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ABSTRACT

Zhang, S., Reddy, M. S., Kokalis-Burelle, N., Wells, L. W., Nightengale, S. P., and Kloepper, J.
W. 2001. Lack of induced systemic resistance in peanut to late leaf spot disease by plant
growth-promoting rhizobacteria and chemical elicitors. Plant Dis. 85:879-884.

A disease assay was optimized for late leaf spot disease of peanut using Cercosporidium per-
sonatum in the greenhouse, and this assay was used in attempts to elicit induced systemic resis-
tance using strains of plant growth-promoting rhizobacteria (PGPR) and chemical elicitors.
Nineteen strains of spore-forming bacilli PGPR, including strains of Paenibacillus macerans,
Brevibacillus brevis, Bacillus laterosporus, B. subtilis, B. pumilus, B. amyloliquefaciens, B.
sphaericus, B. cereus, and B. pasteurii, which previously elicited systemic disease control activ-
ity on other crops, were evaluated in greenhouse assays. Seven PGPR strains elicited significant
disease reduction in a single experiment; however, none repeated significant protection
achieved in the greenhouse assay, while significant protection consistently occurred with the
fungicide chlorothalonil (Bravo). In other greenhouse trials, neither stem injections of C. per-
sonatum nor foliar sprays of chemicals, including salicylic acid, sodium salicylate, isonicotinic
acid, or benzo[1,2,3]thiadiazole-7-carbothioc acid S-methyl ester (Actigard), which elicit sys-
temic acquired resistance on other crops, elicited significant disease protection. In contrast,
foliar sprays with DL-B-amino-n-butyric acid (BABA), which is an elicitor of localized ac-
quired resistance, resulted in significantly less late leaf spot disease in one of two tests. Combi-
nation treatments of four PGPR strains with BABA in the greenhouse did not significantly pro-
tect peanut from late leaf spot. Field trials conducted over two growing seasons indicated that
none of the 19 PGPR strains, applied as seed treatments at two concentrations, significantly
reduced late leaf spot disease. The same chemical elicitors tested in the greenhouse, including
BABA, did not elicit significant disease protection. Some combinations of four PGPR and
BABA significantly reduced the disease at one but not at two sample times. Collectively, these
results suggest that late leaf spot resistance in peanut is not systemically inducible in the same
manner as is resistance to diseases in other crops by PGPR and chemical inducers.

Additional keywords: biological control

Early and late leaf spot diseases, caused
by Cercospora arachidicola S. Hori and
Cercosporidium personatum (Berk. & M.
A. Curtis) Deighton, respectively, are the
most widespread foliar diseases of peanut
(Arachis hypogaea L.) (26), accounting for
pod yield losses of up to 50% in severe
epidemics (9). Management strategies for
leaf spot epidemics rely on reducing initial
inocula via crop rotation or on reducing the
rate of disease spread via resistant cultivars
and fungicide applications. Crop rotation
out of peanut for 2 to 3 years is recom-
mended, because this may delay the devel-
opment of a leaf spot epidemic by 2 to 3
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weeks (11). However, because of the po-
tential for a rapid rate of increase of leaf
spot diseases, crop rotation alone is insuffi-
cient for control. A few high-yielding culti-
vars with moderate resistance to early or
late leaf spots have been developed (8), but
this resistance is not complete (25). Cur-
rently, management of peanut leaf spot
diseases in the United States relies princi-
pally on foliar applications of fungicides
(26). Benomyl, chlorothalonil, copper hy-
droxide, mancozeb, propiconazole, and
tebuconazole are examples of fungicides
that have been used or are being used for
management of leaf spot diseases. Unfor-
tunately, application of fungicides may
result in undesirable effects. The use of
either chlorothalonil or captafol for control
of foliar diseases may increase the severity
of Sclerotinia blight, caused by Sclerotinia
minor (21). A consistently higher level of
southern blight, caused by Sclerotium rolf-
Sii, was observed in plots sprayed with
benomyl than in unsprayed plots (2). Foliar

sprays of either fentin hydroxide or copper
ammonium carbonate suppressed popula-
tions of the two-spotted spider mite (3),
whereas foliar sprays of diniconazole con-
tribute to the increased populations (12).
More importantly, some fungicides may
increase the risk that resistant populations
of leaf spot pathogens will develop. Beno-
myl-resistant strains of Cercospora ara-
chidicola and Cercosporidium personatum
developed in the southeastern United
States within 3 years of the first use of
benomyl (4,14).

