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Introduction

In the arid regions of India, with their dry and
warm growing conditions, Macrophomina pha-
seolina causes charcoal rot or dry root rot in many
economically valuable crops, including legumes
and oil seeds (Lodha et al., 1986). Moreover, in
certain pockets of these regions, cumin (Cumi-
num cyminum L.), an important spice crop, is cul-
tivated with irrigation in the same fields during
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the winter season. Heavy losses due to wilt
caused by Fusarium oxysporum f. sp. cumini
(Foc) often compel growers to abandon cultiva-
tion of this crop after three successive years (Lod-
ha, 1995). The population of these pathogens in-
creases in agricultural lands with increasing
years of cultivation of susceptible crops, and in-
oculum density in the soil is directly proportion-
al to disease incidence in the field. The manage-
ment of these soil-borne pathogens in arid soils
is very important because they survive in the
form of heat-tolerant resting structures (sclero-
tia and chlamydospores). High soil temperatures
in the summer months (50–60°C) also do not
eliminate more than 10–15% of soil inoculum
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because the soil remains dry (Lodha et al. 1990;
Lodha and Mawar, 2000).

An attempt to reduce the severity of dry root
rot of clusterbean [Cyamopsis tetragonoloba (L.)
Taub.] and wilt of cumin by the use of soil solari-
zation in combination with soil amendments (Urea
– N and farmyard manure) was found effective in
reducing inoculum density and disease incidence
on both crops in the same field (Lodha, 1995).
However, this control method is not widely accept-
ed in the resource-deficient farming community
of the region due to the high cost of polyethylene
film.

Cruciferous residues as soil amendments are
effective in reducing the population densities of
many soil-borne plant pathogens (Ramirez-Vil-
lapudua and Munnecke, 1987, 1988; Muehlchen
et al., 1990; Mojtahedi et al., 1993; Angus et al.,
1994; Keinath, 1996; Mayton et al., 1996). These
residues produce many biotoxic volatile com-
pounds in the soil during decomposition (Brown
et al. 1991). The production and release of these
compounds has seemed especially promising
when combined with solarization because the
concentration of volatile compounds evolved was
directly related to increased heating of soil (Gam-
liel and Stapleton, 1993). Thus, solarization of
soil amended with cruciferous residues gave
greater control of Fusarium oxysporum f. sp. con-
glutinans (Ramirez-Villapudua and Munnecke,
1988).

In hot arid regions, combining cruciferous res-
idues such as those of mustard [Brassica juncea
(L.) Czern. & Coss. cv. Pusa bold] with one sum-
mer irrigation (without polyethylene mulching) in
June caused a 70–80% reduction in the soil popu-
lation densities of M. phaseolina and Foc because
the maximum soil temperature of such amended
soil after irrigation reached 45oC even at 15-cm
depth (Lodha et al., 1997; Lodha and Mawar,
2000). However, further information is required
on the role of surviving sclerotia and chlamy-
dospores of these pathogens in increasing or de-
creasing the severity of diseases on clusterbean
and cumin crops, respectively.

The present investigation aims to determine
how readily available cruciferous residues com-
bined with one summer irrigation affect the sur-
vival of M. phaseolina and Foc, and the severity
of dry root rot of clusterbean and wilt of cumin.

Materials and methods

The experiments were conducted at the Cen-
tral Arid Zone Research Institute, Jodhpur, India
in the summer (May–June), the rainy (July–Oct)
and the winter (Nov–March) seasons of 1998–2001.
The soil of the experimental site is loamy sand
formed by aeolian activity having 85.0% sand, 8.9%
clay, 5.5% silt, 0.031% total nitrogen, 0.25% organic
carbon, 9 ppm available phosphorus (Olsen and
Dean, 1965), pH 8.1, electrical conductivity 0.088
dSm-1 (soil : water ratio 1:2.5); bulk density 1.56 g
cm-3 and 10.4% moisture holding capacity (MHC).

