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from healthy tissue did not significantly effect growth of R. 

solani. Spectrophotometric analysis of the fraction showed 

maximum absorbance at 279 ni^i in the ethanol fraction of 

petroleum ether extract of hypocotyl tissues. The respective 

fractions from non-inoculated healthy tissue did not absorb 

light at this wavelength. Ethanol fraction of petroleum 

ether extract of infected root tissues also had an absorbance 

peak at 279 mjn. 

Fungi toxicity 

Resistant tissue extract showed fungitoxic to R. solani 

at Rf = 0.1, 0.4, and 0.8 with a maximum toxicity at R^ = 0.8 

(Fig. l4). Growth promoting substances were not detected in 

the extract from resistant tissue. Examination under ultra­

violet light and reaction with ferric chloride showed that 

Rf = 0.8 contained a phenolic substance. Susceptible tissue 

extract showed only minor fimgitoxicity at the above R^ values 

(Fig. 15)• This extract also contained some growth promoting 

substances at R^ values of 0.2 and 0.5 

Phytotoxicity 

Avena coleoptile test showed differences in phytotoxicity 

between susceptible and resistant extracts of infected bean 

tissues (Figs. l6 and 17). Susceptible tissue extracts con­

tained compounds that exhibited growth inhibition at R^ = 0,3 

to 1.0 (Fig. l6) with a maximum at R^ = 0.4 to 0.5. Examination 

under ultraviolet light and reaction with spraying reagents 



Fig. l4. Effect of ethanol fraction of petroleum ether extract 
of resistant host on the growth of R. solani 
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Fig. 15, Effect of ethanol fractions of petroleum ether 
extract of susceptible host on the growth of 
R. solani 
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Fig. 16. Effect of infected susceptible tissue extract on 
growth of Avena coleoptile 
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Fig. 17. Effect of resistant hypocotyl tissue extract on 
growth of Avena coleoptile 
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indicated that these compounds had phenolic properties. 

Tissue extracts of resistant roots did not show any growth 

inhibition (Fig. 17). There was no difference in growth 

promotion or inhibition between inoculated and non-inoculated 

tissues of resistant roots. Extracts of healthy (non-inocu­

lated) susceptible and resistant root tissues showed growth 

promotion. Stunting of susceptible plants was observed when 

planted in R. solani infested soil (Fig. l8). The maturity 

and number of pods also seem to be retarded compared to non-

inoculated healthy plants. 

Protein and amino acids 

Extracts of non-inoculated hypocotyl and root tissues of 

Harvester and Red Kidney contained more protein than did those 

of Venezuela 5^ (Table 5)« There was an increase in protein 

content in susceptible tissues following inoculation. The 

resistant host-pathogen combination did not increase protein 

level to the same extent. Resistant root tissues contained 

less protein when inoculated. 

The greatest number and amounts of amino acids were 

detected in susceptible host seed-coats and inoculated hypo­

cotyl tissues with traces in non-inoculated healthy hypocotyl 

extracts (Table 6). Extracts of susceptible tissues contained 

13 amino acids with aspartic acid, glutamic acid, serine, 

glycine, alanine, lysine, histidine, arginine, valine, and 

phenylalanine being prominent. Amino acid content in seed-coat 



/ 

Fis. 18. Effect of Rhizoctonia infected soil on growth of susceptible host (right) 

and. noTi^inf©c*t6ci cli©ck (lsf"t/ 





Table 5. Protein content of P. vulgaris as a result of R. solani infection^ 

Protein content (ug/ml) 
Response to Non-inoculated Inoculated 

Cultivar R. solani Hypocotyl Root Hypocotyl Root 

Harvester Susceptible 1840 3600 2l60 

Red Kidney Susceptible 1270 1480 i860 2240 

Venezuela ^4 Resistant 1150 1320 l680 950 

^Calculations based on Bovine Serum Albumin standard curve. 
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Table 6. Relative concentration of amino acids in P. vulgaris 
seed coat and hypocotyl extracts^ 

