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I. INTRODUCTION 

One of the most important diseases limiting tomato production in tro­

pical areas is bacterial wilt, caused by the soil-borne bacterium, Pseudo­

~ solanacearum E. F. S. 

Breeding for resistance has proved to be the best way to control bac­

terial wilt in several crops. Similarly, it appears that successful com­

mercial production of tomato in many parts of the tropics requires the de­

velopment of tomato varieties resistant to the pathogen. 

A voluminous literature, approaching 1,000 papers has been published 

on the subject of bacterial wilt. The genetics of resistance to the disease, 

however, has been investigated in only a few crops. Resistance is governed 

by multiple genetic factors in tobacco (Smith and Clayton, 1948) and is sus­

pected to be similarly multifactorial in other species (Singh, 1961). 

Many attempts have been made to control bacterial wilt by chemical and 

pr.:sical treatments of soil (Stevens, 1906, Garner et al., 1917; Smith:, 

1944; 1947; and Sequeira, 1958). With few exceptions, however, chemical 

means of reducing losses due to wilt have not been practical (Kelman, 1953) 

because of phytotoxicity or expense of application. 

Tomato breeders have been unsuccessful in producing commercial vari­

eties immune to bacterial wilt. A useful source of genetic resistance, 

however, is available in Lycopersicon pimpinellifolium Mill. The present 

study was based on this resistant source material. 

The major objectives of the investigation were: to investigate the 

inheritance of resistance to bacterial wilt in tomato, to estimate the degree 

of environmental modification of resistance, and to determine whether resis­

tance is linked with the ~+ (indeterminate growth) and Mi+ (nematode suscep­

tibility) loci on chromosome 6. 
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II. REVIEW OF LITERATURE
 

1. Economic Importance 

Bacterial wilt disease was reported to be world-wide at the beginning 

of the 20th century (Kelman, 1953). The disease appeared to be well esta­

blished in most regions when scientific investigations were first initiated. 

Bacterial wilt has caused heavy losses and sometimes total loss, in many 

crops especially in the family Solanaceae. Smith (1914) reported that the 

disease had put an end to commercial tobacco production in certain sections 

of the United States. At one time, it threatened to annihilate the tobacco 
) 

industry (Garner fl al., 1917). In warm, humid areas of the world, the 

disease has also been devastating to peanuts and bananas. 

In the Philippines, Welles and Roldan (1922) indicated that as many as 

95% of the tomato plants were killed by bacterial wilt in certain fields of 

the College of Agriculture at Los Banos. Agati (1949) showed that there 

"ere instances of crop failure in some provinces in the Philippines as a 

result of the wilt. Dosado (1958) reported that the disease destroyed all 

susceptible tomato varieties and took a heavy toll of native Philippine lines. 

According to Sherbakoff (1917) the succeeding susceptible crops in 

infested fields were increasingly attacked. Crop rotations of four to five 

years Ylith immune crops reduced the incidence of the disease. However, 

Sherbakoff (lac. cit.) warned that infested fields remained infested 

indefinitely. 

2. Symptomatology 

Specific expression of bacterial wilt symptoms vary with the crops, 

and the rate of development is influenced by ,environmental conditions. Symp· 

toms associated with infection by the bacterium on most host plants include 
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sudden wilting, stunting, and yellowing of foliage. Vascular discoloration 

is noticeable. If a section of stem is suspended in water, fine milky 

strands of bacteria stream out from the margins of the vascular tissue 

(Kelman, 1953). Since tomato plants contain no latex, this method is effi­

cient in diagnosing the presence of the disease. Similarly, it helps in 

field diagnosis to distinguish bacterial wilt from vascular wilts caused 

. 1
bY f ungl. 

3. Effects of Environment on Disease Severity 

Vaughan (1944) found that plants wilted at a soil temperature of 26.4°C 

but recovered turgor at l2.7°C. Disease development was optimum between 

25 and 350 C, but inhibited at temperatures below l2 oC. These findings were 

corroborated by Gallegly and Walker (1949). The wilt bacterium is sensitive 
·'i 

to desiccation (Sequeira, 1958). 

Welles and Roldan (1923), Ga11eg1y and Walker (1949), and Kelman (1953) 

reported that the rate of development of wilt in tomato was m&ximized by 

wet, ,.,arm weather and moist soils. Smith (1943) fO'md that vlilt was more 

severe in wet than in dry areas of the field. 

4. Variability of the Pathogen 

Bacterial wilt-resistant peanuts developed in Indonesia and resistant 

tobaccos developed in the United States have retained full resistance for 

many years. However, the existence in the soil of strains of t. solanacearum 

is known and isolates of the organism have been made by various workers 

(Budenhagen, 1960). Variations in the morphological and physiological cha­

racteristics of the strains have been noted (Kelman, 1954; Kelman and Person, 

1955; Perlasca, 1960; Klement and Lourekovich, 1962). 

1 Unpublished information from Dr. O. V. Holtzmann, Department of Plant 

Pathology, University of Hawaii. 
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Virulence of any strain of the bacterium varies from host to host and 

between locations on the same host (Kelman and Person, 1961). Sequeira 

(1958) found that newly arising mutant forms of the pathogen were pathogenic 

to a small fraction of varieties or species tested. At the same time, no 

species or variety Ivas susceptible to all the mutants. Zafrira and Palti 

(1960) compared different strains of wilt on tomato, potato and eggplant 

from different geographical locations. American isolates and Israeli iso­

lates differed in their host range and some of their morphological and bio­

chemical traits. 

Budenhagen (1962) reported a strain which was widespread in banana 

soils that did not affect commercial triploid bananas. He suggested that 

"moko" disease of bananas in South America was caused by a specific strain 

of [. solanacearum. 

[. solanacearum undergoes a relatively rapid loss of pathogenicity in 

culture (Nolla, 1931). In the breeding program, virulent strains are needed 

and can be maintained by covering bacterial wilt cultures in solid medium 

,vith a layer of sterile mineral oil (Kelman and Jensen, 1951). 

5. Breeding for Resistance 

The control of bacterial wilt disease through breeding was suggested 

as early as 1903 (Stevens and Sackett, 1903). Many foreign and domestic 

tobacco varieties were tested in the early trials but none had sufficient 

resistance to be valuable in breeding programs. 

The United States D~partment of Agriculture, in cooperation with the 

State of North Carolina, renevTed efforts in 1934 to find wilt-resistant types 

of tobacco. Within four years, 1,304 collections were tested. Very few 

lines showed resistance. Clayton and Smith (1942) successfully selected 

two moderately resistant strains. One highly resistant strain was found, 
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but proved to be otherwise poor. Later, a line TI 448A was found to possess 

high resistance, without objectionable growth characteristics and quality. 

Crosses ,.ere made between TI 448A and a commercial variety. From this 

cross, 52,000 hybrid plants were tested by Clayton und Smith (1942) and 

five potentially valuable plants were selected. After five years of inten­

sive and careful selection in the presence of disease epiphytotics and an 

environment favorable for bacterial growth, a high quality tobacco with high 

wilt resistance was obtained (NCAES, 1945a). This was released as IIOxford 

26 11 
• 

Several wilt-resistant variecies of peanuts have been found in Indone­

sia (Schwarz, 1926). In eggplant, resistant varieties have been released 

from a cross of Matale (resistant) and Javanese varieties (Winstead and 

Kelman, 1960). 

In the case of bacterial wilt in tomato, the search of a resistant 

variety by many investigators has not been as successful as with other 

solanaceous crops. Currence (1954) ascribed this to the seemingly variable 

and mutable nature of the pathogen. With the testing of different varieties 

by various workers in many parts of the world, however, it has been ascer­

tained that there are different levels of bacterial wilt susceptibility. 

The importance of a resistant variety of tomato to bacterial wilt was 

recognized by Rolfs (1898) and Earle (1900). They detected different levels 

of susceptibility in commercial varieties but they did not find the resis­

tance to be adequate. In Florida, Hume (1903) found that a plum-type tomato 

showed some resistance. Several years later, Sherbakoff (1919) tested 60 

different varieties but found all to be susceptible. Early screening was 

also conducted in North Carolina but the results were unsuccessful (Massey, 

1903). Stanford (1917) concluded that resistance in tomato to bacterial 

wilt cannot be augmented by seed selection from disease-free plants which 

remained healthy to maturity. 
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Efforts towards finding a wilt-resistant commercial tomato variety 

wer.e renewed in the mid-thirties (Schmidt, 1937). The only variety that 

showed resistance was Louisiana Pink, and it was crossed with the connnercial 

s~;ceptible variety, Marglobe. Resistance among selections from this cross 

\Tas not consistent in field trials. A number of other types were tested 

<Ind a small-fruited currant tomato from South America showed high resistance 

\NOOS, 1942). In 1943, lines which uhowed definite resiBtance were selected 

frJm crosses of Louisiana Pink x T 414 from Puerto Rico and T 414 x Devon 

Surprise (NOOS, 1945b). 

A more intensified program of finding resistant tomato lines combined 

with cOITllneLcial fruit size and quality was later undertaken (NOOS, 1948). 

In 1950, 909 collections were evaluated. Of these, only 26 had an appre­

ciable degree of resistance. One line did have good fruit size but the 

quality was not suitable (NCAES, 1952). 

In Ohio and Indiana, Alexander ~ ale (1942) tested 448 lines from 

South and Central America and various foreign countries and they found no 

line with a satisfactory level of resistance. To facilitate the work, a 

Cooperative Screening Committee was formed and more than 100 wild species 

anrl strains were tested. Ellis and Barham at North Carolina used greenh0use 

tests whereas McGuire in Hawaii used a field test (Alexander, 1955). 

Extensive screening of resistant varieties also has been done outside 

the United States. Labrousse (1932) found no high level resistance in 20 

commercial varieties tested in France. Negative results were also obtained 

~.n field trials with different vari-eties in the Philippines (Mendiola and 

Ocfemia, 1926 and Empig ~ al., 1962); Puerto Rico (Nolla, 1911); Fiji 

(Simmonds and Parham, 1934); C~ylon (Park and Fernando, 1938); South Africa 

(Wager, 1944); Queensland (Aberdeen, 1946); and Malaya (Burnett, 1949). 
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Nolla (1931) studied 23 tomato varieties in field and greenhouse trials 

in Puerto Rico. In distinction to previous findings, he suggested that the 

variety Marglobe, was partially resistant, and that Louisiana Pink was among 

the more susceptible varieties. None of the native Puerto Rican lines was 

resistant. As a result of the breeding work, a variety was developed which 

was more resistant than Marglobe and the local varieties. 

