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THE IHHEBITANCE OF RESISTANCE TO 

BEAN TELLOW MOSAIC VIRDS IN PHASEOLPS VULOARIS L. 

INTRODUCTIOJI 

The cowBon bean, Phaseolns vulgaria L., is grown comnercially in 

large acreages in the United States, either for dry-shell or green-pod 

consumption. About 300,000 acres of snap or green beans alone, with a 

yalue of approximately $77*000,000, were grown in the United States in 

1955• Green beans are also among the leading vegetables grown in hone 

gardens throughout the nation. 

In Oregon, the leading state in the production of processed green 

beans, approximately 10,000 acres, with a gross value to the grower of 

$10,000,000, were grown in 1955 for canning and freezing. The most 

important rariety in this area is the Blue Lake, a pole type which re- 

quires trellis culture. The growing of green beans in Oregon is there- 

fore a high-cost, concentrated industry, in which plant disease prob- 

lems may be economically critical. 

Among the diseases affecting beans in Oregon and other areas, 

one of the most widespread and consistent in occurrence is that caused 

by the bean yellow mosaic -virus. Naturally transmitted by aphids to 

beans, from such perennial hosts as rarious clovers and gladioli, bean 

yellow mosaic virus is present in varying degrees in virtually every 

field of beans grown in Western Oregon. Infected plants of ordinary 

susceptible varieties, such as the Blue Lake, are usually severely 

dwarfed and distorted. The pods are often badly misshapen and reduced 

in slse, and may be of little comercial value. 



Although the actual danage, on a percentage basis, is ordinarily 

slight throughout the area, more serious losses are not uneoneon vhea 

insect teetors and perennial host plants are abundant* When bean 

plantings are nade adjacent to fields of gladioli, severe infections 

of nearly 100^ of the plants nay occur. la 1950, widespread infec- 

tions of bean yellow aoeaic, and of bean ccasaon mosaic, occurred in 

the Vlllawtte Valley of Oregon in the F.M. 6$ Blue Lake rariety, 

causing heavy general losses. Similar losses have been reported in 

other ar?as. In 191*7 in the Cache Valley of Utah, an outbreak of 

bean yellow mosaic caused 165 of the 2U0 acres of Blue Lake pole beans 

planted for processing to be abandoned (2, p.38U). Sueh outbreaks are 

usually related to high aphid populations in combination with the 

presence of virus inoculum in wild or crop hosts* Widespread infec- 

tion could occur at any future time when these conditions become 

favorable. 

Although ths occurrence of bean yellow mosaic can possibly be 

reduced, in some eases, by adequate aphid control programs, and the 

elimination of perennial host plants, the use of resistant bean vari- 

eties would be an ideal general control measure. A field bean varie- 

ty. Great Northern U.I. 31, has been found to possess strong resist- 

ance to pod-distorting strains of BXKV 1 isolated from severe field 

infections of beans in the Willamette Valley of Oregon, and to natu- 

ral Infection by viruses transmitted by aphids from gladioli plant- 

ings, this variety is known, however, to be susceptible to other 

1 BXKV will be used hereafter far bean yellow mosaic -virus. 



BTM7 atralna including acaa which occur In Idaho and Vaafaington. Ba- 

cauaa of the great apparent variability in ETMV strains which may be 

found in tha rarlous bean growing areas of the nation, resistance aay 

be of only teaporary value unless plant materials possessing strong 

general resistance are available for breeding purposes. 

Several varieties of the runner bean, Phaseolus eocclneua L., 

have also been tested, and are resistant or inaaune to aany, and pos- 

sibly all strains of BTMV, lac lading strains Isolated from beans in 

Oregon and Central Washington, and strains occurring In Western Oregon 

gladioli plantings. 

The purpose of this study has been to determine the aode of 

Inheritance of resistance to BIM? in crosses between the available 

resistant varieties, and susceptible ccanaerolal bean varieties. Suck 

inforaation should greatly facilitate the planning and execution of 

programs for tha breeding of coMMrcial bean -varieties resistant to 

bean yellow mosaic. 



BBVIEW OF LITERATURE 

The Bean Yellow Mosaic Virus Group 

Bean yellow nosalc was first described as a distinct virus dis- 

ease by Pierce (11, pp.87-115)»  la 193k• Symptons in a susceptible 

variety were described as a yellowing and downward turning of the 

first trifoliate leaves, followed by a distinct green and yellow 

mottle in higher leaves, and a severe dwarfing of the plant. In cer- 

tain extremely susceptible varieties such as Mexican Tree, the first 

trifoliate leaves and epicotyl were killed, while in Brittle Wax and 

GfcLant Stringless, leaves were curled, and pods mottled and distorted. 

Corbett Refugee, Robust, and Great Northern U.I. 1, varieties resist- 

ant to bean common mosaic, were mildly affected, developing distinct 

mottles with little distortion or dwarfing in later growth stages. 

No seed transmission of this virus was found in extensive tests. On 

the basis of symptoatology, host range, and the lack of seed trans- 

mission, this virus disease was considered to be distinct from the 

common mosaic disease of beans, previously described by Reddick (12, 

pp*!>30-£3U)» Fajardo (3, pp.li69-li9ii), and others; and the causal virus 

was designated bean virus 2. 

In more recent usage, this virus is known as bean yellow mosaic 

virus (BDiY). This nomenclature will be used during the remainder of 

the thesis* 

BTHV was shown, by Grogan and Walker (5, pp.U89-U93) in 19b8, to 

be related to bean common mosaic virus on the basis of cross-protection 

N 



tests* In Stringless Green Refugee and Sensation Refugee 1066, bean 

eonaon mosaic virus vas found to effectively iummize plants against 

infectiona by BTMV, and conversely, 0YM7 gave partial or complete pro- 

tection against the other virus* The chief differences between the 

two viruses are in host range, and the fact that bean common mosaic 

virus is seed-transmissible, while BYMV is not* 

The virus described by Pierce is usually considered to be the 

typical or classical strain of BTMV. Several other distinct strains 

have been reported since 193b* In 19U8, Qrogan and Walker (U, pp.301- 

311i) described a virus strain, isolated in Wisconsin, which produced 

severe pod distortion in many bean varieties, and which was concluded 

to be a strain of BTM? on the basis of symptoms in certain hosts and 

its failure to be transmitted by seed. Reactions in various bean va- 

rieties were divided into three groupsi (1) no symptoms, (2) stunting, 

leaf deformation and mottle, without necrosis, (3) top necrosis with 

partial recovery, or a general necrosis which killed the plant, and 

(li) a modified necrosis causing yellowing and drop of tip leaves, but 

no death of the terminal. Pods borne on infected plants of any type 

were severely varted and misshapen. This strain differed from a typi- 

cal BTM? strain, studied at the same time, in that it did not infect 

several leguminous hosts, including Vicia faba L., Malilotua offici- 

nalis (L.)Lam*, Me li lotus alba Dear*, and Qlycifrf max (L.)Piper. 

Inactivation properties were reported to conform to those described 

by Pierce (11, pp.l00-10li) for bean common mosaio virus and typical 

BIMV. 



The occurrence of a severe form of EYKV in Western Oregon was 

described by McWhorter and Boyle (10, pp.l-li) in I9k6.   This Tirus, 

teraed "I-disease,* produced severe leaf, stem, and tip necrosis, 

which sooetims resulted in death of the plant. Typical mottles were 

also produced, at tines, following the neerotic symptoms. Along with 

ordinary non*necrotic strains, it was considered to be the chief cause 

of economic loss in horn  and field plantings of beans and peas in 

Oregon at that tiae. 

Zauaeyer and Fisher (lU, pp.li$-U9), in 1953* described a necrotic- 

lesion producing strain of BTMV, isolated fron a nalfornsd bean pod in 

a field in Eastern Washington. All Uk bean varieties tested were clas- 

sified as susceptible and were of three classest  (1) susceptible to 

neerotic lesions and systemic mottle, (2) susceptible to neerotic local 

lesions only, and (3) susceptible to systemic mottle only. Local le- 

sions produced were distinct circular spots, or spreading veinal necro- 

sis, and were produced on trifoliate leaves of a few varieties only. 

The host range differed from the type strain in that Phaseolns lunatus 

L., two species of Vigna, Nicotiana tobacum L., and Hicotlana rustics 

L. were infected, while Pisum sativum L., Trifolium incarnation L., 

Trifolium pratense L., and Trifolium repens L. were not susceptible. 

Thomas and Zaumeyer (13* PP« 11-15)* in 1953* described a virus 

from Blue Lake beans at Twin Falls, Idaho, which produced yellow- 

necrotic lesions on three species of tobacco. In beans, strong epi- 

nasty, chlorosis, and veinal necrosis were produced on the Inoculated 

leaves, followed by severe systemic mottle in some varieties, and top 



necrosis and death in others. It was considered to be a severe-yellow- 

mosaic strain of BIMV, because of a similarity of properties, host 

range, and symptoras on bean varieties* No cross-protection was ob- 

tained from bean coaneon mosaic virus, however. 

Resistance to Bean Yellow Mosaic Virus 

Relatively few common bean varieties have been reported resistant 

to the various forms of BYMV. In ths original study of this virus 

by Pierce (U, pp.98-100) in 1931*, all varieties tested were suscep- 

tible to systemic infection. The varieties resistant to bean common 

mosaic, Corbett Refugee, Robust, and Great Northern U.I. 1, developed 

systemic infection which was mild in comparison with that of other 

varieties. 

Three varieties. Great Northern U.I. $9, G.N. U.I. 123, and G.N. 

U.I. 81, were reported resistant to ths pod-distorting strain by 

Grogan and Walker (U, p.303) in 19U8. All varieties tested were sus- 

ceptible to infection by the typical BWi strain used in their exper- 

iments. 

Great Northern U.I. 15 and G.N. U.I. 59, however, were reported 

by Afanasiev and Morris (1, pp.lOl-lOk), in 1952, to be susceptible 

to viruses which occur in Montana bean fields, and which are consider- 

ed to be typical BYMV strains. Some resistance to these strains was 

observed in Montana Great Northerns 1 and Ii3-15. In repeated green- 

house tests, these varieties showed only a low percentage of mild 

infections. 

Hungerford and Hillyer (7, p.621), in 195U, studied the reaction 



of yaxions bean rarieties to virus strains isolated in Idaho and 

Washington and considered similar to the type strain of Pierce.    Mon- 

tana Great Northerns 1 and U3-15> were found to be as severely infected 

as Great Northerns U.I. 123 and £?•    Also susceptible were G.N. U.I. 

16, 31, and 56. 

Great Northerns U.I. 31 and 16, which have been found in the 

present stuc^r to be resistant to systemic infection by a severe West- 

ern Oregon strain of BIMV, and Great Northern U.I. 123, were reported 

by Zauneyer and Fisher (lli,p.^) to fona only necrotic local lesions 

when inoculated with the necrotic-lesion strain.    These sane three 

varieties,    G.N. U.I. 16, 31, and 123, were reported by Thorns and 

Zauneyer (I3,p«ll) to be the only bean varieties not infected with the 

severe strain of BTMV which produced local lesions on tobacco. 

Great Northerns U.I. 16 and 31, according to Eungerford (6, p.7), 

originated as selections from crosses of G.N. U.I. $9 and curly-top 

resistant Red Mexican U.I. 3U*    G.N. U.I. $9 has been previously Men- 

tioned as being resistant to the pod-distorting strain by Grogan and 

Walker (U, p. 303). 

Resistance to BTMV in the species Phaseolus coccineus L. has been 

reported by several workers.    Pierce (U, pp. 106-107) inoculated P. 

coccineus I». plants with the typical strain in 193U, and indicated there 

was no infection.    Zauneyer and Fisher (lU, p. 1*6), in 1953, found no 

infection in plants inoculated with the necrotic-lesion strain described 

at that tiae.   Thoaas and Zauneyer (13, p.13), also In 1953, reported 

the Streaxaline variety of P^ coccineus L. to be resistant to the severe 



fora of BTMV which produced local lesions cat tobacco* 

Gladioli as a Source of Field Infection 

During the course of this study, gladioli were used as a source 

of natural infection for the field testing of parental materials and 

certain progeny lines of beans.    The production of an infection of 

BTMV in beans by virus from the gladiolus was first described by 

MeVhorter and co-workers (9, pp.177-178) in 19it7»    The frequent obser- 

vation of severe Infection of beans planted adjacent to comaercial 

gladioli fields in Western Oregon, led to the confinaation of this 

plant as a host of BTMV.   Viruses, including both the neerotic and typ- 

ical foms of BTMV, were isolated from gladioli in successful inocu- 

lations of Vioia faba L. 
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MATERIALS AMD METHODS 

Definition of Resistance 

A resistant bean plant, variety, or strain, is defined as one in 

which no systeaic sy^toms are produced vhen rub-inoculation is employ- 

ed. Localised necrosis nay occur on the inoculated leaves only. 

Bean Varieties 

The principal bean varieties and breeding lines used during these 

studies are described belov. Vhen not otherwise stated, the supply of 

seed used in the experiments was produced cm the farm of the Vegetable 

Crops section. Department of Horticulture, Oregon State College. 

Phaseolus vulgaris L. 

O.S.C. 21 Blue Lake (hereafter designated O.S.C. 21). This line 

originated from a single plant selection made from the F.M. 1 Blue 

Lake variety (Ferry Morse Seed Corapany) in 1951 • Originally selected 

for early vigor of growth, O.S.C. 21 was retained because it displayed 

some pranise as a quality Blue Lake type, but was never exploited 

beyond a preliminary testing stage. Typical of the current Blue Lake 

varieties, O.S.C. 21 is a true pole bean line, with indeterminate 

growth, long intemodes, and twining habit. The pods are dark green, 

round, fleshy, fiberless, small-seeded, and fairly straight, but with 

a tendency for moderate segmentation in the late processing stages. 

The mature seeds and the flowers are white. It is resistant to ordi- 

nary strains of bean cannon mosaic, but susceptible to infection by 

BTMV, developing a severe systeaic mottle, accompanied by leaf and 
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stem distortion, general stunting, and pod distortion when infected 

with the strains used in this study. 

O.S.C* 22 Blue Lake (O.S.C. 22). The origin and general charac- 

teristics are the same as for O.S.C. 21. Because of a greater pod 

quality, O.S.C. 22 has received production and processing tests on a 

much larger scale than those given O.S.C. 21. 

Great Northsm U.I. 31 (G.N. 31). This variety was developed 

by the University of Idaho for resistance to the curly-top disease, 

and the types of bean common mosaic prevalent in Southern Idaho. It 

was selected from a cross of Great Northern U.I. $9 with Red Mexican 

U.I. 3U (6, p.7)« It possesses the typical Great Northern character- 

istics! white, flat seeds; flat, stringy, fibrous, non-fleshy pods of 

a light green color; and semi-pole type growth with a heavy pod set 

and bushy growth at the base of the plant. G.N. 31 is resistant to 

curly-top, bean common mosaic, certain types of bean yellow mosaic, 

and halo bacterial blight. 

The original seed stock was supplied by the University of Idaho 

(Department of Plant Pathology). When plants grown from this original 

seed supply, or from that produced the first year at this station, 

were inoculated with either strain of BTMV used in this study, an 

occasional distinctly susceptible plant was observed. Seed was saved 

from several of these plants, and the resulting progeny plants were 

all severely infected when inoculated, indicating that such suscepti- 

ble plants were distinct genotypes present in the G.N. 31 stock as 

mixtures. In the spring of 19£U, a number of uniformly resistant lines 
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were established by rigorously testing a number of plants, saring seed 

from each plant individually, and testing a number of progeny plants 

in each line* No susceptibles were found in any of the lines, which 

were increased and used for hybridisation and as resistant check plants 

during the remainder of the study. 

