero, where no infection 

occurs, to five, where infection is between 80~100 per cent. 

A similar system to that of T/iedman^ was adopted for the 

studies reported in this thesis (Figure 6)* 

Classification of Root Eot Eeactions 

Bisease Score Degree of infection  

0 Mo  infection* 

1 Infection on less than 20%  of the 
surface area and no damage to the 
roots* 

2 Mid infection on 20-40$ of the 
surface area and no damage to the 
roots 

3 Intermediate infection on 40-60$ of 
the surface area and little damage 
to the roots. 

4 Kather severe infection on 60-80$ 
of the surface area and rather 
severe damage to the roots 
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Classification of Root Rot Reactions (cont) 

Disease Score De^rae of Infection 

Serere infection on 80-100^ of the 
surface area and severe dr-image to 
the roots♦ The tap root is usually 
completely destroyed. 

Plants that scored 4 or 5 were considered susceptible, 

those rated 3 intermediate, and plants scored 1 or 2 

resistant.  These, of necessity, are arbitrary classifi- 

cations. The average disease reading of all scored plants 

was used as the indication of resistance or susceptibility 

of a given line or progeny. 

f 

Figure 6. Prom left to right, diseased plants with 
scores of 0, 1, 2, 3, 4 and 5, respectively. 
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Bean fransplanting 

During this investigation any plant having a disease 

score of 0 or 1 was transplanted to a large clay pot and 

placed in shade for a fev/ days in the greenhouse* Ferti- 

lizer was used as a side band in the pot after the plants 

had recovered from transplanting shock* Although about 

750 of the transplanted plants survived they produced few, 

if any, seeds* 

Tests of Certain Methods of Observing Disease Pevelppment 

An attempt was made to find means by which the plants 

could be scored for disease symptoms during stages of 

disease development* A  large number of large size test 

tubes were used* She test tubes were filled with 5cc 

"EDA*' and then inoculated with the IPusarium* One seed was 

placed on the agar in each test tube* Ehe tubes were 

moistened inside with a small quantity of sterilised water* 

Seeds germinated very well and symptoms were produced* 

However, this method was not satisfactory due to rapid 

contamination by other organisms. 

Another method of observing development of the disease 

was by means of a wooden bos* fitted with a glass side. The 

box was 6 inches wide with a glass side surface of 25 2 20 

inches* She box was filled with sterilised soil and the 

inoculated seed were placed on the soil surface close to 

the glass side of the box.  She glass sides were covered 
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with blaok paper to provide complete darkness* Ihe develop- 

ing, plants wcr© scored daily bj removing the black paper 

an^ observing the roots*, the black paper was replaced after 

each reading, Shis method was much better than the test 

tubes method but the root system did not grow very close 

to the glass surface, which made it very difficult to 

classify the plants for resistance or susceptibility to 

infection* 

Safinition of Resistance 

\7ith a continuous range of symptoms exhibited by hest 

plants, it beeoates difficult to draw a definite line 

between resistance and susceptibility* An immune plant 

should score zero  and since few plants in the lU progenies, 

and none of the F^ families were completely free from 

infection it became obvious that the term immunity should 

not be applied to either parents or progenies* Also since 

the plants of the resistant lines scored aostly in group 

1, 2 and 39  tolerance is considered the best term to 

apply to the resistance demonstrated by the various lines. 

Bean Varieties 

fhe following is a brief description of the principal 

varieties and breeding lines used during these studies, 

The  degree of tolerance of these varieties and breeding 

lines is indicated whenever they were tested extensively. 
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Pii&seolus vulffaris L* 

0>g>G:* 22 Blue Sals© (hereafter designated 22)♦ In 1951 

this line was selected at Oregon State College from a 

single plant of the KSML Blue lake variety (ferry Horse 

Seed Coapany), It is a high quality pole bean of Blue ikake 

type, with dark green, ©tringless pods, free from pigmen- 

tation, with white seed and white flowers. It is very 

susceptible to root rot and thus it was used as the 

susceptible parent in these studies. 

nexiean. 33ie seeds: were obtained from United States Depart- 

ment of Agriculture as Bureau of Plant Introduction number 

165*435* It is a semi-cliabing, sprawling type bean having 

dark reddish pigment of the flowers, stem and leaf petioles. 

She pods are relatively short, stringy a&d pigpented. the 

seeds are small and black* this line was selected &&  one 

of the resistant parents because of its tolerance of dry 

root rot. 

gornell M203. Shia line, which was brought originally 

from lexico, was obtained by H* W* Wiedman* from Cornell 

University* It possesses a dark pigpaentation all over the 

plant. It is a late maturing pole type, having purple 

flowers, black seeds and stringy pods. It is fairly 

tolerant of dry root rot* 

Phaseolus coccineus In, 

Seven lines of this species were tested and only the 

first one was used extensively as one of the resistant 
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parents in this study. Phaseolus coccineus. coiamonly known 

as the runner bean, is very vigorous* producing large, 

flat, stringy pods and large seeds. A brief description' 

of the seven varieties or lines follows: 

1. Accession 2014 *• Barteldes Lima - white flower, 
white seed. It has good tolerance 
of root rot, especially under 
field conditions. 

2* Aeeessioti 2012 - Butter bean - white flower, white 
seed. 

3. Accession 2016 * Cornwall Giant - orange flower, 
red-purple mottled seed» It has 
good tolerance of root rot. 

4. Accession 2018 - white flower, white seed* 

5. Accession 2019 *- Black Runner — red orange flower, 
black seed. 

6? Scarlet Runner -» orange flower, red-purple mottled 
seed* 

7% Purple Eunner ■■* orange flower, light purple seed. 

Orossing Technique 

fhe flowers of the female parent were chosen for hand 

emasculation one day prior to nonaal opening. With the 

use of a sharp pointed forceps the outer petals were pulled 

aside? then, after splitting the keel, all the iBmature 

stamens were removed. From a freshly open flower of the 

male parent, the stigma, which is usually covered with 

pollen, was removed and rubbed over the feaale flower 

stigma, "She  cross was then described on a jewelers tag 

which was attached to the raceme. Soft tissue paper was 
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dipped in water and wrapped around the flower to prevent 

contamination and to protect the exposed stigmatic surface 

from desiccation. 

Crossing was done at any time of the day as long as 

pollen was abundant and temperatures were within a rangeof 

65° to 8 0oFi The  number of flowers crossed daily averaged 

between 50-70, of which about 50fo  survived* After 5-7 

days the tissue paper was removed to prevent pod -defor- 

mation. 

In making crosses within P. vulgaris species,  there 

was no difficulty in obtaining reciprocal crosses in the 

field or in the greenhousei However, in interspecific 

hybridization between P* coccineus and B. vulgaris it was 

necessary to use F* vulgaris as the female parent; other- 

wise no S*^ seed could be obtained. Also most interspecific 

crosses made in the greenhouse were unsuccessful. 

Hybridization and Seed Production 

The  following crosses, together with their progenies, 

were Included in this study* The  first two crosses were 

used primarily for the inheritance study while the others 

were not carried far enough to indicate the mode of 

inheritance and thus their results will not be presented* 

1. 0*S.C. 22 x 2014 (interspecific hybrid) 

The  f^,, JVj* an^ ^3 seeds were obtained. The 

F~  seeds were from a cross made by Dr. J* R* 
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Baggett of the Horticulture Department at Oregon 

State College, during Ms work on the inheritance 

or resistance to the bean yellow mosaic virus (1)* ., 

fhe Fg pl&nts matured very late and were exposed 

to the early fall rains of 1955 ♦ fJ?hey were also 

of extremely vigorous growth which made it diffi- 

cult to separate the individual plants for securing 

seeds of F3 families* However, a defoliant 

chemical (12$ Potassium Gyanate) was applied as a 

spray to facilitate harvesting of seed* From 

approximately one thousand l^ plants, seeds of 

only 256 P, families were obtained* 

2* 0*S»Gf 22 x Mexican and the reciprocal cross 

From this cross the F-^, backeross, F^, and F, 

progenies were obtained* 

3» a* 22 x 2016 (interspecific cross), 

b* 22 x JT203 end  the reciprocal* 

c* Mexican x 11203 and the reciprocal, 

d. 2014 x 2016 and the reciprocal (Figtt#e 7). 

Analysis of Data 

In all tests data from any line or progeny having a 

total number of five plants or less was  discarded, Experi- 

mental ratios were coapared with the theoritieal expec- 

tation by mesus of the chi square test (11). tates* 

correction for continuity was applied if the theoritieal 
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expected value was less than 5*    S'or the F-j generation 

analysis, the standard errors of the parental line averages 

were computed from the pooled variance of 3?* families. 

Since there v/ere no differences between the reciprocal 

crosses of 22 x iiexican, the results of both crosses ?/ere 

combined. The  greenhouse and field data were also combined 

for the analysis of pigmentation and seed color in the same 

cross. 

Figure 7. Infected plants of an F^ hybrid (2014 x 
2016) between two lines of Phaaeolus coccineus. 
The Fj. pls-nts indicate good reslst.uace to root 
rot as well as a vigorous root system. 
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PH-LIHIIAMY TESTS 

Before a standard techniriue for handling the inocu- 

lation tests was adopted, several different methods v/ere 

tested under greenhouse condition vyith the susceptible 

line O.S.O* 22« The  treatments were as follows; 

(a) Unsterilised soil or sand versus soil or sand 

sterilized for four hours at 15 pounds 

pressure in a steaia autoclave. 