Warmke and Cr~zado (1949) made selections from 43 Mayaguez lines in 

Puerto Rico. The selections outyielded both the imported and local varie­

ties in a test in infested fields. 

Park and Fernando (1938) tested eight local and foreign varieties in 

Ceylon but found none of these that showed enough resistance to be useful 

for commercial planting. In Fiji, Simmonds and Parham (1934) noted that a 

small-fruited, cherry-type tomato was relatively resistant, but during the 

early period of growth a large number of plants died due to bacterial wilt. 

To facilitate the development of wilt-resistant lines in the tomato 

breeding program, Dosado (1958) in the Philippines evaluated different breed­

ing procedures. His experimental data favored backcrossing to the resistant 

parent to other breeding procedures. 

At present there is no great problem in selecting plants highly r~sis~ 

tant to bacterial wilt in Hawaii. The major problem is that of combining 

resistance with the necessary horticultural characters for ~ommercial accep­

tabi1ity. Barham ~~. (1956) reported that promising lines were selected 

from a progeny of large-fruited F2 selections grown in North Carolina. Simi­

lar1y, promising lines have been obtained at the Hawaii Agricultural Experi­

ment Station (1956). However, no lines with fully satisfactory levels of 

resistance and with commercial fruit qualities have been found. 
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6. Inheritance Studies 

Resistance to a number of pathogens of the tomato has been the subject 

of genetic £tudies. Schaible et al. (1951) cited the reports of several 

investigators, noting that resistance to each of the pathogens -- Septoria 

lycopersici Speg., Fusarium oxysporum f. lycopersici (Sacc.) Snyd,~r and 

Hansen, Stemphy1ium solani Weber and the spotted wilt virus -- was based 

on a single dominant factor. Resistance to 'Yilt caused by Vertici11ium 

albo-atrum Renke and Berth, was shown by Schaible f! a1. (1951) to be in­

herited as a monofactorial dominant condition. Resistance to the root-knot 

nematode, Meloidogyne incognita (Kofoid and White) Chitwood is also governed 

by a single dominant gene (Gilbert and McGuire, 1956). 

There has been little success in analyzing the genetic control of re­

sistance to bacterial wilt in tomato. McGuire (1956) noted that envirorL­

mental factors altered the expression of resistance. He observed wide 

variations in disease readings of individual varieties in successive tests. 

The greatest obstacle encountered was the difficulty in differentiating 

various levels of resistance. Shifriss and Myers (1942) tried to specify 

a criterion for detecting various degrees of resistance of cucumbers to 

mosaic virus. The segregating populations were grouped and inoculated at 

different stages of growth of the plants. They suggested that the delay in 

appearance of the symptoms was due to genes in the host rather than the 

effects of environment. They emphasized that a weekly record was essential 

in obtaining reliable data on the total number of genes involved in the 

disease expression. 

Smith and Clayton (1948) were the first to report the manner of inheri­

tance of ba~teria1 wilt in any solanaceous crop. They reported that resis­

tance in tobacco is recessive, and governed by multiple factors. 
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McGuire (1956) indicated that resistance of tomatoes to bacterial 

wilt was heritable. Later"McGuire (1960) proposed that resistance derived 

from North Carolina lines was recessive, since Fl hybrids were susceptible 

to wilt. A new type of resistance from a small-fruited wilt tJmato (1. 

pimpinellifolium) appeared to be dominant. Singh (1961) investigated the 

inheritance of the North Carolina type of resistance i.n tomato, and found 

that resistance was recessive, proposing that three genes governed the 

resistance. 
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III. MATERIALS AND METHODS
 

1.	 Materials 

Anahu (1. esculentum) is a large-fruited variety developed by Dr. J. 

C. Gilbert at the Hawaii Agricultural Experimeilt Station. Like other com­

mercial varieties, it is susceptible to bacterial wilt but has resistance 

to four diseases, namely, common races of root-knot nematodes, Fusarium 

wilt, Stemphylium leaf spot and spotted wilt virus in Hawaii. It has a 

determinate habit of growth, uniform r~pening, and yellow gel around the 

seed of the ripening fruit. The fruit weighs an average of about 150 grams. 

An inbred line of 1. pimpinellifolium designated as RES 5808-2 possess­

ing a high degree of resistance to bacterial wilt was selected by Dr. D. C. 

McGuire. It has been maintained as source of resistance to some diseases 

at the Hawaii Agricultural Experiment Station. It is susceptible to root 

knot nematodes but has some tolerance to blights. It has in indeterminate 

habit of grov~h, with v~ry small fruit weighing about 15 grams. The imma­

ture fruits have green shoulders with greeri'gel around the seeds. 

Yellow Plum was chosen as a susceptible check variety. In the field, 

plants of this yellmv-fruited variety were alternated with each test plant. 

2.	 Inoculation Procedures 

A large area of the Poamoho sub-station of HAES was made available for 

tests. Field inoculation WaS made by hypodermically injecting bacterial 

wilt suspension near the soil line in the stem of established susceptible 

plants spaced closely in the field. A second planting of susceptible plants 

was made to assure a heavy and uniform infestation. Toothpicks were used 

in this inoculation in place of (often-broken) hypode~ic needles. 11'10 to 

three toothpicks soaked for 24 hours in a high concentration of bacterial 

wilt suspension were inserted in the stem after wounding with a knife. 
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Suspensions were also poured into the irrigation water for both field 

inoculations. 

Early reports indicated that under glasshouse conditions resistant 

varieties succumb to bacteriai wilt. Recently, Winstead and Kelman (1952), 

Dosado (1958), and Zafrira and Palti (1960) succeeded in studying the dis­

ease under laboratory conditions using dilute bacterial suspensions. Modi­

fications made of these techniques are discussed together with the results. 

3. Analysis of Data 

The number of days unt:tl death from wilt was used as the measure of 

resistance. Populations were described by weighted survival means, expres­

sed in number of days 'from planting until death from bacterial wilt. The 

weighted mean, T, was calculated as follows: 

n 

where: nl = survivors to tl only 

nz = survivors between tl and tz only, etc. 

t = number of days from planting until time of observation 

ti = number of days at last observation + 7 

n =total number of plants in each population 

Plants surviving at the last observation were arbitrarily given seven days 

more as resistance. It is recognized throughout the following discussions 

that the assumption of a 7-day increment is arbitrary, and means based on 

this assumption are interpreted cautiously. In reality, the results suggest 

that many plants surviving at the end of field test periods would not have 

succumbed to wilt at all under these conditions, ~" ti (and T) for these 

plants is equal to infinity. 
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IV. RESULTS AND DISCUSSION.
 

1. Wilt Resistance Studies 

Most of the genetically-segregating lines to be discussed were derived 

from a susc~ptible parent,Anahu (PI) and a resistant inbred line of 1. 

pimpinellifolium, RES 5808-2 (PZ) which were crossed in 1960. The Fl 

plants were grown, self-pollinated and backcrossed to each of the parent 

lin~s. The seeds from crosses on different Fl plants were bulked to make 

up the F2, the BC to Anahu (BC l) and the BC to RES 5808-2 (BCZ) populations. 

Check plants of the wilt-susceptible variety, Yellow Plum, were inc~uded in 

all tests. Plants of the following seven lines thus were included in all 

of the critical studies: 

PI (Anahu) = wilt-susceptible, 1. esculentum 

P2 (RES 5808-2) =wilt-resistant, 1. pimpinellifolium 

Fl (Anahu x RES 5808-2) 

FZ (Fl self-pollinated) 

BCl (FI x PI) 

BeZ (Fl x P2) 

Check (Yellow Plum) 

la. ~. Four field experiments were conducted in order to observe 

segregations for resistance under different environmental conditions. The 

lines were planted in each of four seasons. Each trial consisted of about 

100 plants of the Fl and each parental line, and from 100 to 500 plants of 

the F2 and each backcross population. Susceptible check plants were alter­

nated with test plants in all trials. 

The numbers of survivors were recorded weekly, starting from the third 

vleek after transplanting. Seedlings that died from causes other than bac­

terial wilt were excluded from all' analyses. Instances were noted in which 



13.
 

plants wilted but recovered. Such cases may 'have been caused by high leve13 

of bacterial inoculum in the field. 

The first field test (summer) was conducted from July to November, 1961 

(Figure 1). Data were recorded for 1,840 plants. The check and PI were 

similarly susceptible to wilt with the greatest number of dead plants occurM 

ring between the 3rd and 5th week. The survival curves of these populations 

were clearly exponential. The P2 (RES 5808-2) was fully resistant until 

the end of the experiment, in 17 weeks.- The F plants remained resistantl 

until the 9th week, but many plants died in the 10th week. Plants in the 

F2 continued to die in a steady fashion from the 3rd week after transplant­

:tng. Death rate of BCl was about intermediate between F2 and P2, and the 

BCZ plants reacted much as the Fl popu~ation. 

I
The fall test was jConducted from September, 1961 to February, 1962 

(Fig. 2). Data were recorded for 1,086 plants. As in the summer test, 

most of the PI and check plants died between the 3rd and the 5th week. Some 

check plants survived until the end of the test, perhaps a consequence of 

the' low levels of inoculum'in some portions of the field. The Fl showed 

resistance until the 14th \"leek. The rea,::tions of tr",e other populations were 

the same as in the summer test except ~hat there was a generally delayed 

death of the plants. 

The breeding lines were reMp1anted in November, 1961; for a winter 

test, and the experiment terminated in April, 1962 (Fig. 3). Data were 

recorded for 1,975 plants. The check and susceptible parent again showed 
( -' 

exponential survival patterns, with most of the plants dying between the 

3rd and the 8th week. Wilt severity ~~s less than in previous tests, in 

both segregating and nonMsegregating lines. The P2 plants survived without 

symptoms of wilt until the end of the ·test. The Fl resisted the organism 

until the. 14th week and the BC2 until" the 15th week. The pattern of responses 
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of the other populations were the same as in the other tests. 

