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INDUCTION OF PHYTOALEXIN IN RICE BEAN BY
INFECTION, METABOLIC INHIBITORS, AND IRRADIATION
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The epicotyls of 7-day-old seedling of rice bean produced phytoalexin following inoculation
with its pathogen or non-pathogens. The fungitoxicity of the “diffusates” from non-pathogen
inoculations were more than that of “diffusates’ produced by the pathogen. Dilute concentr-
ations of metabolic inhibitors such as Cycloheximide, 2, 4-Dinitrophenol, and 2,4 -
Dichlorophenoxy acetic acid, and low doses of UV or X-ray irradiation caused induction of
the phytoalexin in the epicotyls of rice bean.
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" Rice bean ( Vigna umbellata [ Thunb. ] Ohwi and Ohashi ) shows a broad spectrum

resistance to common pathogens of other Vigna species ( Samaddar and Mukherjee,
1985 ; Datta, 1986). Production of a fungitoxic compound by rice bean leaf
following inoculation with a non-pathogen has been reported ( Samaddar er al.,
1985). Datta et al. (1986) reported induction of the phytoalexin in the epicotyls
of rice bean by abiotic factors such as mechanical injury and heavy metal salts.
Presence of phaseollin in the extracts of inoculated, injured or chemical-treated
epicotyls has also been demonstrated.

The objective of this work was to examine the production of the phytoalexin in

the epicotyls of rice bean following inoculation with pathogen and non-pathogens.

Induction of the phytoalexin following treatment of the epicotyls with metabolic
inhibitors and irradiation with or X-rays were also investigated.

Seedlings of rice bean cv. K-1 were grown aseptically in enamel trays following
the method of Datta er al. (1986). Epicotyls from 7-day-old seedlingr
were used.
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Pure cultures of nonpathogens of rice bean such as Helminthosporium orvzae
Breda de Haan, Alrernaria  brassicicola ( Schw.) Wiishire, Colletotrichum
lindemuthianum ( Sacc. and Magn. ) Briosi and Cav., Rhizoctonia solani Kuehn,
and the pathogen Macrophomina phaseolina ( Tassi) Goid were maintained on
potato-dextrose agar slopes at 20°C with monthly subculturing. Conidial
suspensions were prepared with sterilized distilled water and the concentration was
adjusted to 10° conidia/ml. Mycelial suspensions of R. solani and M. phaseolina
were prepared by blending 7-day-old PD broth grown mycelial mats in a blendor
till the mycelial fragments were 3-to 5-cells in length.

The modified drop-diffusate technique of Samaddar er ol (1985) was further
modified for detection of phytoalexin. The cpicotyl scgments 15g) were kept
in enamel (rays containing shallow layer of water ( 20 ml ), spore or mycelial
suspensions of pathogen or non pathogens ( 10" conidia or mycelial fragments/ml )
or solutions of sub-lethal concentrations of metabolic inhibitors. For UV-irradiation
the epicotyl segments with ambient water were placed under an UV-lamp ( TUV-
30W-G 3078, Phillips. Holland ) at a target distance of 10 cm fer varying periods
in the dark. Different doses of X-ray ( “Thermax’ 4 mA/110 KV ) from a
distance of 19.7 cm was applied on epicotyls for X-ray induction experiment. The
trays were covered with polythene bags and kept at 28°C in the dark. Afier 24h
of incubation the ambient solutions in each case were harvested centrifuged at
3,000Xg for 10 min and bioassayed for fungitoxic activity. The bathing solutions
of water control and different treatemnts were considered as ‘exudates’ and
‘diffusates’ respectively.

The fungitoxicity of exudates and diffusates were determined by slide germination
bioassay technique ( Am. Phytopath, Soc., Comm. on Standardization of Fungicidal
Tests, 1943 ) against H. oryzae conidia.

RESULTS p

Induction of phytoalexin by pathogen and non-pothogens: Phytcalexin inducing
ability of pathogen and non-pathogens of rice been was compared, The data
( Table 1 ) showed that inoculation by both pathogen and non-pathogens caused
induction of fungitoxic compounds in the epicotyls of rice bean which could be
detected in the diffusates. 1t may, however, be noted that the diffusates obtained
following the induction by the non-pathogens except R. solani were more toxic
than the diffusates obtained by inocu'ating with the pathogen M. phaseolina. The
diffusates obtained from R. solani inoculation were significantly less fungitoxic than
the other diffusates.