Montana Great Northern U3-15 (Mont. U3-15). This Great Northern 

variety, developed by the Montana Agricultural Experimsnt Station, is 

very similar in general characteristics to G.N. 31. It has been re- 

ported by the Montana workers to be highly resistant to the strains of 

BIMV prevalent in Montana bean growing areas (1, pp.l01-10i0, but is 

highly susceptible to the virus strains used in this stufy. The orig- 

inal seed for testing was received from Dr. Afanasiev of Montana State 

College. 

Dwarf Horticultural. This standard dwarf variety of the horti- 

cultural type has open foliage, large pods which are flat and heavily 

mottled, and large red-mottled seeds. Although mosaic-resistant com- 

mercial strains may be available, the standard Dwarf Horticultural 

strain used as a virus stock plant in these studies, is highly suscep- 

tible to bean conmon mosaic, and bean yellow mosaic. It is also very 

susceptible to root rots and other fungus diseases. Supplies of seed 

were obtained from the Ferry Morse Seed Company. 

Phaseolus coccineus L. 

Six lines and varieties of P^ coccineus L., the runner bean, were 

tasted and employed in hybridisation, although only the first listed 

below was used in crosses which were tested extensively. Both varietal 



13 

names, when available, and Oregon State College Accession nunbers are 

given below.    In subsequent sections of tbe text, only the accession 

nunbers, and in sons cases the species name, will be used.    Origins, 

other than the inrasdiate source of seed, are not known. 

In general, the Phaseolus coccineus L. strains are very rigorous, 

profusely flowering, and bear large, flat, very fibrous, stringy pods 

containing large seeds.   All are true pole types. 

E. M. Header, of the University of New HanpsMre, supplied the 

original seed of all strains except tbs last one listed, which vas ob- 

tained fron the Associated Seed Growers, Inc., Salinas, California. 

The following is a list of the varieties or strains of P^ coccineus 

L. studied. 

Accession 201U - Barteldes Line - white seeded, white flowered. 

" 201? - Black Runner - black seeded, red-orange flowered. 

" 2012 - Batterbean - white seeded, white flowered. 

" 2018 - white seeded, white flowered. 

* 2016 - Cornwall Giant - red-purple mottled seeds, orange 

flower*. 

— —       Scarlet Runner - red-purple mottled seeds, orange 

flowers. 

Virus Strains 

Two distinct strains of Bean Yellow Mosaic Virus were used in this 

study to determine the behaviour of parental varieties and the inheri- 

tance of resistance. The descriptions which follow were derived in 

part fron infornation obtained during the experinental period. 
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The designations T and V have been assigned to these two strains. 

They- are siadlar in that each produces epinasty of the primary leaves, 

severe systemic mottle, and pod distortion in susceptibia bean vari- 

eties j bat differ in host range, as shown in Table 1, page 16.    The 

pod-distorting characteristic (Figure 3 and i*, p»150 indicates a cer- 

tain similarity between these strains and the pod-distorting strain of 

BTMV reported by Grogan and Walker (U, pp.301-31ii)»    No special studies 

have been wade, however, to classify the T and W-strains and to deter- 

mine their relationships with strains reported in the literature. 

The origin and characteristics of each strain are as follows) 

T-strain.    The T strain of BTMV was isolated from a severely in- 

fected planting of F.M. 65 Blue Lake beans in 1950 in the Willamette 

Valley of Oregon.   Studies of seed transmissibility and cross-protec- 

tion relationships with bean common mosaic virus (Figure 2, p. 18) 

were made soon after its isolation and before the beginning of this 

study*    All tests for seed transmission have been negative.    A strain 

of bean common mosaic virus gave complete cross-protection against the 

T-strain in P.M. 65 Blue Lake*   No further cross-protection tests have 

been made. 

The thsrmal inactivation temperature in a ten-minute vater bath 

is about 60 C, as observed when plant juice was heated to reduce the 

possibility of contamination by other viruses. Some infectivity re- 

mained after treatment at 60 C in each of three separate purifications 

carried out during the course of the study. The highest temperature 

at which this strain would remain infective was not determined. 
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A sumaary of the available host range information for the T- 

strain «ay be found in Table 1, page 16. 

W-strain. The W-strain was provided by Dr. W. J. Virgin of the 

California Packing Conpany, Sunnyvale, California, vho considered it 

to be a severe strain, valuable for use in breeding beans for resist- 

ance to BTMV. Little study has been Bade of its characteristics and 

classification. There has been soae indication that a contaminating 

strain or distinct virus has been maintained with the W-strain, or 

that possible autational changes have taken place since it vaa ac- 

quired* In the early stages of this study, the W-strain vas decided 

upon, in favor of the Y-strain, because of greater severity and infee- 

tivity, with the result that several populations of Fj plants and 

225 F3 families were tested exclusively with this strain. Its use 

was discontinued in the spring of 1955 in all tests of progenies 

with G.N. 31 as the resistant parent, because at that time systemic 

infection was observed in this variety. No systemic infection had 

previously been observed in G.N. 31 inoculated with the W-strain. 

Because of its distinct symptoms, and high infectivity which result- 

ed in a smaller percentage of escapes, some further use was made of 

this strain in tests of progenies of O.S.C. 22 X 201U (P. coccineua 

L.). Accession 20lU has never been infected by either virus strain 

in these studies. 

The W-strain was inactivated, in the early stages of the work, 

hy heating for ten minutes at 60 C, but since its observed change in 

behaviour in the G.N. 31 variety, a test was made in which soae 
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survival vas recorded at this temperature. 

Seed transmission has not been observed, although no special 

study has been made of this characteristic, or of cross-protect!on 

relationships with bean common mosaic virus. 

Host Bange Information for the T and W-strains. Host range or 

host preferance information available for the T and W-strains is pre- 

sented in Table 1. These data were obtained largely from tests con- 

ducted in conjunction with the inheritance study. In sons cases the 

nunbers of plants involved are low, and results are possibly not 

reliable when negative. The data for tests of coraon bean varieties 

represent one particular test only, although hundreds of plants of 

Dwarf Horticultural, O.S.C. 21, G.N. 31, and others, were inoculated 

during the course of the study as stock or control plants for progeny 

tests. The test recorded for G.N. 31* in which systemic infection 

was observed, was made in the summer of 1955* Prior to the fall of 

195U, no systemic infection was observed in this variety when it was 

inoculated with the W-s train. The results for inoculations of P. 

coccineus L. lines represent all the plants tested, except for 20lU, 

which was inoculated as a resistant control in several progeny tests. 

Table 1. Summary of Host Range Information Available for 
the T and W Strains of BIMV. 

Species Inoculated Numberinfected/Number inoculated 
      t-strain     W-strain 

Phaaeolus vulgarls L., variety! 
Topcrop 5/5 3/3 
Pencil Pod Wax 5/5 5/5 
Landreth1* Stringless 5/5 6/6 
Kentucky Wonder k/k 5/5 
Tendergreen 6/6 5/5 
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Table 1. - continued. 

Species Inoculated Nuraber infected/Nuaber inoculated 
X-etrain V-strain 

Phaaeolus vulgarls L.t varietyx 

Contender 3/3 3/3 
Blue Ribbon Bush 5/5 5/5 
Hyscore ?# 5/5 
Purple Pod itA 

%* Red Kidney 5/5 5/5 
Puregold 0/18 5/5 
Greet Northern U.I. 59 3/12 - 

O.N. 123 8/12 . 

Q.N. 81 5/12 <m 

Bed Mexican U.I. 3 8/12 - 

Red Mexican U.I. 3k 11/12 . 

Pinto U.I. 78 11/12 - 

Pinto U.I. Ill 11/12 • 

Pinto U.I. 72 12/12 - 

Idaho Refugee 9/19 - 
O.S.C. 21 Blue Lake 5/5 11/11 
G.N* 31 0/10 5/5 
Bountiful 15/15 u/n 
Dwarf Horticultural ii/il n/n 

Phaaeolus coccineua L. , var.t 

Barteldes Lisa (Accession 
2011*) oA6 0/18 

Black Runner (Ace. ! 2019) - 0/21 
Butterbean (Ace. 2012) «* 0/17 
White Flowered Ace. 2018 - 0/15 
Scarlet Runner 0/11 0/23 
Cornwall Giant (Ace . 2016) " 0/12 

Vicla faba L. 9/20 3/9 
Glycine sax (L.)Piper 0/12 8/12 
Vieia YiHosa Roth* 0/12 12/12 
Trifolium pratense L. 
Trifoliua incarnation 1 

o/Uo 0/3U 
L. k/19 10/23 

Trifolium repens L. 0/31 0/18 
Trifoliuai tarbrldhai L. 
Melilotus alba Desr. 

3/21* 7/13 
oAo 7/26 

Melilotus officinalls (L.)Laa. 2/26 11/26 

Pisxm sativuM L., varietyi 
W. R. Perfection 0/12 0/12 
Uttle Marvel 0/11 o/n 
Surprise 0/12 0/12 
Wando 0/12 0/12 
Tall Telephone 0/12 10/12 
Freezonim U/12 6/12 
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Figure 1.    Typical eyaptoms of the T (left) and W (right) 
strains of BIM? in leaves of the Bountiful bean variety. 

Figure 2.    Toung leaves of the Dvarf Horticultural bean 
variety infected with the bean common mosaic virus. 
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Figure 3» Pod distortion in the Topcrop bean variety 
infected with the T strain of BIM?! check on the top. 

Figure k*   Distorted pods of Dwarf Horticultural infected 
with the T strain of BYMVj check on the right. 
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Figure 5» Symptoms produced in the Dwarf Horticultural bean 
variety inoculated with the I strain of BTKV. 

Figure 6. Symptoms of the T strain of BXMV in Vicia faba L. 
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General Methods of Plant Culture 

Plants were grown in three general ways, depending upon the season 

of the year, the needs for the particular phase of work, and the facil- 

ities available. These three general situations are described below. 

Bench Qreenhouse. During most seasons, plants were grown in one- 

gallon cans, on permanent greenhouse benches. The soil used consist- 

ed of about two-thirds field soil, primarily Chshalis loam, and one- 

third mason sand. For all principal tests, the soil was unsterilized, 

and about four grams of complete commercial fertilizer was mixed into 

the upper half before planting. To insure uniform germination, the 

top of the soil was smoothly packed and the seeds were covered with 

measured quantities of mason sand. 

Qround-bed Greenhouse. During the spring and early summer, a 

portion of the vork was done in greenhouses where plants were grown 

in ground beds of fine sandy loam soil. Seeds were planted about 

three inches from a band application of ammonium phosphate (11-1*8-0) 

commercial fertiliser, in rows two to three feet apart. Plants were 

usually grown on string trellises. 

Field. Field plantings were made in May or early June in Chehalis 

loam. Prior to planting, a band application of UOO pounds of 11-U8-0, 

or 600 pounds of 10-16-8 commercial fertilizer was matte. Seeds were 

planted indiridually by hand, or with a belt-type hand planter that 

was designed to plant any size or type of seed without danger of seed 

mixtures. Plants were spaced from three to six inches apart, or one 

to two feet when it vas necessary to harvest seed from each plant 
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individually. Except for F3 families grown for testing, the plants 

were groan on wire-supported string trellises, or on wooden stakes. 

Sprinkler irrigation vas applied every ten days, or when needed. 

General. Insects were controlled as much as possible, by dusting 

or fumigation, in all plantings. 

A general practice adopted during this study vas that of scari- 

fying seeds in order to insure prompt aid uniform germination, and 

thereby facilitate more uniform inoculation. This practice vas needed 

because of the tendency for seeds, when thoroughly dried, to develop 

hard seedcoats that were impermeable to water. Scarification was 

accomplished by rubbing the seeds on sandpaper to produce a small abra- 

sion in the seed coat. 

Light and Temperature. No control of light conditions vas possi- 

ble except for the whitewashing of greenhouses during the summer to 

reduce the intensity of sunlight; It is recognised that the usual 

light intensities during the cloudy winter weather in Western Oregon 

are not adequate for optimum plant growth* Although such environ- 

mental conditions as light and temperature may affect the expression 

of plant disease symptoms, it was not possible to clarify such effects 

in the present study. 

Temperature control was possible to an extent in greenhouse cul- 

ture. The bench greenhouse was equipped with hot-water coils, and 

manually operated ventilators. During winter months, the day temper- 

atures were maintained at 65 to 70 F when possible, and night temper- 

atures fluctuated from 50 to 60 F* During the late spring and early 

fall, temperatures fluctuated considerably with variable weather 
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conditions* 

The ground-bed greenhouses were equipped with thermostatically 

controlled, hot water, blower-type heaters, and manually operated 

ventilators* Night temperatures were maintained at $0 to 60 F. Day 

temperatures ranged from 70 to 7$ F during cloudy weather, but fluc- 

tuated from About 60 to 35 F during rariable or sunny periods when 

it was necessary to maintain qpen -ventilators. 

Hybridisation 

Hybridization between bean varieties was accoiqplished by means 

of hand emasculation and pollination. Flowers of the plant used as 

the seed or pistillate parent were emasculated and prepared for pol- 

lination one day before normal opening, by pulling aside the outer 

petals, splitting the keel, and removing the immature stamens with 

sharply pointed forceps. From qpen flowers of the male or staminate 

parent plant, the stigma, which usually carries a generous supply of 

free pollen at this stage, was removed and rubbed upon the exposed 

stigma of the female flower. 

Immediately after pollination, the flowers were enclosed in a 

hollow wrapping of moist tissue paper to prevent drying of the ex- 

posed stigmatic surface, and reduce the possibility of contamination 

by foreign pollen. The tissue paper wrappers were removed in about 

fi-ve days to prevent the deformation of the pods. 

The crosses made during this study are listed below, in chrono- 

logical order. Spring crosses were made on plants grown in greenhouse 
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ground beds, while sunraer crosses were made in the field* 

3prt.ny'1953»    The initial crosses were made between O.S.C. 21 

and G.N. 31*    Parent plants were not tested for disease reaction. 

The reciprocal crosses made were the followingi 

O.S.C. 21 X O.K. 31 

GJU 31 X O.S.C. 21 

Hereafter, the notation O.S.C. 21 X G.N. 31, will refer to the recip- 

rocal crosses, unless otherwise specified. 

SuBMer-1953»    An interspecific cross was made as followst 

O.S.C. 22 (Phaseolus vulgaris L.) X 201ii (P. coccinens L.) 

In addition, the F^ generation of O.S.C. 21 X G.N. 31, from 

crosses made in the spring of 19!?3, was reciprocally backcrossed to 

each parent, as listed belowt 

?1 X O.S.C. 21 

O.S.C. 21 X Fj^ 

Fi X G.N. 31 

G.N. 31 X ^ 

5pring-195U. Greenhouse crosses were again made between O.S.C. 

21 and G.N. 31 because those made in the spring of 1953 involved 

untested O.W. 31 plants. It was considered necessaiy to repeat these 

crosses under more c cm trolled circumstances, because of the presence, 

in the G.N. 31 stock, of a low percentage of distinctly susceptible 

individuals, as mentioned previously in the description of this vari- 

ety (p. 11)* The thirty-one G.N. 31 plants used for crossing were 

grown under favorable conditions in the ground-bed greenhouse and 
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tested rigorously for susceptibility to both the V and T rLrus strains. 

Inoculation with the W-strain on the priaary leaves, and later with 

the T-strain on the first or second trifoliate leaf, failed to pro- 

duce synptoms, except for vein necrosis of the inoculated leaves, 

although the 2$ O.S.C. 21, and Hi Dwarf Horticultural plants were 

severely infected at the tine of the inoculation with the T-strain. 

When two to three months of age, each G.N. 31 plant was sampled from 

the upper leaves, and test inoculation were made on Dwarf Horticul- 

tural. All tests were negative. One O.N. 31 plant developed a mild 

systemic mottle when k% months of age, however* A saapla from this 

plant produced systemic infection in Dwarf Horticultural, and in turn, 

early mild systemic mottles in a group of young G.N. 31 plants. This 

Infection vas considered to be caused by a naturally transmitted virus 

strain* different from the T and W-strains, but the crosses involving 

the original infected G.N. 31 plant were not included in F3 tests. 