Results from the spring test (April to August, 1962) were similar to 

the previous tests (Fig. 4). Data were recorded for 3,472 plants. The PI 

and· check plants, died early in the season as in previous summer and fall 

tests. The PZ' BCZ and Fl overcame the disease in a similar fashion until 

thl~ 14th ~eek. Plants of the P2 started to die at the 15th week, although 

from causes other than wilt, so far as could be determined. There was a 

delayed death of the plants in this test, possibly because of the cool months 

at the beginning of the test which inhibited the multiplication of the or­

ganism and delayed the expression of the disease. 

Compar~tive studies o~ the data from the four plantings (Figs. 1, 2, 

3, 4) reve~led several interesting differences. Considering the period until 

50% ~urvival for susceptible checks, the winter test averaged over 6 weeks, 

while other tests ranged between 3 and ~ weeks. The delayed symptoms of 

"'ilt iu the winter test were less evident in Fl and segregating populations. 

Plants from the susceptible parent survi.ved longer, producing a few fruits, 

hut of poor quality. The resistant parent showe1 high resistance in all 

the tests. 

Few Fl plants showed symptoms of wilt before the 14th week, except in 

the severely-infected summer trial (Fig. 1). The 50% survival periods in 

summer, fall, winter and spring tests, were 10, 16, 15 and 15 weeks. The 

low value in the summer is probably due to the severity of the disease in 

this season (reflected also in BC populations). 

Plants in the F2 and BCl populations continued to die from planting 

until the end of each test. Onset of symptoms followed by death occurred 

more rapidly in the BCl than in the F2 population. The BC2 population showed 

resistance until the 16th week in the winter and spring tests but in the 

~ummer and fall tests, a number of plants died early in the season. 



100 

90 

so 

20 

10 

15.
 

..\ ~ _._._._._._._- _._. 
r-\;--'",,-- - - - -- ­
\:' .......... -"',
......... "
 1': \ .... ,.c...,. "­,.. .\ ....... " ...
 
i\ \ '''''' , 
r:,: ". '"'-" '-..........
': \ '.\\ \..... .......'''-.. ..... "-- ..........
 

1:. ......... .......,,~ ---........
 
l\ ''.''''. ........., ~...
 

._.•.•. ' ":I (1806.l~ '. '. ....,....
 
\ ' ' .......
- _- - :-;:.. ae lo r2 '\ t,'. ~ 

~~~- .', '. -............
 
~"~I\U'1 -, '" ' ............
., " .... 
......... - '1 (Anahu) \'" "._ '-. ....
 

~.- ....... OH'Ck (\'. Phc) '~" ....

'\;.... .........


',...... ~- .... , ­.....~... '.. 1_. _,_,_._._._.­
o 

Figure 1. 

100 

90 

80 

70 

I... 
.... 

w 

50 

~ 
" 
g 40 

30 

20 

10 

\ 
0J 

10 11 12 13 14 15 1& 17 

IIEEi:S raOM PLAIITING 
(SIIlHER) 

Weekly percentage of surviving plants in a bacterial 
wilt-infested field (summer test). 

'-'-'-'-'-'-'--'_._'-'-'-'---'_.:-'-'-'~-'''''''''''' 

~\~~---_._---,.......... ... ...
\ .................,..:.:.:;::.- _ ------',
 
\, - -.-.......... "
 " ",", '-- -',\"'l ..... " 

\ \, '-........
 
:\\\ - , .•.- ••.• P2 (5606-2)
 
\ \" • Be to P2
 

\ ". -..~ :::: : :~ 
\.\ , Be to PI 

\. \ '---" _ PI (An.hu) 

\" \. .-.-.. ' Ull'ck (Y. Plum) 
\", "­-',.... '\ 

..... "-..... '\...•. ......, 
\ -'.'. ,•.... ' ... 

...... -.-.....-....._- ........ ~.-.---.---
......... ._-.­

10 11 12 IJ 14 lb 17 

IIEllS rROM PLANTING 

.•~~·(FAU.) 

Figure 2. Weekly percentage of surviving plants·in a bacterial 
wi1t-infest~d field (fall test). 

I 



L 

\ 

--"", , 
\ 

\ 
\ 

\ 
\ 
\ 

\ 

(5808-2) 
!C to P2 

to Pi 
(Anahu) 

Cleek (Y. p1u:ll) 

16.
 

100
 

90
 

80
 

70
 

I60 

50 
._._.-. " P2 
'. "i 40 ............. '2 

~ --"'I... ...-H. Be30 
.._ ...... " PI 

."-1_& • 

6 10 11 12 Il 14 15 I~ 11
0 

II tEl( S· , I 0 " P LA. T J " G 
(IPlIlCli) 

Figure 4.	 Weekly percentage of surviving plants in a bacterial 
wilt-infested field (spring test). 

15 16 17 

20 

10 

0 

Figure 3. 

100 

ro 

!PO 

70 

I'60 

50 

40~ 
~ ., JO 

20 

11 12 J) 14 

II EEl S , R 0 H P LA H,T 1 H G 
(lIlJIIU) 

9 10 

Weekly percentage of surviving plants in a bacterial 
wilt-infested field (winter test). 

~~~_.==:-::":"~.:~~~-.::.:-.:.:.--~ ._~-'~t;o'':-'-'_' 

t" 
.... ...."\. ""....

\........... '..........
 
", 

..............
 

., , 

'\ 
\ 
\,,, 

\ 
\
 

\, 
'0,"- ....	 ..."", . 

" ....--. ...:......	 \ 

"", 
. 
~ ~
 

.........~..;-.......
 
....... "'f......
 

"," ..... \ 

....... ...~ i
 
\............ '...
 ....	 \ ............	 ~ 

..\
 \ 
._.•. _. " P2 (5808-2) ""-" \ I,

- - - - " 8C 10 1'2 "" \ , 
' .•,._&- ·'l \ \ 

\, 

\.-- .- • PI 
" 

_~ • Be tu!,J ". \. 
.........•. • PI (AJlo1huJ
 
~ .....,.. • Un'do tV. PIUlD) """ \ ,
 

"'.,.\
10 



17.
 

The rate of death in all experimental populations was faster in the 

summer test than in the other tests. The severity of wilt reaction Elmong 

segregating plants of BCl in the summe.r is illustrated in Figure 5. Varia­

tions among segregating plants were particularly clear nine weeks after 

transplanting, at mature fruit stage, in this planting. The resistance of 

the resistant parent, RES 5808-2, was especially striking late in the win­

ter season (Fig. 6). 

Data from the four trials have been pooled in Figure 7. The exponen­

tial survival patterns of genetically uniform populations (check, P2 and 

Fl) are particularly clear in this summary. The susceptible check and the 

susceptible parent, Anahu, were almost identical in weekly death response. 

The Fl population showed little death from wilt until the 13th week, after 

which a rapid decline appeared. The F2 population segregated many plants 

which were killed by the disease in early weeks after planting, giving a 

nearly linear survival pattern. Similarly, death of BCl plants due to wilt 

was nearly linear with time, about 6% of the plants expiring each week. 

However, a disproportionate number (30%) of the BCl plants were killed by 

wilt between the 2nd and 4th week after transplanting. 

In Figure 8, the wilt survival data from the four seasons have been 

summarized in another way. The average numbers of days until death have 

been calculated, on assumptions outlined in the Materials and Methods. Dif· 

ferences among the seasons are again evident, with the most severe reactions 

in the summer test and least severe in the winter test. 

In the fall and winter tests, data were recorded weekly until all plants 

died (Table 1). In both tests, over 95% of the resistant parent (RES 5808-2) 

were surviving at 19 weeks, well beyond the end of normal fruit-bearing sea­

son. All plants in the BCl and Fl died by the 20th week. At thi8 time, 
." 

only 11% of the F2, 15% of BC2, and 30% of P2 plants were surviving.

j 
t 
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Figure 5.	 Wilt reaction of tomato plants in summer 
trial, nine week:; after planting. A =P2; 
B =BC1; C =F1 (see text). 

Figure 6.	 The resistant parent, RES 5808-2 and sur­
viving F2 plants in background, 20 weeks 
from planting in the winter test. 
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Contributing to the wilt-induced death by this time were several other 

causes. Early blight affected many plants, and necrotic stems were common. 

Death from normal causes ("reproductive stress") is common by this period 

among commercial varieties grown in Hawaii. It was largely for this reason 

that wilt resistance data were interpreted critically only until the 17th 

week (Fig. 7). 

The relationship of soil temperatures to disease severity was tested 

by use of a soil thermograph. Soil temperature readings were taken only 

during two of the four field tests, as well as in tile bed and advanced 

progeny tests. The bulb of the thermograph was buried about 15 cm into the 

soil in the root zones. 

Weekly soil temperatures during the fall (advanced progeny) and winter 

tests were lower by about 40°C than those for spring and summer (tile bed) 

test (Fig. 9). The percentages of surviving plants in the different popun 

lations were generally higher in the winter test than in any of the other J 
I 

tests. In the winter season, it is evident that the average soil tempera­

ture is not high enough for optimum bacterial activity. These results are 

in agreement with those of Vaughan (1944) and Gallegly and Walker (1949). 

The optimum temperature for bacterial development comes during the summer 

season. 

Comparison of the temperature readings with the corresponding percent­

ages of dead plants in each week did not show a direct relationship. It is 

probable that a certain period of time elapsed before the disease was expres­

sed in the plants. 

lb. Greenhouse. ~qO tests were conducted to test the performance of 

the breeding lines in flats. The last observations were' made when the plants 

were showing a decline in vigor. The crowded growing conditions in the seed 

flats hastened senescence of the experimental plants. 
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Table 1.	 Weekly percentages of surviving plants from seventeen 
weeks until last observation in bacterial wilt-infested 
fields. 
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A preliminary test was conducted in seed flats with sterilized soil 

from .July to September, 1961. The 384 seedlings tested represented the 

seven populations also grown in field tests. The 30-day old seedlings were 

inoculated through the root system. The inoculuul was prepared by dissolving 

one loop (about 0.01 ml) of OOze from an infected stem in 5 ml of water. 