("b) Unfertilized soil versus soil that received 

4 grams per can of Amaonium Phosphate (11- 

48-0) fertilizer* 

(e) Uninoculated soil or sand versus inoculated 

soil or sand with different volumes of 

Puaarlum solani f. phaseo.ii water suspension 

from an agar culture* 

(d) Soil inoculation with spore water suspension, 

versus.seed inoculation by dipping the seeds 

in a thick suspensioa of the fungus, forming 

a layer around the seed* 

The  results obtained from the previous treatments are 

presented in Table 1. 
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(Eable 1* Average disease scores of D*S.C. 22 line 
under different inoculation treatments in the 
greenhouse. 

treatments Average disease 
score 

  for 30 plants 

Sterilized soilj no inoculum,"no fertilizers 0*00 

Unsterilized soil, no inoculum, no fertilizers 1«04 

Sterilized soil, 25 ce inoculum, no fertilisers 4.85 

Sterilized soil, 25 cc inoculum, fertilized 5.00 

Unsterilized soil, 25 cc inoculum, fertilized 4.8? 

Unsterilized soil, 25 cc inoculum, no fertilizers 4.89 

Sterilized soil, 50 cc inoculum, no fertilizers 4*78 

Sterilized soil* 100 cc inoculum, no fertilizers 4»89 

Sterilized sand, 25 ec inoculum, no fertilizers 4*69 

Sterilized sand, 25 cc inoculum* fertilized 4*83 

Sterilized sandf no inoculum, no fertilizer 0.00 

Unsterilized sand, 25 cc inoculum, fertilized 4*90 

Unsterilized sand, 25 cc inoculum, no fertilizer 4.70 

Sterilized soil, seed inoculum, no fertilizer 4.86 
■■----;-■       -      '■     .....        ..  iTiiln    ,-.   -i. .. ■ 'I  I   i 

Mo disease occurred when sterilized soil or sand ?i*as 

used without inoculum. In the unsterilized field soil, with 

no inoculum and no fertilizers added, a disease rating of 

1,04 was ohtained* indicating the presence of the organism 

in the field soil. The  average disease ratings of plantings 

in soil and in sand were similar.  However, in sand 
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especially when no fertiliser was added* a noticeable re- 

duction in growth occurred as compared to the same treatment 

when soil was -used (figures 3 and 4)* Sheace were no ma^or 

differences in disease scoring with or without addition of 

fertilizer. She average disease scores were practically 

the same for 25 cc, 50 cc, and 100 cc of inoculum indicating 

that 25 cc were stifficient for inoculation. Inoeulation 

of seed gave almost the same disease score as the use of 

25 cc water suspension; therefore the seed treatment was 

utilized throughout this study* 

Seed Surface Steriligln^ 

In some greenhouse tests, a few black spots were noted 

on the tap root of inoculated plants of certain PhasePlus 

ooccineus lines. Shese spots were not typical of 2?usariua 

symptoms. It was thought, at the time, that these spots 

might be due to other organisms carried on the seed surface 

and thus might influence scoring for disease symptoms. 

So a test was conducted in the greenhouse to determine 

whether there were differences between surface sterilized 

and non-sterilized seed prior to inoculation* 

Sie seeds were surface sterilized by dipping for 3'i-4 

minutes in a 10?o chloroz solution* She seeds were then 

washed several times in distilled sterilized water and were 

inoculated immediately after washing*, 
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Stable 2* Comparison of average disease scores of plants; 
grown from surface sterilized versus 

noa-sterilised seeds . 

Lines tested Score 
Sterilized*. 
(25 Plant) 

Unsterilized** 
(25 plant) 

Scarlet Eunner 4*27 4.88 

Purple Runner 4.70 4*79 

2012 4,79 5.00 

2014 4 ♦81 4*81 

2016 4,25 4*35 

2018 ' 4*80 4*81 

2019 4.59 4.81 

0»S*C* 22 5*00 5*00 

* Average disease score of plants grown from sterilized 
seed surface* ** 
Average disease score of plants grown from unsterilized 
seed surface 

Ihese data indicate that there were no important 

differences in disease ratings between plants grown from 

sterilized and non-sterilized seed* 

Afl;ar Gulture and Oat Culture 

!Ehe data in Table 3 indicated that there were no major 

differences between disease scores for artificial inocu- 

lation by oat or agar culture. However, due to slow growth 

of the fuhgeu?. in oat culture, the agar culture was utilized 

for these studies^ 
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Sable 3* Average disease score of JO  plants artificially 
iaoc-ulated with agar culture and oat culture 

Lines tested Score 
 Oat culture** '       Agar euXtUirer* 

22 3*95 4*08 

2014 2*52 2*16 

2016 3,11 2.39 

Mexican 2.91 2.66 

* Average disease score of plaats inoculated with agar 
^^ culture* 

Average disease score of plants inoculated with oat 
culture. 

Testing Baaseolus coecineus Lines 

Seven lines of jPhaseolus coecineus were tested for 

disease symptoms in the greenhouse and the field to deter- 

mine their degree of tolerance*1 In general, all lines had 

a lower disease score in the field than in the greenhouse* 

fhe degree of tolerance variefl between lines under both 

field and greenhouse conditions* Accession number 2016 

had a lower disease rating than any other line, indicating 

higher tolerance to the disease. Shis line was therefore 

used as the tolerant parent for additional crosses. 

^ Table 4 
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3?able 4* Average disease score of seven lines of 
Phaseolus coocineua in greenhouse and field tests 

Lines tested Greenhouse field 

Scarlet fiunner 

Purple Buzmer 

2012 

2014 

2016 

2018 

2019 

Ho, of 
plants 
tested 

Average 
disease 

m. of 
plants 
tested 

Average 
disease 

29 

29 

20 

19 

23 

25 

31 

3.79 

4.79 

4.75 

4*31 

3.22 

4*60 

5.64 

45 

43 

23 

20 

38 

22 

38 

1.35 

2.32 

1*61 

1*35 

1.03 

1.50 

2.37 
■Bfrj. IHJIIIUII- l"''" 

S^. Search for Hegistant Materials 

In  the early stages of this study several lines and 

varieties of beans were tested, in both greenhouse and field, 

to determine whether germ plasm could be found which might 

show a high level of tolerance* Shese included lines from 

the United State Department of Agriculture, Bureau of Plant 

Introduction as well as lines from state experiment 

stations and seed companies. Mone of them were highly 

resistant♦ Dr. H* W. Wiedman provided us with two lines, 

which he had received from Cornell, and twelve lines 

received from the California Agriculture Experiment Station, 

all of which were believed to be resistant to root rot* 
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Under our greenhouse conditions none of these materials 

were resistant. Under field condition some of them had a 

fair degree of tolerance but were less tolerant than other 

materials used in this study* 
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EXEERIHENTAL BEStTLIS 

Since all progenies were tested with their parents in 

the greenhouse and the field* the results obtained in each 

test will he presented Geparately* 

O..S>0, 22 x  2014 

Parents 

O.S.C. 22 showed a high degree of susceptibility in 

almost every test* The  majority of infected plants scored 

in disease classes 4 and 5 and only occasional plants 

scored in the other classes* The  tap root was completely 

destroyed in most infected plants of this line, especially 

under greenhouse conditions* The  2014 parent), however, 

was fairly tolerant in greenhouse tests and quite tolerant 

in field tests (Figure 8). The  average disease score of 

this line varied from one test to another, indicating a 

possible major influence of the environment on the host- 

parasitic interaction, 

Fn (rreenhouse gest 

fwenty F^ plants were tested and gave a disease average 

score of 4.15 as compared to 2.26 and 4*05 for the tolerant 

and susceptible parents, respectively (i'able 5). This 

average was higher than the parental arithraaBfcic or geoiafetric 

mean and approached closely that of the susceptible parent 

(Figure 9), indicating that susceptibility was dominant 
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Figure 8. Infected roots of O.S.G. 22 (P. vulgaris) 
and accession 2014 (P. coccineus), both showing 
various degrees of infection. Uote vigorous root 
system of 2014. 

Pigure 9» Pusarium root rot symptoms on three P-^ 
plants of the interspecific hybrid between 0.3.0. 
22 (P. vulgaris) and 2014 (P. coccineus). 
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over tolerance♦ 

2!he average disease scoresof the tolerant parent 2014 

and the susceptible parent O.S.C, 22 were 1.83 and 4.52 

respectively* The  F, gave a disease average of 3»17 

(Table 5)» llhe disease averages of 2014 and the f- were 

lower in this test than in the greenhouse while the average 

of 0*S.C. 22 was slightly higher, She F^ disease average 

was exactly the same as the arithmebie mean of parental 

disease averages, indicating an intermediate susceptibility, 

JLo generation 

She results of progeny tests of ^  plants in two 

greenhouse plantings and one field planting are presented 

in fable 6* 

J?2 Greenhouse fests 

In one test 186 3? plants were tested and in another 

19 plants were tested (fable 6)» 2he disease averages for 

both parents and their Fg generation were higher in these 

tests than in those of the field planting. The  Fp disease 

average approached the euseeptible parent in the first test 

and was intermediate between both parents in the second 

test. The ?« plants showed a wider spread of disease, 

ratings than either parent and occupied all the disease 

scoring classes in the first test* and all classes except 



fable 5*    Bie average disease scores of the O.S.O., 22, 2014 and their 1^ generation, 

Location   Parents  Humber of plants in  i'otal lo, 
and F-i   each disease score    plants 

„ 0  12  3  4  5  tested 

Average  Parents;   Parents 
disease arithmetic Geometric 
     mean   mean 

Greenhouse 

2014 0 5 8 3 2 1 19 2*26 

h 0 0 0 3 11 6 20 4.15 

22 0 0 0 4 12 5 22 4.05 

2014 0 9 9 5 0 0 23 1.83 

h. 0 2 4 9 4 4 23 3.17 

22 0 0 0 4 13 27 44 4*52 

3.15 3.02 

Field 3*17 2*87 

■&<?•     T> 



Table 6* The  average disease scores of the parents and their 1?.2 generation 
in the cross 22 x 2014* 