Induction by metabolic inhibitors : 1In preliminary experiments the concentrations
of Cycloheximides, 2,4-Dinitrophenol (DNP) and 2,4-Dichloroacetic acid (2,4-D)not
inhibitory to the germination of conidia of H. oryzae were determined. The non-lethal
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Table 1. [Induction of phytoalaxin in rice bean by pathogen and non-pathogens as measured
by the effects of diffusates on the germination (G) and germ tube (GT) growth of conidia of
Helminthosporium oryzae

Challange ( Inducer ) organisms used

Treatments Dilutions Pathogen Non-pathogens
M. phaseolinaa H. oryzaeb A. brassici- R. solania C. lindemuthia-
do/ab -numb

Ge -~ (GTT)e (G) (GT) (6) (ST) (6) (GT) (6) (€M
(%) v R e (R o (%) r (%) e

Water control — 97 540 97 540 97 540 97 540 97 540
Exudates ng 96 540 96 540 96 540 96 540 96 540
Diffusates X2 54 105 25 75 43 22% 68 405 12 60

X/4 78 255 38 135 62 480 94 465 21 150
X/8 86 370 70 370 77 570" 97 “T5gh g = oG
X/16 94 540 91 570 88 570 97 586 rde DR 1 )

a Mycelial suspensions of the organisms were used for challenge inoculation of the epicotyls.

b Conidial suspensions of the organ sms were used for challenge inoculation of the epicoty's.

¢ Percentage of germination and germ tube growth were determined by slide germination
bioassay.

d Exudates and diffusates were serially diluted with water and bioassayed.

concentrations of the metabolic inhibitors were used for treatment of epicotyl
segments of rice bean. After 24 h of incubation in the dark at 28°C the fungitoxicity
of the bathing solutions were tested. Results ( Table 2 ) showed that the diffusates

Table 2. [nduction of phytoalexin(s) in the epicptyls of rice bean by metabolic inhibitors

Bioassayed on the conidia of H. oryzae

Treatment Germination Germ tube growth
¢ (%) (1)
Water control 97 570
Exudatesa 96 (2)d 585
Diffusatesb 39 (60) 75 (87)
Diffusates ofc
Cycloheximide (5pg/ml) 40 (59) 75 (87)
2,4—DNP (5x 10-3M) 44 (55) 90 (85)
2,4—D (5x10-5M) 47 (52) 90 (85)

a Bathing solutions of epicotyls kept in sterilized distilled water for 24 h was considered
as exudates.

b Epicotyle were exposed to spore suspensions of H. oryzae and the ambient liquid was
considered as diffusates.

¢ Epicotyl segments were immersed in non-lethal concentrations of each of the chemicals
and the bathing solutions were used. Bathing solutions for all treatments were considered
as x, diluted to x/2 concentration and bioassayed.

d  Figures in the parenthesis indicate percentage inhibition in terms of controls in water.
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obtained from either inoculated or treated with the test chemicals were significantly
inhibitory to the germination and germ tube growth of the bioassay fungus. The
data suggested the induction ability of fungitoxic compound by the test metabolic
inhibitors in the epicotyls of rice bean.

Induction by UV-irradiation: The epicotyl segments were kept in shallow water
and exposed to UV irradiation for 30 to 60 seconds in the dark and incubated
at 28°C. After 24 h the fungitoxicity of ambient water was tested. It is evident
from the results ( Table 3) that short time exposure to UV produced more
phytoa'exin than long exposures. Results suggested the host plant origin of the
compound.

Table 3. Effect of UV light on the induction of phytoalexin (s) in epicotyls of rice bean as
measured by the effect of diffusates on Helminthosporium Oryzae and compared with the
diffusates from non-pathogenic inoculation.

