European Journal of Plant Pathologg04: 271-278, 1998. 271
© 1998Kluwer Academic Publishers. Printed in the Netherlands.

Effect of treating soybean with 2,6-dichloroisonicotinic acid (INA) and
benzothiadiazole (BTH) on seed yields and the level of disease caused by
Sclerotinia sclerotiorumin field and greenhouse studies

Elizabeth Danh Brian Dier€, Joe Byrum and Ray Hammerschmidt

1 Dept. Botany and Plant Pathology, Michigan State University, East Lansing, Ml 48824, USA (Fax: +1-517-353
1926);2 Dept. Crop and Soil Science, Michigan State University, East Lansing, MI 48824, USAhor for
correspondence

Accepted 22 December 1997

Key words:acquired resistance, induced resistance, SAR, SIR, white mold

Abstract

Field or greenhouse grown soybeans were treated with 2,6-dichloroisonicotinic acid or benzothiadiazole and subse-
guently assessed for severity of white mold disease caus8&dlbyotinia sclerotiorumThree or four applications

of 2,6-dichloroisonicotinic acid to field plots in 1993-1995 reduced severity of white mold after natural infection by
20-70% compared with water-treated controls in soybean cultivars Elgin 87 and Williams 82, which are considered
to be highly susceptible to the disease. The effect was not as large in the cultivars Corsoy 79 and NKS19-90
which are more resistant to white mold. Two or four applications of benzothiadiazole to field plots in 1995 and
1996 reduced white mold severity by 20—60%, with the greatest reductions again observed in the more susceptible
cultivars. Corresponding yields were increased compared with controls, particularly for the susceptible cultivars
under conditions of high disease pressure. In greenhouse trials multiple applications of either compound resulted in
significantly smaller lesion diameters following subsequent leaf inoculations with the fungus. The compounds did
not result in observable phytotoxicity or inhibit growth®¢lerotiniasp.in vitro. We hypothesize that the decrease

in disease severity following treatment with INA or BTH is a result of resistance induction.

Abbreviations:INA — 2,6-dichloroisonicotinic acid; BTH — benzothiadiazole; a.i. — active ingredient; SIR —
systemic induced resistance; DSI — disease severity index.

Introduction Systemic induced resistance has been demonstrat-
ed under field conditions for a limited number of
The phenomenon of systemic induced resistance (SIR),plant/pathogen interactions. Tobacddidotianasp.),
in which resistance to disease is enhanced in tis- cucurbits (Cucurbitaceae) and green beRnaseolus
sues distant from the site of the prior inducing treat- vulgaris) are among those crops protected in the field
ment, has been extensively reported for a number of against diseases by a prior treatment with the biotic
plant/pathogen systems and has been the subject ofinducersPeronospora tabacina, Colletotrichum lage-
recent reviews (Deverall, 1995; Hammerschmidt and narium, Fusarium oxysporurh sp. niveumand C.
Kuc, 1995; Hammerschmidt and Dann, 1997). The lindemuthianumrespectively (e.g. Tuzun et al., 1986;
majority of these studies have been conducted underCaruso and Kuc, 1977; Martyn et al., 1991; Sutton,
controlled environment conditions. However, for SIR  1982). The abiotic inducer 2,6-dichloroisonicotinic
to be incorporated into applied disease managementacid (INA) has been shown to induce resistance under
programs, the resistance must withstand disease andield conditions to various fungal and bacterial diseases
environmental pressures encountered under commer-of pear Pyrussp.), pepperGapsicunsp.), tobacco and
cial production conditions.
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rice (Oryza sativa (Métraux et al., 1991) and to the Canada during the past few years have resulted in

rust disease of green brean (Dann and Deverall, 1996).economic losses (Diers, 1993). The objective of this
Extensive greenhouse studies wittabidopsisand study was to determine if available abiotic resistance-

tobacco demonstrated that treatment with INA or inducing chemicals were effective in controllirs)

benzo (1,2,3)-thiadiazole-7-carbothioic S-methyl ester sclerotiorumon soybean in both the field and green-

(BTH) induced resistance to fungal, bacterial and viral house.