The experimental field had native populations
of both pathogens due to a previous history of cul-
tivation of susceptible legume and cumin crops. For
population counts, 12 samples to soil depths of 0–
30 cm were collected randomly from the field us-
ing a 2.5-cm diameter soil auger. Populations of
M. phaseolina and Foc were determined on their
respective selective medium (see biological assays
section). Bacillus sp., a specific bio-control agent
against M. phaseolina isolated from arid soils
(IMTC, Chandigarh, India), was also integrated as
seed coating in the rainy-season experiments on
dry root rot of clusterbean. Experimental plots (4�3
m) were arranged in a completely randomised block
design with nine treatments or treatment-combi-
nations: 1) mustard oil-cake amendment (MC,
0.11% or 2.5 ton ha-1) in May + summer irrigation
(SI), (MC+SI); 2) MC amendment applied in July
before sowing (NS), (MC+NS); 3) mustard residue
amendment (MR, 0.11%) in May + SI, (MR+SI); 4)
MR+NS; 5) MR+SI plus seed coating with Bacillus
sp. (ST), (MR+SI+ST); 6) MR+NS+ST; 7) ST only;
8) SI only and, 9) control (without MC, NS, ST or
SI). However, in the winter-season experiments on
cumin, treatments 5, 6 and 7 were not applied, but
cumin seeds were sown in these plots. All treat-
ments had three replications.

 Brassica oil-cake or residues were incorporat-
ed on May 30 each year in their respective plots
(MC-1, MR-3 and MR-5) at 3 kg per plot by uni-
formly mixing in the residues with a hand spade
to a soil depth of 30 cm. One summer irrigation to
a depth of 45 cm was applied on June 1 by flooding
to bring it to field capacity (10.4% w:w or 0.003
MPa) in all the plots with SI. The soil temperature
at 15-cm depth was recorded at 4 p.m. every day
for 15 days in selected treatments by inserting ther-
mometers to that depth.
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In July, oil-cake and residues were incorporat-
ed into the plots with NS and MC or MR (treat-
ments 2, 4 and 6) as described above. Clusterbean
cv. HG-75 was sown on July 31 in 1998 and on July
25 in 1999, while the cumin cv. RZ-19 was sown in
the following winter seasons on December 1 in
1998, and on December 7 in 1999, in accordance
with standard agronomic practices. Bacillus sp.
was multiplied on 30-ml Czapeck’s dox liquid me-
dium in 100-ml flasks incubated at 28±2°C. After
7 days, 5-ml of liquid medium containing the Ba-
cillus sp. (107 ml-1) was spread on a 12-cm Petri
dish; 0.5 g carboxyl methyl chloride was sprinkled
on it and 90 g of clusterbean seeds were coated with
the bacterium. The seeds were then spread in an
enamel tray (45�12 cm) for 24 h and used for sow-
ing in plots with ST (treatments 5, 6 and 7).

During the rainy-season experiment of 1999,
soil samples were collected at depths of 0–30 cm
from each replication at frequent intervals and soil
moisture was determined gravimetrically. The
severity of dry root rot on clusterbean and wilt on
cumin (% mortality) was recorded 15 days before
harvest on the four central rows of clusterbean and
on a 1 m2 area of cumin from each replication. In
the second year, however, severity was recorded
weekly from the initiation of disease till harvest.
Per-cent mortality from dry root rot was calculat-
ed in these rows and the mean of the four rows
was considered as an estimation for each replica-
tion, while the incidence of wilt was calculated on
the basis of the area observed. Due to a long spell
of moisture stress, in 1999 one life-saving irriga-
tion was given on 19 September to the clusterbean
crop.

Three soil samples at depths of 0–30 cm were
collected randomly from each replication of all the
treatments 15 days after the harvest of crops. The

samples were bulked to make one sample per rep-
licate and then processed for estimating popula-
tions of M. phaseolina and Foc.

Biological assays

The soil samples were air-dried and ground to
pass through a 2-mm sieve to count the pathogen-
ic propagules. The sclerotial population of M. pha-
seolina was estimated by sprinkling 50 mg of each
soil sample on chloroneb-mercury-rose-bengal agar
(CMRA), a selective medium (Meyer et al., 1973).
The population of Foc was estimated by a serial
dilution technique on modified peptone-PCNB
medium (Papavizas, 1967). White restricted colo-
nies of Foc, which later turned pinkish, were easi-
ly distinguishable from other formae speciales be-
cause of their distinct shape and size. Six Petri
dishes per medium per replication were used.

Statistical analysis

Pathogen populations and disease indices were
subjected to analysis of variance (ANOVA) and the
treatment means were compared with the LSD test
(P=0.05). Data on per-cent mortality were convert-
ed to angular transformed values before analysis.
Values on the development of dry root rot on
clusterbean and of wilt on cumin were subjected to
analysis in a three factor-factorial design (Snede-
cor and Cochran, 1967). Correlation analysis was
done to determine the relationship between M.
phaseolina and dry root rot on clusterbean, and
between Foc and wilt incidence on cumin.