As a further test of the G.N. 31 parent plants, seeds were saved 

from each, and from 15 to 1*0 plants of each progeny were grown In the 

field in 195k and Inoculated with the W-strain. No distinct infection 

resulted, although several plants in the entire planting developed 

mild symptoms,    Inocula from these plants were found to infect young 

G.N. 31 plants in the greenhouse, and were considered to contain 

field transmitted viruses other than the T and W strains. Several 

uniformly resistant lines of G.N. 31 were obtained from these tests 

and used during the remainder of the study for check plants or for 

hybridisation. 
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SuaMBr-195U» Reciprocal backcrosses were aade between G.N. 31, 

and the F^ generation of the crosses made in the spring of 195U be- 

tween this variety and O.S.C. 21s 

Fi I Q.H. 31 

O.N. 31 I ?i 

The G.N. 31 plants used in these backcrosses were frost the original 

seedstocks, and were inoculated twice, once on the primary leayes, and 

once on the first trifoliate leares, to eliminate possible suscep- 

tible individuals. 

G.N. 31 was also hybridised with Montana Great Northern 1*3-15• 

Only G.N. 31 X Mont. 1*3-1? was made) the reciprocal cross was not 

obtained. 

O.S.C. 21 was hybridised with each of the P. coccineua L. vari- 

eties listed on page 13, in order to obtain information on the suscep- 

tibility of the fi generation. 

Seed Production and Harvest 

Seed for the ?2 and ^3 generation tests was produced in the field, 

except for a portion of the F? seed, which was produced in the ground- 

bed greenhouse. 

In the case of the 1953 reciprocal crosses between G.N* 31 and 

O.S.C. 21, the F2 seeds were mass harvested, with the reciprocals sep- 

arate. Fg seed* from the crosses O.S.C. 22 X ZOlU were also mass har- 

vested. 

¥2  seeds from the 195U reciprocal crosses between O.S.C. 21 and 
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G.N. 31, and the cross of G.N. 31 Z Mont. ii3-15>, were harvested sep- 

arately fro» indiTidual F^ plants, and maintained through the test* 

ing program as Fg families. 

The production of seed for the F3 generation was accosplished by 

planting Fg seeds at wide spacings, and harvesting seeds separately 

from each individual plant. In the case of the 19$k crosses betveen 

O.S.C. 21 and G.N. 31, and G.N, 31 X Mont. 143-15, F3 families were 

also grouped and identified according to the F2 family from which 

they originated. This identity was maintained during the testing 

program. 

General Inoculation Methods 

Maintenance of virus strains and the source of inoculum. Dwarf 

Horticultural bean plants were used as the source of Inoculum for all 

tests of resistance* The virus strains were maintained, by repeated 

transfersj in this variety from the beginning of the study until Oc- 

tober, 195U. At that time, as a precaution against serious modifi- 

cations of the virus behaviour through mutation or virus mixtures, a 

quantity of each strain was preserved by means of the dehydration 

technique described by McKinney (8, pp.615-620). This method consist- 

ed of placing 15 grams of young infected leaves, wrapped in cheese- 

cloth, in wide-mouth pint mason jars, containing an equal weight of 

anhydrous calcium chloride. The jars were sealed tightly and placed 

in a refrigerator for one to two weeks, after which the dried leaves 

were transferred to four-ounce screw top jars containing approximately 
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1*5 grams of anhydrous ■agnesium perchlorate. These jars were stored 

Indefinitely in a refrigerator. 

A second supply was preserved in April, 1955* from plants inocu- 

lated with material stored the previous October. The procedure used 

following this preservation consisted of tbe inoculation of Dwarf 

Horticultural plants, and subsequently making two or three sub-trans- 

fer* into groups of young plants before again using preserved leaves 

as a source of inoculum. Inoculum maintained in this manner was used 

for the major portion of the testing program with the T-strain. The 

W-strain was used during this period only for certain tests involv- 

ing P. coccineus L. crosses* 

Age and condition of test plants* Plants were normally inocu- 

lated in the early primary leaf stage. It was found through observa- 

tion that greater inoculation success was attained if plants were 

inoculated during the first or second day after the unfolding of the 

primary leaves. Less leaf Injury and a higher percentage of infected 

plants resulted at this time than at later stages when the primary 

leaves were more fully expanded* During the early stages of the 

study, this relationship was not realised, with the result that the 

age of inoculation was somewhat variable, and in some cases the success 

of the test was possibly reduced. From the fall of 19$k until the 

termination of the work in the spring of 19£6, the period which includ- 

ed the major inoculations, the age of the plant was given considerable 

attention. 

In certain cases, a second inoculation was made on the first or 
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second trifoliate leaf, while in other tests plants were reinocu- 

lated on young lateral leaves - produced as a result of a cutting- 

back of the plant. 

Preparation of inocula* The inoculum used for testing was pre- 

pared fron young infected leaves thoroughly ground by neans of a w>r- 

tar and pestle. During the grinding of the leaves, sufficient tap 

vater vas added I? thh preparation to attain the desired dilution, 

this dilution vas reached, in the earlier stages of the study, by 

■sasuring the plant juice along vith a known quantity of vater added 

to facilitate grinding, and in the final year of vork, by weighing 

the leaves before the grinding process. With the exception of cer- 

tain preliminary tests, measured dilutions of four to five parts of 

vater to one part of plant juice were employed. 

Inoculation technique. Before inoculation, each leaf vas light- 

ly dusted vith UOO-mesh silicon carbide powder. The infective plant 

juice vas rubbed gently but firmly over the leaf surfaces vith one 

or several fingers. Cotton or cheesecloth pads vere used for the early 

inoculations, but their use vas discontinued. A coiparative test in 

February, 195U, involving 200 O.S.C. 21 plants, indicated that the 

finger method gave equal or superior results, vith less leaf injury, 

greater convenience, and faster inoculation. 

In all greenhouse tests, the plants vere washed with a sprinkling 

hose soon after inoculation, but this practice vas not consistently 

followed for the field inoculations. 

In most cases, inoculations vere made during the morning - usually 
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before 10:00 A.M. 

Resistance Tests 

A brief description of the resistance tests aade for each cross 

is given on the following pages* Tests of parental varieties are not 

included in the descriptions. Prelininary tests, with varying numbers 

of plants, were Bade for each parent line or variety, and in addition, 

a number of plants of the parents were included in each test as suscep- 

tible and resistant controls. 

O.S.C. 21 X GiN. 31 

Fl generation. (1) A very snail preliminary test was made in 

the ground-bed greenhouses in April, 1953, soon after the first Fi 

seeds vere available. In this test, nine Fl, two O.S.C. 21, and 

three 0.1. 31 plants vere inoculated with the W strain of HIM7. 

(2) A second test, involving 30 plants vas Bade in the siuner of 19^3 

in the field. Plants of each reciprocal cross vere grown in four 

plots of ten plants each. Five plants in each plot were inoculated 

with the Y-strain, and five with the T-Btrain. When U3 days of age, 

all plants without syvptoos were reinoculated on the youngest leaves. 

Final infection counts vere made at the end of the season. (3) The 

?! generation of the crosses made in the spring of 195U vas tested in 

the field in the sumner of 195U* A total of 33 plants vere inoculated 

vith the W-strain. Reinoculations vere made at three weeks of age of 

the Fi and O.S.C. 21 plants not showing sy^tons, and of all Q.N. 31 

plants. Infections were recorded in July and August. 
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F2 generation. Because a continuous and vide variation of symp- 

toms and a high escape rate made the classification of individual 

segregates difficult and uncertain, only a limited amount of F2 test- 

ing was done. Preliminary ?2  te8t8# made in the field in 1953,  and 

in the bench greenhouse in November, 1953, vill not be Mentioned 

further, because of the very high percentages of escapes which were 

obtained. The following additional 72 tests were made in the green- 

house during the study, and contributed supporting data to the F3 

tests which followed. These tests were designed to identify plants 

hamosygous for resistance, by means of a test of their F3 progenies. 

The need for this approach was apparent early in the study. 

(1) In January, 19%,  the following plants were tested! 

199 - F2 of the cross O.S.C. 21 I Q.N. 31 (reciprocal not 
included). 

10U - O.S.C. 21, inoculated check plants. 
106 - O.N. 31, inoculated cheek plants. 

In addition, approximately equal numbers of each were grown as uninoe- 

ulated checks, because of the possible occurrence of abnormal growth 

under winter conditions. Inoculations, with a lOtl dilation of the 

W-strain, were made on three occasions, at five-day intervals, be- 

cause of uneven germination* Because five day intervals allowed some 

plants to reach five days of age before inoculation, it is now recog- 

nized that many of these plaits were probably too old when inoculated 

and that the success of the initial inoculations may have been reduced 

to some extent. 

Plants were removed and counted when they were visibly Infected. 

At six weeks of age, all remaining F2 and O.S.C. 21 plants were cut 
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back to encourage lateral growth, and at eight weeks, reinoculations 

with the W-strain were made on the young leaves.   Seeds were harvested 

from all plants which did not become infected throughout the test, 

and progenies were grown and tested in the field in the summer of 

19SU vith a 5:1 dilution of the W-strain.    F^ plants from the most 

resistant progenies were also tested later in the greenhouse. 

(2) In March, 195U, the following materials were inoculated with 

the W-strain» 

O.S.C. 21 I a.N. 31 F2 - 1*76 plants 
G.N. 31 X O.S.C. 21 Fa - hk2      ■ 
O.S.C. 21 - 21?  « 
G.N. 31 - 59  " 

A few plants of each variety and progeny vere also grown as uninocu- 

lated checks. The general procedure in this test was the same as that 

for ths previous test. However, sunlight conditions were much better 

during most of this period, and symptom expression was greatly im- 

proved. Plants remaining four weeks after inoculation were cut back 

and reinoculations made the following week. Additional visibly in- 

fected plants were eliminated, and several questionable plants vere 

proved infected on the basis of test inoculations on Dwarf Horticul- 

tural* From 10 to Uo progeny plants frcn each uninfected Fg plant 

were tested in the field in 195U vith the W-strain. 

F3 generation. (1) In the summer of 195U* 225 random Fo families 

of the 1953 crosses were tested in the field with the W-strain. The 

number of plants tested in each family depended upon the amount of 

seed available, and ranged from 15 to 60. About two weeks after the 

first inoculation, all distinctly infected plants were eliminated and 
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the remaining plants were reinoculated on young leaflets* Final 

counts were made at the end of the growing season* The following win- 

ter, using snail seed remnants in the bench greenhouse, retests were 

■ade of all families that were uninfected or contained only several 

infected plants in the field. This test also employed the W-strain. 

Several families which were very mildly infected or uninfected in the 

greenhouse retests, were inoculated as F^ lines the following spring 

(1955) in the ground-bed greenhouse, using both the T and ¥ virus 

strains* 

(2) k09 F3 families of the original crosses between O.S.C. 21 and 

G.N. 31 nere tested in the spring of 1955 with the T-strain* Five 

plants each of 270 families were planted in the ground-bed greenhouse 

on March 28. A second randomised planting of the same 270 families 

was made on April h,  but was used only when it was necessary to con- 

firm the results of the first planting. Detailed symptom descriptions 

were made for these families, for use in a discussion of the effects 

of genetic segregation on the symptom expression of BTMV. The remain- 

der of the U09 families tested during this season were planted in the 

bench greenhouse in three groups, the last of which was planted on 

June 1. Five or six plants of each family were tested. For all of 

the families tested during this season, plants were retained and ob- 

served until pods were present in most cases* Family classifications 

were made on the basis of the severity and type of symptoms present. 

No reinoculations were made, but families giving questionable results 

were replanted and r«tested in the late spring of 1955. 
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(3) Six plants each of 595 F3 families from the 195>U crosses 

between O.S.C. 21 and G.N. 31 vere tested in the bench greenhouse in 

the fall of 1955 and the early spring of 1956* The inoculum and gen- 

eral procedures were the same as for the spring-1955 tests described 

above. Plants were inoculated with a 5*1 dilution of the T-strain, 

and families were discarded when susceptibility was apparent* Unin- 

fected or questionable families were discarded after approximately 

six-weeks observation, and retests were made in a planting made on 

February 17, 1956. 

Pi backcross generation* (1) First generation backcross plants of 

the 1953 crosses, which Included backcrosses to the susceptible parent, 

were inoculated with the W-strain in the ground-bed greenhouse in the 

spring of 195b* Plants were not reinoculated. Besistant check plants, 

because of a space limitation, consisted of Uo Q.N. 31 plants which 

were planted earlier for crossing purposes and inoculated with the W- 

strain, followed by the I-strain. Readings were taken and plants with 

systemic mottle were eliminated at intervals, until the test was ter- 

minated when the remaining plants were about eleven weeks old* 

(2) Backcross plants of the 195k crosses between 0.3 .C. 21 and 

G.N. 31, consisting in this case only of backcrosses to the resistant 

parent, were tested in the summer of 1955 in the bench greenhouse. 

In this case plantings were made in soil-filled benches, as well as in 

gallon cans. All plants were inoculated with the 7-strain. Approxi- 

mately four weeks after the first inoculation, uninfected plants were 

cut back and subsequently reinoculated. Although this test waa made 
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during the sunaer, light conditions were not ideal because the green- 

house was whitewashed to reduce heat, and because it was necessary to 

crowd the plants considerably* 

G.N. 31 I Mont. Ii3-15 

A 5>«1 dilution of the Y-strain was used for all inoculations made 

in tests of these progenies. All plants were grown in gallon cans in 

the bench greenhouse* 

Fi generation. Only 15 F^ plants of this cross were available 

for testing. Six of these were tested in July, 1955, in conjunction 

with the F2 test of the sane cross. The renaining nine plants were 

tested in March, 1956, with the final F3 family retests. 

F? generation. 299 F2 plants were inoculated in August, 1955. 

Susceptible plants were eliminated as observed, and uninfected survi- 

vors were retained for five weeks before being discarded. 

Fi generation. Tests of 366 F3 fawilies were made in the fall 

and winter of 1955* and the spring of 1956, using the sawe procedures 

as were enployed for the F3 families of the 195U crosses between 0.5.C. 

21 and G.N. 31. Replantings were made in March, 1956, of families 

which were uninfected in the first test* 

Phaseolus vulgarls L. X P. coccinens L. 

Fj generation. F^ tests for these crosses were very limited. 

Six plants of O.S.C. 22 X 20lii Fl were inoculated in the field in 

195U with the W-strain* In the sunner of 1955, in the greenhouse, 

snail numbers of plants were tested for each of several crosses of 

O.S.C. 21 X P. coccineua L. lines. These crosses are listed in the 
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results section for the interspecific crosses* 

F? generation* Three separate tests were made of F2 plants from 

the cross O.S.C. 22 X 2011*. Because of differences in the methods 

used, each is described separately below. 

(1) On December 6, 195U, in the bench greenhouse, 156 plants were 

inoculated with the ¥-strain. Test inoculations were made on Dwarf 

Horticultural for a number of plants with possible infection, but those 

with no indication of symptoms were counted as uninfected, and the test 

was discontinued on February 10, 19f>5, six weeks after the inoculation. 

(2) On February 20, 195?, 288 plants were inoculated in the green- 

house ground beds with the T-strain. Three weeks later, a second inoc- 

ulation was made on the youngest leayes of all plants which did not 

show distinct symptoms. Final records of rLsible symptoms were taken 

eight weeks later, on May 6, after which tests were made on Dwarf 

Horticultural for all plants with questionable or negative readings. 

(3) The third planting consisted of 188 plants Inoculated with 

the W-strain, and 97 with the T-strain, on June 1, 1955* in the bench 

greenhouse. This test was made to obtain additional inheritance 

information, and to compare the severity of the two virus strains on 

this progeny* All plants not apparently Infected in three weeks were 

reinoculated with the respective virus strain* The test was termi- 

nated in ten weeks, after all sy^tomless or questionable plants were 

tested by an inoculation on Dwarf Horticultural* 

Grafting Experimsnts 

Small experiments were conducted in the summer of 1955 to 
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determine whether G.N. 31 and 201]* (P. coccineus L.) would become 

systemically infected when approach-grafted to infected plants of a 

susceptible variety. 