Hypocotyl 

Seed coat Non-inoculated Inoculated 

Amino acid R S R S R 

Aspartic acid +++ ++ tr tr +++ tr 

Glutamic acid +++ ++ tr tr +++ tr 

Serine ++ + tr tr +++ tr 

Glycine +++ + tr tr +++ tr 

Threonine ++ ++ tr tr ++ -

Alpha Alanine +++ ++ - - ++ tr 

Glutamine ++ ++ - - ++ -

Lysine +++ + + - ++ tr 

Histidine +++ ++ - - + -

Arginine +++ ++ - - ++ tr 

Valine ++ ++ - - ++ tr 

Phenylalanine + tr - - ++ -

Isoleucine/leucine + - - - ++ -

Tyrosine + - - - + -

Methionine + 

&Based on visual color intensity of ninhydrin reagent on 
paper chromatograms: +++ = deep purple; ++ = purple; + = purple; 
tr = trace; - = absent or not detected, 

= susceptible; R = resistant. 
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extracts of resistant hosts was less in both number and quan­

tity. Amino acids were detected only in traces in hypocotyl 

extract of inoculated resistant tissues. There was no differ­

ence in amino acid content between inoculated and non-inocu-

lated hypocotyl extract of resistant tissues. There were 

minor differences in amino acid content in non-inoculated 

hypocotyl extracts of susceptible and resistant hosts. Pheny­

lalanine and tyrosine were detected only in the seed-coat and 

the inoculated hypocotyl extracts of susceptible tissues. 

Seed-coat extracts and seed exudaxion 

Susceptible seed-coat extract stimulated growth of R. 

solani on all fractions (Fig. 19)» Resistant seed extract 

fraction at Rj = 0.7 and 0,8 inhibited growth of R. solani 

(Fig. 20). This extract contained growth promoting substances 

for the pathogen at Rf = 0.1 through 0.6. 

R. solani produced much larger amount of mycelium on the 

media without exudate added (Fig. 21). Growth of this patho­

gen was promoted on the media containing susceptible seed 

extract. Meager growth of R. solani mycelium was noted when 

resistant seed exudate was incorporated with the growth medium. 

Large amounts of exudates were detected from the white 

seeded commercial cultivars. Resistant seeds were observed 

to exude less substances than the susceptible. Concentrations 

of amino acids was greatest in Tendergreen, Harvester and Red 

Kidney and least in Venezuela 5^ and P. I. 165^26 (Table ?)• 

There were, however, minor differences in exudation among 



Fig. 19. Effects of different fractions of susceptible 
seed-coat extract on growth of R. solani 
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Fig. 20. Effect of different Rf fractions of resistant seed-
coat extract on growth of R. solani 
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Fig. 21. Effect of seed-coat extract on the growth of 
mycelium of R. solani 

(A) susceptible seed extract 

(B) resistant seed extract 

(C) check 
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Table 7» Relative concentration of amino acid and phenolic 
substances in P. vulgaris seed-coat extract 

Relative 
Color& concentration^ 

Cultivar Seed-coat Water extract Amino acid Phenol 

Venezuela 5^ bl pu - + 

Tendergreen w - +++ -

Harvester w - +++ -

165426 bl pu + +++ 

Red Kidney r r ++ tr 

®-bl = black; pu = purple; r = red; w = white. 

^Based on visual color intensity of detecting reagent; 
+++ = largest spot with greatest color intensity; ++ = spot 
larger than + and intensity greater; + = spot small and color 
intensity slight; tr = trace; - = absent or not detected. 

individual seeds of all the P. vulgaris cultivars. 

Black seed=coat contained the largest number of phenolic 

substances. The resistant Venezuela 5^ seed-coat contained more 

anthocyanins, flavonol glycosides and leucoanthcyanidins than 

any other P. vulgaris cultivars examined (Table 8)» Phenolic 

substances were not detected in the susceptible white cultivars. 

The extent of seed infection of bean at different stages 

of germination in R. solani infested soil is shown in Fig. 22. 