Results

Maximum air temperature, wind speed, sun-
shine, solar irradiations and evaporation were high-
er in June than in July of both test years (Table 1).

Table 1. Maximum air temperature range and related weather data recorded during the test period.

Max. air Wind speed Sunshine Solar Evaporation
Year Perioda temperature (km h-1) (hd-1) irradiation (mm water day-1)

(°C ) (MJ m2d-1)

1998 June 1–15 27.2–44.5 1.7–11.7 0.4–11.8 22.9–30.1 05.4 –17.1
1999 June 1–15 25.9–41.6 6.2–12.8 7.5–11.6 25.5–30.3 10.3–15.0
1998 July31–Aug 14 35.6–38.4 5.0–7.60 4.4–9.40 17.5–23.9 6.0–8.7
1999 July 25–Aug 8 30.8–36.5 6.0–10.9 3.1–8.00 07.9–21.2 3.1–9.5

a Summer season (June) and rainy season (July–August).
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Air temperatures were 5–6°C higher in June than
in July for at least 10 days.

Soil temperature

Soil temperature at 15-cm depth in bare dry soil
measured at 4 p.m., was higher in June than in
July of both test years (Table 2). A single irrigation
of the unamended dry plot initially brought the soil
temperature down to 37°C in June, but a gradual
increase to 41°C followed within 15 days. Similar-
ly, in July soil temperatures dropped to 22°C due
to precipitation, but then remained within 34°C in
next 15 days. In the amended plots, for the first 7
to 8 days soil temperatures were 0.5–5°C higher
than in the corresponding unamended plots in
June, but were only 0.5–1.5°C higher in July.

Crop growing situation

There were six good, well-spaced-out rain events
after clusterbean seeds were sown in 1998. The crop
therefore did not experience an extended period of
moisture stress. As a result the season was not very
favourable for occurrence of dry root rot in severe
form though the inoculum load in the soil remained
far above the economic threshold level. The 1999
crop received a good spell of rainfall (148 mm) soon
after sowing, but thereafter it was affected by se-
vere drought. The crop began to experience mild
moisture stress from 15 days after sowing, which
became severe after 25 days. Dry root rot symp-
toms on clusterbean became conspicuous in vari-
ous treatments from the last week of August on-
wards till maturity, and variations were quite dis-
cernible when recording disease severity at week-
ly intervals.

The winter seasons remained quite suitable for

the cultivation of cumin. Both winter seasons were
almost dry, except that 14.2-mm rainfall was re-
ceived in the second half of February 1999.

Dry root rot incidence on cluster bean

Soil amendments with cruciferous residues with
or without summer irrigation, summer irrigation
alone, and the coating of seeds with Bacillus sp.,
were found to be significantly better in reducing
clusterbean mortality from dry root rot compared
with the unamended controls in both test years (Ta-
ble 3). Merely one summer irrigation in dry una-
mended plots reduced disease severity significant-
ly by 34–39% compared with the unamended con-
trol without irrigation. Bacillus-coated seeds plant-
ed in unamended plots also reduced mortality,
which was significantly lower than in plots with
SI alone. The incorporation of mustard oil-cake or
mustard residues into the soil just before sowing
was more effective than SI alone in controlling dry
root rot, but mustard oil-cake was the only one that
was significantly superior to SI alone. In 1999, soil
amendment with mustard oil-cake produced a sig-
nificantly healthier clusterbean crop than when
only Bacillus coated seeds were planted in untreat-
ed soil, but in 1998 the reverse occurred, with Ba-
cillus coat, more effective as a disease inhibitor
than mustard oil-cake amendment. A single irri-
gation in summer further augmented the efficien-
cy of cruciferous residues to control dry root rot in
both test years. Of the residues, mustard oil-cake
was 38% more effective than mustard residues in
reducing rot severity. However, planting of Bacil-
lus coated seeds in combination with MR+SI was
significantly better than MR+NS i.e. without SI
(Table 3).

Table 2. Temperature ranges (°C) after soil amendment and summer irrigation/rains.