A cut was made on the roots about 3 cm from the stem of each seedling, and 

three drops of the suspension applied. Since this test was conducted to 

gain preliminary information on the reactions of the progenies under green­

house conditions, only one observation was made at 67 days followir~ plant­

ing (Fig. 10). The following percentages of survivors were obtained: 

Check =0%
 

PI = 0%
 

BCl =0%
 

F2 =37.5%
 

Fl = 47.9%
 

BC2 =62.5%
 

F2 = 62.5%
 

The results of this preliminary test encouraged further studies with con­

trolled inoculations, for results paralleled closely those of the field 

tests (Fig. 7). 

In a second greenhouse test, the sterilized soil was inoculated 18 days 

before planting. The inoculum was prepared by allowing infected tomato cut­

ting to ooze into a 50-ml beaker of distilled water for 12 hours. Ten mil­

liliters of the fresh suspension Were pipetted to each of five Erlenmeyer 

flasks containing 250 ml of nutrient broth. These were incubated for 24 

hours for rapid multiplication of the bacterium. The bacterial wilt suspen­

sion was diluted to seven liters with water, and 300 ml of the inoculum were 
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poured evenly in each of the 22 flats. To avoid desiccation of the bac­

teria, the soil was moistened every other day until planting time. Between 

March and August, 1962, data were recorded on 706 seedlings in this test. 

Most of the P and check plants died between the 3rd and 5th week, and
l 

all the plants died by the 10th week (Fig. 11). The P2 and BC2 showed re­

sistance until the 9th week, then death of the plants occurred at a faster 

rate than the Fl. The results obtained in these populations deviated from 

those obtained in field tests. A possible explanation for these discrep­

ancies is the fact that the Fl showed more general vigor than the other pop­

ulations. Under thJ crowded conditions of seedling growth in the flats, 

competition among the plants was greater than in the field. Some plants of 

the P2 and BC2 might have been weakened and thus succumbed to 'the wilt. 

These results showed convincingly that no true immunity to the wilt occurred 

in the lines tested. The ability of P2 and related lines to resist wilt 

in the field was not sufficient to stem bacterial growth in the crowded 

flats. The F2 and BCl populations, however, performed in inoculated flats 

almost exactly as they had in the field. 

l(~. Test of three bacterial strains. Strains of~. solanacearum have 

been isolated by Quinon and Aragaki (1963) from bird of paradise (Strelitzia 

reginae Banks) and edible ginger (Zingiber officinale Roscoe). These strains 

were compared with the strain from tomato for their pathogenicity on the 

parental lines and the hybrids. The test was conducted from July to October, 

1962 in tile beds. 

The tile beds were sterilized with chloropicrin three weeks before 

planting. Inoculum was prepared in the same way as in previous tests (test 

No.2). At planting, the roots of the seedlings were dipped in bacterial 

wilt inoculum. After covering the roots with soil, 15 ml of the inoculum 

were poured at the base of each seedling. About 350 seedlings representing 
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the six populations were tested in each strain. In every case, more plants 

~vere tested in the segregating populations. Check plants were not included 

in this test, since susceptibility of the PI and check plants was similar 

in previous tests. In each tile bed, three rows of PI were planted to 

serve as checks. Since it was expected that the PI plants would die early, 

they were alternated with F2 plants to fill up the anticipated vacant space 

and at the saule time increase the number of F2 plants. The reaction of 

tomato seedlings in this test is illustrated in Figure 12. 

The weekly survival patterns of the breeding lines infected with tomato 

strain of wilt (Fig. 13) were very similar to those obtained in flat and 

field tests. All the PI died by the 5th week, with the highest number of 

plants dying in the 2nd and 3rd week. The Pz remained highly resistant and 

Fl plants ~qithstood the disease well only until the 9th week. Survival 

curves in this test were essentially identical to those obtained in the 

four field tests (Fig. 7). 

Weekly survival data were also taken from the six populations, follow­

ing infection with wilt strain obtained from bird of paradise and edible 

ginger plants. The responses of the breeding lines ·to both bird of para­

dise and ginger strains were essentially identical (Figs. 14, 15).· During 

the 2nd and 3rd week, a largecproportion of the PI died. However, percent­

ages of surviving plants were much greater at all times with bird of para­

dise and giAier strains than with the tomato strain (Fig. 13). While all 

the PI had died by the 5th week following infection with the tomato strain, 

almost 50% were surviving in tests with both the bird of paradise and ginger· 

strains. Although at the end of these tests (12 weeks) all the PI died, 

the death rate was very slow compared to that in test of tomato strain. 

The evidence that the tomato strain was more virulent than the other two 

strains was confirmed by survival patterns of P2l FI and segregating 
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populations. Figure 16 shows the greater number of dead plants in the 

tomato strain than in both bird of paradise and ginger strains. 

The P2 showed resistance to all the strains until the 9th ~1eek. The 

survival rates from the 8th week to the end of the experiment were higher 

in tests with both the bird of paradise and ginger strains than with the 

tomato strain. The Fl survival curves wet'e essentially similar for the 

three strains, although plants infected with the tomato strain began to 

succumb in an exponential fashion by the 9th week. At last observation, 

76% and 93% of the plants survived in tests with bird of paradise and ginger 

strains, respectively, whereas only 30% of plants infected with the tomato 

strain survived. In the F2' death rate of the plants in both bird of para­

dise and ginger strains was similar. The F2 survival curve in the tomato 

strain ~vas the same as in previous tests. The BCl survival curves in all the 

strains were lower than the FZ' The DCZ showed resistance similar to the 

P2 in tests of bi~d of paradise and ginger strains. In the tomato strain, 

resistance was shown although about 20% of the plants died by the 9th week. 

'rhe weighted survival means (Fig. 17) of plants in the different popu~ 

~ations also showed that death of plants in the tomato strain occurred 

earlier than in tests with the bird of paradise and ginger strains. 

ld. Advanced progeny tests. Individual plants with differing levels 

of resistance were selected from the segregating F2 and backcross lines for 

progeny tests. One progeny test was conducted in the spring, from March to 

August, 1962, with a second test in the winter, from August, 1962 to January, 

1963. All the progenies tested were obtained by self-pollination. Twenty 

F lines randomly sampled fr~n individual Fl parents grown in a wilt-free
Z 

field were also progeny-tested in infested soil. The general field aspect 

of these tests i~ illustrated in Figure 18. The raw data from which survival 
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Figure 16.	 The breeding lines tested against three strains of P. 
solanacearum. Strains from (A) edible ginger, (B) 
tomato and (C) bird of paradise. Pegs with white tags 
indicate dead test plants, those without tags indicate 
dead PI plants. 
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Figure 17.	 Weighted survival means expressed in rrwnber of days 
from planting until death from three strains of ~. 

solanacearum. 
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means (Table 2) were calculated are presented in Appendix Table 1. 

The stages of growth and durations in weeks in the normal life of a 

tomato crop under the conditions of these experiments were: seedling, 4 

weeks; blooming, 4 weeks; maturity, 5 weeks; early bearing, 4 weeks; late 

bearing, 4 weeks; and senescence. These stages were used as class intervals 

in the classification of the parental wilt scores (Table 2). Any plant 
\ 

1 dying from wilt prior to maturity (9 weeks) was considered susceptible, 
J
 

!
 since the highest percentage of dead PI and check plants occurred prior to
 

maturity. The few susceptible plants that survived until maturity were 

not able to produce marketable fruits. 

Since the susceptible parent died within 9 weeks and the resistant 

parent survived beyond 17 weeks, the interval of 9 to 17 weeks (early bear­

ing and late bearing stages) was designated as intermediate (I). In this 

group, plants that died from 9 to 13 weeks were classed as partially suscep­

tible (P. S.) and those that died from 13 to 17 weeks are classed as par­

tially resistant (P. R.). The surviving plants at 17 weeks were considered 

resistant (R). 

The advanced progenies segregated widely, a fact evidenced by the large 

standard errors obtained for progeny means (Table 2). Most F3 families in­

eluded a few highly susceptible plants which died from wilt in 3 - 5 weeks. 

\ In general, there was a fair correspondence between progeny means and the 

level of resistance of the parent. 

Six partially susceptible (P. S.) F2 parents produced progenies with 

survival means ranging from 63 to 81 days. Partially resistant parents 

produced lines ranging from 39 to 112 days, indicating that a wide range of 

parental genotypes were classed as partially resistant. 

In general, plants classified as resistant produced progenies of inter­
\ 
1 

mediate response, although at least 7 of the 30 lines tested were as 

I 
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Table 2. Survival means of advanced selfed progenies in number of 
days from planting until death from bacterial wilt. 
(P.S.=Partially Susceptible; P.R.=Partially Resistant). 

Parent Parent Sea- Number of Survival Means Reference 
Line Wilt son Plants in Days Number (App. 

Score Table 1) 

F2 P. S. Spring 268	 63 ± 4.6 1 
66 ± 5.3 2 
70 ± 4.9 3 
73 ± 5.3 4 
74 ± 4.9 5 
81 ± 4.4 6 

F2 P. R. Spring 168 78 ±5.0 7 
92 ± 4.2 8 
94 ± 2.6 9 

112 ± 2.4 10 

F3 P. R. Winter 83	 39 ± 6.7 11 
59 ± 9.2 12 
72 ±11.6 13 
75 ± 9.5 14 

FZ P. R. Winter 47	 94 ± 4.6 15 

BC2 P. R. Winter 57	 48 ± 9.4 16 
70 ±10.6 17 
70 ±11.5 18 

F2 Res. Spring 357 77 ± 6.3 19 
85 ± 4.9 20 
86 ± 5.2 21 
95 ± 6.7 22 
98 ± 4.7 23 

104 ± 4.9 24 
lOB ± 5.0 25 
112 ± 3.5 26 

F2 Res. Winter 87	 U5 ± 2.2 27 
122 ± 3.0 28 

F3 Res. Winter 85 . 63 ±10.1 29 
101 ±10.2 30 
112 ± 7.9 31 
112 ± 6.6 32 

BCl Res. Spring 55 77 ± 7.2 33 
102 ± 5.6 34 
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Table 2 (Continued) 

,-Parent Parent Sea- Number of Survival Means Reference 
Line Wilt son Plants in Days Number (App. 