Location Parent 
and 

2014 

lumber of plants in 
each disease score 

Total 
Io» plants 

tested 

Average 
disease 

6 

0 

1 

0 

2 

6 

3 4 5 

18 6 5 35 3.29 

Greenhouse 22 0 0 0 0 16 15 29 4.45 

% 1 4 6 11 24 140 186 4.-54 

2014 0 0 1 11 4 3 19 3.47 

Greenhouse 22 0 0 0 6 8 32 46 4.56 

f2 0 1 2 2 5 9 19 4.00 

2014 4 8 6 1 1 0 20 1.35 

Field 22 0 6 4 7 11 10 38 5.39 

¥2 8 24 56 69 47 20 224 2.82 
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the zero class in the second test. The zero elass had the 

lowest number of plants and the fifth class had the largest 

number of plants. It is very difficult in such data to 

separate tolerant from susceptible plants and any separation 

must be arbitrary. Since the JU disease average was rather 

high and since only one plant out of 205 for the two tests 

was in the zero class, it was decided to eombine plants of 

disease classes 0 to 2* and these would represent the 

tolerant plants, fable 7 shows that on the basis of this 

classification, the ratio of 14 tolerant to 191 susceptible 

fits the genetic ratio of 1:15; thus, two aiajpr genes could 

account for the results. 

fable 7. Goodness of fit of observed ratio to the theo- 
retical ratio of one tolerant to fifteen susceptible 
in the I?? generation of the interspecific cross 
22 X 201?* 

^tmmmmi' mm mw,   j   t li mn mmm**mMm+**m*m**mm*mm+**mi*mBm*mim-<*mmyi*m*Kii ■.■■m iti.i_M.i wmwi'i Im ■mill   jiii1 iiliyi i  t,i      m,) -i •mtmm itmi »     IIJIIII .in 11^—kimTMiw 

Location   Humber of  Humber of  Total  X2    P 
tolerant susceptible 
plants    plants ,  

m ii*r-i i—»P;I af£Jm£* 

Greenhouse    14       191    205  0*41 0*50-0.70 

field 8        216    224  2*30 0*10-0*20 
mmm»mmmmmmmmmmmmtmmm*mtmtmmmmmmmm»mammmmmt^mtm»ni* mimx'm tm .um.m.. L i i i PI»II \\»0m0wmmm»mmmmm^»mmmmmmmmm*tmmmmmmmmimammmmmmm^mmmm»»m0^ 

1.2  ffiQifl ^est 
fi!he 224 F^ plants tested gave an average disease rating 

of 2.82 which was intermediate between parental averages, 

and well below that of the greenhouse test (fable 6). fhe 

P2 generation again showed a wider spread than either 
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parent with plants being rated in all disease classes 

(Figure 10). There were 8 plants in the zero class and 

twenty plants in the fifth class.  The third class had the 

highest number of plants. Since disease scores were low, 

it was felt necessary to limit resistant plants to the 

zero class.  This gave a ratio of 8 tolerant to 216 

susceptible. This ratio ^a indicated from Table 7 fits 

the theoretical ratio of one tolerant to 15 susceptible 

with a probability between 0.10 - 0.20, indicating a two 

factor hypothesis which agrees with that of the greenhouse 

results. It is clearly recognized that these are arbitrary 

classifications and that we are justified in saying only 

that this inheritance picture, at best, is an approximation. 

Figure 10. Disease ranges of 0 - 5, from left to 
right respectively, in the $2 generation of the 
cross O.S.C. 22 x  2014. 
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P* Generation 
—p  - "•"■■"'  

Due to the limited space in the greenhouse the 256 

f-z families were  tested with their parents at three differ- 

ent planting dates. Some families had a low miafber of 

plants either due to poor germination or to limited seed 

supply. However* the average number of plants tested per 

family under greenhouse conditions was 15, with 6 as a 

minimum and 39 as a maximum. In field tests the average 

was 24 plants per family with a minimum of 6 and a maximum 

of 84 plants. The  disease distributions of the "F-z  families 

in accordance to the parental behavior are presented in 

fahle 8. 

W-z  Greenhouse Sests 
"■O  " ' • •       ■■ ■ " "■"■■ 

From the result of this test (Table 8), only 12 
families representing 15*8$  of the total were recovered 
as being tolerant as the tolerant jj&rent 2014, which 
had a disease average of 3*84io*56.  3}here were no 
families more tolerant than the tolerant parent or more 
susceptible than the susceptible parent. Five inter- 
mediate families, representing 6.6$ of the total, were 
observed* Fifty nine fumilies (77#65» of the total) 
were as susceptible as the susceptible parent O.S.C. 22 
which had a disease average of 4.6330.45* ffhe ratio, 
of tolerant to susceptible families was 12t64 respec- 
tively, 

(b) Second planting 

Ho families showed more tolerance than 2014 while 
four families (5.2>i of the total) were more susceptible 
than the 22 parent (Table 8). It was observed that 
18 families (23*3$ of  the total) were as tolerant as 
2014 and 26 families (3'3.8?S of the total) were sus~ 
ceptible as 22, while 29 families (37.7SS) were inter- 
mediate. The  ratio between tolerant and susceptible 



I'able 8* The auniber and percentage of F3 families of the cross 22 x 2014 which are 
as tolerant or more tolerant than the tolerant parent 2014, as susceptible or more 
susceptible than the susceptible parent 22,. and intermediate families, in three 
greenhouse tests and one field test* 

Averagi 

2014 

e disease 

22 

•loleraat 
lore 

Toleraiit 
JS'O*   & 

parent 2014 Intermediate 
As 

molerant 
No*  #   lo*  5§ 

Greenhouse 

Susceptible parent 22 
As       More 

Susceptible Susceptible 
Ho*   $          lo*   ?6 

£otal 
families 

■ 

3.84i0*56 4.6320.45 0 0 12 15*8 5 6*6 59 77*6 0   0 76 

2.10+0*82 3.12±1.00 0 0 18 23*3 29 37*7 26 33*8 4   5.2 77 

2.26*0.72 5*95io.58. 0 0 7 17*9 9 23*1 23 59*0 0    0 39 

Total _ 0 0 37 19.3 43 22.4 108 56.2 4   2*1 192 

Field 

2.76 0.51 4.08+0.50 0 0 22 9*4 39 16*6 149 63*4 25  10*6 235 
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families was 18:59 respectively. 

(c) (Third planting 

Seven families (17.9$) were as tolerant as 2014, 
23 families (59$) were as susceptible as 22, and 9 
families (23*1$)  were intermediate (Table 8). Share 
were no families more tolerant or more susceptible 
than 2014 or 22 respectively. The  ratio of tolerant 
to susceptible families was 1'i32  respectively. 

Total F^ Greenhouse Tests 

Out of 192 families tested 19*3$ (37 families) v/ere as 

tolerant as the tolerant parent, 56..2$ (108 families) were 

as susceptible as the susceptible parent and 22.45^ (43 

families) were intermediate (lable 8). Four families (2.1$) 

were more susceptible than 22, and none were more tolerant 

than 2014* In general the number of susceptible families 

was higher than the number of tolerant families* fhe ratio 

between tolerant and susceptible families was 37:155 respee*- 

tively* This ratio was higher for tolerant families than 

the ratio obtained in the field (22s213)* Ho definite 

genetic ratios could be obtained from these results* 

I3 ffield ffest 

Out of 235 families tested in the field (Sable 8), 22 

families were as tolerant as the tolerant parent 2014 which 

had a disease average rating of 2,7610#51* !Phese 22 

families respresent 9*4^ of the total families. One-hundred 

and forty-nine families representing 63*4$ of the total ?/ere 

as susceptible as O.S.C. 22 which had a disease average 

score of 4*08^0.50.  She 39 intermediate families 
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represented 16.6$ of the total* Shere were no families 

more tolerant than the tolerant parent* However, there- 

were 25  families, representing 10*6$ of total families, 

which were more susceptible than the susceptible parent* 

Th®  ohserved ratio hetween tolerant and susceptihle families 

vms  22:213 respectively (fable 4)* fhis ratio fits the 

theoretical ratio of one tolerant to fifteen STUSceptihle 

indicating a two gene hypothesis with a prohahility of 

0*05 - 0.10* 

fable 9* Goodness of fit of ohserved ratio to the 
theoretical ratio of 1 tolerant to 15 susceptible 
for the fj generation of 22 x  2014 in a field test* 

lumber of    lumber of    total    X2       P 
tolerant    susceptible 
families      families 

22 213 235 3*35 0*05-0*10 
-..!■  '_.   ..i    i i.imjr ■ ,,;-. .ii   .[  JI in ' mi        "ir   '  '■••.HIM'-   'i i.  i    '; i   i—';'i   [—--■■   -, r':" n-.'r'--- t    •"--•' ---^-  ■ ■■- -^^  ■ r^ — j—-p- -■-■-■— r-.r.^ 

Ireakiag down the disease classes into ten classes 

having 0*5 as interval, the disease averages of the S3 

families could be assigned to each class* Sae number and 

percent of the F3 families in each disease class for green- 

house and field tests are presented in fable 10* The 

general disease average of all families in the first, second 

and third greenhouse tests were 4*53» 2*72 and 3.51 re- 

spectively* £he total greenhouse average was 3*59, while 

tht total field average was 3*93*  In the second greenhouse 
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test the disease averages were lower than in any other test* 

The  parental averages in this second test, especially the 

susceptible parent, were also low. The large variation and 

differences "between these tests cotild be due to either the 

presence of modifying genes or to the influence of environ- 

ment on disease symptoms, or both, lo definite genetic 

ratios could be obtained from such data, even on an arbi- 

trary basis, 

Table 10, Frequency distribution of the Fg families 
in the cross 22 x 2014 for disease ratings. 