A potential alternative or complemen-
tary approach for managing peanut leaf
spot diseases may be biological control.
Although there have been no reported suc-
cesses in using introduced biocontrol
agents for control of peanut leaf spots,
Kokalis-Burelle et al. (10) demonstrated
that foliar sprays of chitin resulted in re-
duced leaf spot damage, presumably due to
enhanced populations of indigenous an-
tagonists.

Another potential disease management
strategy would be to use the concepts of
systemic acquired resistance (SAR) or
induced systemic resistance (ISR) to acti-
vate host defense. The first chemical in-
ducing agent was recently developed by
Novartis Crop Protection (27). This com-
pound, benzo[1,2,3]thiadiazole-7-carbothi-
oc acid S-methyl ester, has the trade name
Actigard in the United States. Foliar sprays
of Actigard induce accumulation of patho-
genesis-related proteins and lead to re-
duced incidence of several diseases on
many crops, including cereals, rice, potato,
tomato, miscellaneous vegetables, pome
fruit, mango, citrus, grape, banana, pep-
pers, and tobacco (27). Although Actigard
was evaluated on peanut during the product
development work, it did not consistently
lead to systemic disease protection against
peanut leaf spots (A. Tally, personal com-
munication).

An alternative to using chemical induc-
ers to activate SAR is the use of plant-
associated microorganisms as inducers.
Some strains of plant growth-promoting
rhizobacteria (PGPR) elicit systemic dis-
ease protection, which has been termed
ISR (28). Work over the past decade at
Auburn University has identified several
PGPR strains which, upon seed treatment,
elicit ISR on cucumber, tomato, and to-
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bacco, causing reductions in severity of
several foliar and systemic diseases under
greenhouse and field conditions (15,16,
19,22-24,30-34). The objective of this
research was to determine if late leaf spot
of peanut could be managed by ISR elic-
ited by PGPR, by SAR elicited by chemi-
cals, or by combinations of PGPR and
chemical elicitors.

MATERIALSAND METHODS

Bacterial and fungal cultures. Nine-
teen strains of spore-forming bacilli PGPR
(Table 1) were selected for greenhouse
tests and field trials; the strains had previ-
ously shown induced systemic protection
in cucumber, tomato, or tobacco (15,16,
19,22-24,30-34). PGPR strains were
stored in tryptic soy broth (TSB) amended
with 20% glycerol at —80°C prior to use.
Bacterial cell suspensions were prepared
by first streaking PGPR strains from ultra-
cold storage onto tryptic soy agar (TSA)
and incubating at 28°C for 24 h to check
for purity, then transferring single colonies
to spore preparation medium (0.5% yeast
extract, 0.5% peptone, 2% soluble starch,
and 1.8% agar, pH 6.9) for 7 to 10 days to
yield nearly 100% sporulation. Spores
were washed off plates by 10 to 15 ml of
sterilized distilled water. The spore suspen-
sions were adjusted to 10%/ml, as deter-
mined by microscopy, with sterilized dis-
tilled water for experimental use.

For use in greenhouse bioassays, the
pathogen C. personatum was isolated from
leaves of peanut cv. Florunner with typical
disease symptoms collected in a field near
Tifton, GA. The pathogen was stored and
cultured on V8 juice agar (7,17) amended
with 1% yeast extract (V8A). After incuba-

tion for 3 weeks at 25°C, 15 of 20 ml of
sterilized distilled water was added per
V8A plate, and the fungus was gently re-
moved from the plates 1 h later. The result-
ing fungal suspension (1 ml) was evenly
spread on a fresh V8A plate using a 200-pl
pipette with a large orifice tip. Inoculated
plates were wrapped with Parafilm and
incubated at 25°C with a 12-h light and 12-
h dark regime. Four weeks later, fungal
cultures were scraped from the plates with
sterilized water, stirred with a magnetic bar
for 1 h, then filtered with two layers of
cheesecloth, and the inoculum density was
adjusted to 10° to 10° mycelial fragments
per milliliter using a hemocytometer under
a light microscopy.