The susceptible seeds were completely invaded by R. solani at 

the inoculum potential used in the study (Pig, 22-A). The 

infection of resistant seed by R. solani was retarded during 

early stages of germination (Pig# 22-B), 



Fig. 22, Extent of Rhizoctonia infection at different stages 
of seed germinationi 

(A) infection of susceptible seeds 

(B) infection of resistant seeds 
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Table 8. Content of phenolic substances in seed-coat of 
P. vulgaris 

Phenol content^ 

Seed-coat Flavonol Leuco-
Cultivar color& Anthocyanin glucoside anthocyanidin 

Venezuela 54 bl 2 4 1 

109859 r 1 2 0 

226895 cr 0 0 tr 

Harvester w 0 0 0 

&bl = blacks r = red: cr = cream; w = white. 

^Based on number of spots on silica-gel thin layer 
chromatograms. All chromatograms were run in triplicate. 

Condition of seed-coat 

Seeds of five different P. vulgaris cultivars were tested 

to determine effect of seed-coat on pre-emergence damping-off 

due to R. solani. Percentage of damping-off was greatly 

increased among all the cultivars when seed-coats were cracked 

(Table 9)* Relatively little pre-emergence damping-off 

occurred in Venezuela 54 and 67-5669(N-203) when the seed-coats 

were intact. There was no pre-emergence damping-off of resis­

tant seeds (Fig. 23). However, pre-emergence damping-off was 

greatly increased when the seed-coats were artificially 

removed (Fig. 24). 

Germination and emergence 

The effect of Rhizoctonia-infested soil on percentage 



Fig, 23. Effect of R. solani on damping-off of Tendergreen 
(susceptible), and 165^26 (resistant) 

Fig, Zk-. Severity of Rhizoctonia damping-off of susceptible 
(top), and resistant (bottom) seeds after seed-coats 
were removed 
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Table 9# Percentage damping-off of P. vulgaris cultivars with 
intact and cracked seed-coat^ 

Seed-coat 

Cultivar Cracked Intact 

Harvester 98.5 76.3 

Tendergreen 97.6 74.7 

Red Kidney 94.3 69.9 

Venezuela 5^ 62.4 3.5 

67-5669(N203) 63.1 15.8 

^Percentage calculated from 400 seeds/treatment# 

germination of P. vulgaris is shown in Fig. 25. In absence of 

the pathogen, all the resistant seeds emerged in 10 days as 

compared to k2fo of the susceptible seeds• In presence of the 

pathogen, 959^ of resistant seeds emerged in 10 days and only 

10^ of the susceptible sssds emerged during this period: The 

maximum number of susceptible seeds that emerged was 62% in 

40 dayss The percent emergence of 165426, Venezuela 54, 

9BR-350-B, 9BR-353-B and 7OBR-185-B in non-inoculated soil 

ranged from 27 to 57 in 5 days and 89 to 100 in 10 days as 

compared to Tendergreen and Harvester that ranged from 43 to 

56 during the same period (Table 10). Percent emergence of 

OR-5 and Valentine in 10 days was intermediate. However, only 

165426, Venezuela 5^ and 7OBR-I85-B emerged in 5 days in 

Rhizoctonia infested soil. Emergence of Tendergreen and 



Fif,, 25. Effect of R. solani infected soil on percentage 
germination of P. vulgaris cultivars (RES-CL = 
resistant control; RES-IN = resistant inoculated; 
SUS-CL = susceptible control; SUS-IN = susceptible 
inoculated) 
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Table 10. Effect of R. Siolani on speed of emergence of P. vulgaris 

Percentage emergence 

Non-infested soil Infested soil 
P« I. Accession 
or cultivar 5 days 10 days 15 days 5 days 10 days 15 di 

165426 31 100 100 15 93 97 

Venezuela 54 57 100 100 28 99 99 

Tendergreen 0 43 87 0 27 65 

OR-5 0 73 99 0 47 93 

Valentine 0 72 97 0 45 91 

Harvester 0 56 90 0 31 62 

9BR-350-B 27 95 95 0 87 90 

9BR-353-B 50 98 98 0 87 89 

9BR-392-B 0 89 95 0 69 92 

7OBR-I85-E 53 100 100 23 95 95 
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Harvester was very poor under these conditions even after 10 

days. Emergence of OR-5 and Valentine, however, remained 

intermediate. 
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DISCUSSION AND CONCLUSIONS 

Resistance of P. vulgaris to R, solani can be evaluated at 

three sites of infection: (a) seed infection, (b) pre-eraer-

gence damping-off» and (c) hypocotyl lesion formation. Varia­

tion in host response was found at each site. Most white-

seeded cultivars were susceptible to R. solani at all infection 

sites. The black-seeded cultivars were most resistant to seed 

infection and pre-emergence damping-off, but showed considerable 

variation in number and size of hypocotyl lesions. 