Disease Greenhouse tests Field 
classes First Second Third Total test 

ISo. ? Ho. % mf - * Ho. ■ P Ho.  Si 

0*00-0*50 0 0 1  1,3 0 0 1 0.5 0    0 
0,51*1.00 0 0 1  1,3 0 0 1 0.5 0    0 
1.01-1.50 0 0 6  7*8 0 0 6 3.1 0    0 
1.51-2.00 0 0 8 10,4 1 2.6 9 4.7 0    0 
2.01-2.50 0 0 12 15.6 2 5.1 14 7.3 0    0 
2.51-3.00 2 2.6 21 27.3 5 12,8 28 14.6 8. 3.4 
3.01-3.50 2 2,6 13 16,9 12 30.8 27 14.1 44 18*7 
3.51-4.00 5 6*6 10 13,0 15 38*5 30 15.6 85 35.3 
4.01-4.50 11 14.5 5  6*4 4 10,2 20 10*4 72 30.7 
4.51*5.00 56 73.7 0    0 0 0 56 29,2 28 11*9 

Total 76 100.0 77 100.0 39 100.0 1?2 100*0 235 100.0 
disease 
average 4. 53 2,72 3. 51 3. 59 3.93 

Tolerance in Greenhouse versus field 

It was felt desirable to determine the general trend 

of tolerance or susceptibility in greenhouse and in field 

tests for the same progeny. The correlation coefficient 
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for a hundred P^ families, taken at random, was calculated 

from the average disease rating of each family in green- 

house and field tests. It was found to be a positive 

correlation of 4-0.3552* in spite of the relatively low 

correlation it is nevertheless noted that tolerant and 

susceptible lines tended to behave in the same manner in 

both greenhouse and field* It had been hoped that the 

correlation would be higher* 

Root Yigor 

It has been believed by some workers that there is a 

relation between root vigor of a bean plant and suscepti- 

bility to dry root rot, Phaseolus eoccineus plants have 

a very vigorous root system, especially when grown under 

our field conditions* $he .taproot may vary from -§- inch 

to above one inch at its greatest diameter. However* in 

J?. vulgagis the taproot very seldom reaches over i- inch in 

diameter. A study of the relation between root vigor, 

especially in £♦ eoccineus» and susceptibility to root rot, 

was carried on as a phase of the inheritance study, 

to determine the root vigor of mature plants, an 

arbitrary system of classification 6f- 1-5 was used, A 

root vigor score of one was given for P» vul^aris type 

roots and a score of 5 was given for the most vigorous 

P. eoccineus types (figure 11). In harvesting the seeds 

of F^ families from individual F2 plants of the 



46 

interspecific cross 22 x 2014, a score for root vigor was 

given to each F2 plant. Prom the average disease ratings 

of all P families and the respective root vigor of their 

Pg plants a correlation coefficient was determined. A 

negative correlation of -0.1702 was found, indicating that 

at least in the materials tested in this study, there was 

no relation between the root vigor of P^ ooccineus and 

susceptibility or tolerance to root rot. 

Pigure 11. Scoring system for fleshiness of root— 
from 1 to 5. Score of one represented the O.S.C. 
22 type root (right). Score of 5 represented the 
most vigorous type of 2014 (left). 
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0.8*0. 22 x Mexican 

All progenies were scored for disease and the plants 

of each disease score were classified as being either pig- 

ffiented or green. Inheritance of seed color and pigmentation 

will be presented in Bone  detail since there has been 

interest among pathologists and breeders in the possible 

association of these characters with resistance to Fusarium 

root rot. 

Parents 

O.S.C. 22 showed a high degree of susceptibility as 

mentioned in the previous cross. The Mexican line, on the 

other hand, had a good degree of tolerance in practically 

all tests. (Hie majority of its infected plants scored in 

disease classes 0, 1, 2 and 3 and the rest of the plants ^ : 

scored in classes 4 and 5« Ooaplete destruction of the 

taproot was seldom observed in the Mexican line. In 

infected plants -of this Mexican line, the fungus, although 

attacking a large portion of the root system, was confined 

largely to superficial surface infection. The exact nature 

of disease tolerance of this line is not known* 

Hi Pigmentation and Seed Color Besuits 

She ^i  plants (Sable 11) were as pigmented as the 

Mexican parent indicating that pigmentation was doninant 

over green. The  J?^ seeds were also as black as those of 
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the Mexican parent j indicating that black seed was dominant 

over whit© seed color* 

fable ll* Average disease scores, plant and seed 
colors of the parents and their F^ generation, in 
the cross 22 x. Mexican. 

X&nes Greenhouse 
tested Humber of plaats in 

each disease score 
0  12  3  4  5 

fetal 
plants 

Average 
score 

Plant Seed 
color color 

Mexican 0 2 8 21 10 0 41 2.95 pig* black 

% 0 2 1 3 21 37 64 4.41 pig* black 

22 0 0 0 6      8 32 46 4.57 gr^en white 

Field 

Mexican 0 5 20 43  5 0 73 2.66 pig* black 

*! 0 0 2 8  2 6 18 3.67 pig* black 

22 0 0 0 4  9 31   44 4.61 green white 

Mexican 9 49 10 2  2 0 72 1.15 pig* black 

w1 0 3 4 2  0 0 9 1*89 pig. black 

22 0 6 4 7 11 10 38 5.39 green white 

J-j Sreenhouse fest 

She Hexiean parent had a disease average of 2*95 and 

the susceptible parent an average of 4*57* The 64 plants 

of fj generation gave a disease average of 4■.•41 which was 

very close to that of the susceptible parent (Figure 12). 

She behavior of the F^ generation in this test indicated that 
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susceptibility was dominant over tolerance (Table 11). 

Figure 12. Prom left to right, uninoculated O.S.C. 
22 plant, inoculated O.S.C. 22 plant, two inoculated 
Fn plants of 22 x Mexican, uninoculated Mexican 
plant, and inoculated Mexican plant. 

^1 giel^ Test 

In general, the disease averages of the Mexican parent 

and the F-^ in the field were lower than in the greenhouse 

test (Table 11). In the first field test, the Mexican 

parent had an average disease rating of 2.66, the O.S.C. 

22 parent an average of 4.61, and the 18 Pj. Plants had an 

average of 3.67. The F-^ behavior in this first test was 
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intermediate between the parents. In the second field 

test the Mexican parent had a disease average of 1.15, the 

O.S.C. 22 parent had an average of 3.39, and the nine F^ 

plants had an average of 1*89 ♦ 3!he F-^ disease average in 

this second test tended to be near that of the tolerant 

parent rather than intermediate or approaching the sus- 

ceptible parent. However, due to the small number of F-* 

plants tested in this second test, no major conclusion 

should be drawn from the data* 

Backcross generation 

In spite of the effort and time required in securing 

backcrosses in beans it was felt that the backcross results 

would aid in the study of root rot inheritance. The 

reciprocal backcrosses were also maintained. A total of 

261 and 526 backcross plants were tested in the greenhouse 

and the field, respectively (fable 12). 

Backcross Pigmentation Results 

In backcrosses to the pigmented parent, all progenies 

were pigmented. In backcrosses to the green parent a ratio 

of 257 pigmented plants to 243 green was obtained* Shis 

ratio (!l!able 13) fits the genetic ratio of X  pigmented to 

1 green, indicating that pigmentation of the Mexican parent 

is governed by one major dominant gene. 
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Table IS. Average disease scores of the baekcross generation and the parents, in the cross Z2,  x Mexiean< 

Lines 
tested 

Place 

green- 
house 

Mexican 

22 

BC-Mex. 

BC-22 

Mexican 

22 

BC-Mex* 

BC-BS 

* green 
** pigmented 

field 

0 

Number of green and pigmented plants 
in each disease score 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

4 

1 

5 

0 

0 

0 

0 

0 

0 

7 

0 

0 

0 

1 

-10 

0 

7 

4 

20 

0 

27 

2 

0 

5 

0 

23 

^2 &. 

28 

0 

50 

3§ 

0 43 

4 0 

0 118 

51 74 

P- 

0 3 

13 0 

0 25 

25 21 

0 

9 

0 

81 

5 

0 

41 

67 

0 

31 

0 

26 

4. 
0 0 

4 0 

0 7 

27 23 

0 

0 

8 

29 

total 
green 
plants 

22 

83 

44 

160 

Average Total Average total Grand 
score of pigment score of disease total 
green    plants pigmented average 

plants 

3.95 

3.84 

4.61 

3.81 

41 

93 

85 

73 

194 

172 

plants 

2.83 

3.26 

3.72 

2.66 

3.15 

3.71 

2.88 

o«y& 

3,26 

3.78 

2,6$ 

4*6! 

O • Xu 

3.76 

41 

93 

168 

73 

44 

194 

332 
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labie 13. Pigmentation results of t&e backcrosa 
generation and the goodness of fit to the 
theoretical ratio of 1 pigmented to 1 green in 
the cross 22 x Mexican* 

Backeross Humber of Ifumber of   lotal   X* P 
pigmented green plants plants 

... plants. 1. . ..., .......  _ , ... . . 