Ten young G.N. 31 plants were approach-grafted to previously in- 

fected Dwarf Horticultural plants, and six were grafted to O.S.C. 21 

Or susceptible F3 progeny plants.    Four 2011* plants were grafted to 

infected O.S.C. 21.    Grafts were made by splitting off half of thB 

stem of each of the plants, which were growing in the same container, 

then binding the cut surfaces together with masking tape.    The plants 

were retained until they reached an advanced stage of maturity. 

Natural Infection with Gladioli as the Source of Inoculum 

In the summer of 195>5>» a planting was made adjacent to a small 

plot of gladioli on the farm of the Department of Botany and Plant 

Pathology.    The purpose of this test was to observe the behaviour of 

all parents used in this study, various progeny materials, and miscel- 

laneous commercial varieties, when exposed to natural infection by 

insect transmitted viruses carried in gladioli.    Because the gladioli 

were not planted sufficiently early, it was necessary to delay the 

planting of the test plants until July 11, which is much later than 

the normal planting date for commercial bean crops in Oregon. 

The general arrangement of this planting is shown photographi- 

cally in Figure 7» page 38.    The north edge of the bean planting 

was located 13 feet south of the first of three rows of mixed 

gladioli,  and separated from them by a row of cucumbers,  and a row of 
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untrelliaed F.M. 1 Blue Lake beana which were not a part of thia exper- 

iment, but which were heavily infected early in the test period, and 

probably served as an additional source of inoculum.    Row spacing for 

the test plots,  and the adjacent materials, was four feet.    All inde- 

terminate bean varieties or lines were allowed to grow on four-foot 

stakes. 

One plot of each variety or line was planted at random, except 

for O.S.C. 21, Mont. U3-15, G.N. 31, and Dwarf Horticultural, each of 

which was included in each of the four rows.    Two plots of G.N. 31 X 

Mont. h3-l$ Fp we ire included. 

Figure 7.    Beans plaited near gladioli in a stucfer of natural 
field infection, with cucumbers and unstaked Blue Lake beans 
between the bean plots on the right, and the gladioli on 
the left. 

Analysis of Data 

ExperLnental ratios were compared statistically with theoretical 

genetic  ratios by means  of the chl square  test for goodness of fit. 
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Calculations were made using the foraulas 

chi-square ■ ^ D^ 

vhere D equals the difference between observed and expected (theoret- 

ical) values, and E equals the expected value.    Because all ratios 

included only two classes, the Tates correction factor of -0.5 was 

applied, unless the difference between the observed and expected 

values was less than 0.5*    The corrected formula, vhen the Tates cor- 

rection factor was applicable, was as follows: 

chi-square m    < (D-Ojjj)2 

^        E 
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RESULTS OF RESISTANCE TESTS 

O.S.C. 21 I Q.N. 31 

Parent Varieties 

Data for inoculations of O.S.C. 21 and G.N. 31 najr be found in 

all tables of results for resistance tests in which these varieties 

were used as susceptible and resistant controls, respectively. 

The proportion of O.S.C. 21 plants infected was variable, but 

generally high.   Symptoms were relatively severe in all cases, but 

varied sonewhat according to the season; the terminals of plants in- 

oculated in winter were often killed at an early stage and the plant 

was generally more dwarfed than those tested in spring or summer. 

Typical leaf syraptoms are shown in Plate 12, and plant symptoms are 

shewn in Plates 1 and 3* 

G.N. 31 was not systemically infected by the T virus strain dur- 

ing this atucfer, although hundreds of plants were inoculated.    As dis- 

cussed in the description of this variety,  on page 11, the original 

stock contained a small percentage of distinctly susceptible plants 

that were found to breed true for susceptibility and were assumed to 

be mixtures.   Uniform lines of G.N. 31 were used after they were 

established in 195k, and no susceptible plants were observed in plant- 

ings inoculated with the T-strain after that time.    Inoculations of 

this variety with the Y-strain in the summer, spring,  or fall, normal- 

ly produced discrete, reddish-brown, neerotic local lesions on the 

inoculated leaf.    These discrete lesions were usually followed by 
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Figure 8.    A primary leaf of G.N. 31 inoculated -with the T 
strain of BYMV,  showing discrete necrotic lesions and the 
beginning of vein necrosis. 

spreading necrosis of the veins  (Figure 8).    Plants inoculated under 

winter conditions usually did not develop clearly visible lesions. 

During the first two years of the study, inoculations of G.N.  31 

with the W-strain produced only inoculated leaf syaptoms similar to 

those described above for the Y-inoculated plants.    Subsequent to the 

fall of 19%h,  the W-strain caused systemic vein necrosis and mild 

mottle, in addition to the usualy inoculated leaf symptoms, in approx- 

imately one-half of the inoculated plants  (Figure 9, p. 1*2).    Use of 

the W-strain was discontinued at that time for all crosses in which 

G.N. 31 served as the resistant parent. 
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Figure 9» Systemic infection of G.N. 31 inoculated with the 
V strain of BYMV in January, 1955. 

Fi Generation 

The results of all F^ generation tests for O.S.C. 21 X G.N. 31 

are presented in Table 2, page li3» Dominance of susceptibility in 

this generation is clearly shown by these tabulated data. 

The number of F^ plants free from infection was only slightly 

larger than the number of uninfected O.S.C. 21 plants in each case. 

Symptoms resembled those of O.S.C. 21 in type and severity, and in 

the time of their appearance. 
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Table 2.    Behariour of the Fx Generation of O.S.C. 21 X G.N. 
31 Reciprocal Crosses when Inoculated with the T and W 

Strains of BIMV 

Test Fl Progeny or Plants Plants Plants 
Check Variety Tested Infected Uninfected 

1. Greenhouse G.N. 31 X O.S.C. 21 6 5 1 
1953 O.S.C. 21 X G.N. 31 3 3 0 

W-strain O.S.C. 21 2 2 0 
G.N. 31 2 0 2 

2. Field G.N. 31 X O.S.C. 21 20 18 2 
1953 O.S.C. 21 X G.N. 31 20 17 3 

W-strain O.S.C. 21 19 18 1 
G,N. 31 20 0 20 

T-strain G.N. 31 X O.S.C. 21 20 19 1 
O.S.C. 21 X G.N. 31 20 20 0 
O.S.C. 21 19 18 1 
G.N. 31 20 0 20 

T. Field G.N. 31 X O.S.C. 21 15 11 k 
19SU O.S.C. 21 X G.N. 31 18 17 1 

W-strain O.S.C. 21 28 27 1 
G.N. 31 77 0 77 

Totals G.N. 31 X O.S.C. 21 61 53 8 
O.S.C. 21 X G.N. 31 61 57 k 
O.S.C. 21 68 65 3 
G.N. 31. 119 0 119 

*z. Generation 

Results of the ?2 progeny test of January, 195U, are shown in 

Table 3» page hk.    Because of the continuous rariability in the time 

of appearance and the severity of synptoms, plants were classified 

only as infected or non-infected.    The chi-square tests for the F^ 

ratios were applied only in the case of final results after the field 

progeny tests. 
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Table 3.    Results of January-19£li Inoculations of O.S.C. 21 X 
G.N, 31 F2 with ths W Strain of BIMV 

Progeny or  Plants Greenhouse Results ^-"^ Results  1^   P * 
Check Tested Infected  Free  ' Infected Free 63tl 

0«S.C• 21 X 
G.N.V P2   199   179      20      196    3  *003 .98 - 

.95 
G.S.C. 21    10U    97      7      - 

G.N. 31      105     0     105       - 

Range of probability of the deviation fro* the theoretical ratio 

ApproxLnately 28$ of the T2 plants and 23$ of the O.S.C. 21 check 

plants were apparently uninfected prior to the second inoculation. At 

the termination of the greenhouse test, 10$ of the P? plants, and 

approximately 7$ of the O.S.C. 21 plants were symptomless• When F3 

families from the 20 remaining plants were tested in the field, 15 

contained moderately to severely infected plants and were classified 

as susceptible. Three families contained only one or two plants with 

very mild infections and were classified as resistant with possible 

modifier effects. Greenhouse tests of the fU generation from these 

families supported this classification. The final approximate ratio 

was therefore 196 susceptible to 3 resistant F2 plants. The chi- 

square value of .003 with a probability range of .98 to .95 indicates 

that the data satisfactorily fit a theoretical 63»1 inheritance ratio. 

The results of the F2 test of March, 19514, are presented in Table 

U, page 1*5. Compared to the previous January-195U test, symptom ex- 

pressions and the success of the greenhouse inoculations were much 

improved, but the symptoms again ranged continuously from very severe 
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Table U.    Results of March-195U Inoculations of O.S.C. 21 X 
O.N. 31 F2 v±th th8 ¥ strain of KMV 

Progeny or     Plants    Green house Results    Final Results     f^ F" 
Check Tested Infected Free Infect. Free 63:1 

O.S.C. 21 X 
O.N. 31 F2 1*76 U66 10 U67 9 .152 .50 - 

.20 
O.N. 31 X 
O.S.C. 21 Fg Ui2 Ii36 6 U36 6 .023 .95 - 

.80 
Total for 
Reciprocals 918 902 16 903 15 .003 .98 - 

.95 
O.S.C. 21 219 210 9 - - 

O.N. 31 57 0 57 - - 

to very mild.    Only 6.1£ of the F2 plants and 5«9# of the O.S.C. 21 

plants vere synptoaless before the second inoculation.    Sixteen plants 

or approximately 1,7% of the ?2 population remained uninfected at the 

termination of the greenhouse test.   When progenies vere tested in the 

field,  one family of O.S.C. 21 X O.N. 31 appeared distinctly suscepti- 

ble*    Of the remaining 15 tested, nine contained one or tvo plants 

vith very mild infections which could have been caused by aphid 

transmitted viruses, and six vere completely symptomless throughout 

the season, although the O.S.C. 21 check plots vere about $0% severe- 

ly infected.    The chl-square values shown in Table U indicate that 

the ratios for each reciprocal cross, and their combined values, 

satisfactorily fit a 63:1 inheritance ratio. 

These data suggest that the Fp plants represented by the rela- 

tively resistant F3 progenies vere homoaygous for two or three major 

genes which were primarily- recessive. 
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F^ Generation 

Fleld~1953» The results of the 1953 test are shown in Table 5. 

The data for O.S.C. 21 and G.N. 31- consist of the total numbers of 

individual plants from many small plots. 

Table 5. Results of the 1953 Field Inoculations of O.S.C. 21 
I O.N. 31 F3 Families with the V Strain of ETM 

F3 Progeny or 
Check Variety 

Families 
Tested 

Classification 
Susceptible Resistant 

X? 
63 il 

P 

O.S.C. 21 X 
G.N. 31 116 116 0 . •» 

G.N. 31 I 
O.S.C. 21 109 107 2 .085 .80 - .50 

Total for 
Reciprocals 225 223 2 .652 .50 - .20 

O.S.C. 21 * 630 311* 316 - m 

G.N, 31 70 
-iHf 

69 - - 

* Numbers for O.S.C. 21 and G.N. 31* in all tables, refer to the 
number of individual plants involved. 

** Infected with virus that infected young G.N. 31 plants in the 
greenhouse and was presumed to be a field transmitted strain* 

Because of the high escape percentage, the possibility of infect 

tion by insect transmitted viruses, the variable number of plants in 

the field and greenhouse tests, and the use of the W-strain for re* 

testing during the period when this strain infected G.N. 31, it was 

not possible to make a dependable classification of families. It was 

only possible to confirm, through retesting, two highly resistant fami- 

lies.  These families contained only one and two plants with systemic 
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necrosis and mild mottle in the combined field and greenhouse tests 

of 51 and 25 plants respectively. The classification of the remain- 

der of the population was questionable. The chi-square value of 

•085 indicates good agreement with a 63tl ratio in the case of Q.H. 

31 X O.S.C. 21, and although no resistant families were identified in 

the reciprocal, the combined data also fit a 63:1 ratio with a proba- 

bility of .20 to .50 for the deviation. 

Spring-1955. The test of U09 F3 families made in the spring of 

1955 with the T-strain was relatively good from the standpoint of 

symptom expression and the degree of inoculation success. The sum- 

marized results of the first inoculations are presented in Table 6, 

page US, on the basis of presence and severity of systemic symptoms 

(systemic mottle, dwarfing, and distortion). Various necrotic symp- 

toms, which were abundant in these tests, will be considered later in 

a discussion of symptom expression in the single large planting of 

270 families. The data shown in Table 6 for G.N. 31 and O.S.C. 21 

consist of the totals for the several plantings, and are given as the 

number of individual plants tested. The fact that the escape percent- 

age for O.S.C 21 was 7*7 does not indicate a similar chance for the 

escape of F3 families, which were tested and classified as units of 

five or six plants. 

The results shown in Table 6 were considered to be tentative, 

because of the possibility of error in classification of families in 

which symptoms were slight or absent. Because of apparent modifying 

gene effects, many highly resistant families were found, during the 
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Table 6.    Summarised Results of the Spring-1955 Inoculations 
of h09 O.S.C 21 X G.N. 31 Fj Families with the T 

Strain of BTMV 

Progeny or     Faiailiei 
Check Tested 

Infected Families      Uninfected     f2 F 
Mild   Serere Total     Families        63tl 
Inf.      Inf.      Inf. 

O.S.C. 21 I 
G.N. 31 n$ 51 121 172 3 

G.N. 31 X 
O.S.C. 21 23U 76 153 229 5 

Total for 
Reciprocals k09 127 27U Uoi 8 

O.S.C.  21 90 0 83 83 7 

G.N. 31 IS 0 0 0 75 

.031*    .95 ■ 
.80 

.176    .80 - 
.50 

.192    .80 - 
.50 

study, to contain a low percentage of plants which were susceptible 

to mild infection.    Table 7, page h9$ presents the results of retests 

of families which were classified as resistant in Table 6, and in 

addition, a number of other families containing only one or two mild 

infections.   Many of the total number of retested families are not 

included in Table 7 because of the high susceptibility found in the 

retests.    Also included in Table 7 is the percentage of field infection 

for those families included in the gladioli test. 

Family 2-126 contained no systemically infected plants except one 

which developed very light systemic vein necrosis without mottle in 

the first test.    Families 2-126, 2-128, 3-3U, U-68, U-72, and perhaps 

2-101, comprised a highly resistant group.    Family U-lli6 was also quite 

resistant, and 2-167 should be considered as a possible resistant type 

because four of the five infected plants developed systemic necrosis 
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Table 7.    Summary of Results for Retested O.S.C. 21 X G.N. 31 
F3 Families of the Spring-1955 Tests with the T Strain of 

BTM? 

ttmMr Plants 
Severe 
Infect. 

in 1st 
Mild 
Infect 

Test with 
No 

. Infect. 

Plants 
Severe 
Infect. 

in Retest 
Aid 
Infect. 

, with 
No 

Infect. 

% Infection 
in Gladioli 

Test 

2-101* 

2-126 

0 

0 

0 

0 

5 

5 

1 

0 

2 

0 

12 

33 

2.it 

0.0 

2-128 0 0 5 0 2 52 0.0 

2-167 0 0 5 1 k 13 

2-196 0 0 6 5 0 13 

li-3U 0 0 5 0 1 3U 8.3 

lt-68 0 0 5 1 0 17 0,0 

I1-IU6 0 0 6 2 0 16 

2-66 1 0 h 0 5 10 

U-123 0 1 k 0 k 12 

U-72 1 0 k 0 1 28 

U-57 0 1 k 0 7 8 

2-121 0 1 h 2 3 10 

2-198 0 2 k 0 2 16 

o.s.c. 
21 - a* - 26 0 2 

G.N. 
31 - - - 0 0 21 

Prefix designation 2- refers to families from the cross G.N. 31 
Z O.S.C. 21j k" refers to the reciprocal cross. 