1998 1999
Treatment

June July–Auga June July–Auga

Mustard residue (MR) + summer irrigation (SI) 40–42 23–35 38–44 22 –32

Mustard oil-cake (MC) + summer irrigation (SI) 39–42 23–35 38–43 22–32

Summer irrigation (SI) 38–40 23–34 37–41 22–31

Dry soil 37–47 27–36 33–43 28–39

a Temperatures recorded after amending soil in rainy season.
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Progression of dry root rot on clusterbean

The pattern of dry root rot development was
similar when oil-cake was applied either in May
with summer irrigation (MC+SI) or in July
(MC+NS) at the time of sowing clusterbean seeds
(Fig. 1). However, disease development was signif-
icantly greater in the plots amended in July. A sim-
ilar trend in disease progression was observed with
the amendment of mustard residue in both the
environments. In SI and unamended plots, there
was a rapid initial onset of dry root rot but after 14
days mortality was significantly greater in the
unamended plots (Fig. 1).

Soil moisture

The amended soil generally held more mois-
ture than the unamended soil. In the samples col-
lected on August 6, 1999, soil moisture was 6–6.6%
in amended plots and 5.1–5.8% in unamended
plots. When averages were pooled, amended soil
held 14.8% more moisture than unamended soil.
Soil-moisture retention in the amended plots was
greatest on August 26, when it ranged from 1.1–
2.3%, compared with 0.3–1.7% for unamended
soil. It was also greater on September 22, 1999
after one life-saving irrigation (7.3–9.8% com-
pared with unamended soil 4.4–8.2%), but the

differences were smaller. Among residues, MC-
amended soils retained more soil moisture than
MR-amended soils.

M. phaseolina population

An initial population of 340 sclerotia g-1 soil of
M. phaseolina in 1998 decreased with all the
amendments irrespective of the time of applica-
tion (Table 3). A further reduction in M. phaseoli-
na propagules due to soil moisture was also dis-
cernible in all treatments. However, maximum re-
duction in Macrophomina counts was achieved
with MC+SI, which was significantly better than
MC+NS. Treatment MR+SI was also significant-
ly better than the control. In spite of soil mois-
ture, the population of M. phaseolina in the con-
trol plots increased significantly, reaching 385
sclerotia g-1 soil after the harvest of clusterbean
crop in 1998. In 1999, the M. phaseolina popula-
tion decreased further in all amended plots (Ta-
ble 3). The maximum reduction in pathogenic
propagules was found in those treatments where
amendments were combined with summer irriga-
tion, but the reduction was also significantly
greater when amendments were applied in July.
Counts of M. phaseolina were highest, however,
when only Bacillus sp. coated seeds were planted

Table 3. Effect of cruciferous residues as a soil amendment on Macrophomina phaseolina and clusterbean mortality
due to dry root rot on clusterbean.

Mortality (%) M. phaseolina populationb

Treatmenta (sclerotia g-1 soil)

1998 1999 1998 1999

MC + SI 0c4.7 (12.0)c 05.1 (14.2) 180 120
MC + NS 09.8 (18.2) 08.7 (17.5) 220 168
MR + SI 07.2 (15.5) 06.5 (14.7) 206 148
MR + NS 10.3 (18.7) 10.7 (19.1) 248 188
MR + SI + ST 06.8 (15.1) 05.4 (14.6) 200 136
MR + NS + ST 07.2 (15.6) 10.6 (18.9) 240 170
SI 11.3 (19.6) 13.9 (22.2) 284 220
ST 07.9 (16.2) 11.6 (19.1) 352 388
Control (unamended) 18.8 (25.7) 21.3 (27.4) 385 432

LSD (P= 0.05) 1.1 3.0 32 38

a MC, mustard oil-cake (2.5 ton ha-1); MR, mustard residues (2.5 ton ha-1); NS, application of the amendment at the time of clusterbean
sowing in July; SI, summer irrigation in June; ST, seed coating with Bacillus spp.

b Initial population was 340 sclerotia g-1 soil.
c Angular transformed values.



50 Phytopathologia Mediterranea

R. Mawar and S. Lodha

and in the control. There was a significant corre-
lation (r=0.73) between the M. phaseolina popu-
lation and dry root rot incidence.

Wilt incidence on cumin

Maximum wilt incidence (26.8%) was recorded
in the unamended control plots (Table 4). A single
summer irrigation, or soil amendment with resi-
dues either combined with summer irrigation or
applied in July at the time of clusterbean plant-
ing, significantly reduced wilt incidence. Amend-
ing the soil with MR or MC in summer or with
mustard oil-cake in July significantly reduced wilt
incidence as compared with SI alone. Of the resi-
dues, mustard oil-cake was significantly more ef-

fective than mustard pod straw with a 34% great-
er reduction in wilt incidence, but differences re-
lating to the time of application were not signifi-
cant (Table 4).