BC to 
Sexican    297 0      297   »-—~ *—- 

BO to 22    257 245      500   0*40 0*70-0.50 

Baokcross Seed Color Results 

The  data on seed color of the backoross generation 

are presented in Sable 14* Backerossing to the Mexican 

parent gave only black seeded plants, while backcrossing 

to O.S.O* 22, the v?hite seeded parent, resulted in 38 

plants white seeded, 12 plants broism seeded and 23 plants 

black seeded, cJ!he obtained ratio of white seeded to 

colored seeded plants was 38:35 which fits a 1:1 genetic 

ratio (Table 14)# indicating a single major gene difference 

between white and colored seeds. 5?he seed color, classified 

here as brown, showed different shades of brown. The total 

ratio obtained from these results was 3 black: 1 brovm: 4 

white seeded plants (Sable 14)* She Fg data, as will be 

shown later, indicated the action of two major genes for 

seed color. Thus if we assume that the genotype of the 

white parent, used for backcrossing, was (ecrr)* repre- 

senting the double recessive condition, the expected ratio 
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on this assumption would be 1 black: 1 browns 2  white. This 

ratio, however, did not fit the observed ratio$  indicating 

that the white parent must be of a genotype other than the 

double recessive condition* As also will be shovm.  later 

from the fp data, the genotype (celr) was white due to the 

supressing effect of the colorless gone (c) in the homo* 

zygous recessive condition* She obtained theoretical ratio 

on this new assumption was 3 black: 1 brotvn: 4 white, which 

fits the observed ratio (Table 14)» indicating that the 

white parent genotype was (ccHr) as far as seed color genes 

were concerned. 

letble 14. Seed color data obtained from the backcross 
' generation of the cross 22 at Mexican and the good- 
ness of fit to the ratio of 4 whites 1 browns 3 
black and to the ratio of 1 colored to 1 white 
seeded plant. 

Back-    Seed color Sotal X2    p    X2    p 
cross white, brovm black plants   ^sl        4sli^ 

to 
Mexican 0    0   49 49        -    -     ~ 

to 22  38   12   23 73 1*24 0.30^0.20 1.69 0»5O-O*3O 

Backeross Crreenhouse test 

She Mexican and 22 parents had disease averages of 

2*83 and 3*95 respectively* Baekcrossing the 1^ {lTable 12) 

to the susceptible parent gave a disease average of 3*78 

which was close to the susceptible parent average. 
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Backcrossing the I^ to the tolerant parent gave an average 

of 3.26 which was intermediate bet?/een parental disease 

averages. As far as disease averages were concerned, the 

baekcross to the susceptible parent indicated dominance 

of susceptibility, while the bac&cross to the tolerant 

parent indicated segregating nrosenxes. fhere were no 

major differences between the average disease score of 

pigmented plants and green plants in the progenies segre- 

gating for color. 

In data of this nature, any obtained disease ratios 

aaust be on an arbitrary basis.  Thus, taking disease 

classes 0, 1 and 2 as being the tolerant range, a ratio of 

11 tolerant plants to 82 susceptible vvas obtained from 

backcrossing to the Mexican parent,  This ratio fits the 

theoretical ratio of 1 tolerant to 7 susceptible (Table 15), 

indicating the possible action of three aajor recessive 

genes for tolerancej or the behavior may be due to fewer 

major recessive genes accompanied by a number of modifying 

genes, 

fable 15. Goodness of fit of observed ratio to the 
theoretical ratio of 1 tolerant to 7 susceptible in 
the backcross generation of the cross 22 x Mexican» 

Location   lumber of  lumber of  Total   X2     P 
tolerant  susceptible 
plants     plants , 

greenhouse    11 82      93   0.31 0.70-0.50 

field       27       167     194   0*35 0.70-0.50 
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Backcross Field feat 

The  disease averages of the Hexican and 22 parents 

were 2*66 and 4«61$ respective3.y# Backcrossing to the sus- 

ceptible parent 0.3*0. 22, gave an average disease rating 

of 3*76 which more closely approached the susceptible 

parent than the tolerant parent (Table 12). Backcrossing 

to the Mexican parent gave an average of 3.15 which lay 

between parental averages. The  pigmented plants in the 

segregating progenies gave a disease average close to that 

of the green plants.  Taking plants with disease score of 

0, 1 and 2 as being in the tolerant range, a ratio of 27 

tolerant to 167 susceptible was obtained from backcrossing 

to the Mexican parent (Sable 15). Tals  ratio fits the 

theoretical ratio of 1 tolerant to 7 susceptible, indicating 

the possible action of three major recessive genes or of 

modifiers as previously mentioned. Shese field results 

closely sP-t>*>orted greenhouse results. 

Jte Generation 

The  study of inheritance of resistance to a disease 

of this nature requires the testing of very large ¥2  popu- 

lations. .Kius, 845 1?2 plants were tested in the greenhouse 

and 1408 plants were tested in the field (Table 16). 

R2  pigmentation Results 

The  observed ratio of pigmented plants versus green 
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Table 16. Average disease scores of the parents and their Fg generation in the cross 22 x Mexican 

Lines   Place 
tested 

0 

0 

Jlumber Of plants in each 
 "53 

disease sc 

■'4 
P   g 

16   0 

ore 

5 
g 

0 

P 

0 

Total 
green 
plants 

Average 
score of 
green 

plants 

Total 
pigment 
plants 

Average 
score of 

pigmented 
plants 

3.04 

Total 
disease 
average 

3,04 

Grand 
total 

p** 

0 

1 
g 

0 

p 

0 

2 
g 

0 

P 

6 

P 

5 

g 

0 Mexican «# tm 27 27 
green- 

P2 house 
22 

0 

0 

0 

0 

27 

0 

117 

0 

42 

0 

131 

0 

53 

2 

148 

0 

57 

15 

160 

0 

34 

18 

76 

0 

213 

35 

3.14 

4.46 

632 2.92 2.97 

4.46 

845 

35 

Mexican 0 0 0 5 0 20 0 43 ' 0 5 0 0 - «M> 73 2.66 2,66 73 

Fg   Field 0 0 6 24 38 142 214 592 76 217 24 75 358 3.21 1050 3.17 3,18 1408 

22 0 0 0 0 0 0 4 0 9 0 31 0 44 4.61 wo m* 4.61 44 

* green 
** pigmented 
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was 1682:571 respectively which fits the genetic ratio of 

3 pigmented to 1 green (fable 17) indicating that pigment 

was governed by one major dominant gene. These  results 

supported the data obtained from the backcross generation. 

Sable 17* Goodness of fit of observed ratio in the 
Fp generation of the cross 22 x Hexicaa to the 
theoretical ratio of 3  pigmented to 1 green. 

lumber of 
pigmented 

plants 

lumfi'er of 
green .plants 

Total 
plants 

X2 £> 

1682 571 2253 0*14 0.80-0,70 

Wo  Seed Color Results 

As was observed in the backeross generation, the 3?2 

plants also had three different seed colors, black, brown 

with different shades of the brown color, and v/hite. The 

seed color ratio obtained (Table 18) was 580 black: 193 

brown; 240 white* Shis gave a ratio of 773 colored seeded 

plants to 240 white seeded plants which fits the genetic 

ratio of 3  colored to 1 white indicating a single gene 

difference between colored and white seeds. Hie general 

ratio obtained fits the ratio of 9 black: 3 brown: 4 white 

(fable 18) indicating the interaction of two major genes. 

The following hypothesis is suggested for seed color in- 

heritance in the cross 22 x Mexican or its reciprocal* 
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fable 18. Seed color obtained in the Fp generation 
and the goodness of fit to 9 black: 3 brown: 4 
white ratio in the cross 22 x Mexican. 

Seed color Total 
plants 

X* P 
Black Brown White 

580 193 240 1013 0.89 0*70-0.50 

Seed Oolor Hypothesis 

A gene (c) for colorless, recessive to its standard- 

type allele (C), produces white seeded plants. Plants 

having the dominant allele (0) produce colored seeds. The 

gene (c) in the homozygous recessive condition suppresses 

the action of another gene (E) for black and its allele 

(r) for brown. The  genotypes of the obtained Pg and back- 

cross generations would be as follows: 

Genotype Seed Color Fg ratio Backeross ratio 
to ccBr parent 

C-R- black 9 3 

C-rr brown 3 1 

cc&~ 

ccrr 

white 

white 

3 
4 

1 

3 
4 

1 

Total 16 8 

IThe different shades of brown found in the brown seeded 

plants possibly were due to the action of an intensifying 

or modifying gene or genes. This hypothesis indicated that 
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the genotype of Mexican, the black seeded parent, was 

(CCBE), and that of the 22, the white parent, was (ccrr). 

Howerer, some plants of the 22 parent of the genotype 

(ecEr) apparently were used for haeJccrossing* 

3? Greenhouse Test 
_2  ■" "■"" ''   ' '"■ ' ' 

The  tolerant and susceptible parent and their Jg 

generation (fable 16) had disease averages of 3.04, 4*46 

and 2.97 respectively. The  $>) plants showed a wide spread 

and occupied all disease classes except the zero class* 

Ihe average disease rating for Fg green plants was 3*14 as 

compared to the 2.92 average of pigmented plants, fhe 

interaediate disease class, number 3, had 201 plants while 

Classes 1 and 2 had 317 plants which closely approached the 

327 plants of the 4 and 5 classes (fable 16). The  data 

obtained in this greenhouse test were not suitable for 

developing a logical hypothesis for inheritance of 

resistance, 

£2 Field lest 

The  average disease rating of the Mexican parent was 

2*66 and that of the 22 parent was 4*61* The  Fg plants 

had an average of 3*18 which lay between parental averages, 

fhe Fg had a wide spread of disease ratings, v/hich occupied 

all disease classes except the zero class (fable 16)* fhe 

average disease rating of Fg green plants was 3*21, while 



60 

the average was 3.17 for the pigmented plants* Regardless 

of plant colors, the total nusiber of plants in disease 

classes 1, 2, 3* 4 and 5 ^ere 30, 180, 806, 293 and 99 

respectively. Thus the intermediate class 3 had the 

highest number of plants and class 1 had the lowest number. 