** 
Number included one plant with very light systemic vein necrosis 

without mottle. 
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of the leaves and stems without mottle. The remainder of the families 

listed in Table 7 appear to be less resistant. Because these data for 

disease reaction show a continuous variation, a genetic classification 

of the F^ families is necessarily arbitrary. It is suggested that the 

group of eight families listed above are homozygous for the major re- 

cessive genes involved, but contain modifiers which condition a low 

degree of susceptibility. Table 8 presents the resulting experimental 

ratios. 

Table 8. A Classification, Based on Re tests of Highly Resistant 
Families, of U09 O.S.C. 21 X G.N. 31 F3 Families Tested in 

the Spring of 1955 

F3 Familiea 
of 

Families 
Tested 

Susceptible Resistant I* 
63il 

P 

O.S.C. 21 X 
G.N. 31 175 171 h .2hl .80 - .50 

G.N. 31 X 
O.S.C. 21 23U 230 k .025 .95 - .80 

Total 1*09 U01 8 .192 .80 - .50 

The satisfactory fit of the data to a 63*1 ratio indicates that 

the eight highly resistant families are those which are homosygous 

for three major genes. Although it is possible that the group of 

families homosygous for major genes was sufficiently large to fit 

a l5il ratio, and that the remaining effects were due to modifiers, 

it was not possible to delineate such a group from these data. By 

arbitrarily including all retested families, except k-57,  in a single 

group, the ratios presented in Table 9 *re obtained. 



O.S.C. 21 
X G.N. 31 175 

G.N.  31 X 
O.S.C. 21 231* 

Total k09 

51 

Table 9.    A Classification of O.S.C. 21 X G.N. 31 F3 Families 
of the Spring-1955 Tests, Comparing Moderately and Highly 

Resistant Families Against More Susceptible Families 

F* Progeny   Families Suscep- Resistant or 9   ' 
of Tested     tible   Hear-resist. ** f  

l5il   1.89U   .20 - .10 
169 6 63»1   2.9U9   .10 - .05 

I5il   2.718   .10 - .05 
226 8 63*1   3.965    .05 - .01 

l5tl   5.131*    .05 - .01 
395 11* 63il   8.002 <.01 

It is apparent from the chi-square tests in Table 9,  that the 

addition of only six families to the most resistant class would favor 

the acceptance of a 15:1 ratio.    The families added in Table 9, how- 

ever, should not logically be considered to have resistance approach- 

ing that of G.N. 31. 

No substantial differences between reciprocal crosses have been 

evident in these results. 

Symptom expression in the Sprin^-1955 Fo tests.    The observations 

of symptoms in the Spring-1955 tests were made to facilitate the genet* 

ic classification of fandlies, and as a study of the effect of genetic 

segregation on the symptom expression of a single virus strain in the 

progeny of one cross.    The family classification presented in Table 

10 Involves only the single large planting of 270 families made in a 

ground-bed greenhouse.    Descriptions and photographs, however, pertain 

to the entire group of 1*09 families tested during this season and 

apply generally to the progeny of the cross O.S.C.  21 X G.N .  31. 
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Photographs showing examples of various F3 sjvptcm types are 

included as appendix plates. 

The symptoms which were observed in the tested families, are 

classified below according to their type and the part of the plant 

affected. The numbers of related appendix plates appear following 

the descriptions. 

I. Inoculated leaf symptoms. (Plates 6,7) 

A. Discrete necrotic local lesions. 

B. Vein necrosis - either as net necrosis spreading from 

discrete lesions, or occurring alone in various degrees. 

II. Systemic syirptoms. 

A. Necrotic. 

1. Pod necrosis - severe reddish necrotic areas in ccabi- 

nation with pod distortion. (Plate 10) 

2. Necrotic lesions - often appearing as an early symptom 

on upper non-mottled leaves, or as necrotic flecks on 

mottled leaves. (Plates 8,9) 

3* Vein or net necrosis - as spreading areas from discrete 

lesions, or appearing in patches or generally over the 

surface of upper leaves. (Plates 8,9,10) 

U. Stem necrosis - occurring at any staffs of development, 

and ranging in severity from a chronic mild condition, 

to death of the terminal or the entire upper part of 

the plant. 

B. Non-necrotic 
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1. Systemic mottle - typical mosaic symptoms with degrees 

of leaf distortion and plant stunting, ranging from 

very mild to extremely severe.  (Plates 11,12,13) 

2. Pod distort!on  - ranging from very slight to severe 

roughening and twisting. (Plate 13) 

The above symptoms appeared in many degrees and combinations, and 

varied in the stage of plant development at which they were expressed. 

Individual F? families tended strongly to produce uniform symptoms, 

although genetically segregating families included plants of different 

types, with the result that classification of families into definite 

symptom groups was difficult. For simplicity, the 270 families were 

classified somewhat arbitrarily as presented in Table 10, according 

to the combination of symptoms observed. 

Systemic mottles are divided into three categories, in Table 10, 

which include extremely severe, severe, and mild. Extremely severe 

types were strikingly dwarfed and distorted (Plate 13), with leaf 

diameter reduced to less than one-fifth, and plant height to less than 

one-tenth of normal. In mildly mottled plants (Plate 11), distortion 

and reduction of size were slight or absent. The intermediate class, 

into which all infected plants of O.S.C. 21 were classified, was mod- 

erately to severely dwarfed, with considerable leaf distortion. Pod 

distortion was common in types 1 and 2 (Table 10), and occurred to 

some extent in type 3 families, but many severely mottled plants, 

including those of O.S.C. 21, did not show distinct pod distortion. 

Types 5 and 6 were variable in respect to systendc mottles. 
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Table 10. Classification of 270 F3 Families of O.S.C. 21 X 
G.N. 31, Inoculated with the T Strain of BIMV, According 

to Symptom Expression 

General Systemic Systemic 
Necrosis 

frims try Leaf Necrosis Sub 
Symptoms Slight 

or 
Absent 

Net 
Necrosis 

Discrete 
Lesions 

Total 

1. Extremely severe 
systemic mottle. 

Present 

Absent 

0 

19 13 h 2 
19 

* 
2. Serere systemic 
mottle. Typical of 
susceptible parent 

Present 

Absent 

12 

132 

10 

120 

0 

7 

2 

5 
m 

3» Kild systemic 
mottle. 

Present 

Absent 

32 

29 

29 

28 

0 

0 

3 

1 
61 

U. Serere and mild 
mottle (segrega- 
ting.) 

Present 

Absent 

22 

7 

21 

7 

1 

0 

0 

0 
29 

5» Lethal systemic 
necrosis. Present 6 3 0 3 6 

6. Late general 
necrosis. Present 6 3 0 3 6 

7* Light systemic 
vein necrosis only. Present 1 0 0 1 1 

8. No systemic 
symptoms. Absent h 1 0 3 h 

Totals Present 

Absent 

79 

191 

66 

169 

1 

11 

12 

11 
270 

«* 

Of the 20 O.S.C. 21 plants tested, 19 were in this group) one 
escaped. 

All of the 20 GJJ. 31 plants tested were in this final group. 
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upon which were superimposed severe necrotie reactions. 

There was no strong relationship apparent between severity of 

mottle and the type of inoculated Deaf symptoms, although in types $ 

through 8 there was a greater tendency for the development of discrete 

necrotie lesions. Systemic necrosis was apparently related to mottle 

severity, being absent in type 1, but present in lOJf of the type 2 

families, and in over 50% of the mild (type 3) and segregating (type 

k)  families. Types 5, 6, and 7 were classified originally on the 

basis of systemic necrosis. The necrotie tendency therefore increases 

from group 1 to group 8, which is resistant, with complete localiza- 

tion of infection in the inoculated leaves. All inoculated plants 

of G.N. 31 were classified into this final category. 

Oreenhouse - 1955-56. Results of the tests of 595 F^ families 

from the second or repeat crosses of O.S.C. 21 X G.N. 31, are shown 

in Table 11. In the6e tests, which were conducted during the fall and 

winter of 1955 and the winter of 1956, many of the necrotie symptoms 

described in the preceding section were not observed, or were of re- 

duced severity. Because of such incomplete symptom expression, and 

a limitation on time and facilities, these families were classified 

only as uninfected, mildly infected, or severely infected, on the 

basis of both the original test and retests of negative or question- 

able families. In Table 11 families with one severe infection or two 

mild infections in 12 plants tested, have been arbitrarily included 

in the category "Slightly SuscepUble." Nine families did not develop 

symptoms, although results of earlier F3 tests would indicate that 
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Table 11.    Results of 1955-1956 Inoculations of O.S.C. 21 X 
G.N. 31 F3 Families with the T Strain of BIMV 

Progeny or 
Check 

Families 
Tested 

Distinctly Suscept. 
Severely  Mildly 
Infected  Infected 

Slightly » 
Susceptible 

Resis tant 
(Non-in- 
fected) 

O.S.C. 21 I 
G.N. 31 301 235 53 9 k 

G.N. 31 I 
O.S.C. 21 29U 237 U3 9 5 

Total for 
Reciprocal 
Crosses 595 U72 96 18 9 

O.S.C. 21 191 160 0 0 31 

G.N. 31 121 0 0 0 121 

Families containing one or two infected plants - usually 
mildly infected - in 12 plants tested. 

most, if not all, of these families would probably contain an occa- 

sional infected plant if inoculated in larger numbers in the spring 

or summer. 

Table 12 shows the statistical test of the ratio of uninfected 

versus infected families.    Because the reciprocal crosses were almost 

identical in behaviour, they hare been contbined for the application 

of the chi-square test. 

Table 12.    The Ratio of Infected versus Uninfected Families of 
O.S.C. 21 X G.N. 31 F3, from ths Results of the 1955-1956 

Tests with the I Strain of BIMV.    Reciprocal Crosses 
Combined. 

Families Tested   Infected   Not Infected   XZ 63il "#' 

595 586 9 .010        .95 - .80 
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Table 13 combines resistant and slightly susceptible families 

and tests the ratio of the resulting group versus the remainder of 

the susceptible families. 

Table 13*    Suggested Ratio of Slightly Susceptible and Resistant 
Families versus Distinctly Susceptible Families of O.S.C. 

21 X G.N. 31 F3, from the Results of the 1955-1956 Tests. 
Reciprocal Crosses Combined. 

Families 
Tested 

Distinctly 
Susceptible 

Resistant or 
Slightly Susc. X* P 

595 568 27 l$il   2.75U 
63il 31.810 

.10 - .05 
<.01 

The ratio of infected versus non-infected families presented in 

Table 12 satisfactorily fits a 63:1 hypothesis, according to the chi- 

square test.    The ratio of distinctly susceptible families versus 

resistant and slightly susceptible families as arbitrarily deline- 

ated in Table 13, does not fit a 63E1 hypothesis, but fits a 15:1 

ratio with a probability of .10 to .05.    This ratio is included and 

tested to demonstrate that the consideration of    only a small number 

of slightly susceptible families would support a hypothesis that 

two major recessive genes, with modifier effects, condition the inher- 

itance of resistance.    The only classification which appears to delin- 

eate the type homozygous for three major genes, in this particular 

test, is that which compares completely uninfected families with all 

families which contained infected plants.    Direct comparisons cannot 

be made between this classification and that presented for the spring- 

1955 F3 tests,  in which no completely uninfected families were 
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observed. Because the previous test involved a large nuufcer of plants 

for the most resistant families, and was conducted under different 

environmental conditions, the differences in behaviour between the 

two populations are not necessarily due to genetic differences. If 

one or several susceptible G.N. 31 plants had been used in the 1953 

crosses, from which the F3 families tested in the spring of 1955 

originated, the effect would not have been to eliminate the homoay- 

gous recessive class, but rather to change the proportion of resist- 

ant to susceptible families by a small percentage* Although such may 

have occurred, the differences between the 1953 crosses and the 195U 

crosses (source of F3 families tested in 1955-'1956) appear to be 

within the limits of the effect of environment on susceptibility and 

symptom expression. 

In general, the results of the present (1955-1956) Fo tests 

corroborate the results of the previous F3 tests. The large propor- 

tion of families falling into a distinctly susceptible category with 

symptom severity resembling that of the susceptible parent, the wid« 

variation of symptoms, and the occurrence of occasional susceptible 

plants in almost all families, indicate that resistance is recessive, 

and is conditioned by two or three major genes with modifiers. Dif- 

ferences between reciprocal crosses were not observed. 

Fl Backcross Generation 

Spring-195U» The results of the first generation backcross tests 

made in the spring of 1.95k  are shown in Table lU without chi-square 
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tests of experimental ratios. The data for reciprocal backcrosses of 

O.S.C. 21 X G.N. 31 F^ generation X O.S.C. 21 have been combined in 

this table. 

Table lU. Results of the Fx Backcross Test Made in the Ground- 
bed Greenhouse in the Spring of 195k with the W Strain 

of BYMV 

Backcross Plants Severe Mild Necrotic No 
Progeny Tested Early 

Infection 
Late 
Infection 

Symptoms 
Only 

Visible 
Symptoms 

** 
Fi X O.S.C. 
21 153 153 

(21 X 31) I 
G.N. 31 65 51 9 3 2 

(31 X 21) X 
G.N. 31 h9 33 8 k k 

G.N. 31 X 
(21 X 31) 3k 27 3 k 0 

G.N. 31 X 
(31 X 21) 37 22 3 10 2 

Total for 
(Fi) X 
G.N. 31 185 133 23 21 8 

** 
Reciprocal backcrosses of O.S.C. 21 X G.N. 31 F^ X each parent. 

Combined reciprocal backcrosses to O.S.C. 21. 

The classification presented in Table Ik is necessarily somewhat 

arbitrary. The number of plants classed under Severe Early Infection 

was the number showing this condition between three and four weeks 

after inoculation. All tested plants of the backcrosses of the F^ 

generation X O.S.C. 21 were in this category, but were generally 

more severely affected and developed symptoms  earlier than the 
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backorosses to the resistant parent. Systemic vein necrosis was absent 

in the backorosses to the susceptible parent, but prevalent in the 

backorosses to the resistant parent, especially in plants which devel- 

oped symptoms late in the test period. 

In Table 15 the data for the four separate F^ I G.N. 31 back- 

crosses have been combined, and tested against theoretical ratios on 

the basis of several possible divisions. 

Table 15* Tests of Experimental Ratios for the Summarised 
Results of (O.S.C. 21 X O.N. 31) Fi X O.N. 31 Backcrossei 

Tested in the Spring of 195U 

Basis for Class Division  Class 1 Class 2    12 P 

Plants with early severe 
infection versus remain- 
der of tested plants.      133     52    3»1 0,810 .50 - .20 

Plants with systemic 
mottle versus plants 
without systemic 3tl 8.0ii6 <.01 
mottle. 156 29 7il l.Ul*2    .50 - .20 

Infected plants versus 
non-infected (symptomfess 
plants). 177      8   I5tl 0.881* .50 - .20 

The chi-square tests in Table 15 would indicate that two major 

dominant genes condition early severe systemic infection, and that 

three major dominant genes may determine susceptibility to systemic 

mottle of any severity. These data, as tested, would also indicate 

that the inheritance for the symptomless condition was determined by 

at least four recessive genes. The tendency for infection to be 

milder and later in backorosses to the resistant parent, when 
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compared to backcrosses to the susceptible parent, is probably due to 

the effect of modifying genes derived from O.N. 31• 

Sui«Ber-1955«    The summer, 1955, inoculations of the 1954 back- 

crosses, with the T-strain, produced considerably milder effects than 

the inoculation with the W-strain described in the past section. 

Symptom expression in these tests vas generally mild, with very little 

occurrence of systemic necrosis.    Such mild effects were possibly due 

in part to the heavy shading of the greenhouses and the generally 

hi0i temperatures, which resulted in vigorous, very succulent growth. 

Differences could also result because the T-strain is noticebly less 

infective and severe in effect than the W-strain*    Results of these 

tests are shown in Table 16. 