pathogens with associated increases in the accumula-

tion of MRNAs for pathogenesis-related (PR) proteins

(Ward et al.,, 1991; Uknes et al.,, 1992; Lawton et Materials and methods

al., 1996; Friedrich et al., 1996). In addition, BTH

treatment protected wheat against diseases caused b¥ield studies

Erysiphe graminig. sp.tritici, Puccinia reconditaand

Septoriasp. (Grlach et al., 1996). The studies were conducted in the growing seasons of
Despite an increasing number of reports concern- 1993—-1996 at the Botany and Plant Pathology research

ing induced resistance in legumes, in particular green farm, Michigan State University, East Lansing, Ml and

bean, there have been few reports concerning the phe-ata producer’s field near Zilwaukee, MI. The agronom-

nomenon in soybean. Localized resistancePimy- ic practices were essentially the same for eachyear. The

tophthora megaspermaas induced in hypocotyls by  cultivars Northrup King S19-90, Corsoy 79, Elgin 87

P. cactorumor an avirulent strain oP. megasperma  and Williams 82 were planted each year at 444 600

(Paxton and Chamberlain, 1967) and was associatedseeds/ha in 7-row plots, 6.1 m long with 17.8 cm

with enhanced phytoalexin concentrations (Svoboda between rows. The plots were trimmed to a length

and Paxton, 1972). Wrather and Elrod (1990) report- of 4.25 m at approximately the R5 growth stage (Fehr

ed apparent SIR in soybean seedling epicotyls whereet al., 1971), when seeds were beginning to devel-

lesions arising from inoculation wit&olletotrichum op in pods at one of the four uppermost nodes with

truncatumwere significantly smaller than on controls a completely unrolled leaf. Post-emergent herbicides

if cotyledons had been injected 24-96 h earlier with .78 kg a.i. ha' bentazon (Basagr@, BASF Corpo-
conidial suspensions . truncatum, C. lagenarium  ration, Research Triangle Park, North Carolina) with

or heat-killedC. lagenarium _ 0.21 kg a.i. hat acifluorfen (BlazeéP, BASF Cor-
Sclerotinia sclerotioruncauses devastating soft rot poration) plus crop oil concentrate at 2.9 Hiavere

and white mold diseases of a large number of veg- 5jiedin 1993 and 1994 only, and the plots were hand
etable and non-graminaceous field crops. Its wide \yeeded as necessary each year.

host range and abilty to survive many years as scle- |, 1990 and 1993 the East Lansing site was inocu-
rotia makes control of this disease particularly difficult |5teq withS. sclerotiorunsclerotia collected from cull
(Agrios, 1997). There is one report of apparent local- pjjes at a dry bean processing plant. The sclerotia were
ized induced resistance & sclerotiorumn tobacco _ lightly incorporated into the top 3 cm prior to planti-
(Bonnet et al., 1996). Aqueous droplets of cryptogein g The East Lansing site was overhead irrigated (max.
or capsicein, elicitins excreted Bhytophthoraspp., 4 cm/week) to maintain wet canopy conditions during
were applied to the fresh wound site of decapitated fioyering. The Zilwaukee site was naturally infested
plants. Two days later the plants were challenge inoc- with the pathogen and was not irrigated. However, it
ulated by placing a mycelial plug @. sclerotiorum s iy an area in which the environment is favorable

at the site of the treated decapitated stem. Resulting,, infection; low-lying with a high water table and
stem invasion was approximately 70-90% lower for frequent fog.

elicitin-treated plants compared with controls. Elicitin

treatment had no effect on the rate of stem coloniza- chemical treatments

tion by this fungus in rapeBrassica napus While

more detailed investigation of this system is necessary 2,6-dichloro-isonicotinic acid (INA, CGA 41396) for-

the report provided evidence for induced resistance to y,jated as 25% active ingredient (a.i.) in a wettable

Sclerotiniasp. _ . powder and benzo[1, 2, 3] thiadiazole-7-carbothioic
In soybean, white mold has caused only localized g¢jg S-methyl ester, benzothiadiazole (BTH, CGA

problems until recently. However, disease outbreaks in 245704) formulated as 50% a.i. in wettable granu-
Michigan, Ohio, Wisconsin, Minnesota and Ontario,



lar form, were obtained from Novartis Crop Protec-
tion (formerly Ciba-Geigy Crop Protection), Greens-
boro, North Carolina, USA. The compounds were pre-
pared at various concentrations in distilled water. Dis-
tilled water was applied alone as a control. The treat-
ments were applied with a hand-held &fressurized
sprayer with 1.45 m wide boom, equipped with flat
fan type nozzles, delivering a volume of 186.7 Fha
Crop injury was assessed after application. In a pre-
liminary study, neither INA nor BTH inhibited growth
of S. sclerotiorum in vitrat a range of concentrations
up to 65 and 70 mg a.iF, respectively.
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Disease assessment and analyses