Score Table 1) 

Bel Res. Winter 81	 49 ± 10.9 35 
63 ± 9.9 36 
77± 8.5 37 
95±1O.7 38 

B~ Res. Winter 50	 53 ± 10.3 39 
91 ± 11.2 40 
94 ± 11.5 41 

BC1 (81) * Winter ~144 40 ± 7.6 42 
Res 44 ± 8.3 43 

64 ± 12.2 44 
66 ± 11. 7 45 
69 ± 12.9 46 
82 ± 9.8 47 

115 ± 3.7 48 

F2 Unknown Winter 380	 23 ± 2.2 49 
29 ± 5.8 50 
40 ± 13.6 51 
56 ± 6.6 52 
57 ± 10.9 53 
60 ± 10.6 54 
70 ±= 8.7 55 
71± 7.7 56 
75 ± 8.8 . 57 
77 ±12.4 58 
78 ± 11.3 59 
80 ±11.2 60 
80 ± 9.9 61 
81 ± 8.2 62 
82 ± 6.8 63 
87 ±11.0 64 
89 ±10.8 65 

102 + 11.6 66 
105 ± 6.8 67 
116 + 7.5 68 

* BCl se1fed twice. 



34.
 

resistant as the original Fl lines (PI x P2). The means of two F3 lines 

obtained from resistant parents (sc'ored at ll5 and 122 days) fell into the 

highly resistant: group. Progenies from resistant BCl parents were classed 

as partially sUBceptible (ranging from 49 to 77 days) and partially resis­

tant (95md 102 days). Four F4 lines, derived from resistant F3 (lmd, in 

turn, resiscant F2) parents were studied.' Three of the four F4 lines were 

highly resistant, averaging from 101 to 112 days. The means of seven BCl 

(selfed twice) from resistant parents were highly variable in performance, 

ranging from 40 to 115 days. 

The survival means of selfed progenies derived from 20 F2 parents in 

a wilt~free field varied widely from high susceptibility to resistance 

comparable to L;lat of P2 (Table 2). Among the' 380 F3 plants (Table 3), 92 

plants (or 25%) survived until the end of the test (17 weeks), at which 

time most of these appeared wilt-free. On the other hand, 40% of the F3 

plants were highly susceptible, succumbing to wilt within. 5 weeks of plant­

ing. Between these two extremes, an almost linear increase in mortality 

occurred. 

Table 3.	 Number of F3 plants dying each week from bacterial 
wilt (Progenies of F2 plants grown in a wilt-free 
field) • 

Weeks 1 2 3 4 5 6 7 8 9 10 

Number of 
Plants 22 57 33 15 25 6 10 8 7 9 

Weeks 11 12 13 14 15 16 17 Survivors 

Number of 
Plants 8 7 9 22 26 13 II 92 
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Among the 20 F3 families (Table 2), three averaged in the highly­

susceptible group ranging from 23 to 40 days. The remaining family means 

were distributed throughout the range, with some concentration around 80 

days. The weighted mean survival of this F3 population was 72 days, com­

pared to 93 days for the F2 population preceding it. 

Smith and Clayton (1948) progeny-tested wilt-resistant F3 lines of 

tobacco. Seven of the 166 selections were highly resistant. The other 

159 lines segregated widely. The proportion of highly resistant lines 

recovered was about the same as that for the tomato populations here. 

Generally, susceptible plants were not able to produce fruits, and 

seeds could not be collected. It was, therefore, impossible to progeny­

test plants with susceptible scores. The distributions of the survival 

means as a whole (Table 2) suggest that the ·phenotypes of the progenies 

represented to some extent the parental genotype, but there were gradations 

within all classes. There was little evidence to suggest that the season 

when the progeny test was conducted had a significant effect on the data 

collected. However, it is probable that selections of highly resistant 

plants for advanced tests and breeding work should be made under the most 

severe natural conditions of infection. 

leo Test of North Carolina to·mato lines. Five tomato inbred lines 

obtained from Dr. N. N. Winstead of North Carolina were field-tested for 

wilt resistance in the spring season, March to August, 1962 (Table 4). 

The survival means of the North Carolina lines ranged from 77 to 96 days. 

Under Hawaii conditions, therefore, the North Carolina lines were interme­

diate in resistance between F2 (RES 5808-2) and Fl (Anahu), which averaged 

around 30 and 120 days, respectively. 
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Figure 18.	 Advanced progeny test for wilt resistance. Lines 
derived by self-pollination of (A) partially-re­
sistant, (B) resistant, and (C) partially suscep­
tible parents. 
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Early in the growing season, the North Carol:ina lines were vigorous, 

whereas the check and PI plants had died (Fig. 19). Later in the season, 

the vigor of North Carolina lines was lost and only very few fruits were 

formed. The plants were stunted (Fig. 20) and death occurred much earlier 

than in RES 5808-2 (P2)' 

Plants from two North Carolina lines (NC 61-55 and NC 6l-S-l) were 

crossed to hybrids of Anahu x 5808-2. Two North Carolina lines (NC 61-55-

OP and NC 6l-S-36) that produced fruits approaching commercial size were 

crossed with Anahu to facilitate selection of a line with high quality and 

wilt resistance. HybTids were included in the winter test from August, 

1962 to January, 1963 (Table 4). 

The survival means of crosses of the North Carolina lines with ~nahu 

were classed in the susceptible group. This Fl was much more susceptible 

than the Fl. of North Carolina x (Anahu x RES 5808-2). These results con­

form with the report of McGuire (1960). The hybrids between North Ca.rolina 

lines and the (highly-resistant) Fl of Anahu x RES 5808-2 survived much 

later in bearing season (70 and 102 days), survival means comparing favor­

ably with those of the Fl of Anahu x RES 580~-2 (Fig. 13). 

2. Genetic Interpretation of Data 
\ 
I 
\ 

j Genetic interpretation of the wilt resistance data presented here de­
~ 
'j pends greatly on the interpretation of the resistance or immunity (under1 
J

I
.. 

experimental conditions) of the resistant parent, P2 (RES 5808-2). Insofar'I 
J 

as the studies permit such a conclusion, P2 plants rarely died of wilt in 

the field during the period in which survival data were taken. Field death 

of plants in this "resistant" line oc(:urred as a combination of environ­

mental and pathological conditions, among which wilt may have played a 

minor part. However, P2 cannot be considered immune to wilt; when careful 
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Table 4. Wilt reactions of North Carolina lines and their 
hybrids. 

Number of Average Number of 
Lines Tested Plants days to death 

from wilt 

Parent NC 61-55 52 77 + 3.4 
Lines: NC 6l-55-0P 

NC 6l-S-36 
53 
20 

82 + 3.0 
93 +3.3 

NC 6l-S-6 26 95 + 8.7 
NC 6l-S-l 33 96 + 2.9 

Hybrids: NC 61-55 OP 
x Anahu 25 34 + 4.5 

NC 61-S-36 . 
x Anahu 24 42 + 3.9 

Nt: 61-55 x F1 
(Anahu x 5808-2) 50 70 + 7.1 

NC 61-S-1 x F1 
(Anahu x 5808-2) 26 102 + 6.1 
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Figure 19. (A) North Carolina wilt-resistant line" (NC 61-55-0P), 
(B) test p1ant,.and (C) check plants on both sides, 
died early in' the season. 

Figure 20. North Carolina line at bearing stage. 
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inoculations are made with massive doses of the pathogen, it also sUI~cumbed 

to the bacterium (Fig. 13). 

It is held by most students of bacterial resistance that, in bo'~h 

animals and plants, true. immunity does not exist. The immunological resis­

tance and genetic resistance of rats to typhoid bacteria, for exampl,a, re­

flects the unusual ability of the resistant animals to slow down bacterial 

multiplication, while immunity as such does not occur. The same conclu­

sion appears valid for the resistance of tomato lines tested here to wilt­

inducing bacteria. 

On this important assumption -- that P2 was essentially field-immune 

to vTilt under conditions of the experiments conducted here -- rests the 

majority of the genetic interpretations which follow. 

As a second major fact in interpreting these data, it is clear that 

FI plants were never immune, but succumbed to the disease ultimately in all 

tests. Resistance, if it may be called that, of the Fl plants was simply 

the ability to suppress the bacterium and to grow for a much longer period 

than the susceptible parent. It should be noted that this resistance was 

sufficiently great to carry most Fl tomatoes through the heavy-bearing sea­

son. Thus, ,~ile the Fl plants must be considered susceptible rather than 

immune, they had a practical level of resistance of great value to the plant 

breeder. 

A primary conclusion derived from a comparison of the Fl and its parents 

must be simply that the genes of neither parent are fully dominant. Earlier 

interpretations of similar data by Singh (1961) were made on the early flo­

wering and fruiting stages. At these stages, the FI ·pla~ts are apparently 

healthy. One can conclude, as Singh did, that genes for resistance are 

"dominant" at this stage. In practice, this is a useful way to consider 

the data, although it infe!rs that one must consider the same (or other) genes 
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for resistance to have been recessive at later stages, When all the Fl 

plants have proved susceptible to the disease. Each of these considerations, 

while useful to the breeder, are invalid for correct genetic interpretation 

of the data. The genes do not change in their dominance, nor do we need 

to suggest that some genes act at early stage (dominant alleles conferring 

resistance) while other genes act at later stage (their dominant alleles 

conferring susceptibility). Rather, in line ~qith the interpretation of 

other bacterial and viral resistance data, it must be considered that the 

genes conferring resistance are largely additive in their effect, conferring 

on the Fl the ability to suppress the growth and symptoms of the bacterial 

invasion until much later in a tomato's development. On this basis, most 

of the following interpretations have been made. 

2a. Exponential survival curve. The weekly percentages of surviving 

plants were plotted on a semi-logarithmic scale in an·attempt to clarify 

the relationships of death rates among populations (Fig. 21). One of the 

major factors influencing bacterial disease development is the differential 

rate of growth of the pathogen in different host plants. Sadasivan (1961) 

reported that there was generally a direct relationship between wilt develop­

ment and numbers of resident pathogenic bacteria. Severe injury to the 

root system at transplanting provides an avenue of entrance of the organisul 

into the host; as Sadasivan (1961) stated, wilt-susceptible plants produce 

greater amounts of root exudates than do those of resistant plants. The 

wounds in the roots may have induced a greater release of the exudates (amino 

acids and sugars) thus creating a condition conducive for the growth of 

the organism. 