Treatments Germination Germ tube Growth
(%) (»)

Water control 94 570

Exudatesa 93 (2)d 585

Diffusatesb 289 (70) 75 (87)

H. oryzae from inoculation Diffusatecc from
UV light treatment ( Seconds )

30 20 (79) 75 (97)
60 37 (81) 120 (78)
120 39 (59) 120 (78)
300 74 (22) 135 (77)
600 72 (24) 150 (73)

a The epicotyles were keptin sterilized distilled water for 24 h and the ambient water was
tested after centrifugation.

b Spore suspension of H.oryzae was used as inoculum and 24 h after incubation the
ambient solution centrifuged and the supernatant was tested.

¢ The epicotyls with ambient water were exposedto UV light. After24 h the ambient
water was harvested and centrifuged. The Supernatant was bioassayed for toxicity. For
all treatments X/2 dilution was tested.

d Figures in the parenthesis indicate percentage inhibition in terms of controls in water,

Induction by X-ray : Epicotyl segments of rice been were exposed to dtfferent
doses ( 50:to 300 ‘r" ) of X-ray and were incubated in the dark for 24 h. The
fungitoxic activity of the bathing solutions were tested against H oryzae conidia.
Results ( Table 4 ) indicated that lower amount of phytoalexin in rice bean
epicotyl tissues.

DISCUSSION

Itis apparent from the results that both pathogen and non-pathogens could
induce the phytoalexin synthesis is rice bean. The degree of production however,
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Table 4. Effect of X-ray on the induction of phytoalexin(s) in epicotyls of rice bean as measured
by the fungitoxicity of the diffusates on Helminthosporium oryzae and compared
with the diffusates from non-pathogenic inoculation.

Treatments Germination (%) Germ tube growth ()
Water control 94 570
Exudatesa 93 (2)d 585
Diffusate from H. oryzae inoculation® 32 (66) 75 (87)
Diffusates from X-ray treatmentc
50 r 17 (82) 75 (87)

100 ¢ 29 (70) 120 (78)

200« 49 (47) 180 (65)

300 r 71(23) 465 (9)

a The epicotyles were kept in sterilized distilled water for 24 h and the ambient water was
tested after centrifugation.

b Spore-suspensions of H.oryzae was used as inoculnm, and 24 h after incubation the
ambient solution was centrifuged and the supernatant was tested.

¢ The epicotyls segments with ambient water were exposed to X-ray of different doses.
After 24 h the ambient water was collected and tested for their toxicity. For all treatments
X/2 dilution were used.

d Figures in the parenthesis indicate percentage inhibition in terms of controls in water.

was variable. The data indicate that unlike soybean system, the production of
fungitoxic compound in rice bean is of differential induction type ( Keen, 1971 ;
Rahe. 1973).  Similar pattern of induction has been reported in pea
( Cruickshank, 1965 ).

Induction of p’ ytoalexin production by dilute concentrations of cycloheximide,
DNH and 2,4-Din rice bean are in confirmation of previous works ( Chalutz
and Stahmann, 1969 ; Bailey, 1969, 1970 ;: Henfling et al., 1980 ). The induction
ability of the test chemicals and the non-pathogen was comparable. It was of
interest that inhibitors of protein synthesis, oxidative phosphorylation and growth
caused induction of phytoalexin formation in the epicotyls of rice beanm.
Apparently, they cause chemjcal injury and conse uenily the synthesis of
phytoa’exion.

The low doses of UV or X-ray irradiation triggered off the synthesis of phytca'exin
in rice bean epicotyls. It was of in‘erest to note that high doses of Uv or X-ray
caused quick damage and perhaps death of the plant tissves. Consequently with
cansequent failure of production of the fungitoxic compound. Induction of
phytoalexins in pea ( Hadwiger and Schwechau, 1971 ) and in bean ( Bridge and
Klarman, 1973 ) by UV-irradiation has been reported previously. It is conjectured
that UV or X-ray irradiation cause injury to the cells and for repairment of damag-
ed sites the injured cells produce the phytoalexin Rahe and Arnold, 1975 ; Kuc,
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1976 ; Cruickshank, 1980 ). The data of this work further indicate that the
phytoalexin produced by rice bean following infection with pathogen or non-
pathogens is of host origin.
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