The trials were assessed for white mold severity
between mid to late September at approximately the
R7 growth stage, when pods were yellowing and 50%
of leaves were yellow (Fehr et al, 1971). Fifty plants

in 1993 and thirty plants in 1994-1996 from the cen-

ter three rows in each plot were rated. Each plant was
rated for white mold on a 0-3 scale based on a previ-
ously reported method (Grau et al., 1982) where 0 =
no symptoms, 1 = lesions on lateral branches only,
2 =lesions on the main stem but little or no effect on

Experiments were based on arandomized complete pod-fill and 3 = lesions on main stem resulting in plant

block design, with 2 and 5 blocks respectively, at the death and poor pod-fill. A disease severity index (DSI)
East Lansing and Zilwaukee sites in 1993, and four was calculated for each plot by summing the scores of
blocks at each site in 1994-1996. The 1995 and 1996 the fifty or thirty plants, and expressing the value as a
experiments were designed as a split plot with cultivars percentage using the formula below. A DSI of 0 was
as main plots and treatments as sub-plots. Separategiven to plots where no disease was present, and 100 to
treatments were applied to each plot within each block plots where all plants rated were assigned a score of 3.
as outlined below. The plots were harvested for seed Analysis of variance was performed for each year on
yield determination after the pods in all plots were yield and DSI data with the program Statistical Analy-
approximately two weeks past the R8 stage. The seedsis System (Cary, North Carolina).

yield is expressed at 13% moisture. Yields were not
obtained for the Zilwaukee site in 1993.

Applications of the treatments varied in number and
concentration across the four years as outlined below.
However, the initial application was always made prior Greenhouse studies
to the commencement of flowering, which is defined
as the time when 50% of the plants in the plot were at Williams 82 and NKS19-90 seedlings were grown in
the R1 growth stage i.e., when one flower was present 13 or 15 cm potsin Bacct® Professional planting mix
at any node on a plant (Fehr et al., 1971). The initial (Michigan Peat Co., Houston, Texas) in the greenhouse
application of 2,6-dichloroisonicotinic acid (INA) in  (temperature 18—4%C, 15 h/day, 80-10pEm?s*
1993 was made on 5 July at either 15, 25 or 35 mg additional lighting provided by sodium vapor lights).
a.i. I"1. Two further applications at the same rates Aqueous solutions of INA at 25 mg a.i-} or BTH at
were made 10 and 20 days later. INA was applied 35 mg a.i. ! were each applied with plastic house-
in 1994 at 35, 45 or 65 mg a.i”t either once on hold sprayers, delivering a fine mist to the leaf surface.
25 June, three times (additional applications 9 and Distilled water alone was applied as a control treat-
20 days later) or four times, which included a final ment. The treated pots were placed randomly on the
application 33 days after the initial treatment date. INA greenhouse bench.
was applied in 1995 at 50 mg i.a- once or four The initial applications were made approximately
times. The initial treatment was on 30 June and the 11-14 days after planting to the expanding unifoliate
three repeat applications at ten day intervals thereafter.leaves prior to the emergence of the first trifoliate leaf.
Benzothiadiazole (BTH) at 35 mg a.i.} was also Repeat applications to unifoliate leaves were made at
applied four times on the same dates as INA in 1995. various times thereafter as indicated in Figure 1. Chal-
BTH was applied in 1996 at 375 mg a.i.!l twice or lenge inoculations were made by excising 8-10 uni-
four times. The initial treatment was on 11 July and foliate leaves, or terminal leaflets of the first trifoliate
the other applications were 11, 21 or 32 days later. per treatment and placing them on moist germination

paper in opaque plastic boxes. Mycelial plugs (2.5 mm
diameter, 2—-3 mm long) were taken from colony mar-

gins and placed mycelium-down on the adaxial surface
of each leaf or leaflet between major lateral veins. Lids

_ X (ratings of each plant)