Optimization of peanut late leaf spot
disease assay in the greenhouse. Peanut
(cv. Florunner) seeds were mixed with
Vitavax PC (Gustafson Inc., Dallas, TX)
in a plastic bag at the rate of 1.13 g of Vita-
vax PC per 450 g of peanut seeds and
shaken until even coverage was achieved.
Peanut plants were grown in Pro-mix (Pre-
mier Peat Ld., Riviere-du-Loup Loup,
Québec, Canada) in plastic pots (10 by 10
cm?) in the greenhouse at 25 to 28°C with
14 h of incandescent light per day. After
emergence, the plants were fertilized with
Peter’s Peat Lite 20-10-20 once a week and
watered every day.

An experiment was conducted in the
greenhouse to determine the effect of plant
age on occurrence and severity of late leaf
spot disease. Treatments consisted of pea-
nut plants at six different growth stages (3,
4,5, 6,7, and 8 weeks old). Plants were
inoculated with C. personatum by spraying
fungal suspensions (1.6 x 10° mycelial
fragments/ml, with 2 drops of Tween 20)

Table 1. Summary of testing plant growth-promoting rhizobacteria (PGPR) applied as a root drench
and foliar spray against Cercosporidium leaf spot of peanut in the greenhouse

Per cent disease compared to a nontreated control@

Treatment I dentity of PGPR Experiment 1 Experiment 2
3PI-8 Paenibacillus macerans -16.8 7.5
3PI-14 P. macerans -16.3 -7.4
IPC-11 Brevibacillus brevis 16.6 1.5
1PL-2 Bacillus laterosporus 7.7 6.2
IPN-19 B. subtilis -30.0* 4.1
INR-7 B. pumilus -19.9* 3.1
IN937a B. amyloliquefaciens 26.5 5.1
IN937b B. subtilis 19.1 -1.1
T4 B. pumilus 7.2 —-18.7*
SE34 B. pumilus 2.2 -114
SE49 B. pumilus —22.7* 1.8
SE5S6 B. sphaericus -6.6 -16.0
SE76 B. pumilus -10.7 -4.0
C10 B. cereus 14.3 -4.2
Cc9 B. pasteurii 435 -0.8
C6 B. cereus -25.7* 4.8
C5 B. cereus —-19.4% 9.7
C3 B. cereus 7.0 -1.2
Cl B. cereus -3.5 —-18.8*
Bravo 720 -78.8* —64.8*

4 Data shown are summarized from several experiments, and the appropriate nontreated control in
each experiment was used to calculate the percentage of difference in disease, based upon the per-
centage of leaflets per plant with lesions. Each value is the mean of six replications and two plants
per replication; * indicates significantly different from the nontreated control according to the least

significant difference test at P = 0.05.
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onto the top and bottom of leaves until run-
off. Inoculated plants were placed in a
plastic tent with a humidifier to generate
100% relative humidity on a bench in the
greenhouse. The plastic tent was opened
for 24 h every 3 days. Plants were watered
and fertilized from the bottom of pots. The
experiment was a randomized complete
block with six replications per treatment
and two plants per replication.

Another experiment was conducted to
determine the effect of pathogen density on
late leaf spot disease severity. Peanut
plants, 4 to 6 weeks old, were inoculated
with C. personatum at 10%, 10, and 10°
mycelial fragments/ml. The experiment
was a randomized complete block with
four treatments (three inoculum densities
and one noninoculated control), six replica-
tions, and two plants per replication. Four
weeks after pathogen challenge, late leaf
spot disease was recorded by counting the
number of lesions per plant or number of
lesions per leaflet, and the percentage of
leaflets per plant with any lesions. The
experiment was repeated three times.

