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Abstract

Macrophomina phaseolina is a soil born fungal pathogen causing charcoal rot of soybean and several other
plants. Disease intensity in different hosts is related to hot and dry weather condition. In order to
determination of cardinal (minimum, optimum and maximum) temperatures required for mycelial growth
and microsclerotial germination, three fungal isolates from soybean fields of three regions Aliabad, Gorgan
and Kalaleh in Golestan province were studied in vitro. Mycelial growth and germinated microsclerotia
number were recorded daily in different temperatures and data were fitted with three growth models (Beta,
segmented and dent-like). Results of statistical analyses (honlinear regression) showed that the segmented
and Beta were the most suitable model for describing the relationships between mycelial growth and
microsclerotial germination of this fungus, respectively. Minimum, optimum and maximum temperatures
estimated for mycelial growth were 8, 34.5 and 44.3 °C, respectively, and 8.9, 32.3 and 45.5 °C for
microsclerotial germination.
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Table 1. Formula of mathematical models for
determining relationships between temperature with
mycelial growth and microsclerotial germination rate
of Macrophomina phaseolina.

Model Formula!
Beta ‘ (7-7,))"
[ _ ( _myWE5))
o=\ &)
\‘ I,-1,)) | chfpu
Dent-like fm _ (Te-T) if To<T=T,
(Ic—To02)
fm =1 if To<T<T
f(M) =0rT=Te
(T —1b) -
)= f Te=T=T,
7o (To—Th) 1 ’
Segmented F(T) = (I' —1b) if Ty<T<T,
(To —Th)
AT=1 if =T,

1. Parameters used in model equations, T: temperature
(°C), Tb: base or minimum temperature (°C), To:
optimum temperature (°C), Tc: ceiling or maximum
temperature (°C), yo: initial value of growth rate, a, b
and c¢: model parameters.
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Table 2. Statistics of different models used to describe relationship between temperature and mycelial growth
and microsclerotial germination rate of Macrophomina phaseolina.

Mycelial growth Microsclerotial germination

Model Statistics1 Aliabad Gorgan Kalaleh Aliabad Gorgan Kalaleh
Beta SE 0.15 0.20 0.14 0.08 0.05 0.12
RMSE 0.12 0.15 0.11 0.06 0.04 0.09
R2 0.76 0.71 0.81 0.95 0.98 0.90
a 0.85 ** 0.80 ** 0.89 ** 0.97 ** 0.99 ** 0.92 **
b 0.06 ns 0.10 ns 0.04 ns 0.02 ns 0.01 ns 0.05 ns
Dent-like SE 0.09 0.18 0.12 0.20 0.22 0.19
RMSE 0.06 0.12 0.08 0.13 0.14 0.13
R2 0.92 0.80 0.89 0.81 0.78 0.80
a 0.96 ** 0.90 ** 0.94 ** 0.90 ** 0.90 ** 0.90 **
b 0.01 ns 0.04 ns 0.02 ns 0.05 ns 0.05 ns 0.04 ns
Segmented SE 0.10 0.16 0.11 0.23 0.20 0.17
RMSE 0.07 0.12 0.08 0.17 0.15 0.13
R2 0.92 0.84 0.90 0.75 0.82 0.84
a 0.93 ** 0.90 ** 0.93 ** 0.85 ** 0.89 ** 0.90 **
b 0.02 ns 0.04 ns 0.02 ns 0.07 ns 0.05 ns 0.04 ns

1. Standard error (SE), adjusted R-squared (R2), root mean square of error (RMSE), a and b (intercept and slope values
of linear regression between observed versus predicted values of growth rate).
2."ns": non-significant, "*": significant at P<0.05, "**"': significant at P<0.01.
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Figure 1. Temperature and mycelial growth rate
relationships of Macrophomina phaseolina graphed
by observed data and estimated by actual data (A),
Beta (B), Segmented (C) and Dent-like (D) models.
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Table 3. Corrected Akaike Information Criterion (AlCc), and AIC differences (Ai) of different models used to
describe relationship between temperature and mycelial growth and microsclerotial germination rate of

Macrophomina phaseolina.

Mycelial growth

Microsclerotial germination

Model Statistics

Aliabad Gorgan Kalaleh Aliabad Gorgan Kalaleh

Beta AlCc -29.51 -25.76 -23.09 -39.30 -48.46 -28.92
Al 7.63 2.22 11.96 0.00 0.00 0.00
Dent-like AlCc -32.14 -20.78 -16.18 -18.98 -17.84 -7.80
Al 5.00 7.20 18.86 20.32 30.62 19.20

Segmented AlCc -37.15 -27.98 -35.04 -22.58 -24.98 -27.00
Al 0.00 0.00 0.00 16.72 23.49 0.00
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Table 4. Estimated values of parameters for relationship between temperature and mycelial growth and
microsclerotial germination rate of Macrophomina phaseolina by different selected models by common statistics

and Akaike Information Criterion (AlICc).

Mycelial growth

Microsclerotial germination

c g
Model Statistics Aliabad Gorgan Kalaleh Aliabad Gorgan Kalaleh
Beta Ty 6.5ns 12.6 ns 9.1ns 14.7 ** 19.0 ** 18.2 **
Tp 33.0** 30.1** 33.5 ** 28.2 ** 29.6 ** 30.1 **
Te 447 ** 44.3 ** 447 ** 45.3 ** 45.0 ** 445 **
Dent-like Th 8.2 ** 7.8 ** 8.8 ns 8.1** 9.2ns 9.4ns
To1 40.0 ** 33.0 ** 39.5ns 26.1 ** 30.4 ns 30.7 ns
To2 28.5 ** 33.7 ** 30.9ns 36.4 ns 35.9ns 35.0ns
Tc 45.0 ** 43.9 ** 45.0 ns 45.0 ** 45.0 ns 44.4 ns
Segmented Tb 7.7 *%* 7.8 ** 8.6 ** 8.1 ** 9.2 ** 9.4 **
To 35.0 ** 33.5 ** 35.0 ** 29.5 ** 33.6 ** 33.7 **
Te 44,3 ** 43.9 ** 447 ** 47.0 ** 45.2 ** 44 .4 **

1. Base temperature (Th), optimum temperature (Tp and To), ceiling or maximum temperature (Tc), lower optimum
temperature (Tol), upper optimum temperature (To2), minimum hours starting the growth under optimum temperature

(fo).

2. "ns": non-significant, "*": significant at P<0.05, "**": significant at P<0.01.
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Table 5. Comparison of F-Ratio and P-Value of linear simple regression between the observed and predicted
mycelial growth and microsclerotial germination rate of Macrophomina phaseolina by different selected models.

N . Average
Variable F ratio P-value Mycelial growth Microsclerotial germination
Th 3.07 0.15 8.9
To 2.30 0.20 345 32.3
TC 2.36 0.12 44.3 455

1. Base temperature (Tb), optimum temperature (To) and ceiling or maximum temperature (Tc).
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