DS number of plants rated 3

x 100
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12 Table 1 Effectoflocation and growing season (year) on severity

a of white mold and yields of soybean in water treated controls
DSIt Yield (t ha—1)?
Yea? Eastlansing Zilwaukee EastLansing Zilwaukee
1993 16.2+ 0.9 12.6+:0.9 3.42+0.1 nodata

1994 41.0+£25 36.74225 2.84£0.1 278+0.1
1995 3.1+10 15.8+19 352+£0.1 3.53+0.1
12 1996 48.5+3.5 7.2+21 285+0.1 359+0.1

Lesion diameter (mm)

E ool b
§« i 1 DSl per plott standard errors from water treated control plots
2 8 1 averaged across test cultivars.
§ 6 2 Yield per plot & standard errors from water treated plots
o - averaged across test cultivars; expressed at 13% moisture.
e 4 d [ti d at 13% moi
% 2 r 3 Data obtained for 2 or 5 blocks per cultivar at East Lansing
= 0 L . 1 or Zilwaukee, respectively in 1993 and 4 blocks per cultivar
at each site in 1994-1996; data were not analyzed statistically
across years.
12
E 10} ¢
E ST
g 41 )
E ) E ' h and yield data for water-treated control plots averaged
g ; ; ) across cultivars are presented for each site and year
Willams 82 NKS19-90  Williams 82 NKS19-90 in Table 1. The disease severity was greater at the
unifoliateunifoliate trifoliate trifoliate irrigated East Lansing site than the Zilwaukee site for
mWater WINA OIBTH each year except 1995, where it is likely that unusually

hot, drying winds attributed to the lack of disease. The
Figure 1 Effect of treating Williams 82 or NKS19-90 seedlings  yields were similar between sites in 1994 and 1995,

once, twice or five times with 2,6-dichloroisonicotinic acid (INA)or  however yields were greatly suppressed at East Lansing
benzothiadiazole (BTH) on lesion diameter in unifoliates and first in 1996

trifoliate leaflets after challenge with sclerotiorum(a) Treatments . . . .
applied day 0, leaves excised and challenged day 5; (b) Treatments 1 here were large differences in the disease severi-

applied days 0 and 2, leaves excised and challenged day 5; (c) Treat-ty and yields among the four cultivars for plots which
ments applied days 0, 1, 3, 5and 7, leaves excised and challenged dayh 54 received no treatment (Tables 2-6). In each year
10. INAand BTH were applied at 25 and 35 mg ait) respectively; h Ki f th It s L .
lesion diameters were measured 2 days after challenge inoculation;t e ranking of the cultivars Ir} Increasing S.e\_/emy was
each figure is based on means of two replicate experiments; bars NKS19-90, Corsoy 79, Elgin 87 and Williams 82.
represent positive standard erraPs<0.05). Conversely, the greatest yields were harvested from
NKS19-90, then Corsoy 79 and Elgin 87, which
had similar yields, and the lowest yields were from
were placed on the boxes and boxes were kept on theWilliams 82. This corresponds with the ranking of the
laboratory bench at 22C. Two days later three diam-  cultivars in previous testing (Diers, 1993). This current
eters per resulting lesion were measured with digital study and previous observations suggest that NKS19-
calipers. Data were analyzed using the Minitab statis- 90 and Corsoy 79 have partial resistance to the disease.
tical software (Minitab Inc., State College, Pennsylva- INA was applied to plots during the 1993-1995
nia). growing seasons. INA at three concentrations or water
alone were applied three times in 1993. There was no
significant location by treatment interaction so these

Results values are presented across locations. The INA treat-
ments resulted in a significar® & 0.05) reduction in
Field studies DSl for Elgin 87 and Williams 82 at each rate, but not

for Corsoy 79 and NKS19-90 (Table 2). At the East
There were often large differences in the severity of Lansing site yields were greater for Corsoy 79 at each
white mold disease and seed yields between each fieldrate of INA and for Williams 82 when data across rates
site and over the four years studied. Disease severitywas combined, compared with water controls (Table
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Table 2 Effect of 2,6-dichloroisonicotinic acid (INA) treatment on the severity of white mold
disease for soybean averaged over both locations in 1993