Screening of PGPR for potential to
dicit systemic protection against late
leaf spot in the greenhouse. PGPR were
applied in one of three ways in the experi-
ments. For seed treatment, 1.0 ml of bacte-
rial cell suspensions (10% to 10° CFU/ml)
was applied to each peanut seed in Pro-mix
at the time of seeding, and seeds were then
covered with 1.5 cm of Promix. For soil
drench, 30 ml of a 108 CFU/ml bacterial
suspension was poured into each pot at 2 to
3 weeks after planting. For foliar spray,
bacterial suspensions at a concentration of
103 CFU/ml were sprayed onto peanut
leaves until run-off. One week later, plants
were inoculated with C. personatum as
described previously. Four weeks later, late
leaf spot disease was recorded as the num-
ber of lesions per plant, number of leaflets
per plant with any lesions, and percentage
of leaflets per plant with any lesions.

An initial experiment was conducted with
eight PGPR strains (SE34, SE49, T4, INR-
7, C1, C3, C5, and C6) and a nontreated
control arranged as a randomized complete
block with nine treatments and six replica-
tions per treatment. The bacteria were ap-
plied as seed treatments (as described above)
at 10 and 10° CFU/ml. The experiment was
conducted twice.

Subsequent experiments used soil
drench and spray application of PGPR to
increase the possibility of elicitation of ISR
by PGPR. A total of 19 PGPR strains (Ta-
ble 1) were tested. All experiments were
randomized complete blocks with five to
eight PGPR strains, a nontreated control,
and a fungicide control with chlorothalonil
(Bravo 720) applied as a foliar spray at the
time of application of PGPR. Each treat-
ment was replicated six times with two
plants per replication. Each PGPR strain
was tested twice. Disease was rated as
described above.



Tests for elicitation of SAR by C. per-
sonatum and chemical inducers. An ex-
periment was designed in the greenhouse
to determine if SAR could be elicited in
peanut by stem injection of C. personatum.
Treatments consisted of six different inter-
vals between the time of stem injection and
challenge inoculation (0, 3, 5, 7, 14, and 21
days) and a nontreated control. The ex-
periment was a randomized complete block
with seven treatments, six replications per
treatment, and two plants per replication.
Stem injections were done using a 1-cm®
syringe to inject 1.0 ml of fungal suspen-
sion (10° mycelial fragments/ml) into
stems 1 cm above the soil line. The needle
was introduced tangentially to the stem and
injections were made into the stem external
to the xylem. Plants were challenged with
C. personatum when they were 6 weeks
old using the same methods as described
previously.

An experiment was conducted in the
greenhouse to determine if known chemi-
cal inducers of SAR in some crops could
protect against late leaf spot. The chemical
inducers tested were salicylic acid (SA),
sodium salicylate (NaSA), DL-B-amino-n-
butyric acid (BABA), isonicotinic acid
(INA), and benzo [1,2,3] thiadiazole-7-
carbothioic acid S-methyl ester (Actigard).
All inducers were applied as foliar sprays
to run-off at 4 weeks after planting, and
pathogen challenge was done 1 week later
as described above. SA, NaSA, BABA,
and INA were tested at 0.5, 1.0, 1.5, and
2.0 mg/ml, whereas Actigard was tested at
0.05, 0.10, 0.15, and 0.20 mg/ml. The ex-
periment was a randomized complete block
with six replications per treatment and two
plants per replication. Disease was rated as
the percentage of leaflets per plant with
lesions 4 weeks after challenge. The ex-
periment was conducted twice.

Another experiment was designed to de-
termine if combinations of some PGPR
strains and BABA could induce protection
against late leaf spot. The tested PGPR
strains were C1, C3, C5, and T4, which
were applied as seed treatments at 10°
CFU/ml. BABA was applied as foliar
sprays at 0.5 and 1.0 mg/ml at 4 weeks
after planting, or as seed treatments at 2.5
and 3.0 mg/ml at the time of seeding. A
nontreated control was included. The ex-
periment was a randomized complete block
with six replications and two plants per
replication. The experiment was conducted
twice.