Table 16.    Results of SuiBmer-1955 Tests of (O.S.C. 21 I O.N. 
31) Fi I O.N. 31 Backcrosses, with the T-strain of BTMV. 

Backcross or   Plants    Plants        Plants not          f? 
Check    Tested   Infected   Infected |il p 

1.080 .50 - .20 

0.658 .50 - .20 

0.5U9 .50 - .20 

3.879 .05 - .01 

5.566 .05 - .01 

G.N. 31 I 
(31 X 21) 100 70 30 

O.N. 31 I 
(21 I 31) 16U 118 k6 

(31 I 21) I 
G.N. 31 273 199 7k 

(21 I 31) I 
O.N. 31 198 136 62 

Total for 
Backcrosses 735 523 212 

O.S.C. 21 69 61 8 

O.N. 31 ia 0 la 
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The I2 ralue of 5*566, with a probability of .05 - .01 for the 

deviation, indicates that the combined data for this test do not 

closely fit a theoretical 3:1 ratio, although ratios for tests of 

progeny from each reciprocal backcross fit 3:1 ratios satisfactorily 

in most cases.    It should be noted, in considering these ratios, 

that 12% of the O.S.C. 21 plants escaped infection.    The percentage 

of infected plants observed in this test would compare only with the 

percentage of early severe infections of the previously described 

test with the W-strain in 195U*    In the case of these backcross plants 

inoculated with the T-strain, the effects of modifying factors froa 

the resistant parent appear to suppress, in the particular environ- 

ment of this test, that segment of the potentially susceptible popu- 

lation conditioned by one major dominant factor. 

O.N. 31 X Mont. 1*3-15 

The cross of G.N. 31 X Mont. U3-15 was made in hopes of obtain- 

ing information which would clarify or enlarge upon that obtained in 

crosses of O.S.C. 21 X G.N. 31«    In the latter case, the two parents 

are of entirely different types and are of divergent origin, whereas 

G.N. 31 and Mont. U3-15 are very similar in general characteristics 

and probable background.    It was considered possible that these vari- 

eties have much of their genotype in common.    The mode of inheritance 

of resistance in such a cross might therefore be more simplified and 

involve fewer modifier effects, which were apparently complicating       ' 

factors in the O.S.C. 21 X G.N. 31 crosses.    The following sections 
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describe the results of this cross. 

Parent Varieties 

The reaction of the resistant parent G.M. 31 has been described 

adequately in previous sections.    Data for the infection of Mont. 1^3- 

15 is included in tables for progeny tests in which it serred as th» 

susceptible check variety.    This variety developed distinct symptoms, 

with a very low escape percentage.    The first trifoliate leaf, in all 

cases, was severely affected, but later symptoms tended to be milder 

Figure 10.   Mont. 1+3-15 infected with the T-strain of BIMV. 
Typical symptoms of fully expanded lower trifoliate leaves 
(left) and upper trifoliate  leaves   (right). 
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Figure U. Upper leaflet from G.N. 31 X Mont. ii3-l5 FT inocu- 
lated with the T strain of BIMV, showing systemic vein 
necrosis and chlorotic areas. 

than those of other susceptibles, such as O.S.G. 21. Figure 10 shows 

typical symptoms on infected leaves. 

Fi Generation 

Although only a few plants were tested, the intermediate behav- 

iour of the fi  generation of G.N. 31 X Mont. 1*3-15 was quite appar- 

rent. Of the six plants inoculated in the first test, five developed 

vein necrosis of upper leaves followed by a mild systemic mottle (in 

two of these plants the mottle was veiy indistinct). Figure 11 shows 

systemic vein necrosis in one of the youngest leaves which did not 

develop a mottle.  The remaining plant in this test developed necrotic 
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lesions of the inoculated primary leaves only, and was considered 

to possibly be a selfed G.N. 31 plant. These results are included 

in Table 17 with the tabulated results of the Fj test. 

The symptoms of the Fx plants were distinctly late in occurrence. 

When observations were made two weeks after inoculation, Mont. 1*3-15 

plants were severely infected, while the F^ plants were symptomless. 

The Fi behaviour was very similar to that of a substantial portion cf 

the F2 and F3 plants. 

A second planting of nine Fi plants was made in March, 1956. The 

latest available records of these plants indicated a behaviour similar 

to that described above. Approximately two weeks after inoculation, 

the F^ plants were synptomless, while all plants of Mont. 143-15 were 

severely infected. 

Although the F^ generation of G.N. 31 X Mont. 1*3-15 is suscepti- 

ble to systemic infection by the T-strain, it is clearly intermediate 

in comparison with the parents. It is probable that it possesses at 

least one less dominant gene for susceptibility than the Fx generation 

of O.S.C. 21 I G.N. 31- 

Fg Generation 

Plants of the G.N. 31 X Mont. 1*3-15 F2 generation were of three 

general types which (1) developed systemic mottle in the first trifo- 

liate leaf and subsequent growth, (2) developed discrete lesions or 

vein necrosis on the first trifoliate or subsequent leaves followed by 

mild mottle, and (3) remained symptomless during the test.  Type 1 

was variable in initial severity, but generally symptoms were less 
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severe on the first trifoliate leaves and were apparent a few days 

later than in Hont. 1*3-15•    In later stages differences between most 

individuals and Kent, k3-l$ were less apparent.    Symptoms which resem- 

bled those of the F^ plants, appeared in type 2 individuals after 

varying periods, with some plants showing the first evidence of infec- 

tion about one month after inoculation.    This indicates that the sepa- 

ration of plants of type 2 from those with G.N. 31 resistance was un- 

certain.    Table 17 shows the results of the F^ and ¥2 inoculations. 

For purposes of classification and discussion, the term "early-mottle" 

refers to early, non-necrotic systemic mottlej while "necrotic- 

mottle" refers to systemic necrosis followed by mild mottle. 

Table 17.    Results of July-1955 Tests of G.N. 31 X Mont. 
10-15 F1 and Fg Generations with the T Strain of BTMV 

Progeny or Check Variety     Plants     Early-     Necrotic-    No Systemic 
______________________i___ Tested     Mottle      Mottle Synptoas 

Fi Generation 

F2 Generation 

Mont. U3-15 

G.N. 31 

The data in Table 17 indicate that the early-mottle plants may 

represent a homozygous class in a single gene-pair system.    On this 

basis. Table 18 presents and tests the ratio of plants which develop- 

ed an early-mottle versus the remaining necrotic-mottle and symptom- 

less individuals.    The probability of .05 to .01 shown in Table 18 

indicates a barely acceptable  statistical fit to a monogenic  ratio. 

6 0 5 1 

229 72 52 105 

87 86 0 1 

15 0 0 35 
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Table 18.    Experimental Genetic Ratio of Early-nottled Plants 
versus Neerotic-mottied and Symptomless Plants of G.N. 31 

X Mont. 1*3-15 F2 froa the July-1955 Tests 

Plants              Early-mottled      Neerotic-mottied      X^                « 
Inoculated or SynytCTnless It 3  

229 72 157 U.729    .05 - .01 

A high general level of resistance, compared to the susceptible 

parent reaction, was observed in ¥2 plants included in the field 

test with natural infection from gladioli. The average infection of 

two plots of F2 plants was 7.7%,  while the average for four plots of 

Mont. U3-15 was 72.25*. 

F^ Generation 

Symptom types in the Fo families were generally the same as were 

observed in the F. generation. Table 19 presents a classification of 

families on the basis of the original tests, and limited information 

obtained in retests. All families which were uninfected in the first 

test were replanted and inoculated in March, 1956. It was not possi- 

ble to delay the tabulation of data sufficiently long to permit an 

accurate evaluation of the results of the second inoculations. Two 

weeks after inoculation, however, one or two early systemic mottles 

were observed in each of eight of the 55 retested families, which 

were thus included in category 2 in Table 19* 

The incidence of the neerotic-mottle type, within the families 

where it occurred, was very low. In 61 of the 110 families inclading 

this symptom type, it occurred in only one plant, suggesting that the 
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Table 19. Results of 1955-1956 Tests of G.N. 31 X Mont. 
1*3-15 F3 Families with the T Strain of BIMV 

Symptom Expression F3 Progeny Susceptible 
Mont. U3-15 

Resistant 
G.N. 31 

1. Early-mottle 
only 50 111 0 

2. Early-mottle and 
symptomless 159 - - 

3. Early-mottle, 
necrotic-mottle, 
and symptomless 65 ■* „ 

k* Necrotic-mottle 
and symptomless US - - 

5* Symptomless 
only M 7 70 

Total Tested 366 118 70 

separation of this symptom type from resistant types may be difficult, 

and that negative observations are subject to question. It is like- 

wise impossible, from the data available, to accurately determine which 

families included resistant segregates and which included escaped 

early-mottle types. It is therefore difficult to make genetic inter- 

pretations of these data. A classification is suggested in which 

families that included early-mottle types (classes 1, 2, and 3 of 

Table 19)> ere separated from those which were symptomless or included 

infected plants of the necrotic-mottle type only (classes k  and 5)» 

A statistical test of this classification is shown in Table 20. 

The classification shown in Table 20 fits a 3:1 ratio with a .95 

probability value, and indicates that a single gene pair conditions 
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Table 20.   Experimental Genetic Ratio, for G.N. 31 X Mont, 
k3-l5 F3, of Families Including Early-mottled Plants 
versus Families Including Only Necrotic-mottled or 

Symptomless Plants 

Families                      Families Including                              " 
Tested     Early-mottled   Necrotic-mottled or             X^           P 
 Plants Symptomless Plants Only      3tl  

366 27k 92 .OOU      .95 

the occurrence of the early systemic mottle type, or type comparable 

to the susceptible parent. This hypothesis does not explain the 

relationship between resistant and necrotic-mottled plants. It is 

suggested that modifying genes are also involved, and determine the 

expression of symptoms within this group. Such modifiers might also 

explain the differences in severity of mottle between the early- 

mottle segregates, and the susceptible parent* 

Phaseolus vulgaris L. X P. coccineus L. 

Fi Generation 

The six plants of O.S.C. 22 X 20lU Fi that were inoculated in the 

field in 195U did not develop visible symptaas; no attempt was made 

to isolate the virus from them. 

The results of the small tests made in the greenhouse in 1955 of 

hybrids between O.S.C. 21 and various P. coccineus L. lines, are 

shown in Table 21. These data are not intended as conclusive results, 

but are included only to show that the F^ of P. vulgaris X P. 

coccineus L. may be distinctly susceptible. Symptoms of the infected 

plants were variable, but generally they were mild in effect, though 
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Table 21.    Susceptibility of F^ Generations of O.S.C. 21 IP. 
coccineus L. Lines Tested in 195& with the T and W Strains 

of BY¥N 

F^ Tested W-6train Inoculations     Y-Strain Inoculations 
Infected     Tested Tested Infected 

O.S.C. 21 X 
2012 

O.S.C. 21 I 
2016 

O.S.C. 21 X 
2018 

O.S.C. 21 X 
2019 

O.S.C. 21 X 
Scarlet 
Runner 

1 

3 

1 

3 

1 

1 

distinctly visible. 

Fg Generation (O.S.C. 22 X 20110 

The resistant parent, P. coccineus L. line 201li, was never ob- 

served to be infected or proven infected by test inoculations to sus- 

ceptible plants in any test conducted. This line appears to be immune 

to the T and W strains of BTMV. The susceptible parent, O.S.C. 22, 

was similar in reaction to O.S.C. 21, which has been previously de- 

scribed. 

Infections of O.S.C. 22 X 2011* ¥2 plants varied in severity from 

that of the susceptible parent, to a synptomless condition. Synptons 

of most ?2 plants were distinct in appearance, but mild in effect, 

with little distortion and reduction of leaf or plant. The range of 



71 

symptoms was the saute for each virus strain, but the W-strain cavsed 

symptoBB which were somewhat more severe and more easily recognized 

in general than those of the T-strain. General necrosis of leaf 

blades occurred in many plants during spring or summer, but was only 

slightly present in winter. Leaf symptoms for the Fj and 0.3.C. 22 

plants are shown in Figures 12 through 15• 

The results of the test conducted in December, 1951t» are shown 

in Table 22. These data are based primarily en  the presence or ab- 

sence of visible symptoms. The results of the tests made in the spring 

of 1955 are shown in Tables 23 and 2U» These data are based on visible 

symptoms and inoculations on Dwarf Horticultural for all questionable 

or apparently uninfected plants. 

Ratios of infected versus uninfected plants for each of the three 

F2 inoculations are presented and tested statistically in Table 25* 

Figure 12. Leaf necrosis of O.S.C. 22 X 20lk F^ inoculated 
in June, 1955, with the ¥ Strain of BIMV. 
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Figure 13.    «ild infection of O.S.C. 22 X 20lli F2 inoculated 
with the T strain of BYMV in February, 19?5. 

Figure lli. Very mild or indistinct symptoms of O.S.C. 22 X 
2011* F2 inoculated with the Y strain of BYMV in February, 1955- 
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Figure 1?. Typical infected leaflet of O.S.C. 22 inoculated 
with the T strain of BIKV in February, 1955. 

Table 22. Results of the O.S.C. 22 X 20lli Fj Test Made in 
December, 19#i, with the Y Strain of BTMV 

Progeny or Check 
Variety 

Plants 
Tested 

Plants 
Infected 

Pla: 
Not 

nts 
Infected 

O.S.C. 22 I 
2014 Fg 156 13k 22 

O.S.C. 21 90 89 1 

201U 21 0 21 

Tested instead of O.S.C. 22 as susceptible check. O.S.C. 
22 and O.S.C. 21 are very similar in susceptibility to 
the T and W strains of BIMV. 
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Table 23. Results of the February, 1955* Test of O.S.G. 22 
X 2011* F2 with the I Strain of BTMV 

Progeny or Plants 
Tested 

Infections Non 
Check Severe Mild Indistinct Syaptomless Infected 

O.S.C. 22 
X 2014 F2 287 16 132 

* 
66 

* UO 33 

O.S.C. 22 9 8 0 0 0 1 

201i» 10 0 0 0 0 10 

* Reaction confirmed by test inoculations on Dwarf Horticultural 

Table 2U. Results of the June, 19$S9  Test of O.S.C. 22 X 
201k Fa with the T and W Strains of 

BHW 

Progeny or Plants 
Tested 

Infections Non 
Check Severe Mild Indistinct £ iymptonless Infected 

W; -strain Inoculations 

O.S.C. 22 
X 2014 Fg 118 5 108     0 

* 
3 

* 

2 

O.S.C. 22 34 34 0     0 0 0 

2014 9 0 0     0 0 9 

T-strain Inoculations 

O.S.C. 22 
X 2014 F2 97 3 

* 

86     1 
* 

5 
* 

2 

O.S.C. 22 26 26 0     0 0 0 

2014 6 0 0      0 

Total Inoculations 

0 6 

O.S.C. 22 
X 2014 F2 215 8 1*4     1 8 4 
O.S.C. 22 60 60 0     0 0 0 

2014 15 0 0     0 0 15 

Reaction confirmed by test inoculation on Dwarf Horticultural 
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Table 25. Experimental Ratios of Infected versus Uninfected 
Plants from the F2 Tests of O.S.C. 22 X 20lh 

¥2 Test   Plants I? 
Made in   Tested Infected Uninfected   values £  

3tl 9.31      <.01 
22    15:1 lit. 90 <.01 

3:1 27.25      <.01 
33    15«1 12.70       <.01 

Deceaber 
195U 156 13U 

February 
1955 287 251* 

June 
1955 215 211 U   63:1 0.003  .98 - .95 

Chi-square values indicate that the data of the June-1955 tests 

fit a 63:1 ratio, while those of previous tests were intermediate 

between 15:1 and 3:1 ratios. Such differences are possibly due to 

environmental effects as well as the procedures employed. The lew 

infection percentage of the first test (Table 22) could probably be 

expected, because the plants were inoculated only once, and because 

all synptonless plants were not tested by inoculations on a suscep- 

tible variety. In addition, this test was conducted during the 

winter months when symptom expression has been observed to be less 

distinct. Tables 23 and 21* clearly show that many plants without 

visible symptoms may carry the virus in a concentration sufficient to 

infect Dwarf Horticultural. In most such cases. Dwarf Horticultural 

plants were infected as readily and severely as when visibly infected 

plants served as an inoculum source. In a few cases, however, the 

infection in Dwarf Horticultural was sufficiently late and mild in 

appearance in the early stages to indicate that the Fj plant contained 

a very low concentration of virus.  The F2 plants grown in ths 
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greenhouse ground beds (Table 23) were large and vigorous, and in 

many cases developed thick, very dark green leaves which may have 

tended to mask; the virus effects. 

