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were used: a sandy-loam, consisting of 70% sand, 19% silt, recorded, a 100- to 400-mg soil sample was sprinkled in
and 11% clay, pH 7.4, total N of 0.036%, total organic 10-40 CMRA plates. The soil plate method (34) using
matter of 1.2%, initial total microbial population of 9 X peptone-rose bengal agar (32) was used to determine
105/g of soil, and a moisture-holding capacity (MHC) of fungal populations in soil samples. Bacterial and
32%; and a silty-clay-loam, consisting of 9% sand, 61% actinomycete populations were determined by a dilution
silt, and 30% clay, pH 5.5, total N of 0.178%, total organic plate method using 20 soil-extract-nutrient agar and 20
matter of 4.3%, initial microbial population of 1.1 X 108/g glucose-nitrate agar plates, respectively (32). The
of soil, and a MHC of 60%. Soil analyses were made by populations obtained were summed to obtain the total
the Department of Agronomy, University of Illinois, microbial population for each soil sample. Data were
Urbana, and the Crop Chemical Testing Service, Arcola, analyzed using a split-plot design and Fisher's LSD test
Illinois. The soils were air-dried to 3% moisture and then (3). Calculated F values were significant.
screened through a 2-mm sieve. RESULTS.-Results were similar for both soil types.

Sclerotia were produced in soybean-seed-extract broth Reductions in sclerotium populations of M. phaseolina
(100 g seeds/liter of water boiled for 15 minutes, strained due to high soil moisture appeared to be as much as with
through cheesecloth and supplemented with 2% sucrose). different soil amendments, if not more. Sclerotium
After 10 days at 30 C, cultures consisting of sclerotia and populations decreased rapidly with increased soil
mycelium were homogenized in a VirTis mixer with moisture, anddurationofincubation(Fig. 1). There was a
sterile distilled water. The homogenate was filtered on a 58-61 and 65-69% reduction in sclerotium populations
Whatman #42 filter paper and washed with sterile below the control in sandy-loam and silty-clay-loam soils,
distilled water three times to remove excess broth. respectively, at 60 to 100% MHC, at the I-week sampling.
Fragments containing sclerotia were dried at 40 C for 24 At the 4- and 7-week sampling, there was a 90-96% and a
hours, ground in a mortar and pestle, then screened 96-99% reduction, respectively, in both soil types. At the
through a 149-M sieve to separate the individual sclerotia. higher soil moistures, there was an accompanying 50 to
Sclerotia were found to be viable when tested on 60% decrease in populations of other fungi, but a 5- to 6-
chloroneb-mercury-rose bengal agar (CMRA), a selective fold increase in bacterial populations over the 7-week
medium for M. phaseolina (21), and Difco potato- incubation period.
dextrose agar supplemented with 30 ttg/ ml streptomycin The' largest decline of sclerotium populations in soils
sulfate. treated with various C sources occurred between 2-3

Dry sclerotia were added at a rate of 500 mg/kg of soil weeks (Fig. 2-A). Sucrose-amended soils had 81 and 85%
and mixed in a twin-arm mixer for at least 24 hours. fewer sclerotia than controls in sandy-loam and silty-clay-
Addition of sclerotia gave an approximate population of loam soils, respectively, at 7 weeks. After 4 weeks,
680 sclerotia/g soil on an oven-dry weight basis, as sclerotium populations in starch- and glucose-amended
determined by plating samples of the infested soil on soils increased, but remained below controls at 7 weeks.
CMRA plates in 20 replications. Among soils amended with NaNO 3, maximum

Infested soils were amended with either different C reduction occurred in 4 and 2 weeks at N concentrations
sources or NaNO 3 concentrations, or glucose plus NaNO 3
in different C:N ratios. Carbon sources were glucose,
sucrose, soluble starch and cellulose added at a rate 6
equivalent in C to that provided by 1% glucose in air-dry
soil (w/w). NaNO 3 was added to give either 0.94 or 1.88 0 ------- _____.