Also, the susceptible disease classes 4 and 5 had a higher 

plant number than the tolerant disease classes 0, 1 and 2 

(fable 16). The  tolerant range in this field test showed 

a relatively low percentage of plants (14*955) when com- 

pared to the greenhouse test (37.5$). Sie expected values, 

on a three gene hypothesis would be 22 tolerant to 1386 

susceptible. The  only observed ratio which might be close 

to this theoretical ratio would be obtained by taking 

disease class one as the only tolerant class. In this case 

the observed ratio would be 30 tolerant to 1378 susceptible 

which fits the theoretical ratio of a three genes hypothesis 

(lable 19)* However, plants in disease ela^s number two 

have heretofore also been considered as tolerant and it is 

questionable whether they should be excluded in the present 

instance, fhe environmental or other factors which may be 

involved in the differential behavior of these segregating 

progenies in greenhouse versus field are not understood. 

\?e can only say that the results do not permit one to 

develop a genetic hypothesis which will apply equally to 

the two sets of data. 
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iTable 19. Goodness of fit of observed ratio to the 
theoretical ratio of 1 tolerant to 63 susceptible 
for the Fp generation of the cross 22 x Mexican in 
field test* 

lumber of     Number of     Total     X2      P 
tolerant     susceptible    plants 
3lants        plants 

30 1378        1408     2.96  0*10-0.05 

1.3  Generation 

All ]?3 families were included in one field test, but 

due to limited greenhouse space, two  plantings were 

necessary.' Mo  data were obtained on seed color because 

all F5 plants were pulled for disease ratings before seed 

formation. 1'he number of plants per family varied according 

to the availability of seeds* In the first greenhouse 

test the range of plants per family was between 8 and 84 

with an average of 34 plants per family. In the second 

greenhouse test the range was bet?;een 6 and 57 with an 

average of 23 plants per family. In the field test the 

range of plants per family was between 9 and 104 with an 

average of 38 plants per family. 

II3 Pigmentation Results 

There were pigmented families, green families and 

families segregating for pigment. The degree of pigmen- 

tation in the pigmented families varied from very light to 
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dark, probably due to the action of one or more modifying 

or intensifying genes* All. families planted from the lU 

white seeded plants were green, while no green families 

m&ze  obtained from either black or brown W2  seeds (Uable 

20). Shis indicated a very high association between white 

seeds and green plant color, SOhe black and the brown 

seeded plants each gave a ratio of 1 ^igmented to 2 segre- 

gating families* 3?he ratio of pigmented, to segregating, 

to green families was 2634510:240 respectively* 5?his ratio 

fits the genetic ratio of 1:2:1 (Sable 21) indicating that 

the pigmented families were homozygous for the single 

dominant gene for pigmentation while the green families 

represented the homozygous recessive condition and the 

segregating families represented the heterozygous condition. 

Fifty F„ families segregating for color were picked at 

random and the ratio, in these families, of pigmented plants 

versus green was 1854J594 respectively. S'his fits the 

theoretical ratio of 3  pigmented to 1 green (I'able 22), 

indicating that the segregating families were in the 

heterozygous condition. Siese results corroborate back- 

cross and I?2 data* 

F, Greenhouse Tests 
-3 ■'-■■■■ ' ■■'■'■■  

Approximately 500 families were tested in the first 

greenhouse planting. The disease average of the Mexican 

and 22 parents in this test were 2.7i±0.37 and 4.85± 0.27 
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Table 20.. The  relation between seed color and pig- 
mentation i*1 the F^ generation of the cross 22 x 
Mexican* 

p2 ]?•* plant color 
seed 
color 

Htmiber of 
pigiaented 
families 

lumber of 
segregating 
families 

lumber of 
green 

families 

Total 
families 

Black 

Brown 

White 

194 

69 

0 

386 

124 

0 

0 

0 

240 

580 

193 

240 

Total 263 510 240 1013 

Table 21* Groodness of fit of observed ratio in the 
F3 generation to the theoretical ratio of 1 pig- 
mented: 2 segregating: 1 green in the cross 22 x 
Mexican* 

lumber of 
pigmented 
families 

lumber of 
segregating 

families 

lumber of 
green 

families 

Total 
families 

£ 

263 510 240 1013 0..94 0^70-0*50 

Table 22. Goodness of fit of observed ratio in a 
random sample of 50 f^ families of the cross 22 
x iiSexieaa, to the theoretical ratio of 3 pigmented 
to 1 green. 

lumber of 
pigmented 
plants 

lumber Of 
green 

plants 

Total 
plants X' P 

1854 594 2448 0*71 0*50-0*30 
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respectively (Table 23), while the general disease average 

of all the f-z families v/as 3.89. 

Table 23. Parental disease averages in the two green- 
house tests and one field test for the i'-z families 
of the cross 22 x Mexican* 

Place Parents, 

Mexican 

Mmber of plants in 
each disease score 

0  12  3  4  5 

0  4 11 15  8  0 

Total 
plants 

38 

Bisease 
score 

averages 

First 2.71±0.37 
green- 
house 
test 

22 0 0 0 0 5 30 35 4.8510.27 

Second Mexican 0 0 8 15 3 0 26 2.81±0*33 
green- 
house 
test 

22 0 0 0 0 4 20 24 4,83i0.29 

Field 
Sexican 

22 

0 

0 

16 

0 

29 

0 

21 

0 

18 

10 

0 

51 

84 

61 

2*48+0.30 

4.83±0.24 

The  remaining F3 families were planted in a second 

greenhouse test. The  pareatal disease averages were 

2.81±0*33 for the lexiean and 4*83±0.29 for 22 (Table 23)» 

The general disease average of all I3 families for this 

test was 4.06. The parental averages obtained in this test 

were very similar to those of the first test* 

In each of these greenhouse tests, disease averages 

of F^ families were compai'ed with their parental averages 

and the results of both tests were combined (Table 24). 

There were 6 families more tolerant than the Mexican parent 
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but none were more susceptible than O.S.C. 22*  She number 

of families, that were as tolerant as the liexican was 28 

(31$) while 141 families (15.4$) were classified as being 

sissilar to O.S.C. 22* The  intermediate families numbered 

738 (80.8^)* These results showed that the number of 

tolerant families was Much less than the number of sus- 

ceptible families* The  theoretical expected number of 

tolerant families for a three major genes hypothesis would 

be 14.3. However, the observed number was far from expec- 

tation* I© definite genetic ratio could be obtained from 

these data* The  results indicated, however, that the 

number of major genes conditioning tolerance was not likely 

to be more than three nor less than two* 

In breaking down the five disease classes into ten 

classes having 0*50 as interval, the I^ families averages 

can be aseigaed to each such class* Since disease class 
'•V 

number three represented the intermediate group, families 

with readings of 2.51 to 3*50 would fall in this group. 

On the same as©tpption, any F-^ family which had an average 

of 2*50 or less weuld be a tolerant family. Thus, all f^ 

families were assigned to their respective classes and the 

number and the percentage of families in each disease class 

are presented in Sable 25. faking the ratio between the 

number of families in the tolerant classes and all other 

classes* a ratio of 12 tolerant to 901 susceptible and 

interaediate families was observed.  This observed ratio 



'liable 24. 2!he ntanber and percentage of F^ families as eompared to behavior of the 
tolerant and susceptible parents in the cross 22  x Mexican. 

Place    families more families as Intermediate Families as faiailies more  Total 
tolerant than tolerant as   families   susceptable  susceptable   no. of 
Jfexican  Mexic.an  .._..   . ._as...22...   than 22    families 

Ko*. T lo. Ho* 

Greenhouse 6 0.7 28 3.1 733 80.8 141 15*4 0 0 913 

Field 4 0.4 22 2.2 845 84.3 131 13.1 0 0 1002 

0\ 
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was not significantly different froai a theoretical expected 

ratio of 1 tolerant to 63 susceptible and intermediate 

(fable 26). On the basis of this arbitrary classification, 

three major recessive genes conditioning resistance to 

Fusurium root rot may be hypothesized* One or two major 

genes, with modifiers, could also account for the behavior* 

2?able 25*- Frequency distribution of the Fx families 
in the cross 22 x Mexican for disease ratings*. 

Disease classes Sreenhouse Field 
lumber of 
families 

* Humber of 
families 

'-^r- 
0.00-0*50 0 0 0 0 

0*51-1.00 0 0 0 0 

1*01-1*50 1 0,1 2 0*2 

1*51-2.00 4 0*4 4 0.4 

2.01-2*50 7 0*8 6 0.6 

2.51-3*00 37 4.1 59 5*9 

3*01-3*50 98 10,7 140 14*0 

3*51-4*00 321 35*2 384 38.3 

4*01-4*50 298 32.6 263 26.2 

4*51-5*00 147 16.1 114 14*4 

fotal 913 100*0 1002 100*0 

Average score of 
total families 3* 97 3.91 
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Table 26*    G-oodness of fit of observed ratio in the 
j?3 generation of the cross 22 x Mexican to the 
theoretical ratio of 1 tolerant to 63 susceptible* 

Location  lumber of lumber of  fotal  X2     P 
tolerant susceptible 
families faiailies 

greenhouse    12 901     913  0.42 0*70-0.50 

field        12 390    1002  0.88 0.50-0.30 

F5 gield ^est 

the total number of families tested was 1002. fhe 

general disease average for all F^ families was 3.91 which 

was close to that of the greenhouse test* She Mexican and 

O.S.C. 22 parents had disease averages of 2#48io«30 and 

4483io*24 respectively (I'able 23)." The Mexican average 

was. lower than its average in the greenhouse test* while 

O.S.G* 22 had about the same average in both tests,* As 

with the greenhouse tests, the disease averages for F3 

families were compared with those of their parents (Table 

24); There were only 4 families (0*4$) more tolerant than 

the Mexican^ while there were no families more susceptible 

than 0.S;G» 22*  !£he number of families recovered as being 

as tolerant as the Mexican was 22 (2*2$ while 131 families 

(13*1$) were as susceptible as O.S.C 22*  Thus* the number 

of susceptible families was larger than for tolerant 

families.  The intermediate group had 845 families (84.5$)♦ 
The highly tolerant families were grouped with the tolerant 
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families in obtaining a ratio between tolerance and sus- 

ceptibility* She observed ratio thus became 26 tolerant 

to 976 susceptible and intermediate families. The expected 

ratios for two major genes would be 63:939* and for three 

major genes 16:986* The  ratio actually obtained lay between 

the two. Breaking down the disease scores to classes with 

0.5 interval, the Fj families were assigned to each class 

according to their disease averages. For the same reasons 

mentioned in greenhouse results any family having a score 

of 2,50 or less, would be considered tolerant. On this 

basis the observed ratio between tolerant and susceptible 

families was 12:990 respectively (Table 26). !Dhis ratio 

fits a hypothesis of three major recessive genes governing 

tolerance. The  results obtained in this field test there- 

fore supported the greenhouse data, 

Thet  Relation Between Piffiae;ntation, Seed Oolor and Disease 
Symptoms 

In the backcross generation, the test of independence 

between disease score and pigmentation indicated no associ- 

ation between the two characters and that segregation of 

pigmented plants versus green plants was very close to the 

ratio of 1 pigmented to 1 green plant in every disease 

class (Sables 27 and 28). In the ^ generation* the test 

of independence also indicated no association and segre- 

gation for color was close to 3 pigmented to 1 green in 

every disease class (2able 29 and 30). 
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fable 27*  Test of independence between disease score 
and pigmentation in greenhouse test of the backcross 
generation of the cross 22 x Mexican. 