The data presented in the tables do not permit exact interpre- 

tations of the inheritance of resistance to BYMV in this cross. They 

do, however, permit certain general conclusions which should be use- 

ful in practical application* Resistance is apparently recessive, and 

conditioned by at least two and possibly three major genes. In either 

case, the variation of the visible symptoms from severe to indistinct 

or absent, and the variability of the number of plants infected under 

different conditions, would seem to indicate the effect of modifying 

genes. The inheritance of resistance in this cross, therefore, does 

not vary greatly from that in O.S.C. 21 X G.N. 31 • 

Grafting Experiments 

Of the 16  young G.N. 31 plants approach-grafted to infected plants 

of susceptible varieties, two developed scattered patches of reddish 

vein necrosis on leaflets above the graft union. A leaflet from one 

of these plants is shown in Figure 16, in comparison with a leaf from 

an O.S.C. 21 X G.N. 31 F3 family which later developed a mild systemic 

mottle. The vein necrosis appeared on only two or three leaves, and 

no further symptoms developed in these plants. When inoculum was pre- 

pared from a leaflet with vein necrosis and used to inoculate Dwarf 

Horticultural plants, typical severe infection resulted, but when 

the first symptonless leaf above the vein necrosis was used for a 

similar Inoculation, no infection occurred. 
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Figure 16.   Left:   Upper leaflet from a G.N. 31 plant which 
had been approach-grafted to a Dwarf Horticultural plant 
infected with the T strain of BIMV.    Right:    Upper leaflet 
from an O.S.C. 21 X G.N. 31 F3 plant which developed similar 
patches of vein necrosis following rub-inoculation with the 
same virus strain, but which later developed a mild systemic 
mottle. 

Although the percentage of grafted plants producing symptoms was 

low, it is improbable that such infection represented a chance situ- 

ation which could occur in rub-inoculated G.N. 31 plants.    Hundreds 

of plants of this variety were rub-inoculated with the T-strain dur- 

ing the same season without the occurrence of a single symptom above 

the inoculated leaves. 
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Tbe fact that it is possible to produce a necrotic synptom in 

the upper parts of G.N. 31 plants by grafting them to a heavily 

infected plant, is an indication that hypersensitivity, or restric- 

tion of the virus to tbe area of inoculation, is an important mecha- 

nism of resistance in this variety.    It is possible that other mech- 

anisms, perhaps controlled by modifying genes, do exist in this va- 

riety and explain the occurrence of mild mottles in infected plants 

of progenies with G.N. 31 as resistant parent. 

No symptoms were observed in the four 20lit plants which were 

grafted to infected 0.3.C. 21 plants. 

Natural Infection with Gladioli as the Source of Inoculum 

The natural infection of varieties and lines planted near gladi- 

oli vas generally comparable to infection of the same materials inoc- 

ulated with the T-strain in the greenhouse.    The results for each 

variety or progeny line are given in Table 26 in terms of numbers 

and percentages of plants infected.    The row number for each plot is 

also given to shew the distance of the plot from the gladiolus rows* 

Tbe most important susceptible check variety, O.S.C. 21, vas 

83.9 to 96.6$6 severely infected.    Mont. U3-15 and Dwarf Horticultur- 

al were also heavily infected but with more variation between plots. 

Some effect of position or distance from the source of infect!cm was 

apparent in the plots of these three varieties, in which infection 

generally decreased from row 1 to row I4. 

G.N. 31 plots contained no distinct systemic infections, although 

near the end of the season,  three plants developed a necrotic-blotch 
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Table 26. Natural Infection of Bean Varieties and Breeding 
Lines Grown Near Gladioli in the Field in 1955 

Variety or Line 
Grown 

Row   Plants      Plants % 
Grown  Infected Infected 

Check Varieties 

O.S.C. 21 
O.S.C. 21 
O.S.C. 21 
O.S.C. 21 

Mont. U3-15 
Mont. k3-l$ 
Mont. U3-15 
Mont. Ii3-15 

G.N. 31 
G.N. 31 
G.N. 31 
G.N. 31 

Dwarf Horticultural 
Dwarf Horticultural 
Dwarf Horticultural 
Dwarf Horticultural 

1 30 29 96.6 
2 29 28 96.6 
3 31 26 83.9 
k 31 26 83.9 

1 26 22 8ii.6 
2 28 2h 85.7 
3 27 21 77.8 
k 28 1U 50.0 

1 21 0 0.0 
2 39 0 0.0 
3 30 0 0.0 
h 3k 0 0.0 

1 36 31 86.1 
2 29 15 51.7 
3 33 15 U5.U 
k 29 m 118.3 

Progeny Lines - Greenhouse 
Reaction 

11-103 (F5) Resistant 
II-8ii (F5) Resistant 
2-101 (F3) Resistant 
2-128 (F3) Resistant 
k-Jk (F3) Resistant 
U-68 (F3) Resistant 
2-126 (F3) Resistant 
11-77 (F5) Mild mottle 
11-79 (F5) Mild mottle 
2-123 (F3) Mild mottle with 

systemic necrosis 
2-119 (F3) Severe mottle 
it-108 (F3) Severe mottle 
2i-lli2 (F3) Severe mottle and 

lethal necrosis 
U-89  (F3) Lethal necrosis 

(predominately) 
U-70  (F3) Extremely severe 

mottle 

h 32 1 3.1 
3 29 0 0.0 
k 1*1 1 2.U 
3 3U 0 0.0 
1 36 3 8.3 
2 3k 0 0.0 
2 31 0 0.0 
3 35 0 0.0 
1 111 0 0.0 

2 36 9 25.0 
1 33 28 8U.8 
3 38 10 26.3 

1 36 19 52.8 

1* 3k 17 50.0 

2 26 5 19.2 
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Table 26.    continued 

Variety or Line Row Plaits Plants i 
Grown Grown Infected Infected 

Progeny Lines 

lt-27      (F3) Extrenely severe 
mottle 1* 30 10 33.3 

G.N. 31 susceptible selection* 1 35 33 9U.3 

G.N. 31 X Mont. U3-15 F2 2 27 3 11.1 
G.N. 31 X Mont. U3-l£ F2 u 23 1 14.3 

Phaseolus coccineus L. Lines 

2019 1 U5 0 0.0 
2018 2 28 0 0.0 
2012 3 29 0 0.0 
2016 3 23 0 0.0 
2011* k 25 0 0.0 
Scarlet Runner 2 ho 0 0.0 

Miscellaneous Varieties 

Pencil Pod Black Wax 1 29 17 58.6 
Processor 1 U9 17 3lt.7 
Red Kidney 1 32 18 56.3 
Kentucky Wonder 2 36 35 97.2 
P.M. 1 Blue Lake 3 36 29 50.6 
Bountiful 3 30 19 63.3 
Tendergreen 3 U5 22 U8.9 
Topcrop h 32 9 28.1 
Puregold™ 3 U7 1 2.1 

♦» 

Progeny of susceptible mixtures observed in G.N. 31 early in 
the inheritance study, before uniformly resistant lines of 
this variety were established. 

The variety Puregold was also highly resistant to the T strain 
of BIMV in greenhouse tests. 

condition in the top which appeared to be associated with heavy aphid 

infestations. During the season, small patches of vein necrosis 

developed at apparent infection points on several G.N. 31 plants. 
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No symptoms were observed in the 223 plants of Phaseplus 

coccineus L. 

The behaviour of most O.S.C. 21 X G.N. 31 progeny lines was very 

similar to respective greenhouse reactions to the T-strain, although 

the percentage of infection in most susceptible lines was generally- 

low compared to that of O.S.C. 21. Of the seven lines which were 

classified as resistant in greenhouse tests, three contained a low 

percentage of mild infections, and four contained no infected plants. 

Two families susceptible to mild mottle in the greenhouse, 11-77 and 

11-79* were also quite resistant in this test. 

The relative resistance of G.N. 31 X Mont. Ii3-13> F2 generation 

tended to support the results of the greenhouse tests of this prog- 

eny in that susceptibility was not found to be strongly dominant in 

this cross. 

Among the miscellaneous bean varieties, Kentucky Wonder and 

F.M. 1 Blue Lake (the source of the O.S.C. 21 and 22 selecticns) were 

heavily infected, and the dwarf wax variety Puregold was veiy resist- 

ant. In a test of this kind, it appears that pole varieties are more 

likely to give high infection readings because of their indeterminate 

growth habit which lengthens the period of susceptibility to infection 

and effective symptom production. 

Tests of this nature appear to have considerable promise as an 

aid in breeding programs for resistance to BTMV. 
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DISCUSSION 

Genetics of Resistance in Pbaseolus vulgaris L, Crosses 

The variety Great Northern U.I. 31 has proven consistently 

resistant to systemic infection by the T strain of BYMV. The nature 

of resistance appears to be related to the localization of infection 

through the fomation of necrotic lesions in the inoculated leaf, 

although the complexity of the genetics of resistance would suggest 

that other mechanisms nay be involved. When this variety was crossed 

with Montana Great Northern lj.3-l£» a variety very similar in charac- 

teristics but susceptible to systemic-mottle infection by the T- 

strain, the F^ generation was intermediate in disease reaction in 

that plants were synptomless on the lower trifoliate leaves, but de- 

veloped necrotic lesions followed by a mild mottle in subsequent 

growth. This reaction suggested that the heterozygous F^ gene com- 

bination modified the G.N. 31 tendency for localization sufficiently 

to allow delayed movement of the virus and ultimate mottle production* 

The F2 and Fo progenies included plants similar to the Fi, plants 

similar to the susceptible parent but developing slightly later and 

milder symptoms, and synptomless individuals. The F3. type, for con- 

venience termed the "necrotic-mottle" type, was difficult to distin- 

guish from plants resistant to systemic infection, because of a great 

variability in the occurrence of symptoms. Experimental ratios, 

however, were derived on the basis of the occurrence of types similar 

to the susceptible parent - the "early-mottle" types. Chi-square 
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tests indicated that the F2 consisted of early-mottle types versus 

necrotic-mottle or resistant types in a ratio of 1:3, and the F? 

consisted of families homosygous or segregating for the early-mottle 

type, versus families including only necrotic-mottles or resistants, 

in a ratio of 3:1. 

The low expressivity of the necrotic-mottle type and the insep- 

arability of this class from the resistants, as well as the mild 

reaction of early-mottle plants in comparison with the susceptible 

parent, might be explained on the basis of modifying genes. 

These results indicate that G.N. 31 and Mont. 1*3-15 differ at a 

single major gene locus, designated for purposes of discussion as 

RlRg, for reaction to the T strain of BIMV.    The  genotype of Mont. 

143-15 nay be considered RiRi, that of G.N. 31 as R^?* and the F^ 

generation as R1R2.    The F2, therefore, included 1 R1R1 (early- 

mottle )t 2 R1R2 (necrotic-mottle): 1 R2R2 (resistant), and the F3 

included three fasLlies containing early-mottle types to one which 

contained only necrotic-mottles or resistant types. 

Different results were obtained when G.N. 31 was crossed with 

O.S.C. 21, a Blue Lake type variety that differs greatly from G.N. 31 

in general characteristics, and that develops non-necrotic systemic 

infection which is considerably more severe than that observed in 

Mont. U3-15*    The Fi of this cross vas almost identical to O.S.C. 21 

in the development of severe systemic mottles.    The Fj and F3 gener- 

ations included a vide range of symptca types, from plants or families 

which were almost as resistant as G.N. 31,  through mildly infected 

types, to those which were much more severely infected than the 



susceptible parent. Systemic necrotic symptoms similar to those pro- 

duced in G.N. 31 X Mont. 113-15 were present in most classes based on 

mottle severity, but were more common in plants with ndId-mottle in- 

fections. 

The major F3 studies, in which oily the T-strain was used, and 

which included tests of 1,001* random families, generally supported 

the hypothesis that resistance was recessive and differences were due 

to two or three major gene pairs. Fj tests and a smaller F3 test with 

the W-strain also supported this hypothesis. The predominance, in all 

tests, of the susceptible type similar to O.S.C. 21 but varying some- 

what in severity of symptoms, also supported the hypothesis that at 

least one and possibly two strongly dominant genes for susceptibil- 

ity, and possibly a third gene of lesser effects, were derived from 

the susceptible parent. 

It was not possible to evaluate the effects of gene interactions, 

or of modifier genes, in either the susceptible or resistant types. 

Such effects were clearly indicated, however, especially in the more 

resistant F3 families. In the spring-195>5 tests of k09 random fami- 

lies, it was not possible to identify a single family which was as 

uniformly resistant as G.N. 31* Sone families appeared to represent 

only very slight genetic modifications from G.N. 31» producing only 

one or two mild or necrotic infections in as many as UO or £0 plants 

tested. It was necessary to base the genetic interpretations of this 

F3 population, in terms of major gene effects, on such highly resist- 

ant but modified genotypes. In the 1955-1956 F3 tests of 595 
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additional faadlies, the behaviour of the more resistant families was 

such that slight degrees of susceptibility were not expressed*    In 

this case, probably because of the small number of plants tested and 

different environmental conditions, the O.N. 31 genotype was appar- 

ently present and was used as a basis of genetic ratios, although the 

actual genetic situation in these families was likely the same as in 

the previous test. 

Backcross data did not exhibit clear-cut classical inheritance 

ratios as was hoped would be the case, but never-the-less provided 

information helpful in interpreting the genetics of the cross. The 

100% severe infection of the backcross Fi X O.S.C. 21 confirmed the 

strong dominance of susceptibility. Backcrosses to the resistant 

parent, however, are less easily interpreted. In tests with the T- 

strain in the sumMer of 19£5>» the ratio of infected versus uninfected 

plants was approximately 3*1» although the chi-square value was large 

(5.£66), indicating at least two major dominant genes for suscepti- 

bility. The differences between these results and those of the F^ 

and F2 tests, as well as the generally mild symptoms of infected 

plants, were probably due to modifying genes, 75$ of which would be 

derived from the resistant parent in the case of every backcross 

plant, and which suppressed the expression of symptoms in certain 

genotypes. The particular environment, which included possible ex- 

cessive heat and sub-optimal light in the shaded summer greenhouse, 

may have strengthened these modifier effects. In the case of similar 

plants inoculated with the W-strain in the spring of 1955 in 



86 

ground beds, the additional severity and infectivity of this virus 

strain, in coabination with a more favorable environment, could ex- 

plain the greater numbers of plants producing symptoms. The data 

obtained in this second test fit a 3*1 ratio satisfactorily only if 

early severe infections are classed against late and necrotic-mottle 

infections. It would appear that the ratios obtained are the result 

of the interaction of genotype, environment, and the virus strain 

used, and that combinations of these factors which are sub-optimal 

for infection and the expression of symptoms, allow the detection of 

only the strongest gene effects. 

In summary, for the O.S.C. 21 X G.N. 31 reciprocal crosses, 

resistance tests indicate that susceptibility is highly dominant, 

with no reciprocal differences, and that differences between parents 

are due to two and possibly three ma^or gene pairs, plus modifying 

genes whose combined effects may, in combination with the environ- 

ment, be important in the modification of symptom expression and sus- 

ceptibility to infection. 