Development of wilt on cumin

Wilt incidence after initiation varied between
plots amended in June with one summer irriga-
tion, and plots amended at the time of normal sow-
ing in July. With treatments MC+SI and MR+SI,
wilt symptoms were conspicuous after 7 days in
the control, but thereafter incidence did not in-
crease significantly till maturity (Fig. 2). By con-
trast, with MC+NS wilt incidence increased line-
arly until the end of the observation period. Plots

Fig . 1. Dry root rot of clusterbean in soils amended with
mustard oil-cake (MC), mustard residue (MR), and with
summer irrigation (SI), or without summer irrigation
(NS, normal sowing). LSD (P=0.05): treatment 1.3; in-
terval 0.8; treatment � interval 2.6.

Fig. 2. Wilt incidence of cumin in soils amended with
mustard oil-cake (MC), mustard residue (MR), and with
summer irrigation (SI) or without summer irrigation
(NS, normal sowing). LSD (P=0.05): treatment 5.2; in-
terval 2.9; treatment � interval 8.9.
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Table 4. Efficacy of cruciferous residues as soil amendment on population of  Fusarium oxysporum f. sp. cumini and
wilt incidence on cumin.

Wilt incidence Fusarium populationb

Treatmenta (� 103 cfu g-1 soil)

1999 2000 1999 2000

MC + SI 0c5.2 (13.2)c 07.2 (15.5) 08.5 04.2
MC + NS 12.1 (20.4) 10.2 (18.6) 11.2 08.9
MR + SI 08.6 (18.1) 07.8 (16.0) 10.4 04.9
MR + NS 11.4 (19.8) 12.7 (20.8) 12.5 09.3
SI 17.8 (24.9) 15.2 (22.9) 13.2 13.8
Control (unamended) 23.3 (28.8) 26.8 (31.1) 18.6 21.4

LSD (P=0.05) 1.5   1.1 1.7 1.4

a MC, mustard   oil-cake  (2.5 ton ha-1);   MR, mustard   residues  (2.5 ton ha-1);   NS, application of the amendment at the time of
clusterbean sowing in July; SI, summer irrigation in June.

b Initial population was 17.5�103 cfu g-1 soil.
c Angular transformed values.

amended with mustard residues in July (MR+NS)
followed a similar trend for the first 21 days, but
showed a sudden increase in wilt incidence there-
after. With the two unamended treatments (SI and
control), wilt began to increase soon after initia-
tion, but after 14 days the increase in wilt was sig-
nificantly greater in the control plots.

Fusarium oxysporum f. sp. cumini population

The initial population of 17.5�103 g-1 soil of Foc
was drastically reduced with all treatments includ-
ing SI alone (Table 4). The reduction was signifi-
cantly greater in the summer-irrigated amended
plots than in the plots amended in July. However,
counts of Foc increased in the control plots after
the cumin harvest in March 1999. Foc was further
reduced in amended plots after the second cumin
crop in March 2000. The reduction was greatest in
the plots with soil amendment + SI. An increase in
population of Foc was significantly correlated
(r=0.80) with an increase in wilt incidence.

Discussion

In the hot, arid climate where the tests took
place, Brassica amendments combined with one
summer irrigation reduced native populations of
M. phaseolina and Foc as well as dry root rot on
clusterbean in the rainy season, and wilt on cumin

in the subsequent winter season in the same field.
In the test plots, soil temperatures in June were

higher under moist conditions (without polyethyl-
ene mulching) than those observed in other parts
of the world with a similar climate (Katan et al.,
1980; Mihail and Alcorn, 1984; Abdel-Rahim et al.,
1988; Abu Blan et al., 1998). In dry soils, soil mois-
ture (summer irrigation) enhanced the sensitivity
of sclerotia and chlamydospores to heat treatment
(Lodha, 1995). Irrigation of heated soil may have
diluted the fungistatic behaviour of the soil, stim-
ulating germination of resting structures, which
then are more vulnerable to heat conduction and
microbial activity (Katan et al., 1976). In the pres-
ence of water, less energy is required to unfold the
peptide chain of protein resulting in lower heat
resistance (Precht et al., 1973). The greater reduc-
tion in counts of Macrophomina than Foc after one
summer irrigation could be a result of increased
microbial antagonism against M. phaseolina. In our
tests, enhanced populations of Aspergillus versi-
color, species of Bacillus and Streptomyces were
found in heated amended soil. Germ-tubes and
subsequent hyphae from germinating sclerotia of
M. phaseolina are sensitive to bacteria and actino-
mycetes, and this results in lysis of the fungal cell
walls (Kovoor, 1954).