Field trials. Field trials were designed
to test the possible elicitation of induced
resistance against late leaf spot of peanut
by PGPR and chemical inducers over a 2-
year period. Trials were conducted at E. V.
Smith Research Center near Shorter, AL
and at the Wiregrass Substation near Head-
land, AL in 1997 and 1998. In 1997, eight
field trials were conducted at E. V. Smith
to assess 19 PGPR strains and the same
five chemical inducers used in the green-

house trials. Six of these eight trials tested
the same 19 PGPR strains tested in the
greenhouse, and the other two trials tested
the chemical inducers. Each PGPR strain
was tested at 107 and 10° CFU/ml in the
same trial. Similarly, each chemical was
evaluated at two concentrations. The con-
centrations of chemical inducers tested
were salicylic acid and sodium salicylate at
1.0 and 1.5 mg/ml; BABA at 0.25 and 0.50
mg/ml; INA at 1.5 and 2.0 mg/ml; and
Actigard at 0.05 and 0.1 mg/m. Six PGPR
strains (INR-7, T4, SE34, SE49, C1, and
C6, which previously elicited disease pro-

25

tections both in greenhouse and field con-
ditions in some other crops) were tested in
one trial at Headland in 1997. The bacterial
concentration in this trial was 10% CFU/ml.
All these field trials were designed as ran-
domized complete blocks with paired-plot
design. Each trial included, typically, six
experimental treatments (PGPR or chemi-
cal inducers) and two controls, a
nontreated control and a fungicide control
which consisted of spraying with
chlorothalonil (Bravo 720), and six replica-
tions per treatment. Border rows were
planted 2 weeks before the first experi-
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Fig. 1. Effect of plant age on disease severity of late leaf spot of peanut by artificial inoculation with
Cercosporidium personatum. Percentage of late leaf spot is calculated from the number of leaflets
per plant with lesions. The values are mean from two experiments. Means designated with the same

letter are not significantly different at P = 0.05.
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Fig. 2. Effect of inoculum density of Cercosporidium personatum on disease severity of late leaf
spot of peanut in the greenhouse. Percentage of leaflets per plant with lesions is a mean from four

repeated experiments.
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ments. Bacterial cell suspensions were
applied to peanuts planted in an open fur-
row at 200 ml per 3 m of row using a CO,
backpack sprayer. Rows were manually
closed immediately after application of
bacteria with a planet junior planter. No
peanut was cultivated at E. V. Smith before
this experiment was conducted; therefore,
peanut hay carrying the pathogen of late
leaf spot was applied over the closed fur-
rows to provide enough inocula of the
pathogen to cause late leaf spot on peanut
plants in the field. The chemical inducers
were applied to peanut foliage at 200 ml
per 3 m of row with a CO, backpack
sprayer 3 weeks after planting. Late leaf
spot was rated by counting the number of
lesions from a 1-m length of two middle
rows in each plot beginning at 3 weeks
after planting and continuing weekly for
eight weeks, with a final destructive sam-
ple at termination of the tests. Number of
lesions per plant was then calculated based

Table 2. Results of chemical inducers applied as a
spot of peanut in the greenhouse

upon the number of peanut plants in a 1-m
length of these two rows. Disease progres-
sion over time was measured using the
following equation for area under the dis-
ease progress curve (AUDPC): AUDPC =
Y+ 1+ Y2l (Ti +1 = T), where Y =
number of lesions per plant at time T, and
T, = the time of assessment (in days num-
bered sequentially beginning with the ini-
tial assessment).

In 1998, four PGPR strains (C1, C3, C5,
and T4) were tested in an experiment with
and without BABA at Wiregrass Substa-
tion, Headland. The concentration of bacte-
ria used was 108 CFU/ml. The experiment
was conducted with randomized complete
block design, six replications per treat-
ment. In each treatment block, there were
four 7.5-m rows. No peanut hay was ap-
plied in the field. The application methods
of bacteria and BABA and controls were
the same as in 1997. Leaf spot ratings were
made at 90 and 105 days after planting

foliar spray for control of Cercosporidium leaf

Per cent disease compared to a nontreated control?