This investigation showed a high phenolic content in seed-

coats of resistant beans. The main phenolic components were 

anthocyanins, flavonol glycosides, and leucoanthocyanins. 

Seed-coat extracts containing phenols inhibited growth of R. 

solani in vitro and may protect germinating seed from infection. 

Feenstra (14) has suggested that formation of phenolic com­

pounds in the seed-coats of P. vulgaris is under the genetic 

control of C, V, and Sh genes which also control seed-coat 

color. This would explain the relationship between seed-coat 

color and Rhizoctonia resistance because the highest phenol 

content should be found in the seed-coats with the darkest 

color. 

White seed-coat extracts contained a higher phenylalanine 

than those from black seed-coats. This could indicate a 

blockage in the biosynthetic pathway for production of phenols, 

since Harbome (22) has reported that phenylalanine is a 

precursor of phenols, and would reinforce the positive relation­
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ship between depth of seed-coat color and phenol content in the 

seed-coat. Phenol synthesis in the seed-coat of black beans 

also may increase lignification and confer further resistance 

to Rhizoctonia infection. 

Cracking of the bean seed-coat during germination effects 

growth of the pathogen and subsequent infection of the host. 

Seed-coats of susceptible seeds readily cracked upon hydration 

and become detached from the cotyledon during germination» 

This process results in release of nutrients from seeds and 

provides a substrate for the pathogen, thus, promoting damping-

off. This agrees with the results of Hayman (23) who found 

that increase seed exudation correlated with greater pathogenic 

activity of R. solani. Weinhold et al., (53) also emphasized 

the importance of nutritional status of the inoculum in evalua­

ting the pathogenic capabilities of R. solani. Similar data 

have been presented for other organisms (27, 28, 29, 37, 42, 

43). Resistant black seed-coats, however, did not crack 

readily and the seed-coat adhered tightly to the cotyledons, 

thus limiting seed exudation. It would appear, therefore, that 

unoracked seed-coats and reduced seed exudation are partially 

responsible for the resistance of the black-seeded cultivars to 

seed infection by R. solani. These two characteristics also 

were found in a few white-seeded breeding lines. 

Rapid germination and growth of bean seedlings also may 

be important in helping these plants resist infection by 

Rhizoctonia. It has been reported that susceptible bean plants 
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gradually become resistant as they become older and at 15 to 

20 days of age they are no longer susceptible (3, 4, 5i 33» 

3^). Presumably, the cell walls of the epidermis become less 

susceptible to degradation by Rhizoctonia enzymes as the 

molecular configuration of the walls changes during maturation. 

Based on this assumption, epidermal cell walls in bean plants 

having a rapid growth rate should mature sooner and become 

resistant to Rhizoctonia enzymes sooner than those of the 

slower growing plants, 

Although the resistant, black-seeded lines displayed 

rapid germination and growth, it was difficult to evaluate 

these characteristics in the black-seeded lines because they 

also contained biochemical factors for resistance that were 

associated with the pigment system. One white-seeded line, 

however, had both the rapid growth and high resistance to 

Rhizoctonia, allowing an evaluation of resistance factors other 

than those relaxed to phytoalexin production. The performance 

of this white-seeded line indicates the possible importance of 

rapid germination and emergence in protecting bsan plants from 

Rhizoctonia infection. These two characteristics combined with 

crack-free seed-coats may be all that is necessary for the 

development of Rhizoctonia resistant cultivars. This is 

important to the snap bean processors because colored seeds 

presumably lower the quality of the processed product, 

Rhizoctonia solani rapidly invades emerging bean seedlings 

causing water-soaked areas on the hypocotyls within 24 hr after 
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infectiont Differences in phenol metabolism between resistant 

and susceptible cultivars were found at this stage. PAL 

activity occurs within 8 to 10 hr in resistant cultivars. 