In an earlier study it was found that amending
the soil with urea-N and farmyard manure im-
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proved the effectiveness of summer irrigation in
controlling M. phaseolina and Foc (Lodha, 1995).
Substituting Brassica residues for these amend-
ments in the present study further reduced these
pathogenic agents. This reduction may be a cumu-
lative effect of bio-toxic volatile compounds released
during the decomposition of the residues at preva-
lent high soil temperatures (38–42°C) and subse-
quent microbial antagonism. Sulphur-containing
volatile substances are toxic on Aphanomyces eu-
teiches and Rhizoctonia solani from decomposing
cabbage, a crucifer (Lewis and Papavizas, 1970;
1971). Allyl glucosinolate is one of the predominant
glucosinolates in Brassica sp. and is generally con-
verted to allyl isothiocyanate (AITC) at a pH of 4.0
or greater (Tollsten and Bergstrom, 1988; Duncan,
1991; Borek et al., 1994). AITC, a volatile com-
pound, is as toxic to fungi as methyl isothiocyanate,
an active ingredient in commercial soil fumigants
(Lewis and Papavizas, 1971; Vaughan et al., 1993).
The concentration of the AITC was found to be di-
rectly related to heating of the soil up to 45°C (Gam-
liel and Stapleton, 1993). However, isothiocyanates
were not detected at low temperatures (Lewis and
Papavizas, 1970; 1971). Moreover, in the present
study, when Brassica residues were incorporated
into the soil at high soil temperatures (41–42°C)
pathogen and disease control was greater than
when residues were incorporated in July, with soil
temperatures at 32–37°C. The greater difference
in temperature between amended and unamend-
ed soil in June than in July is a further indication
of a greater exothermic reaction during the hot
summer days. However, a considerable part of the
reduction in pathogenic propagules even with a
July amendment (compared to the unamended con-
trol) can be attributed to the release of certain oth-
er, less toxic volatile compounds.

Amendment of the soil with mustard oil–cake
caused a significant reduction in populations of
M. phaseolina and Foc (Sharma et al., 1995; Lod-
ha et al., 1997) and in wilt incidence on cumin
(Champawat and Pathak, 1988). A lower dose of
this amendment in the present field experiment
was almost equally effective; probably because
the prolonged exposure of infested soil to dry heat
exerted a weakening effect on pathogenic prop-
agules (Lodha and Mawar, 2000). The high con-
centration of bio-toxic volatile compounds and
nitrogen (5%) could explain why oil-cake provid-

ed better pathogen and disease control than the
other residue amendments. Organic amendments
containing nitrogen effectively control soil-borne
pathogens (Rodrigues-Kabana et al., 1990; La-
zarovits et al., 2000). Improved soil moisture in
oil-cake amended soil further enhanced microbi-
al antagonism, as reported earlier (Sharma et al.,
1995). The ability of mustard pod residues to
control pathogens and diseases, demonstrated in
our study, is important in resource-deficient
farming since this source of Brassica residue is
cheaper and more readily available than oil-cake.
The slow initial progress of both diseases in the
summer-irrigated amended plots could be the
combined result of a low population of pathogenic
propagules and better soil-moisture conditions.

Statistically and economically significant con-
trol of dry root rot merely by coating clusterbean
seeds with the Bacillus sp. is also of practical
value in low-input sustainable agriculture
(LISA). Greater control of dry root rot with this
Bacillus sp. in the 1998 crop season was proba-
bly due to adequate soil moisture enhancing bac-
terial antagonism (Dhingra and Sinclair, 1975;
Lodha, 1996). This bacterial activity decreased
with decreasing soil moisture (Griffin and Quail,
1968). There was no significant improvement in
disease control when Brassica residues were com-
bined with the Bacillus coating of the seeds: this
was most likely due to the concurrent operation
of two different management strategies. Howev-
er, coating will help in establishing the Bacillus
sp. in amended soil for inducing suppressiveness.

The present study revealed a simple, practi-
cal and cost-effective means to control two ma-
jor soil-borne pathogens in hot arid regions.
Wheat-mustard-cumin rotation in the winter
season ensures that Brassica residues are avail-
able in March. High temperatures available dur-
ing the crop-free summer period give the resi-
dues time to release their bio-toxic volatile com-
pounds. The decomposed materials also enrich
the nutrient-deficient sandy soil and conserve
moisture.
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