Inducer, concentration (mg/ml) Experiment 1 Experiment 2
Salicylic acid (SA)

0.5 -8 -2

1.0 8 -2

1.5 =21 -6
Sodium salicylate (NaSA)

0.5 18 5

1.0 7 -13

1.5 6 24

2.0 -18 -17
DL-B-amino-n-butyric

1.0 -7 -12
Acid (BABA)

1.5 —26* -19

2.0 —68%* —34*
Isonicotinic acid (INA)

1.0 18 -6

1.5 -1 =7

2.0 -20 -3
Benzo [1,2,3] thiadiazole

0.1 -11 27
7-Carbothioic acid

0.15 9 38
S-Methyl ester (Actigard)

0.20 -11 18

4 Percent disease was calculated based on the percentage of leaflets per plant with lesions compared
to a nontreated control. Each value is the mean of six replications and two plants per replication; *
indicates significantly different from the nontreated control according to the least significant differ-

ence test at P = 0.05.

Table 3. Attempts to induce resistance against Cercosporidium leaf spot of peanut with combinations
of plant growth-promoting rhizobacteria (PGPR) and DL-B-amino-n-butyric acid (BABA) in the

greenhouse
Per cent disease compared to a nontreated control?
BABA seed treatment (mg/ml) BABA foliar application (mg/ml)

PGPR strains 25 3.0 05 1.0
T4 2.6 28.1 15.6 18.6
C6 -5.9 9.4 33.8 24.4
C3 -5.3 3.9 22 9.0
Cl1 -0.6 -16.8 17.3 27.5

4 Percent disease was calculated based on the percentage of leaflets per plant with lesions compared
to a nontreated control. Each value is the mean of six replications and two plants per replication.
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based on the 1-to-10 Florida scale, in
which 1 = no disease and 10 = death or
complete defoliation.

Data analysis. Data from greenhouse
and field experiments were analyzed sepa-
rately for each experiment and were sub-
mitted to analysis of variance (JMP soft-
ware; SAS Institute Inc., Cary, NC). The
significance of effect of PGPR treatments
was determined by the magnitude of the F
value (P = 0.05). Treatment means were
separated by Fisher’s protected least sig-
nificant difference (LSD).

RESULTS

Optimization of peanut late leaf spot
disease assay in the greenhouse. An as-
say for peanut late leaf spot was optimized.
Results from data collected using three
different methods for disease measurement
were statistically consistent (data not
shown); therefore, only a single criterion
(i.e., the percentage of leaflets per plant
with lesions) was used for data analysis
and presentation in further experiments
conducted in the greenhouse. Age of pea-
nut plants at the time of challenge and
inoculum density significantly affected (P
= 0.05) late leaf spot severity (Fig. 1). The
maximum level of disease was obtained on
5-week-old plants. Disease severity on 3-
week-old plants was significantly lower
than on plants that were 4, 5, or 6 weeks
old. Results with different inoculum densi-
ties (Fig. 2) indicated that there was a sig-
nificant increase in the resulting disease
severity with logarithmic increases in in-
oculum density. Maximum disease severity
was noted at 10° mycelial fragments/ml.

Screening of PGPR for potential to
elicit systemic protection against late
leaf spot in the greenhouse. In the initial
tests in which bacteria were applied as seed
treatments, none of the eight bacteria sig-
nificantly reduced disease at either 10% or
10° CFU/ml (data not shown). In subse-
quent tests in which PGPR were applied as
soil drenches and as foliar sprays, 7 of the
19 tested strains (IPN-19, INR-7, T4,
SE49, C6, CS5, and C1) significantly (P =
0.05) reduced peanut late spot disease se-
verity compared to the nontreated control
in one out of two trials in the greenhouse
(Table 1). None of the PGPR significantly
reduced the disease in both trials.

Tests for elicitation of SAR by C. per-
sonatum and chemical inducers. The
experiment designed to test elicitation of
SAR by stem injection of C. personatum
revealed that there was no systemic protec-
tion. The mean disease severity did not
differ significantly from that of the
nontreated control for any of the stem-
injection treatments (data not shown).