DSIt
Treatment NKS19-90 Corsoy 79 Elgin 87 Wiliams 82 Mean
Water control 0.3a 18a 145a 379a 13.6a
INA3x 15mga.i.rl 0.3a 09a 8.7b 209b 7.7b
INA3x 25mga.i.rl 0.3a 0.6a 3.6¢c 16.6 b 5.3b
INA3x 35mga.i.tl 0.0a lla 27¢c 17.7b 55b
INA mean 0.2a 09a 5.0bc 18.4b 6.2b

1 DSI per plot from 7 blocks per treatment per cultivar; within each column, means followed
by the same letter are not significantly differeRt<0.05).
2 |nitial treatment applied 5 July, with two additional treatments at 10 day intervals thereafter.

Table 3 Effect of 2,6-dichloroisonicotinic acid (INA) treatments on soybean yields at East
Lansing in 1993

Yield (t ha~1)!

Treatment NKS19-90 Corsoy 79 Elgin 87 Wiliams 82 Mean

Water control 4.04 a 3.29a 3.55a 2.78 a 342a
INA3x 15mga..tl 4.44a 3.96b 3.84a 3.24 ab 3.87b
INA3x 25mga..tl 4.39a 4.10b 4.06 a 3.25ab 3.95b
INA3x 35mga.i.tl 4.43a 4.04b 352a 3.12ab 3.78b
INA mean 442 a 4.03b 3.8la 3.20b 3.86b

1 Yield per plot from 2 blocks per treatment per cultivar, expressed at 13% moisture; within
each column means followed by the same letter are not significantly diffé?end(05).
2 |nitial treatment applied 5 July, with two additional treatments at 10 day intervals thereafter.

3). Yields were not obtained for the Zilwaukee site in The disease severity at East Lansing was very low and
1993. there were no differences in disease severity or yields
The number of INA applications and concentrations between INA-treated or water controls for any cultivar
were varied in 1994. There was no visible phytotoxic- (results not shown). However, there were treatment
ity in the 1993 trial thus higher INA rates were tested effects on disease severity but not yields at the Zilwau-
in 1994. There was no location by treatment effect kee site. The plots treated four times with INA had less
so these values are presented across locations. Alsosevere disease than once-treated or water control plots
there were no differences in DSI or yield among the and this effect was significan®(< 0.05) for Elgin 87
different INA concentrations tested (35, 45 and 65 mg and Williams 82 cultivars (Table 6).
a.i. I"1) so the data were averaged across concentra-  Treatments of BTH were applied in the 1995 and
tions. A significant decrease in severity after treatment 1996 growing seasons. It was applied four times at a
was observed only for Williams 82. The plots treated fixed concentration in 1995. As mentioned previously,
once, three or four times with INA had lower DSlIs than there was very low disease severity at the East Lansing
water-treated control plots (Table 4) and plots treated site in 1995 and there were no differences in DSI or
three or four times had greater yields than the controls yields among treatments. At the Zilwaukee site in 1995
or once-treated plots (Table 5). Surprisingly, disease four applications of BTH resulted in less severe white
severity was greater for once-treated Corsoy 79 plots mold than water-treated control plots for each cultivar,
compared with water-treated controls (Table 4). but the effect was significant only for Elgin 87 and
INA was applied once or four times at a fixed con- Williams 82 (Table 6). BTH treatment had no effect on
centration in 1995. There was a significant difference yields in 1995 (results not shown).
in the severity of disease and yields between loca-  BTH was applied two or four times in 1996 at a ten-
tions, so the data were not averaged across locationsfold higher concentration than in 1995, based on rec-
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Table 4 Effect of 2,6-dichloroisonicotinic acid (INA) treatments on the severity of
white mold disease for soybean averaged over both locations in 1994

DSIt
Treatment NKS19-90 Corsoy 79 Elgin87  Wiliams 82 Mean

Water control  13.8a 26.5a 50.0a 65.0a 388a
INA 1x 145a 33.8b 54.3a 58.5b 40.3a
INA 3x 9.1a 30.5ab 50.7a 51.4b 354a
INA 4 x 95a 31.0ab 453a 499b 339a
INA mean 11.0a 31.8ab 50.1a 53.3b 36.5a

1 DSI per plot from 8 to 24 blocks per cultivar for control or INA treatments respec-
tively; within each column means followed by the same letter are not significantly
different (° < 0.05).