According to Brown (?) and Harbome (22) PAL is the key enzyme 

in phenol metabolism and catalyzes the first reaction of hydroxy 

cinnamic acid pathway. Cinnamic acid is the substrate for many 

types of phenolic biosynthesis. Initiation of PAL activity at 

this stage precedes phaseollin production in the resistant 

reaction (20, 24, 4l), Hess et al., (24) have proposed a bio-

synthetic pathway for phaseollin similar to that for other 

isoflavonoids. They have suggested that part of phaseollin 

molecule is assembled from acetyl Co A and phenylalanine, 

acetate or cinnamic acid. This supports our evidence that 

conversion of phenylalanine to cinnamic acid in phaseollin 

metabolism was activated by PAL in the resistant reaction. 

The petroleum ether fraction, extracted from the infected 

tissues of resistant bean hypocotyl before lesion developiïïsnt, 

retarded the growth of R. solani in vitro more effectively than 

did a similar extract from a susceptible hypocotyl. The anti­

fungal material contained in the extract was regarded as 

phaseollin, because of agreement of ultraviolet absorption 

maxima and extinction coefficient found for this phytoalexin 

with that reported for phaseollin by Cruickshank and Perrin 

(10), and Perrin (39). They have suggested direct significance 

of phaseollin with disease resistance in snap bean. 

Hadwiger and Schwochau (21) have proposed induction hypoth-
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esia for pisatin production in pea pod as a result of patho­

genic infection. Phaseollin also may have a similar mode of 

induction as this phytoalexin is structurally related to 

pisatin. These phytoalexins are isoflavonoids and have the 

same basic chromanocoumarane skeleton structure. Therefore, 

various factors may act as inducing agents that activate 

(de-repress) genes responsible for phaseollin biosynthesis. 

In the resistant reaction, Rhizoctonia metabolites may induce 

phaseollin biosynthesis at the early stages of infection. 

According to the studies conducted by Pierre and Bateman 

(38)» phaseollin is not detected outside the lesion area. 

Lesions become restricted in the resistant bean hypocotyl both 

, in T\ujnber and size as a result of rapidly increasing phaseollin 

production within 10 to 12 hours of infection. Although the 

level of phaseollin production in the susceptible host may 

eventually approach that of the resistant, this level is 

reached so slowly that the quantity at any particular time is 

not sufficient to appreciably retard the growth of the pathogen. 

In other words, the induction and distribution of phaseollin in 

the two types of host responses may be regarded as a time 

dependent phenomenon, 

PAL activity and phaseollin production were detected in 

extracts of infected root tissues of resistant bean, PAL and 

phaseollin were either synthesized in the root in response to 

Rhizoctonia metabolites or were activated in the hypocotyl and 

translocated into the root upon infection. Since phaseollin has 
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not been detected outside the lesion area, it is unlikely that 

this phytoalexin is translocatable. The high phaseollin con­

tent in the extract of infected root of resistant cultivar may 

suggest that its synthesis is initiated in the root system by 

Rhizoctonia metabolites. This type of host response was not 

observed in the susceptible bean » 

The term resistance, in earlier studies by Bateman and 

Lumsden (5)» implied restriction of Rhizoctonia lesion with 

lignification and age of bean seedlings. However, there is no 

report in literature on the effects of Rhizoctonia on mature 

host. Results of this study, using host-pathogen combination 

reported earlier (3, 4, 5» 33i 34), showed that growth of 

susceptible plants was retarded in Rhizoctonia infected soil. 

The presence of phytotoxic growth inhibitors in the infected 

tissues was indicated by Avena coleoptile tests. Growth inhib­

itors ,found under similar circumstances, were reported to be 

of fungal origin (i, 45). Field studies indicated this growth 

retardation could be of economic importance when susceptible 

oultivars are grown in Rhizoctonia infested soil. 

The PPO systems were activated prior to lesion development 

in bean hypocotyl and the enzyme activity was extremely high 

inoculated resistant seedlings. This activity parallels the 

high level of protein content in the resistant bean hypocotyl 

after Rhizoctonia infection. Such an increase in protein 

content cannot be explained as entirely due to the growth of 

the pathogen. It is suggested that part of this increase in 
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protein may be a result of host-pathogen interaction. 