The relation of genes involved in this cross to those which 

determine differences in G.N. 31 X Mont. 2i3-13> could not be deter- 

mined in the present study. It is suggested, however, that the pre- 

viously postulated R1R2 gene pair is involved, and that at least one 

additional dominant allele for susceptibility is present in O.S.C. 21 

but absent in both G.N. 31 and Mont. 1*3-1!? • Such an allele, which 

may be designated as 3 for discussion purposes, would be included in 

the variety genotypes as follows, with X representing a second 
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possible doadnant for susceptibility: 

0*S.G. 21 - SS XI RfR? 

Mont. U3-15 - ss xx RiRx 

G.M. 31      -      ss xx R2R2 

The allele at the R locus in O.S,C. 21 may be Ri or some other allele 

different from R2, which could result in the occurrence, in the Fo 

progeny types,   of systemic necrosis similar to that of the F^ of G.N. 

31 X Mont. U3-15*    Evidence for this is actually lacking, however, 

and any number of major gene or modifier combinations might result 

in such symptom expression.    The strong effects of S and possibly X, 

probably preclude the possibility of clarifying the effects of the 

R locus in this cross. 

Symptom Expression 

Although it was not possible to adequately relate genotypes to 

the great variety of symptom types which occurred in the progenies 

of these crosses,  observations and limited classification of such 

symptom types served to emphasize the general effects of genetic seg- 

regation on symptom expression. 

While each parent was uniform in the production of a single symp- 

tom type in a particular environment, the progeny included a range of 

symptoms which equaled or exceeded the usual criterion for the classi- 

fication of strains of BYMV in ordinary varieties.    The symptoms ob- 

served included virtually every type described for the reactions of 

all reported strains of BYMV in large lists of bean varieties,  even 
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though such reported strains include a number of distinctly different 

types. The possibility that such a diversity of symptom expression 

is due to chance or a heterogeneous envirorunent is discounted by the 

marked tendency for a particular symptcaa type to occur as an F3 fami- 

ly characteristic. Although the effects of environinent on the ex- 

pression of a particular symptom were observed to be considerable 

during the study, the test in which symptoms were observed in detail 

was made in an environment that was quite uniform and favorable for 

the comparison of different genetic materials. 

As previously mentioned, the susceptibility of a plant to virus 

infection and the expression of a particular set of symptoms are 

determined by an interaction involving the virus strain, the environ- 

ment, and the inherant characteristics of the host plant. The obser*» 

rations made in this study have emphasized the importance of the 

plant genotype in this interaction. Further studies, under controlled 

environments, are needed to determine more exactly the relationships 

of these various factors. 

Genetics of Resistance in the Interspecific Cross Phaseolus vulgar!s L. 

X P. coccineus L. 

Although the extent of the inheritance data obtained for the cross 

P. vulgarls L. X P. coccineus L. is limited, its practical importance 

might well be greater than that for the previously described crosses 

because of the high level of resistance carried by the P. coccineus L. 

lines. Observations made in connection with the present study would 
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indicate that resistance in the tested lines of this species is not 

of the G.N. 31 type, but is actually iaraunity in the case of many 

virus strains. In breeding for resistance to BYMV and other vinises 

of beans, it may eventually be necessaiy to exploit as mueh as pos- 

sible the virus resistance of this species, even though the use of 

the interspecific cross involves many problems not encountered in 

the usual hybridisation within £. vulgaris L. 

In this study it has been possible to obtain sufficient infor- 

mation on the inheritance of resistance to form a basis for a prac- 

tical breeding program. F2  progeny tests of O.S.C, 22 Blue Lake X 

P. coccineus L. line 201U have clearly indicated that resistance 

(immunity) is recessive, but the number of genes involved can only 

be arbitrarily stated. Degrees of symptom expression in infected F2 

plants were observed to range from a severe condition similar to 

that of O.S.C. 22, to a completely symptcoless condition with the 

virus present systemically in the plant, and detectable only by inoc- 

ulations on susceptible varieties. In the test which was most suc- 

cessful, in terms of infecting the largest percentage of the inocu- 

lated plants, the ratio obtained (211:14.) indicates that susceptibil- 

ity to systemic infection by the Y strain of EYMV may be ccmditioned 

by three dominant genes. On the basis of the symptom variation in 

this test, and the ratios of 13U:22 and 251**33 from previous tests, 

it is perhaps more logical to propose two major dominant genes for 

susceptibility with an undetermined number of modifiers. It is rec- 

ognized that possible irregularities in genetic segregation caused 
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by the combination of two species may have affected the results ob- 

tained. 

From the breeder's standpoint the occurrence of symptomless 

infected plants must be considered in the formulation of breeding 

objectives, and imposes problems of technique. Although such symp- 

tomless or masked conditions may possibly be related to the tendency 

of segregates from this cross to be thick-leaved, vigorous, and 

dark green in color, they may never-the-less occur in advanced gener*. 

ations in a breeding program. It would therefore be necessary to 

make extensive test inoculations to susceptible varieties in order to 

avoid the development of tolerant varieties. 

Virus Strains in Relation to Resistance 

In an inheritance study of this kind, the importance of virus 

strain relationships should not be overlooked, because the inherit- 

ance data and their practical significance depend largely upon the 

number and nature of strains used for testing. 

It was previously known that G.N. 31» while resistant to several 

reported strains of BIMV (lit, p»U5)> (13, p»ll)f is susceptible to 

strains found in Idaho (7, p.621). This does not preclude the possi- 

bility of studying the genetic differences between G.N. 31 and those 

varieties which are more susceptible to a given strain or group of 

strains. Because only two strains of BIMV were employed in this study, 

it was important to learn something of the general level of resist- 

ance to natural infection in the variety and progeny naterial.  In the 
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field planting with gladioli as a source of natural infection, it was 

found that the reaction of varieties and progeny lines was generally 

similar to the reaction of the sane materials in greenhouse inocu- 

lations with the Y-strain. While it is recognized that our knowledge 

concerning viruses carried in gladioli is incomplete, the results of 

this test, in which G.N. 31 and the most resistant progeny lines 

developed little or no infection in comparison td,th the severely 

infected Blue Lake strains, suggest that practical resistance to BYMV 

is available for breeding work in Oregon. As previously discussed, 

however, the resistance or immunity of the P. coccineus L. varieties 

may be more valuable for widespread usage in breeding programs. 



92 

SUMMARY 

Studies of the inheritance of resistance to two strains of bean 

yellow mosaic virus in the Great Northern U.I. 31 bean variety were 

conducted from 1953 to 1956, employing primarily greenhouse testing 

with the rub-inoculation technique.    The resistance of G.N. 31 appar- 

ently lies, to a large extent, in the tendency for localization of 

the infection in the inoculated leaf. 

In crosses of G.N. 31 with Mont. U3-15, a variety highly suscep- 

tible to moderately severe systemic mottle, the F^ was intermediate 

in reaction, developing systemic necrosis  followed by a mild mottle. 

The F2 and Fo data supported the hypothesis that the occurrence of 

the susceptible parental type was conditioned by a single homozygous 

gene pair.    The symptom expressions of the F^ type and resistant 

parental type, which were difficult to separate, were apparently 

influenced by modifying factor*.    The parent varieties were concluded 

to differ by a single major gene, without dorainancej and modifying 

genes. 

Reciprocal crosses between G.N. 31 and 0.5.0. 21 Blue Lake, a 

variety susceptible to severe systemic infection, produced an F]_ gen- 

eration which was very similar in susceptibility to the susceptible 

parent.    The F2 and F3 generations included a wide range of symptom 

types, from highly resistant to extremely severe, with the types sim- 

ilar to the susceptible parent predominating.    Data from tests of 

1,117 F2 plants, 1,229 small F3 families,  and 1,073 first generation 

backcross plants supported the  hypothesis  that resistance is recessive 
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in inheritance, and conditioned by two or three major genes, with 

modifiers which influence susceptibility to infection and the  type 

and severity of syiqotoms. Differences in behaviour between reciprocal 

crosses were not observed. 

Observations of symptom  were made, and the importance of the 

effect of plant genotype on synptom expression was discussed. 

Interspecific crosses were made between Phaseolus vulgaris L. 

(O.S.C. 22 Blue Lake) and P. coccineus L. (line 2011i) which is resist- 

ant or iBmune to the strains of BIMV employed for testing. Variable 

results of three separate F2 tests indicated that resistance to infec- 

tion may be conditioned by three, but more logically two recessive 

gene pairs, and modifiers. Systemic infection in progeny plants 

ranged from severe to a symptomless condition in which virus presence 

could be detected only by test inoculations on susceptible varieties. 

A field test was conducted to determine whether CN. 31* resist- 

ant progeny lines, and P. coccineus L. lines were resistant to insect 

transmitted viruses from gladioli. The behaviour of varieties and 

progeny lines was very similar to the greenhouse reactions of the 

same varieties and lines inoculated with the T strain of BYMV. All 

six lines of P. coccineus L. were apparently iimnune. 

It is apparent from the results of this inheritance study that 

the number of genes inrolved, and the recessive nature of resistance, 

would require large populations of segregating plants for the isola- 

tion of resistant individuals. The use of backcross programs and 

careful greenhouse testing with several virus strains as well as field 
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ellfflination with natural infections, would likely be required for the 

ultimate development of horticulturally acceptable resistant varie- 

ties*    Lines of P. coccineus L. appear to offer a superior source of 

resistance to BYMV strains. 



95 

BIBLIOGRAPHT 

1. Afanasiev, M. M., and H. E. Mcarris.    Bean rirus 2  (yellow)  on 
Great Northern beans in Montana.    Phytopathology ^2:101- 
10U.    19^2. 

2. Blood, H. Loran.    An unusually heayy infection of yellow bean 
mosaic destroys the Cache Valley bean crop.    Plant disease 
reporter 31:38i±.    19U7. 

3*    Fajardo, T. G.   Studies on the mosaic disease of the bean 
(Phaseolus vulgaris L.). Phytopathology 20sh69-h9h»    1930. 

k»    Grogan, Raymond G., and J. C. Walker.    A pod-distorting strain 
of the yellow mosaic virus of bean.    Journal of agricul- 
tural research 77s301-3lli.    19U8. 

5»    Grogan, Raymond G., and J. C. Walker.    Interrelation of bean 
virus 1 and bean virus 2 as shown by cross-protection 
tests.    Phytopathology 38«U89-1*93.    19l*8; 

6. Hungerford, C. W.    Disease resistant field beans for Idaho. 
Moscow, University of Idaho, 1952.    Up.    (Idaho.    Agricul- 
tural experiment station.    Experiment station circular 118) 

7. Hungerford, C. W., and Irvin G. Hillyer.    Yellow bean mosaic in 
Idaho.   Plant disease reporter 38:621-627.    195U. 

8. McKinney, H. H.    Plant-virus type culture collections.    Annals 
of the New York acadeiqr of sciences 56:615-620.    1953• 

9. McWhorter, F. P., Lytton Boyle, and B. F. Dana.    Production of 
yellow bean mosaic in beans by virus from mottled gladio- 
lus.    Science 105sl77-178.    19U7. 

10. McWhorter, Frank P., and Lytton Boyle.    X-disease and other 
forms of yellow bean mosaic in Western Oregon.    Corvallis, 
Oregon state college, 19U6.    6p.    (Oregon.    Agricultural 
experiment station.    Circular of information 379) 

11. Pierce, Walter H.    Viroses of the bean.    Phytopathology 2i*:87- 
115.    193U. 

12. Reddick, Donald, and Vem B. Stewart. Varieties of beans suscep- 
tible to mosaic. Phytopathology 8:530-53k. 1918. 



96 

13. Thomas, H. Rex, and W. J. Zaumeyer. A strain of yellow bean 
mosaic virus producing local lesions on tobacco. Phyto- 
pathology U3s11-15. 1953. 

Hi. Zaumeyer, W. J., and H. H. Fisher. A new neerotic-lesion 
producing strain of yellow bean mosaic. Phgrtopathology 
Ii3:li5-l49. 1953. 



APPENDIX 



9? 

PLATES 

The photographs on the following pages show various symptoms 

cbserved in F^ and Fj, progenies of reciprocal crosses between O.S.C. 

21 Blue Lake and Great Northern U.I. 31* All symptoms shown are 

the result of inoculations with the Y strain of bean yellow mosaic 

virus. 
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Plate 1.    F3 families of O.S.C. 21 X G.N. 31,  and check varieties 
two weeks after inoculation with the T strain of BTMV. 

Top:    Severely affected 2-153, compared with O.S.C. 21 cm the 
right. 

Bottom:     G.N.  31 without  symptoms  on the  left;  severely infected 
2-1U0 on the  right. 



99 

Plate 2. F3 families two weeks after inoculation (from the same 
planting as the families shown in Plate 1). 

Lefts Ii-152, which developed systemic mottle on the  first 
trifoliate leaves later than the more severely infected families 
shown in Plate 1, and which was ultimately classified as mildly 
infected. 

Right: 2-II45, which was symptomless at this time, but which 
later developed a mild systemic mottle. 
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Plate 3«    Plants  (from the same planting as those in Plates 1 and 2) 
five weeks after inoculation. 

Lefts    O.S.C.  21 with syaptoais typical of inoculated can-grown 
plants of this variety in spring or summer. 

Rights    Fo family which was ultimately more severely affected 
than O.3.C. 21, with almost complete restriction of growth and 
death of several plants.    Symptoms in this family two weeks 
after inoculation were similar to those of O.S.C. 21. 
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Plate U» Fo family in which most plants usually died when inocu- 
lated, snown four weeks after inoculation. 
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Plate 5. An F3 plant, eight weeks after inoculation, shoeing the 
symptomless first trifoliate leaf, the second trifoliate leaf 
which developed systendc vein necrosis before being killed, 
and the dead upper stem and leaves. 
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Plate 6.    Necrotic symptoms of the inoculated primary leaves. 

Top:    Necrosis of midrib and main veins, most coranon in families 
that developed severe systemic mottles. 

Bottom:    Small discrete lesions, about one week after inoculation, 
which usually developed into the condition shown in Plate 7. 
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Plate ?• Necrotic syi^toms of the inoculated primary leaf of an 
Fo plant, about two weeks after inoculation, showing original 
lesions and spreading vein necrosis. 
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Plate 8.    Leaflets with systemically occurring necrosis. 

Top:    Third trifoliate leaflet showing necrotic lesions and vein 
necrosis of a plant on which the upper leaves, but not the terminal, 
were killed. 

Bottoms    Leaflet with distinct ring-like lesions and vein necrosis 
with a vein banding effect,  from a plant which later developed a 
severe mottle. 
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Plate 9»    Systemically occ\irring necrosis.    Upper leaflet from a 
plant which developed peneral necrosis of leaves and steins. 
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Plate 10.    Syraptoms from the single infected plant of highly 
resistant family 11-103. 

Topt    Isolated patch of vein necrosis on the eighth trifoliate 
leaf.    No systemic symptoms had appeared prior to this necrosis, 
which was proven infective, and which was followed by additional 
leaf, stem,  and pod necrosis,  and a mild mottle in the top 
growth. 

Bottom:    Distorted and necrotic pods  from the upper parts of the 
plant, with an unaffected pod for comparison. 
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Plate 11. Mild systemic mottles. 

Tops Very mild mottle of 11-79, with little distortion of the 
leaf surface. 

Bottom: F3 leaflet showing mild but sharply defined mottle with 
little distortion or reduction of the leaf surface. 
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Plate 12. Leaves showing systemic mottles. 

Top: Severe mottle of O.S.C. 21 on the leftj F3 leaflet showing 
coarse, moderately severe mottle, with cupping and moderate 
reduction of the leaf surface, on the right. 

Bottom: Very severe mottle with strong leaf cupping and distor- 
tion of the leaf surface. 
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Plate 13.    Extremely severe systemic mottles. 

Top;.    Extreme dwarfing and mottle of an F3 plant 60 days old and 
about 11-12 inches in height.    Average uninfected plants in this 
test were 10 feet in height, while infected O.S.C. 21 was from 
3j to Ui feet in height at this time. 

Bottom: Leaf and pods from a plant with extremely severe infection. 
The photograph is about 3/k  actual size. 