In the tests of chemical inducers, BABA
applied as a foliar spray at 1.5 mg/ml sig-
nificantly (P = 0.05) reduced disease in
one of two trials and in both trials when
applied at 2.0 mg/ml (Table 2). No signifi-
cant disease reduction was observed from



use of any other chemical inducers at any
doses, including Actigard.

In the experiment designed to determine
if combinations of BABA and four individ-
ual PGPR strains could induce protection
against late leaf spot, significant protec-
tion, relative to the nontreated control, did
not occur with any combination of PGPR
and BABA (Table 3).

Field trials. In 1997, there were no sig-
nificant reductions in AUDPC, which was
calculated based on eight weekly disease
assessments, with any of the tested PGPR
strains at either tested concentration (Table
4). However, significant reductions in
numbers of late leaf spot occurred at one
sample time (data not shown) with PGPR
strains C1 and CS5; therefore, these were
retested in 1998. None of the chemical
inducers tested in 1997 provided a signifi-
cant reduction in AUDPC compared with
the nontreated control (Table 5).

In the field trials in 1998, treatment with
PGPR strains C1 and CS5 significantly (P =
0.05) reduced the incidence of late leaf
spot at 90 days after planting, as did treat-
ment with BABA + C1 and both Bravo
alone and Bravo with BABA. However, by
105 days after planting, disease reduction
with PGPR treatments was not noted, and
only the two Bravo treatments significantly
reduced disease compared to the
nontreated control at that time (Table 6).

DISCUSSION

Over the past decade, several strains of
PGPR, applied to seeds or roots of field
crops, have been used as elicitors of ISR,
leading to reductions in disease severity in
stems or on leaves in cucumber (30,31),
carnation (29), bean (1), tomato (19,24),
and tobacco (18,34). These reports cover a
range of pathogens that cause diverse dis-
eases, including fungal and bacterial wilts,
bacterial leaf spots, and fungal leaf dis-
eases. To date, there are no publications
reporting attempts to use PGPR strains as
elicitors of ISR in peanut. The results re-
ported here indicate that PGPR strains that
previously elicited ISR on tobacco, tomato,
or cucumber (15,16,19,22-24,30-34) did
not repeatedly induce significant reduc-
tions in severity of late leaf spot in peanut.
In some experiments in both the green-
house and field, individual treatments of
some PGPR strains did result in significant
protection; however, this was not repro-
ducible.

One possible explanation for the lack of
significant reproducible reduction in late
leaf spot disease with PGPR is that peanut
is not an inducible plant, at least not sys-
temically inducible. Supporting this con-
clusion are our results indicating lack of
significant disease protection following
stem injection with the pathogen C. per-
sonatum or with chemical elicitors, includ-
ing salicylic acid, sodium salicylate, isoni-
cotinic acid, and Actigard, which are
reported to elicit SAR on a large number of

crops (27). During the product develop-
ment phase of Actigard, extensive field
trials were conducted with peanut and
other crops, and reproducible disease re-

ductions were not observed with peanut as
they were on many other crops (A. Tally,
personal communication). It was also re-
ported that use of Actigard on peanut did

Table 4. Summary of field trials in 1997 with plant growth-promoting rhizobacteria (PGPR) tested
for possible elicitation of induced systemic resistance against late leaf spot of peanut