2 Initial treatment applied 25 June, with the second, third and fourth applications at
9, 11 and 13 day intervals respectively, thereafter.

Table 5 Effect of 2,6-dichloroisonicotinic acid (INA) treatments on soybean yields
averaged over both locations in 1994

Yield (t ha—1)!
Treatment NKS19-90 Corsoy 79 Elgin87  Wiliams 82 Mean

Water control  3.66 a 2.89a 2.76a 1.92a 28la
INA 1x 3.65a 2.88a 290a 2.06 a 287a
INA 3x 357a 2.88a 2.96a 2.32b 294 a
INA 4 x 349a 2.75a 3.06a 2.49b 2.95a
INA mean 3.57a 2.84a 297 a 2.29b 292a

1 Yield per plot from 8 to 24 blocks per cultivar for control or INA treatments
respectively, expressed at 13% moisture; within each column means followed by the
same letter are not significantly differeft € 0.05).

2 Initial treatment applied 25 June, with the second, third and fourth applications at
9, 11 and 13 day intervals respectively, thereafter.

ommendations by Ciba Geigy. As in 1995 there were (Figure 1a, b), except for unifoliates treated five times,
large differences in disease severity between locations,where there was no difference in lesion size between
with the most severe disease occurring at the East Lans-the two tested cultivars (Figure 1c). Also, lesions were
ing site. The DSI for water controls for East Lansing significantly larger on the first trifoliate leaflets than
and Zilwaukee were 48.5 and 7.2, respectively, and on unifoliate leaves of the same cultivar. There were
the corresponding yields were 2.85 an 3.59 tha  no significant differences in lesion diameters among
respectively. Two or four applications of BTH resulted treatments after one or two treatments (Figures 1a, b).
in similar disease severity and yields compared with Lesion diameters were significantly small€r<0.05)
water controls for each cultivar (results not shown).  after five applications of INA or BTH, compared with

water-treated controls for each cultivar and leaf type
Greenhouse studies (Figure 1c).

Two days after challenge inoculation of excised leaves

and leaflets withS. sclerotiorum soft brown lesions Discussion

had developed and each were uniform in diameter

except where the fungus had ramified and rotted along Severity of white mold disease in field-grown soy-

a lateral vein. Lesion diameters on unifoliate and tri- beans was significantly reduced by sprays of INA (2,6-
foliate leaves of Williams 82 were significantly larger dichloroisonicotinic acid) in two of three years of test-

(P < 0.05) than on corresponding leaves of NKS19-90 ing. Applications of BTH (benzo[1,2,3] thiadiazole-7-
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Table 6 Effect of 2,6-dichloroisonicotinic acid (INA) and benzothiadiazole (BTH) treatment
on disease severity at Zilwaukee in 1995

DSIt
Treatment NKS19-90 Corsoy 79 Elgin87 Wiliams 82 Mean
Water control 3.6a 7.2 25.8a 26.4a 15.8a
INA1x 50mgaift! 56a 8.6a 25.8a 20.8 ab 15.2a
INA 4% 50 mg a.i. 1 0.8a 36a 11.4b 13.6b 7.4b
BTH4x 35mga.i.t! 08a 0.8a 14.2b 19.5ab 8.8b

1 DSl per plot from 4 blocks per cultivar per treatment; within each column means followed by
the same letter are not significantly differeRt< 0.05).

2 |nitial treatment applied 30 June, with the second, third and fourth application at 10 day
intervals respectively thereafter.

carbothioic acid S-methyl ester) significantly reduced ies, however, which demonstrate that one application
white mold disease in one of two years of testing. is sufficient to induce significant disease resistance,
Applications of the compounds to greenhouse-grown for example, field-grown green bean could be protect-
plants also resulted in smaller lesions in treated and ed throughout the growing season against rust disease
systemic leaves. The compounds have no direct anti- caused byUromyces appendiculatusfter only one
microbial activity against many fungal and bacterial INA spray at the seedling stage (Dann and Deverall,
pathogens, including. sclerotiorumBoth compounds ~ 1996). Similarly, Metraux and co-workers (&traux et
have been shown to induce disease resistance in a numal., 1991) demonstrated that single foliar sprays of INA
ber of plants including another legume, green bean protected field-grown pear, pepper and tobacco against
(Dann and Deverall, 1995; Ciba Geigy, 1995), against Erwinia amylovora, Xanthomonas vesicatagiadPer-
a broad range of pathogens. We suggest, therefore,onospora tabacinarespectively. In addition, applica-
that in soybean INA and BTH treatments may stimu- tion of INA to field water also protected rice against
late inherent defense mechanisms so that the plant carPyricularia oryzaeand Xanthomonas oryzaesingle
respond more quickly against the invading, colonizing BTH applications to wheat and rice provided long-
fungus. lasting protection against fungal disease®ré&ch et