On the semi-logarithmic scale, the PI and check plants demonstrated 

perfectly linear death rates. These exponential survival patterns mimi~ 

those of other living organisms under stress, when no resistance or 
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protection is available. Sax (1962) referred to such stress as a condition 

arisil~ particularly from pathological alteration of host tissues and 

deterioration of cell colloids. It may be assumed that susceptible plants 

have essentially no genetic or physiological ability to prevent or delay 

thi~ deterioration. In contrast, the genp.s for resistance in P2 presumably 

stopped multiplication or activity of the organism in field tests. Under 

tile bed conditions, the P2 showed some death from wilt, only in the last 

few weeks of growth. 

The results from the genetically-uniform Fl population are less clearly 

interpretable, referring to the log-transformed data (Fig. 21). Under field 

conditions, Fl plants withstood the bacterial attack about 15 weeks and 

then started to succumb, again in exponential fashion. In the heavily­

infected tile beds, however, Fl plants appeared to include two groups, about 

20% dying between the 2nd and 6th week, the remainder passing out exponen­

tially from the 10th ,qeek on. It is inferred that some segregation occurred 

among the Fl plants. 

lhe F2 populations (Fig. 21) regressed toward the susceptible parent, 

and present the multitangential curve expected for polygenic segregation. 

If one gene governed resistance, one would expect the F2 curve to dip sharp­

ly in the first few weeks, level out, then dip again. This did not occur. 

In the BCl (Fl x susceptible parent), however, the superimposed exponential 

patterns became evident. }~ny BC plants died in the first few weeks, to 

produce an initial dip in the survival curve. Of more interest is the fact 

that the most resistant BC plants (about 30%) survived until about the time­

exponential drop appeared in the Fl' 

Exponential portions of the curves for PI, BCl and Fl were parallel, 

insofar as could be determined (Fig. 21). It is inferred that levels of 

resistance to the bacterium reflect retardation of its attack or multiplica­

tion, an hypothesis called for by the parallelism of survival curves. 
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2b. Number of genes governing resistance. In order to discuss the 

results of these studies from a genetic standpoint, the distributions of 

the populations were considered (Table 5), using the groupings discussed 

previously. Data were summarized from the four field plantings (Fig. 7). 

~fuen the populations of F2 plants were classified as susceptible (8), inter­

mediate (I), or resistant (R), a large proportion (32%) of resistant plants 

was recovered. This result suggests that a small n\oober of genes may be 

involved in determining wilt resistance. Assuming no dominance or geometric 

effects, each allele has an equal and cumulative effect, and an F2 distri ­

~ution of 1(8): 2(1): l(R) based on one gene pair could be calculated. TOe 

summarized F2 data (Table 5) were close to this' distribution, although indi­

vidual seasons varied considerably about it. The observed values of 8:I:R 

in the two backcross populations were close to unity. 

Chi-square tests for monogenic ratios were made on the F2 data for 

nine weeks (susceptible group) and at 11 weeks (resistant group). Chi­

squares were also calculated for BC2 ratios so as to confirm the inferences 

dravm from the F2 ratios (Tables 6, 7). No dominance was assumed, the as­

sumption being only that (8) = one homozygote, (R) = other homozygote, (I) 

=: heterozygote. 

At nine weeks, the F2 chi-square values during the summer, fall and 

winter tests showed poor fits for the 1:3 ratio. The pooled chi-square 

value (3.4), however, fitted the expected value'S (Table 6). In the BCl. 

the chi-square value in the fall test showed a good fit for 1:1 ratio. How­

ever, the pooled chi-square value (4.2) was significantly large (P £ .05). 

The F2 values at 17 weeks (Table 7) in the fall and winter tests showed 

wide deviations from the expected ratio. Likewise, the pooled chi-square 

value was significantly large (P ~ .01). In the BC2, values obtained in the 

spring test and pooled values deviated widely from the expected. 
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The F3 population (Table 5) would be expected, on a monogenic hypothe­

sis, to segregate 3S:2I:3R. The obtained ratio (48%:27%:25%) was clearly 

discrepant from this expectation. Non-random sampling of F2 might have 

contributed to the bias here. 

The data from greenhouse tests were also grouped into arbitrary S, I 

and R groups, end tested on the monogenic hypothesis with nodominance (Table 

8). In test number one, the F2 chi-square value at 67 days from planting 

(maturity stage) was 4.0. In the BC2, the values fitted the expected 1:1 

ratio. In test number two, the observed values in the FZ and BCZ were close 

to the expected. In laboratory test number three (tile bed), the F2 chi­

square value of 0.4 reflected a good fit to 3:1 ratio, and that from BCZ 

a significant discrepancy from expectation. 

~f.1ile some of the distributions satisfy a monofactorial hypothesis for 

resistance, others departed significantly. It was apparent -tlso that the 

classification of S:I:R on which this simple assumption was based was only 

arbitrary. 

The alternative explanation of these data is that of a multifactorial 

basis for resistance. This hypothesis is more in keeping with results from 

studies of other bacterial pathogens of plants and animals. - Several facts 

appear to favor the multifactorial explanation. It is evident that any 

multifactorial distribution could be arbitrarily divided to give a 1S : 21 

1R ratio in F2, with 1:1 BC ratios. Therefore, the designation of dividing 

points in time between S, I and Rplants may have produced pseudo-monofac­

torial segregations. Critical evidence on the number of governing genes 

requires extensive advan(~ed progenies. The advanced progenies grown here 

(Table 2) permit some conclusions, however. In the first instance, the 

distribution of F3 plants derived from F2 plants of unknown resistance de~ 

viated from the 3S: 21: 3R expected on a monofactorial hypothesis (Table 3). 
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Table 6.	 NUmbers of dead and surviving plants in bacterial wi1t­
infested fields at maturity (9 weeks from planting) with 
numbers expected under the monogenic hypothesis. 

Season Observed 
Dead Survivors Dead 

]£q?ected 
Survivors 

Chi­
square 

P 
value 

F2 (1:3) 

Summer 
Fall 
Winter 
Spring 
Pooled 

98 
79 
40 

123 
340 

139 
333 
281 
389 

1,142 

59.3 
103.0 
80.2 

128.0 
370.5 

177.7 
309.0 
240.8 
384.0 

1,111.5 

33.8 
74.5 
26.9 
0.3 
3.4 

0.01 
0.01 
0.01 
0.60 
0.07 

Bel (1:1) 
.! 

;., 

Summer 
Fall 
Winter 
Spring 
Pooled 

105 
11 
45 
87 

248 

37 
10 
74 

175 
296 

71.0 
10.5 
59.5 

131.0 
272.0 

71.0 
10.5 
59.5 

131.0 
272.0 

32.6 
0.1 
7.0 

29.6 
4.2 

0.01 
0.82 
0.01 
0.01 
0.f)3 ­
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The mean survival dates of F3 families were distributed throughout the weeks 

studied, with, however, somr. evidence of trimoda1 dispersion (68:111 : 3R 

families). The survival patterns of BCl plants (Fig. 21) are critical to 

interpretation of the data. If this cross segregates monofactorially, about 

50% of the plants should die in the first 9 weeks, followed by a plateau 

with little death occurring until about the 15th week (when exponential 

loss of Fl plants occuLred). A sharply bimodal death paftcrn of BCl plants 

seems not to have occurred, suggesting multifactorial patterns. Similarly, 

the distribution of deaths among F3 plants (Appendix Table 1) was more or 

less continuous, without the expected trimodality of a monofactorial dis­

tribution. Several F2 plants classified as resistant showed intermediate 

and susceptible F3 segregants. This also suggests that the R plants are 

not homozygous for a single resistant allele. 

Since it is of practical importance for resistance to hold up until 

mid-bearing season, the data for wilt resistance were also grouped in class 

intervals according to the stages of growth of the plants (Ta.ble 9). Based 

on these stages, frequency curves of the different populations 'Were con­

structed (Fig. 22). These distributions similarly indicate the probability 

of a multifactorial basis for resistance. 

Since the death of P2 at the end of the season can be attributed to 

many factors, other than bacterial wilt, interpretation centers on the 

relationships among PI' BCI and FI populations. Both PI and FI populations 

were unimodal, and more or less normally distributed when the pooled data 

are considered. However, the log-transformed data presented earlier (Fig. 

21) clearly show these to be exponential curves, departing significantly 

from normality. In other words, a certain fraction of survivors died each 

week during the exponentia.1 killing periods (4 - 13 weeks for PI> 13 - 19 
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Table 9. Percentage of plants dying in wilt-infested fields classified 
by stages of growth. 

Popu1a- SUSCEPTIBLE INTERMEDIATE RESIST.MIT... 
tion Season Blooming Maturity Bearing Life Survivors 

1-4 wks. 5-9 wks. 10-13 wks. 14-17 wks. at 17 wks. 

Stumner 55.0 45.0 
P1 Fall 67.5 32.5 
(Anahu) Winter 6.7 75.0 18.3 

Spring	 24.2 73.6 2.2 
"Average	 38.3 56.5 5.2 

Stumner 39.5 34.5 18.3 4.2 3.5 
Fall 38.1 14.3 33.3 9.5 4.8 

BC1 Winter 2.5 35.3 41.2 18.5 2.5 
Spring 13.0 20.2 17.6 41.6 7.6 
Average 23.3 26.1 27.6 18.5 4.6 

Stumner 5.0 17 .5 30.0 18.3 29.2 
Fall 0 4.8 0 52.4 42.9 

F1 Winter 0 0 0 86.7 13.3 
Spring 0 0 1.2 95.0 3.8 
Average 1.2 5.6 7.8 63.1 22.3 

Stumner 19.4 21.9 20.7 13.5 24.5 
Fall 9.2 10.0 9.0 25.5 26.4 

F2 Winter 4.1 8.4 16.5 40.8 30.2 
Spring 7.8 16.2 9.8 41.2 25.0 
Average 10.1 14.1 14.0 30.3 31.5 

BC2	 Stumner 19.3 5.3 20.7 10.0 lf4.7 
Fall 10.0 5.0 10.0 30.0 45.0 
Winter 2.5 0.8 0,,8 28.3 67.5 
Spring 0 0.8 6,.0 51.2 42.0 
Average 8.0 3.0 9.4 29.9 49.8 

P2 Sunnner 5.0 3.3 2.5 5.8 83.3 
(5808-2) Fall 0 0 0 5.0 95.0 

Winter 2.5 0 0 0 97.5 
Spring 2.6 0 2.6 30.3 64.5 
Average 2.5 0.8 1.3 10.3 85.1 

Stumner	 67.8 32.2 
Check Fall 41.8 44.6 10.0 3.6 
(Y.P1um) Winter 20.5 62.4 16.1 1.0 

.§.pring 63.9 35.6 0.5 
Average 48.5 43.7 6.6 1.2 
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weeks for Fl). The data obtained until 17 weeks reflect an incomplete 

picture of genetic resistance. Analysis of the data gathered beyond 17 

weeks in the fall and winter tests reveal a continuous distribution of time 

of wilt-induced death of plants formerly classified as resistant (Table 1). 