Increased protein synthesis has been implicated with resistant 

reaction according to Von Broembsen and Hadwiger (51)» 

Rhizoctonia metabolites may cause the host to initiate high 

enzyme synthesis which in turn may 'unmask' the latent PPO 

systems and other resistance mechanisms. The activated PPO 

systems may interfere with the enzymatic degradation of the 

host cell wall by the pathogen or may release fungitoxic com­

pounds in and around the infection sites. Association of PPO 

systems with disease resistance of plants has been reported by 

investigators (4, 13, 33). 
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SUMMARY 

Several P. vulgaris cultivars were evaluated for resis­

tance to R. solani in greenhouse, growth chamber and under 

field conditions# Differences in host response to seed infec­

tion, pre-emergence damping-off, and hypocotyl lesion formation 

were also determined in this study. Black-seeded cultivars 

with purple hypocotyls were most resistant to seed infection 

and pre-emergence damping-off, but varied in resistance to 

lesion formation. Lesions on hypocotyls of resistant cultivars 

were superficial, had water-soaked appearance, and were less 

than 1 mm long. In comparison, white-seeded cultivars, 

generally, were susceptible to both seed infection and pre-

emergence damping-off. The lesions formed on hypocotyls of 

these cultivars were deep, brick red, and up to 7 mm long. 

Chromatographic and spectrophotometric analyses and 

bioassay were conducted to detertnine physiology of resistance 

to R. solani in P. vulgaris» The presence of R. solani in soil 

delayed germination and emergence of most white-seeded culti­

vars, but not the resistant black bean. Bioassay of root 

extract of infected susceptible bean indicated that components 

of this extract had phytotoxicity t'o emerging seedlings. 

Phytotoxic substances were not detected in the root extract of 

resistant seedlings. 

The seed-coats of most white-seeded beans cracked readily 

prior to emergence and bioassay of the substances released 

showed growth promoting activity to R» solani. The seed-coats 



89 

of resistant black-seeded cultivars, on the other hand, adhered 

tightly to the cotyledons. Extracts of these seed-coats 

showed phenolic properties and inhibited growth of R, solani. 

Physiology of seed-coat and extent of exudation influence the 

level of pathogenic activities of R. solani, Rapid germination 

and speed of emergence are factors usually associated with the 

black beans most resistant to Rhizoctonia infection. 

Biochemical analyses of infected tissue extract showed 

differences in physiological response between resistant and 

susceptible cultivars during various stages of lesion develop­

ment. Increase in protein synthesis and polyphenoloxidase 

activity were observed before appearance of lesion in the 

infected tissue extract of the resistant cultivar. The increase 

in protein synthesis by host at this stage may 'unmask* the 

latent polyphenoloxidase systems "id activate other resistant 

mechanisms. The high polyphenoloxidase activity may interfere 

with cell wall degradation by the pathogen or may be responsible 

in releasing fungitoxic substances in and around the infection 

sites. High phenylalanine ammonia-lyase activity was associated 

with an increase in phaseollin production. The increased 

phaseollin synthesis rapidly restrioted lesion development on 

hypocotyls of resistant cultivars prior to the young stage of 

lesion development. The resistant response was not initiated 

in the susceptible tissues until the lesions started maturing 

on the hypocotyls. Resistance to hypocotyl lesion formation 

depends on the activation of phenol metabolism during the early 
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stages of Rhizoctonia infection. 

Resistance to seed infection by R. solani and pre-

emergence damping-off depended on chemicals in the seed-coats 

and cotyledons, mechanical strength of the seed-coat and level 

of exudation. Rapid germination and speed of emergence were 

associated factors. High phenylalanine ammonia-lyase activity 

and stimulated phaseollin production restrict lesion formation 

on the hypocotyl during early stages of Rhizoctonia infection. 
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APPENDIXI ANALYSIS OF VARIANCE OF DISEASE RATINGS 
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Table A-1, Analysis of variance of disease ratings 

Source do f  • s .s .  M.S. l ip H 

Block 9 7.13 0.79 8.08 

Treatment 70 467,55 6.68 68.16* 

Error 630 62,30 0.098 

Total 709 536.98 

*#ighly significant at O.OO5. 