In many plants investigated so far, INA and BTH al., 1996). It is not known why multiple applications
treatment is associated with increases in activities of of BTH are necessary to induce and maintain disease
many classes of pathogenesis-related (PR) proteins. Itresistance in the dicots tested. These observations high-
is thought the INA and BTH compounds mostlikely act light the need to examine and evaluate each activa-
as artificial endogenous signals in the plant, inducing tor/host/pathogen interaction separately.
such defense mechanisms as they are rapidly translo- The INA and BTH treatments were particularly
cated from the site(s) of application. As so little is effective in Williams 82 and Elgin 87 which were more
known of the soybeaBklerotiniasp. interaction, it is susceptible to the disease than Corsoy 79 and NKS19-
difficult to speculate which aspects of the resistance 90. It is likely that resistance mechanisms were acti-
mechanism are activated and important in the contain- vated more strongly in these cultivars by the INA and
ment of this necrotrophic fungus. BTH treatments which contributed to the enhanced

Multiple INA or BTH applications were neces- resistance. It is conceivable that the avoidance and/or
sary in both field and greenhouse studies to observedefense mechanisms of the more resistant varieties,
the decrease in disease severity. This corroborates aNKS19-90 and Corsoy 79, are such that they already
report in glasshouse-grown sugar beets, where fewerresist infection and colonization to a high degree, thus
than 3 applications of INA were ineffective ininducing any further enhancement of physiological resistance
resistance again§tercospora beticoléNielsen et al., by the chemicals is not as readily observed. This is an
1994). Similarly, repeated BTH applications to tobac- area requiring further detailed investigation.
co and other vegetable crops, including green bean, Induced pestand disease resistance has great poten-
were necessary to induce resistance (Kessmann et al.tial in crop protection strategies for the majority of hor-
1995; Ruess et al., 1995). This differs from other stud- ticultural and broad-acre crop species. BTH has recent-
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ly been registered and released by Novartis Crop Pro-  acquired resistance, activates gene expression and disease resis-

L ‘ tance in wheat. Plant Cell 8: 629-643
tection in Germany, under the name B®ﬁfor useas Grau CR, Radke VL and Gillespie FL (1982) Resistance of soybean

a_reS'Stance aCt'Vator*_tO help control powdery m”dew cultivars toSclerotinia sclerotiorumPlant Dis 66: 506—-508
disease on wheat. It is pertinent to note that chemi- Hammerschmidt R and Kuc J (1995) Induced Resistance to Disease
cal activators may have limitations, for example being  in Plants. Kluwer Academic Publishers, Amsterdam

: e ; : Hammerschmidt R and Dann EK (1997) Induced resistance to dis-
most effective for specific plant/pathogen interactions, ease. In: Rechcigl N and Rechcigl J (eds) Environmentally Safe

or causing phytothic symptoms onsome plants. HOW' Approaches to Crop Disease Control. CRC Press (in press)
ever, the formulation of chemical activators for use in  Kessmann H, Ryals J, Staub T, Oostendorp M, Ahl Goy P, Hofmann

combination with existing crop protection practicesis ~ C, Friedrich L, Delaney T, Lawton K, Weymann K, Ligon H,

. . . Vernooij B and Uknes S (1995) CGA 245704: mode of action
conceivably the most logical and cost-effective means of a new plant activator. Presentation at the International Plant

to introduce the induced resistance phenomenon into  protection Congress, The Hague, The Netherlands, 2—7 July

commercial production situations. Lawton K, Friedrich L, Hunt M, Weymann K, Delaney T, Kessmann
H, Staub T and Ryals J (1996) Benzothiadiazole induces disease
resistance irArabidopsisby activation of the systemic acquired
resistance signal transduction pathway. Plant J 10: 71-82
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