mg N/g (w/w) of air-dry soil. Amendments to provide 5 - M.H.C.% _
C:N ratios of 10, 20, 40, and 80 were based on I% glucose a --- =20
in air-dried soil (w/w) and NaNO 3. All amendments ,-*=4
except cellulose were added as 20% solutions. Dry X 4 -*=60
cellulose powder (Sigma Chemical Co., St. Louis) was 0-oo
mixed with soil samples in a twin-arm mixer for 4-5 L. -
hours. Nonamended soils served as controls. All soil 0- 3
samples were then adjusted to 33% MHC of the respective z
soils on an oven-dry weight basis. 0

Results from our studies showed that soil moisture • 2
influenced sclerotium survival. Samples of the two soil C
types were adjusted to 20, 40, 60, 80, and 100% MHC of 0

the respective soil types without amendments. 1
All treatments were prepared in triplicate and placed in

glass containers, covered with Parafilm to reduce O -I----------
moisture loss, and punctured to allow for air exchange, 0 1 2 3 4
and stored at 30 C. Samples were taken at weekly WEEKS
intervals for 4 weeks, and a final sample at 7 weeks for FeE oS
population determination. Soil moisture was maintained Fig. 1. Changes in the population of Macrophominaat the original MHC levels (26). All experiments were phaseolina over 7 weeks in sandy-loam soil at various

percentages of moisture holding capacity (M HIC%). Data basedperformed twice. on two runs with three replications for each treatment. Fisher's
Soil samples were air-dried for not more than 16 hours, LSD (P = 0.01) for comparison of soil moisture effect, 15; for

crushed in a mortar and pestle, and 50 mg was sprinkled comparison of time of incubation, 22; and for interaction of soil
in five CMRA plates. If little or no colony growth was moisture and time, 37.
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of 0.94 and 1.88 mg N/g of soil, respectively, in both soil greater than that of glucose alone. Sclerotium
types (Fig. 3-A). After these sampling periods, however, populations decreased by 58-61% of the control during

sclerotium populations increased and reached levels the first week at all C:N ratios (Fig. 4-A). At C:N ratios of
above the controls at 7 weeks. 10 and 20, the decline was slower than at 40 and 80, and

A statistical comparison showed that the effect of continued to decline giving a reduction of 89-94% of the
glucose and NaNO 3 used at various C:N ratios was control, after 7 weeks in both soil types.
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Fig. 2-(A, B). Changes in populations over 7 weeks in sandy-
loam soil of: A) Macrophomina phaseolina and B) total Fig. 3-(A, B). Changes in population over 7 weeks in sandy-
microorganisms in soil nonamended or amended with different loam soil of: A) Macrophomina phaseolina and B) total soil
carbon sources. Data presented are means of two repetitions of microbial populations nonamended (check) or amended with
three replications for each treatment. Correlation coefficients (r different nitrogen (N) concentrations. Data presented as means
values) for decrease in M. phaseolina and increase in total of two repetitions of three replications for each treatment.
microbial populations are: starch = -0.93**; cellulose = -0.72ns; Correlation coefficients (r values) for decrease in M. phaseolina
glucose = -0.95**; sucrose =-0.87*; and control = -0.87*, where population and increase in total microbial population are for N
•* = significant difference (P= 0.01), * = significant difference (P at: 0.94 mg/ g of soil = -0.99**; 1.88 mg/g of soil = 0.99**; and
= 0.05), and ns = not significant. Fisher's LSD (P= 0.01) for control=-0.87ns, where** =significant (P=0.01) and ns=not
comparison of carbon sources, 34; for comparison of time of significant. Fisher's SISD (P = 0.01) for the comparison of N
incubation, 16; and for interaction of carbon sources and time, levels. 19; for time of incubation, I1; and fo- interaction between
19. N and time, 13.
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In all amended soil samples there was an increase in does not survive in soils for more than 7 days (9, 21).
total microbial populations over controls. There was a A practical cultural control of charcoal rot could be
significant inverse correlation between changes in developed by keeping soil moisture at 60% MHC for 2-3
population of M. phaseolina and total microbial weeks during a period where soil temperatures are about
populations in both soil types (Fig. 2-B, 3-B, 4-B). 30 C. In areas where ample water is not available, a

DISCUSSION.--The reduction in sclerotium combination of lower soil moisture and organic

populations of M. phaseolina and total fungi under high amendments might be used.