Disease scores Color segr egation 
lumber of 
pigmented 
plants 

lumber of 
green 

plants 

1 1 

4 7 

36 23 

21 25 

23 27 

lotal 

1 

2 

3 

4 

5 

2 

11 

59 

46 

50 

HoS" -8L 83 gotal 
^= 4*80 (non-significant at P* 0*05)^ 

Table 28; Test of independence between disease score 
and pigmentation in the backcross of the cross 22 x 
Mexican in field test* 

Disease scores Color segregation 
Humber of 
pigmented 
plants 

lumber of 
green 

plants 

3?otal 

1 

2 

3 

4 

5 

Total 

0 

2 

74 

67 

29 

172 

1 

1 

51 

81 

26 

TSo" 

1 

3 

125 

148 

55 

332 
X2= 5*3o (non-significant at P^ 0*05 
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Table 29.-*  2est of independence between disease score 
and pigmentation in tbe IV, of the  cross 22 x Mexican 
in greenhouse test'. 

Disease scores Color segregation 
iiiuaber of     limber of 
pigmented       green 

plants       plants 

Iota! 

1 117 27 144 

2 131 42 173 

3 148 53 201 

4 160 57 217 

5 76 34 110 

Total ' 632 213 845 
X2= 5*30 (non*-significant at 1?= 0i05)i 

Table 30* Stest of independence between disease score 
and pigmentation in the 13 of the  cross 22 x lexican 
in field test* 

Disease s icores Oolor se^re^ 
lumber of' 
pigmented 
plants 

nation ilotal 
limber of 
green 

plants 

1 24 6 30 

2 142 38 180 

3 592 214 806 

4 217 76 293 

5 75 24 99 

Total 1050 358 1408 
X2- 2*90 (non-sigaificant at B* 0*05)♦ 
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She ff-z families were classified according to their 

disease class averages, pigmentation, and their respective 

^2 seed color in both field (Table 31) and greenhouse tests 

(fable 32)•    It can be seen that a correlation exists 

between seed color and pigmentation. Ho green families 

were produced from either black or brown seed, but only 

from white seeds,. The  test of independence, however» 

between disease and pigmentation indicated an association 

between the two,. Also, an association was indicated between 

disease and seed colors. Since both seed color and pig- 

mentation were highly related it follows that seed color 

would also be associated with tolerance* a?he '$-z  results 

concerning the association between pigmentation and disease 

symptoms contradict the results obtained from both the back- 

cross and F2 generation. It seemed in the F3 generation 

that pigmented families tended to be more tolerant than 

green families. In other words in the ]?■* progeny the green 

families tended to be more susceptible to the disease than 

the pigmented families. Mo explanation is offered for this 

apparent contradiction between the F3 results and the back- 

er oss or the ?£* 
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Table 31. Classification of F3 families of the cross 
22 x Mexican in field test according to their 
disease class averages, pigmentation, and their 
respective Pg seed colors. 

Disease classes    ffq pigmentation    ffo seed color  fotal 
  P  S  G        B  Br JH*  

0.00-1.00 

1.01-1*50 

1.51-2.00 

2,01-2*50 

2*51-3.00 

3.01-3.50 

3.51-4.00 

4.01-4.50 

4.51-5»00 

'Total  "  "  ~*" 

0 0 0 

1 1 0 

2 0 0 

3 3 0 

27 26 8 

42 71 27 

111 197 76 

57 128 78 

19 81 44 

262 507 233 

0 0 0 0 

1 1 0 2 

0 2 0 2 

3 3 0 6 

42 11 8 61 

74 39 27 140 

241 67 76 384 

142 43 78 263 

74 26 44 144 

577 192 233   100? 
X2 41.76* 27*43* 

* significant at the 5^ level 
S—segregating 
3?—^pigment 
G—green 
B—Slack 
Br-Brown 
W—white 
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fable 32* Classification of the F3 families of the 
cross 22 x Mexican according to their disease class 
average, pigmentation, and their respective IV, seed 
color in the greenhouse test. 

Disease classes Px pigmentation lo seed e olor Total 
' P S S ~B Br w 

0»00~2*50 0 0 0 0 0 0 0 

2*51-3*00 2 4 1 1 5 1 7 

3*01-3.50 15 18 5 19 14 5 38 

3*51-4.00 46 82 26 94 34 26 154 

4*01-4*50 2? 100 44 110 17 44 171 

4.51-5*00 22 48 34 58 12 34 104 

Total 112 252  110 £&2 82 110 474 
& 22*60* 42*90* 

significant at 
P—pigment 
S—-segregating 

the 5$ level 

G~-green 
B—blaclc 
Br-brown 
W—white 
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Susceptibility and tolerance in Greenhouse versus Field 
Tests 

In the I-*  generation it was desirable to know whether 

or not the level of tolerance or susceptibility was the 

same for greenhouse and field tests.  Two hundred families 

were chosen at random from a total of about 500 families 

tested in the first greenhouse planting and the correspond- 

ing families in the field test, to determine the corre- 

lation coefficient between both tests. HJhe obtained 

correlation coefficient was +0,5869, indicating a positive, 

though not high, relation between tolerance or suscepti'- 

bility in greenhouse and field tests* 
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DISCUSSI01 

The two  resistant lines of beans, Mexican (P» vulgaris) 

and 2014 (P. coccineus) used in this study virere not isamune 

or completely resistant to Pusarium root rot* fheir 

tolerant nature was recognized prior to initiation of this 

study, through the work of Wiedman (29). In Spite of the 

absence of complete resistance or immunity in the tolerant 

parents, it was felt that an inheritance study would still 

be worthy/hile in order to determine the approximate ntuaber 

of genes involved and thus facilitate the planning of 

future breeding programs• 

It was noted in all tests that the environment 

apparently played a major role in the host'-disease inter- 

action* It has been pointed out by several workers, that 

environmental factors have specific effects on the develop- 

ment of root rot of beans* Since Fusarium root rot is 

caused by a soil-borne organism, the soil environment, as 

well as that of the air, is important in influencing disease 

expression* 3?he effect of environment on host and parasite 

no doubt contributed to difficulties in obtaining definite 

genetic ratios in several progeny tests. It is believed 

that control of soil and air tempera.tures as well as other 

environmental factors would have resulted in far less 

variation in the data. 

The variability of symptoms expression shown by plants 
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of a specific line or pedigree number necessitated the 

development of a ''continuous" scoring method in which a 

score of zero indicated no infection and a score of 5 

indicated very severe infection. It was necessary, after- 

wards, to use the average score of the total plants of any 

specific line or pedigree as an estimate of tolerance or 

susceptibility. 

In a study of this kind a large number of plants was 

required, especially of F, progeny, in order to secure the 

best estimation of host-disease reaction. 

Since a single spore isolate of the fungus was used 

for artificial inoculation of seeds in both greenhouse and 

field tests, it would be expected - particularly in steril- 

ized soil used in the greenhouse - that variability due to 

the pathogen would be at a minimum. Under field conditions 

the role of other organisms, or possibly other strains of 

the Pusarium, may have influenced the results. The fflexiean 

line (P. vuljgaris) showed better tolerance than 2014 (3?. 

coccineus) in most greenhouse and field tests. Most 

infected roots of the Mexican line showed somewhat super- 

ficial infection of the root system. The exact tolerant 

nature of either the Mexican or 2014 is not known. 

The interspecific cross 22 x 2014 was maintained only 

by using 0.S.0, 22 as the female parent. The reciprocal 

cross was unsuccessful. The barrier involved offers an 
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interesting field of study. In the intraspecific cross of 

O.S.C* 22 x Blesican ifhere \mre  no differences in resistance 

within progeny of reciprocal, crosses* This excludes the 

possibility of cytoplasTai.c involvement in resistance. The 

results of both reciprocals were therefore combined for 

genetic analysis* 

fhe behavior of the 3?^ of the inter spec if ie cross 22 x 

2014 indicated that susceptibility was dominant over toler- 

ance under greenhouse conditionj while the Fj was inter- 

mediate between both parents under field conditions* A 

similar behavior was indicated by the l^. Q$ 2%  5c lexiean. 