Death patterns in the winter test (Fig. 23) have beeri plotted for the entire 

21 weeks studied. One striking observation, alluded to previously, is that 

the Bel did not show a bimodal distribution (expected on monofactorial 

basis), but rather a continuous distribution. 

Yhe modes of the FI and F2 populations were essentially the same, al ­

though the mean of F2 was much smaller. The Bel mean was about intermediate 

between ]'1 and Fl , 

2c. ~L~. It has been considered throughout previous discussions 

that dominance was lacking. It is convenient to think of the observations 

in terms of "pLenotypic dominance". To the plant breeder, the resistance 

expressed by the Fl at the critical fruit-bearing age is conveniently called 

dominance. HOvlever, the Fl plants ultimately died from wilt, and might, 

therefore, lead to the argument that susceptibility was phendtypically 

dominating. From the standpoint of the genes involved, however, little can 

be said about dominance. The Fl was more resistant than one parent, more 

susceptible than the other. These suggest largely additive effects of the 

alleles involved, a conclusion similar to that of Dosado (1958). One index 

of dominance variance would be the regression of F2 mean toward one or 

other parent. Such a regression appears to have occurred (Table 10), with 

the Fl mean = 107, and F2 • 93 days. This could be interpreted to indicate 

partial dominance of genes for resistance. Since the survival curves are 

not normally distributed, however, this conclusion should relate to log­

transformed mearis, and the difference is less on such a scale. Any compari­

son of such means is invalid, however, since the means are based on the 
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Table 10. Weighted means expressed in number of days from planting 
until death from bacterial wilt (Duration of experiment 
:; 17 weeks) 

Population Season Weighted Means Total Number-in Days of Plants 

Suromer 30 ±o. J 120 
Pl 
(Anahu) 

Fall 
Winter 

30 ± 1.3 
55 ±1.4 

40 
120 

Spring 33 + 0.4 91 
Average 38 + 0.9 

Sunnner 49 ±2.4 142 
Fall 61 ± 7.1 21 

Bel ltTinter 77 ±2.4 119 
Spring 79 + 2.1 262 
Average 67 +3.5 

Summer 89 ±2.9 120 

Fl 
Fall 
Winter. 

113 ±3.6 
117 ±2.1 

21 
i19 

~ring III + 0.7 80 
Average 107 + 2.3 

F2 

Sunnner 
Fall 
Winter 

75 ±2.6 
101. ±1.7 
105 ±1.1 

237 
412 
321 

Spring 92 + 1.5 512 
Average 93 + 1. 7 

Sunnner 88 ±3.4 150 
Fall 106 ± 7.3 20 

Be2 Winter 122 ±1.8 120 
Spring 112 + 0.9 248 
Average 107 + 3.4 

Sunnner 114 ±2.4 120 
P2 Fall 126 ±0.4 20 
(5808-2) Winter 

Spring 
133 ±1.6 
117 + 2.0; 

120 
76 

Average 123 + 1.6 

Summer 28 ±0.2 951 
Check Fall 42 ±0.9 552 
(Y. PLUM) Winter 50 ±0.6 1,057 

Spring 
Average 

29 + 0.2 
37 + 0.5 

2,208 
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assumption that plants surviving at 17 weeks would have died of wilt within 

an average of 7 days from that time. In effect, many of these resistant 

plants may not have succumbed at all to wilt. 

Another way to examine possible dominance effects is that of calcu­

lating means, on the log scale (Fig. 21), for Fl , BCl , and Pl' At LD37 

(37% killing), these were approximately 4.5, 12 and 16 weeks, respectively. 

The BGl average exceeds the mid-parental point. On multifactorial basis, 

dominance variance of BCl (and F2) should equal one-half that of Fi, and 

BGI should equal midparent irrespective of dominance. In effect, these 

considerations indicate that the time scale chosen does not pennit direct 

measure of dominance contribution in any multifactorial analysis. The time 

of onset of exponential killing in any genetically-unifolin population of 

tomatoes appears to reflect the physiological-limitation of bacterial growth 

rates. These times appear not to be normally distributed, but additive 

only upon log transformation. This does not suggest geometric (Multipli­

cative) gene action, but probably reflects only non-additive growth,of the 

pathogen (as do survival curves). 

It must be concluded that dominance is lacking or, alternatively, that 

the data do not permit its recognition. 

The intermediate resistance of North Carolina lines and performance 

of their hybrids (Table 4) also support a multifactorial interpretation. 

Assuming the North Carolina lines carrying fewer genes for wilt resistance 

than P2, progenies of North Carolina x Anahu would be ~ected to be more 

susceptible than the progenies of NC plants x Fl (Anahu x 5808-2). Table 

4 shows that this was, in fact, true. 

Smith and Clayton (1948) also reported a cumulative effect of genes 

for wilt resistance in tobacco. They attempted to accumulate genes for 

high resistance (immunity) but the final result was negative. This result 
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was attributed in part to the irregular occurrence of severe wilt infesta­

tions in the field. 

Because of the extreme variability of Lesults and the many assumpti9ns 

made in the analysis of the data, the results at hand do not give specific 

information as to the number of genes involved in wilt-resistance nor their 

degree of dominance. It seems probable that resistance is controlled mul­

tigenically and probably it involves major genes with minor modifying 

factors. It is suspected, however, that a low number of genes are involved; 

if many genes governed resistance, FZ segregants with all or most of the 

"plus" or "minus" genes would rarely appear. Disease expression is altered 

by differences in pathogencity of strains, by environmental growing condi­

tions, and by the kinetics of pathogenic populations in the host. 

3. Other Studies 

3a Root knot nematode reactions. Plants sampled from various levels 

of wilt resistance were tested for nematode response in seedling tests fol­

lowing the method of Gilbert and McGuire (1956). Since the wilt-resistant 

par~nt (PZ) is suscepHble to nematode, this test was undertaken to deter­

mine the possible association of these characters. The parents as well as 

FI and FZ families were included in the tests. 

In the greenhouse, the seeds were planted 'in gallon cans filled with 

sterilized soil. Approximately 80 grams of fresh, heavily galled roots were 

'distributed in a layer of about 3 cm, just below the seeds. 

Five classes of root knot susceptibility'were used in the readings. 

Class 1 plants showed no visible galls of any'size. Class Z plants had one 

or few tiny galls. Class 3 plants had greater number 'of small galls, but 

no larger galls. Class 4 plants had wide distribution of small galls larger 

than those of class 3 plants, and class 5 plants had heavy galls. The gall 

index was calculated by using the following formula: 
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Class value x nurrber of plants in the class 
Total number of plants 

The wilt-infested fields used in this study were infested with natural 

populations of root knot nematodes. During the winter test, the response 

of the wilt-survivors was ~etermined by digging the plants. The numbers of 

plants with and without galls were recorded. 

Table 11 shows the reactions of the progenies to galling. In test 

number one, the gall index of the PI was 1.4, and the Pz was 3.7. The index 

of Fl was the same as Pl. This result conforms with the known dominant 

monofactorial condition of nematode resistance. 

If wilt resistance is associated with nematode susceptibility, the pro­

genies of the wilt-resistant FZ parents might be more susceptible to nema­

tode. The indices of eight lines from wilt-resistant parents varied from 

1.8 to Z.8. These indices were intermediate to the parents, perhaps closer 

to the gall index of PI than PZ" 

Among the three indices of progenies from wilt-partially susceptible 

parents, one was approaching the PZ. The other two lines showed substantial 

resistance to nematode. 

In test ntmrner two (Table 11), the PI plants were also rated as res is­

tanto One out of the four wilt-resistant parents showed resistance similar 

to the Pl. The intermediate gall indices approached the gall index of the 

FZ· 

Among three lines from partially wilt-resistant parents, one line was 

completely sUllceptible. The gall index was the same as the susceptible 

parent (PZ). 

These results demonstrate that wilt resistance was not associated with 

the Mi+ locus (root knot nematode susceptibility) on chromosome 6. This 

finding is supported by the results obtained from the field test•. The data 
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Table 12. Response of wilt-survivors in a bacterial wilt ­
infested field to root knot nematode. 

Parent Line Parent Number Number Number of Plants 
(Selfed) Wilt of of Nematode- Nematode-

Score Lines Plants Resistant Susceptible 

FZ Unknown 3 7 7 

BC1 (Sl)* Resistant 1 5 5 

F2 Unknown 4 33 23 10 

F3 Resistant 3 35 28 7 

BCl Resistant 1 8 4 4 

BCl (Sl)* Resistant 2 16 12 4 

BC2 Par. Sus. 1 3 1 2 

BCZ Resistant 2 15 12 3 

F2
 Unknown 9
 52
 53
 

F3 Resistant 1 14 14 

BCl Resistant 3 11 11 

BC1 (Sl)* Resistant 3 14 14 

BC2 Par. Res. 1 3 3 

BC2 Resistant 1 66

Total 35 222 180 42 

* Selfed twice 
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in Table 12 indicate that regardless of whether the parental plant was re­

sistant to wilt or not, the progenies were either root knot nematode-sus­

ceptible or resistant. Of the 222 surviving plants in a wilt-infested 

field, 180 plants had clean roots and 42 were heavily galled. A chi-square 

test based on 3:1 ratio gave a value of 4.4 (P =0.04). Although the chi­

square value showed a poor fit, the observed numbers approximated the ex­

pected values. 