soil moisture can explain in part the reduction in charcoal
rot recorded during a rainy period or by frequent 7
irrigation (11, 17, 20, 27). The adverse effect of high soil 1 C A
moisture on some soil-borne pathogens was reported (5, CIN
16, 26). Our in vitro tests (7) and those of Kavoor (19) 6 0 - 0

suggest that the sclerotia of M.phaseolina may be directly 02

parasitized by soil bacteria at high soil moistures. *-* =40

"Abnormal" germination of M. phaseolina sclerotia • 5 -- =10

occurred in nonamended soils (1, 14, 30) and the germ o-oChock
tube and subsequent mycelium are very sensitive to c%
bacterial attack at high soil moisture resulting in lysis and ' 4 -
digestion of the fungal cell walls (19, 23).

In all amended soil samples, the sclerotium population •
of M. phaseolina was reduced below the controls. 3 3
Sclerotia of M. phaseolina germinate normally in soils
amended with sugars, amino acids, and root exudates (1, % 2
14, 30). The reduction in M. phaseolina population was
significantly correlated with increases in total microbialg-
populations in both soil types. Our soil amendments, I1
which caused a reduction in soil populations of sclerotia,
may have stimulated germination, with the resulting germ--
tubes and hyphae being attacked by bacteria and 0 I

actinomycetes (9, 19, 23). Although high concentration of w ....-
CO 2 from increased microbial activity can temporarily 3.0 B

check growth of Rhizoctonia solani (6, 25) and
Ophiobolus graminis (8), it has no apparent effect on the 2.0 -
viability of M. phaseolina sclerotia and mycelium (33). *

A statistical comparison showed that the reduction of
M. phaseolina sclerotium populations was greater in soils x
amended with amendments having C:N ratios of 10 and z 1.5
20, than at 40 and 80, or in soils amended with glucose C0
alone. There was no significant effect of nitrogen after 2 to
3 weeks. Nitrogen is rarely a limiting factor to microbial '_* ,
activity in the soil, except in the presence of high 1.0
concentrations of available carbon; thus, the amount of ,
nitrogen relative to the amount of carbon is of importance °
(16). A similar effect was reported on the chlamydospores
of Thielaviopsis basicola (24) and microsclerotia of 0.5 .
Verticillium albo-atrum (15). The increase in populations o
of M. phaseolina at 4 weeks in soils amended with starch, /-_:_
glucose, sodium nitrate alone, or at C:N ratios of 40 and 0__- -
80 may be due to increased mycelial growth from 0 1 1 1
germinating sclerotia and the subsequent formation of 0 1 2 3 4 7
sclerotia. Meyer et al. (21) showed an increase in M. WEEKS
phaseolina populations in soils amended with soybean- Fig. 4-(A, B). Changes in populations over 7 weeks in sandy-
stem-extracts after 7 days at 30 C. loam soil of A) Macrophomina phaseolina and B) total

Ghaffar et al. (13) controlled charcoal rot of cotton microbial populations nonamended (check) or amended with
seedlings, whose roots were dipped in a mycelial different carbon:nitrogen ratios. Data presented as means oftwo
suspension of M. phaseolina, by low C:N ratio organic repetitions of three replications for each treatment. Correlation
soil amendments. They attributed the control to increases coefficients (r values) for decrease in M. phaseolina population

in populations ofbacteria and actinomycetes antibiotic to and increase in total microbial population are for C:N ratios of:
10 = -0.85*; 20 = -0.84*; 40 =-0.91*; 80 = -0.85; and control--M. phaseolina based on in vitro studies. They did not O8,whr*igfcae(00).Fsr'LSP00)

discss he ffet o amndmets n iocuum ensty, -0.87", where * = significance (P = 0.05). Fisher's LS D ( P= 0.0 1)
discuss the effect of amendments on inoculum density, for comparison of C:N ratios, 18; for the time of incubation, 14;
which is directly related to disease severity, if all and for interaction of C:N ratios and time, 17; and for
conditions are optimum for disease development (2), and comparison with glucose and C:N ratios. 16; for time of
did not take into account that mycelium of M.phaseolina incubation, 20; and for interaction of C:N ratio and time, 26.
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