5?hese differences between greenhouse and field teats may 

be explained as due to unknom effects of the environment* 

Among the factors involved may be soil temperature, air 

temperature, diurnal variations, competitive or mutual 

effects of soil organisms and plant nutrients. In general 

this study showed susceptibility to be dominant or partially 

dominant over tolerance, fhis is in agreement with the 

early observations of McHostie (17) on the F-^ behavior of 

his crosses* 

In the cross 22 x Mexican, backcrossing the F^ to the 

susceptible parent gave, as would be expected, a disease 

average very close to that of the susceptible parent* 

Backcrossing the Fj. to the tolerant parent gave a disease 

average which lay between the parental averages. 
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'She  F2 plants of the cross 22 x 2014 and also of the 

cross 22 x Mexican, showed a v?ider spread than either 

parent and occupied most, if not all, the disease scoring 

classes. 

The  ratios obtained in the backcross and Pg generations 

indicated the possible action of two or three major re^ 

cessive genes conditioning resistance to Fusarium root rot. 

She W-z  data were handled in two ways in an attempt to 

obtain possible genetic ratios* 'She  first method consisted 

of computing a standard error for each parent from the 

pooled variance of F-* families. All families were then 

classified as being as tolerant or more tolerant than the 

tolerant parent, as susceptible or more susceptible than 

the susceptible parent, and intermediate. The  second 

method consisted of breaking down the disease scores into 

ten classes having 0*50 as a class interval. The  disease 

averages of all P5 families were then assigned to each 

disease class. The fact that there were no families more 

tolerant than the tolerant parent in both crosses and that 

a very small percentage were more susceptible than the sus- 

ceptible parent in the cross of 22 x 2014 and none in the 

Mexican cross, led to the conclusion that all F5 families 

reacted similar to the parents or were intermediate in 

reaction. The  two methods of interpretation of data would 

generally be expected to closely parallel one another«■ 

The greenhouse tests of the P5 of 22 x 2014 gave a 
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ratio of 37 tolerant to 155 susceptible by the use of the 

first method of analysis and a ratio of 31 tolerant to 161 

susceptible by the use of the second method* fhe field 

tests gave a ratio of 22 tolerant to 213 susceptible in 

comparison to parental averages, while it was not possible 

to obtain any genetic ratios with the use of the second 

method of analysis. She difficulty in obtaining a definite 

genetic ratio in this interspecific cross is possibly due 

to the presence of modifying genes* Such behavior, how- 

ever, is common in studies of characters within inter- 

specific progenies. 

In comparison with the parental disease averages the 

F'j generation of the cross of 22 x Hexiean gave a ratio of 

34 tolerant to 879 susceptible faailies in greenhouse tests 

and a ratio of 26 tolerant to 976 susceptible families in 

the field test, fhese two ratios did not fit definite 

genetic ratios* However, by considering faailies in 

disease classes 0 to 2.50 as being tolerant, a ratio of 

12 tolerant to 901 susceptible and 12 tolerant to 990 sus- 

ceptible families were obtained from greenhouse and field 

tests respectively* Each of these two ratios fits the 

theoretical ratio of 1 tolerant to 63 susceptible, indi- 

cating that tolerance is governed by three major recessive 

genes. 

It is clearly reeogaized that the ratios obtained from 

all progenies of "both crosses are based on arbitrary 
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classifications and that we are justified in saying only 

that this inheritance picture, at best* is an approximation* 

3?hus, while the inheritance of resistance to root rot of 

bean is relatively complex, as shown from these studies, 

it appears nevertheless that only two or three major re- 

cessive genes along with modifying factors are involved 

in the resistance mechanism* 

From the viewpoint of the plant breeder it is impor- 

tant to know whether the level of tolerance or suscepti- 

bility is essentially the same for both greenhouse and field 

tests* from the P3 disease averages in greenhouse tests, 

and the corresponding averages of the field tests, a 

correlation coefficient was determined* In the inter- 

specific cross of 22 x 2014 the correlation obtained was 

+0.3552 and in the cross of 22 x Hexican, the correlation 

was -K).,5869* fifaile this correlation is relatively low, 

it nevertheless indicates that tolerant and susceptible 

lines tend to behave in the same manner in both greenhouse 

and field* This  is of practical value in planning rapid 

turnover of generations. 

The  runner bean (P« coecineus) is known to have a very 

vigorous root system* It was thought that this root vigor 

might have contributed to the resistance of the 2014 

parent* With the use of an arbitrary scoring system for 

root vigor in the cross 22 x 2014» the correlation coef- 

ficient between the disease averages of the F5 families 
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and their Pg root vigor scores, was found to be -0.1702* 

Thus, in the material under study, there was no relation 

between the fleshy root type of P. coccineus and resistance 

to Ihisarium root rot* 

Inheritance data in the cross 22 x Mexican showed 

clearly that pigmentation of the Hexiean line is con- 

ditioned by a single dominant gene. Degree of pigmentation, 

varied, however and may. be due to the action of modifying 

genes, fhe study also revealed a clear inheritance mecha- 

nism for seed colors in the same cross* I'hese data ?irere 

obtained with the thought that pigmentation might be 

associated with resistance to Pusarium root rot. 

1-ests of independence indicated that, in the backeross 

and I?2 generations, no relation between pigmentation and 

disease symptoms existed. In other frords, segregation for 

pigmentation occurred independently of disease resistance 

or susceptibility, IHiese results did not support the belief 

that pigmented plants have a tendency to be more tolerant 

than non-pigmented plants. Yet the ISj tests of inde- 

pendence indicated that a relation between disease and pig- 

mentation does occur* 5?he pigmented families tended to 

be more tolerant than the green families. Ehese results 

did not support either the backcross or the li^ data and no 

explanation is offered for this apparent contradiction, 

A few F-z families obtained in these studies have shorn 
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a high degree of tolerance to the disease under heavy 

artificial inoculation in both greenhouse and field tests# 

It may be expected that these families will be of value in 

future breeding work, Sie fact that pigmentation of the 

tolerant parent, Mexican, is Inherited simply and is not 

closely associated with resistance means that backcrossing 

to Blue Lake as the recurrent parent should be practical. 

It was recognised at an early date in the study that 

it would be highly valuable to take disease readings on 

Seedling plants, ^n& to transplant the most resistant ones* 

This  would save time in the isolation of homozygous 

resistant selections. Most of the transplanted plants, 

however, produced few, if any, seeds. Many plants died. 

Thus it would be highly desirable to find means by which 

these resistant plants could be made to produce more seeds. 

It should also be noted that a search should be continued 

for more resistant or imaune germ plasm as compared to the 

materials iised in this study* Hesistance in other species 

of beans should be explored. Exchange of laaterials and 

ideas between bean breeders all over the world would be 

helpful in this connection. 

Combined resistance to two or mere diseases is becoming 

of great importance in many economic crops. !Ehe combi- 

nation of resistance to root rot and yellow mosaic virus 

is now under way at Oregon State Oollege, utilizing deri* 

vations of the present study and those obtained from the 
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thesis program on inheritance of resistance to "bean yellow 

mosaic by Jaaes Baggett (1)* The  aid of pathologists in 

isolating strains of these organisms and in determining 

the Tbest techniques for inoculation and recording of 

symptom expression has "been of inestimable value. 
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SUMMARY 

i&rogenies of two bean crosses ?/ere studied for in- 

heritance of resistance to dry root rot caused by Ifesagjua 

solani f. phaseoli» O.S.G. 22 (P. vulgaris) was used in 

both crosses as the susceptible parent* A Mexican line (P. 

vulgaria) and a line {2014) of the runner bean (P, 

coccineus) were used as the tolerant (partially resistant) 

parents. .Artificial inoculation was accomplished by dipping 

seeds in a thick emulsion of macerated agar media* A 

disease rating system of 0-5 was used, with 0 indicating no 

infection and 5 very severe infection* She disease average 

of all plants within a given seed lot was taken as the best 

indication for tolerance or susceptibility* The  parents 

and their progenies were tested in bdth greenhouse and 

field* Differences between the reciprocal crosses of 22 x 

Mexican were not observed* i'he reciprocal cross of 22 x 

2014 was not maintained due to the difficulty of securing 

seed when 2014 was used as the female parent* 

In both crosses the Pi showed that tolerance was 

recessive. 

She observed ratios in the backcross generation of the 

cross 22 x Mexican fit the theoretical ratio of 1 tolerant 

to 7 susceptible indicating the action of three ma^or 

genes* 

The  3?2 generation, in both crosses, showed a wider 
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spread of disease ratings than either parent and occupied 

most* if not all, disease classes, She fv) generation of 

the cross 22 x 2014 indicated the possible action of two 

major recessive genes conditioning tolerance*  She $2 0^ 

the cross 22 x Mexican exhibited no close fit to definite 

genetic ratios. 

Analysis of JPJ data for the interspecific cross 22 x 

2014 indicated that two or three raa.jor recessive genes 

conditioned the tolerance of P. cocoineus. Difficulties 

of obtaining definite genetic ratios in this cross may 

be due to modifying genes, as well as to lack of exact 

control of environment in the various tests. 

The  F« progeny of 22 x Mexican indicated the possible 

action of three major recessive genes, or perhaps fewer 

m&'JQT  genes and several modifiers conditioning resistance. 

It is recognized that the results reported in this 

study represent an approximation for the inheritance of 

resistance to Fusarium root rot, 

fhere was no significant relation between root vigor 

of P. coccineus and resistance to root rot. 

Pigmentation in the cross 22 x Mexican indicated a 

simple inheritance of one dominant gene for pigmented over 

green. Seed color inheritance in the same cross indicated 

the interaction of two major genes and gave in the S^ a 

ratio of 9 black: 3  brown: 4 white. A very high association 

was ©"bserved "between seed color and plant color.  Ho clear 
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relation "between pigmentation and resistance to root rot 

was found. 

She recessive nature of resistance, the approximate 

estimation of genes involved, and the apparent freedom from 

serious linkage problems form a "basis upon which to develop 

a "breeding program designed to incorporate tolerance to 

root rot with horticulturally desirable characters in 

present day varieties of beans* 
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