PGPR treatment Bacterial concentration (CFU/ml) AUDPC?2 Per cent difference?
3P1-8 1.0 x 10° 13.23 10.8
1.0 x 107 10.82 -9.4
3P1-14 1.0 x 10° 12.78 7.1
1.0 x 107 13.30 11.4
1PC-11 1.0 x 10° 14.03 -20.6
1.0 x 107 14.89 -15.8
1PL-2 1.0 x 10° 16.87 -15.1
1.0 x 107 15.16 -23.7
1PN-19 1.0 x 10° 19.95 0.4
1.0 x 107 21.60 -8.7
INR-7 1.0 x 10° 17.26 -13.2
1.0 x 107 21.95 10.4
IN937a 1.0 x 10° 15.60 -11.8
1.0 x 107 24.48 39.6
IN937b 1.0 x 10° 24.49 38.5
1.0 x 107 16.75 -5.3
T4 1.0 x 10° 13.06 9.4
1.0 x 107 13.51 13.1
SE34 1.0 x 10° 20.40 10.6
1.0 x 107 19.18 4.1
SE49 1.0 x 10° 20.37 10.5
1.0 x 107 16.77 -9.1
SES56 1.0 x 10° 18.24 -1.1
1.0 x 107 19.60 6.7
SE76 1.0 x 10° 12.71 12.7
1.0 x 107 8.65 -8.7
C10 1.0 x 10° 10.85 -10.9
1.0 x 107 12.50 -12.5
C9 1.0 x 10° 10.50 -10.5
1.0 x 107 12.25 -12.3
C6 1.0 x 10° 27.88 71.2
1.0 x 107 23.80 46.6
C5 1.0 x 10° 27.46 69.1
1.0 x 107 20.23 24.6
C3 1.0 x 10° 17.00 4.7
1.0 x 107 19.13 17.8
Cl1 1.0 x 10° 20.91 28.8
1.0 x 107 18.62 14.7

2 Area under the disease progress curve (AUDPC) for number of lesions per plant calculated for data
collected at the period of time from 21 to 70 days after planting. Values are means of six replica-
tions. Data are summarized from several experiments, and the appropriate nontreated control in
each experiment was used to calculate percent difference of AUDPC.

b Compared with a nontreated control.

Table 5. Summary of field trials in 1997 with chemical inducers tested for possible elicitation of in-
duced systemic resistance against late leaf spot of peanut

Percent

Chemical inducers, concentration (mg/ml) AUDPC?2 difference?
Salicylic acid (SA)

0.5 6.5 0

1.0 7.1 8.5
Sodium salicylate (NaSA)

0.5 10.2 21.8

1.0 10.9 354
DL-B-amino-n-butyric acid (BABA)

1.0 7.5 15.4

2.0 6.6 1.5
Isonicotinic acid (INA)

1.5 8.5 5.6

2.0 12.3 52.2
Benzo [1,2,3] thiadiazole-7-carbothioic acid S-methyl ester (Actigard)

0.03 8.8 354

4 Area under the disease progress curve (AUDPC) for number of lesions per plant was calculated for
data collected at the period of time from 21 to 70 days after planting. Values are means of six repli-

cations.
b AUDPC compared with a nontreated control.

Plant Disease / August 2001 883



Table 6. Summary of field trials in 1998 with plant growth-promoting rhizobacteria (PGPR) and DL-
B-amino-n-butyric acid (BABA) as potential elicitors of induced resistance against late leaf spot of

peanut

L ate leaf spot incidence?
Treatment 90 days after planting 105 days after planting
Cl 3.1* 5.5
C3 4.7 52
C5 3.2% 5.1
T4 4.1 52
Cl + BABA 2.1% 5.4
C3 + BABA 4.1 5.3
C5 + BABA 4.3 54
T4 + BABA 4.3 4.7
Bravo + BABA 1.9* 3.6*
Bravo alone 2.9% 3.4%
BABA alone 3.6 4.7
Nontreated control 4.6 5.1

2 The incidence of late leaf spot is based on the 1-to-10 Florida scale, in which 1 = no disease and 10
= dead or complete defoliation of the peanut plants. Values are mean of six replications; * indicates
significantly different from a nontreated control according to the least significant difference test at
P =0.05.

not result in control of Sclerotinia blight
(13). It should be noted, however, that it is
unknown if Actigard and other chemical
elicitors cause increases in pathogenesis-
related (PR) proteins in peanut associated
with SAR, despite the lack of consistent
disease protection.

The only chemical elicitor which signifi-

cantly reduced late leaf spot disease in our
work was BABA, which occurred only at a
high concentration in the greenhouse. BABA
is reported to be an elicitor of local, but not
systemic acquired resistance, leading to
protection of tomato plants against Phy-
tophthora infestans (6), tobacco against
Peronospora tabacina (5), and pea against
Aphanomyces euteiches (20). Collectively,
our results suggest that peanut is not sys-
temically inducible in the same way as are
other crops by PGPR and chemical inducers.
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