3b. Studies on growth habit. In the four field tests, segregation 

for plant rOlln of either determinate (~ and indeterminate (~iJ was 

observed among surviving plants (considered resistant to v1ilt) at 17 ~i'eeks. 

Indeterminate growth is controlled by a single dominant pair of genes, and 

the F2 ratio would have been 3:1 for this trait if there was no association 

between this character and wilt resistance. 

The observed numbers of surviving plants with the ~+.and ~ pheno­

types deviated widely from the expected values (Table 13). Out of 474 1?2 

plants, only 14 were determinatel The data indicate that at least part of 

the genes for wilt resistance are linked with the sp+ locus on chromosome 

6, or that there is some generalized functional association between the 

traits. 

No resistant plant with commercial fruit 'size was recovered in the F2 

(Fig. 24). The question arises as to whether resistance is associated with 

small fruit size. No experimental procedure was undertaken to answer this 

question, but there was slight indication that such an association existed. 

Again this could be explained by assuming that part of the genes controlling 

wilt resistance are linked with the genes governing fruit size, or that 

other associations exist. The result also demonstrates that where disease 

resistance is polygenically controlled, the transfer of resistance to a 

crop variety with complex quality characters is difficult to attain. 
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Some promising plants in advanced generations were selected with wilt 

tolerance and improved fruit size (Fig. 25). It remains to be seen whether 

or not all the genes of 1. pimpinellifolium concerned with wilt resistance 

can be divorced from their parental genome and transferred to a larger 

fruited type. 

)
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Figure 24.	 Representative fruits of 
the parents and hybrids 
(Anahu x RES 5808 w 2). 
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Table 13.	 Ntunber of surv~v~ng (wilt-resistant) F2 plants in 
bacterial wilt infested fields with determinate 
and indeterminate growth. 

Total	 Season 
Character	 Number of Summer Fall Winter Spring

Plants 

Indeter­
minate 460 58 187 95 120 

Determi­
nate 14 4 2 8 

Total 474 58 191 97 128 
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'Figure 25.	 A wilt-tolerant progeny from a cross 
of North Carolina line x Fl (Anahu x. 
5808-2) with improved fruit size 
(top) and F5 selection from Anahu x 
5808-2 (center). Note stunted test 
plant (center A). A wilt-tolerant 
determinate hybrid (bottom B) with 
dead test plants on both sides (A and C). 
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V. SUMMARY AND CONCLUSIONS 

Weekly survival data were recorded for almost 13,000 tomatp plants 
\ 

grown under conditions of severe bacterial wilt (Pseudomonassolanacearum 

E. F. S.). The progenies scored were derived from crosses of a susceptible 

commercial tomato, var. Anahu, and a wilt-resistant inbred from the species, 

Lycopersicon pimpinellifolium Mill. Results obtained from field trials in 

six seasons were corroborated by tests in wilt-inoculated flats and tile 

beds. The severity of the disease varied seasonally, with the most severe 

expression in the summer months, at times of highest soil temperatures. 

Survival curves for the susceptib~e parent and (genetically-uniform) 

Fl were exponential with time, 50% lethality occurring at about 4.5 and 16 

weeks, respectively, after transplanting to the field. The resistant parent 

rarely succumbed to wilt in the field, and most plants were surviving at 

17 weeks (end of good fruit-bearing) when experiments were concluded. Back­

crosses of Fl and the susceptible parent segregated plants varying widely 

in time of death, with exponential killing starting in about the 12th week. 

The other backcross was similarly intermediate to its parents, and F2 and 

F3 families segregated widely. A relatively high proportion of F2 and F3 

segregants were classified as equally susceptible to the susceptible parent. 

The data from segregating families were interpreted multifactorially, 

in the absence of convincing evidence of one or a few major genes f~r re ­

sistance. Partial dominance of genes conferring resistance could be sug­

gested from the data, but with the caution that another choice of scale of 

measurement might change this conclusion. Otherwise, gene! action must be 

held to be entirely additive. When the data were arbitrarily grouped as 

susceptible (dying within 9 weeks of planting), resistant (surviving at 

late-bearing stage, 17 weeks after planting), and intermediate, the following 
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ratios were approximated: BCl = IS : II, BC2 = II : lR, F2 =IS : 21 : lR, 

and F3 = 2S : II : lR. These ratios suggested that resistance could be 

dealt with in the breeding program much as if homozygosity for one or a 

few genes conferred resistance. 

Several North Carolina inbred lines, which had been bred for wilt 

resistance, proved to be intermediate in wilt-susceptibility under Hawaiian 

conditions. Their pro~enies segregated as if the N. C. lines carried many, 

but not all, the additive factors for resistance of the 1. pimPinellifolium 

lin~. 

Survival rates among tomatoes of all lines were higher when the inocu­

lum was obtained from infected bird of paradise (Strelitzia reginae Banks) 

or edible ginger (Zingiber £!1i.cinale Roscoe) than when inoculum was taken 

from susceptible tomato plants. 

There appeared to be no aflsociation of wilt resistance with root knot 

nematode susceptibility (Mi7). However, indeterminate growth ~.f) was 

associated with bacterial wilt resistance, suggesting a linkage between 

~+ and resistance genes. 

Resistant plants with commercial fruit size were not recovered. Crosses 

of the Fl (Anahu x RES 5808-2) with large-fruited North Carolina lines 

having intermediate resistance gave promising~ wilt-tolerant selections 

with improved fruit size. 
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APPE:NDIX 

Table 1.	 Number of plants dying each week in the progenies of parents with different levels 
of wilt resistance (See Table 2 in text) • 

Reference W E E K S Survi- Total 
Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 vors Plants 

1 0 1 3 7 3 3 4 5 2 3 3 2 4 3 1 3 2 2 51 
2 0 0 3 6 3 2 1 0 0 3 4 1 6 3 2 2 1 1 38 
3 0 0 7 3 4 0 3 8 0 4 0 3 1 6 0 6 5 3 53 
4 0 0 1 3 3 2 1 0 2 2 2 2 5 5 1 4 1 34 
5 0 0 3 5 4 0 3 0 1 5 4 0 3 5 3 7 4 1 48 
6 0 0 1 0 4 3 1 0 4 4 1 2 3 9 1 7 2 2 44 

7 0 1 1 1 4 2 2 1 1 4 1 2 5 4 2 6 4 1 42 
8 0 0 0 0 0 2 2 3 2 1 0 0 3 6 3 9 4 3 38 
9 0 0 1 2 1 2 0 2 0 2 0 0 1 6 7 10 6 5 45 

10 0 0 1 0 0 0 0 0 0 0 0 0 1 0 2 20 8 11 43 

11 0 10 2 1 1 1 0 2 0 0 0 1 1 2 21 
12 0 2 6 1 0 0 0 1 0 0 0 0 1 5 2 18 
13 0 5 0 0 1 0 0 0 0 1 0 0 0 2 1 0 6 19 
14 0 6 2 1 0 0 1 0 1 0 1 1 0 1 2 2 1 6 25 

~ 

15 0 2 1 0 2 2 2 0 0 1 2 0 2 7 15 4 3 t~ 47 

16 4 5 2 0 1 0 1 0 0 2 0 0 0 1 1 2 1 20 
'17 0 6 2 0 1 0 0 0 0 1 0 0 0 3 1 2 1 3 20 
18 1 5 0 0 0 0 0 0 2 1 1 0 0 1 1 1 1 3 17 

1 . 19 0 1 3 1 3 2 2 4 0 0 1 1 4 2 3 2 7 37 
20 0 0 2 4 1 2 2 2 0 0 1 4 2 6 "6 7 5 4 48 
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Continued (Table 1) 
.­ ._~---~. ~ 

-'7 ......._. 

Referenc.e 
Number 1 2 3 4 5 6 

W 
7 

E 
8 

E: 
9 

K S 
10 11 12 13 14 15 16 17 

Survi­
vors 

Total 
Plants 

21 
22 
23 
24 
25 
26 

0 
0 
0 
0 
0 
0 

1 
0 
0 
0 
0 
0 

4 
0 
0 
3 
1 
0 

4 
1 
3 
0 
1 
0 

3 
2 
1 
1 
0 
2 

3 
1 
2 
2 
0 
0 

0 
3 
0 
1 
1 
1 

2 
2 
2 
1 
2 
0 

0 
1 
1 
0 
1 
0 

0 
1 
0 
0 
1 
0 

0 
0 
0 
0 
1 
0 

0 
2 
1 
0 
0 
0 

0 
1 
0 
1 
0 
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Continued (Table 1) 

Reference W E E K S Survi- Total 
Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 vors Plants 

49 2 8 3 4 2 1 20 
50 2 9 0 0 3 0 1 0 0 1 0 0 1 17 
51 8 4 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 4 17 
52 0 3 1 4 4 1 2 0 3 3 1 0 0 1 0 0 1 2 26 
53 1 6 4 1 1 0 0 0 0 0 1 0 1 0 0 0 0 6 21 
54 4 5 0 0 2 1 0 1 1 0 1 0 0 0 0 0 1 6 22 
55 2 1 2 0 1 1 1 0 0 0 2 2 2 1 3 1 0 1 20 
56 0 1 4 0 1 1 2 0 0 1 0 1 0 2 1 3 1 - 1 19 
57 1 1 3 0 0 0 0 1 0 1 0 0 1 6 4 18 
58 0 5 2 0 0 0 0 0 0 0 0 0 1 1 1 0 1 6 17 
59 1 2 3 1 2 0 0 0 0 0 I) 0 0 ] 2 0 0 8 20 
60 0 3 2 1 2 ·0 0 1 1 0 0 0 0 0 0 0 1 9 20 
61 0 2 2 1 1 0 1 0 1 0 0 0 0 2 3 2 1 3 19 
62 0 1 1 1 2 0 1 1 0 2 0 2 1 3 1 0 1 4 21 
63 0 1 0 1 0 0 2 2 0 0 3 1 0 4 2 2 1 19 
64 0 2 2 1 1 1 0 0 0 0 0 0 1 0 1 1 0 9 19 
65 0 1 2 0 0 0 0 2 1 1 0 0 0 0 2 0 0 7 16 
66 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 17 
67 1 0 0 0 1 0 0 0 0 0 0 1 1 1 4 3 3 5 20 
.68 0 0 0 0 1 0 0 0 0 0 0 0 0 0 2 1 0 8 12 


