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Introduction

Rice strip stem borer, Chilo suppressalis Walker (Lep., Crambidae) is considered as a
dangerous pest in rice fields in the north of the country and for more than four decades, the
control of this pest is based on the application of chemical insecticides (Solutions and
Granules). About 8,000 tons of these toxins are introduced into the country's rice fields
annually, which has adverse and harmful consequences for the health of society and the
environment (human, natural enemies, surface water pollution of wells, rivers and seas). The
use of chemical insecticides and consideration of environmental, economic and ecological
considerations in rice fields The possibility of using B. bassiana fungus in the framework of
integrated pest management program and in the form of biological control is being examined
and emphasized. Also, to reduce the use of chemical insecticides, agricultural entomologists
today design pest control operations so that living natural agents are more involved in
agricultural crops. In this regard, as in the rice agricultural ecosystem, pests are under the
influence of numerous enemies, including fungi, viruses and fungi, meanwhile, B. bassiana the
fungus is of special importance in the control of rice stem borer due to its distribution and
abundance in the north of the country. This fungus is now used as a biological control agent and
bioinsecticide to control pests of agricultural and horticultural products. under natural
conditions, the fungus causes 10 to 11 percent mortality in the stem-eating pest population.
Therefore, in order to increase the efficiency of the effect of this factor in natural conditions and
at the farm level, the need for mass production of fungus and its widespread application using
appropriate formulations in the rice agricultural ecosystem seems necessary. It is worth noting
that nearly two centuries have passed since the ability of insect-pathogenic fungi to regulate and
control the population of some insects harmful to agricultural crops has been proven.

Materials and Methods

To conduct this study, the Beauveria bassiana isolate Mcb18, originally isolated from the rice
stem borer and obtained from the Rice Research Institute of Rasht, Iran, was initially cultured
on Sabouraud Dextrose Agar supplemented with Yeast Extract (SDAY) medium. The cultures
were then incubated at 25 + 1°C to allow conidial germination. After complete sporulation (14—
21 days), the conidia were gently scraped from the surface of the culture medium using a sterile
inoculating loop. Sterile distilled water containing 0.02% (v/v) Tween 80 was added to detach
the conidia from the culture surface, and the resulting suspension was transferred into a sterile
Erlenmeyer flask. After this step, the special suspension was passed through the muslin cloth
(mesh 0.5 mm) until it was smooth and only the fungal spores remained. Following this step,
the spores in the stock suspension were counted using a hemocytometer, and the concentration
of 1 x 10® conidia mL™* was prepared for the experiment

Solid Culture Media:
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Four solid culture media consisting of rice grains (Hashemi cultivar), wheat grains (Durum
cultivar), maize kernels (Chavosh cultivar), and barley grains (Sahand cultivar) were evaluated.
Initially, healthy rice grains were boiled for 8-10 min. Wheat grains were immersed in boiling
water for 10 min. Cracked maize kernels were soaked in water for 60 min, while barley grains,
which had been broken into small pieces, were soaked in water for 10 min.
Liquid Culture Media Tested:
Liquid culture media including potato extract, corn grits extract, corn syrup, washed rice water,
and the artificial media SPMB and CSYE were also evaluated.
Spore Germination Assay
A spore germination assay was conducted for the fungal isolate. Initially, a conidial suspension
with a concentration of 1 x 10° conidia mL™ was prepared using a hemocytometer. One
milliliter of the conidial suspension obtained from each liquid culture medium was transferred
into 10 mL of sterile distilled water supplemented with 0.02% (v/v) Tween 80. Subsequently,
100 pL of the resulting suspension was spread onto PDA plates and incubated at 26 + 0.5°C
under a 12 /12 h light//dark photoperiod for 16-18 h to allow spore germination. After 24 h of
incubation, a sterile coverslip was placed on a microscope slide, and 100 conidia beneath the
coverslip were examined under a light microscope. Conidia bearing a germ tube, regardless of
its length, were considered germinated, whereas those lacking a germ tube were recorded as
non-germinated. The percentage of spore germination was calculated using Equation (1)
according to Petlamul and Prasertsan (2012). To ensure counting accuracy, the assay was
performed in three independent replicates. The conidial germination rate was 98%.
Equation (1):
Germination (%)=(a/a+b)x100\
where:

e Germination (%) = percentage of conidial germination;

e a=number of germinated conidia;

e b =number of non-germinated conidia

[ ]
Determination of Fungal Colony-Forming Units (CFU)
To determine the number of fungal colony-forming units (CFU), 250-mL Erlenmeyer flasks,
each containing 1 L of the previously prepared liquid culture medium, were used. The flasks
were sealed with cotton plugs and aluminum foil and sterilized in an autoclave at 120°C for 20
min. After sterilization, the media were allowed to cool, and tetracycline was aseptically added
to each flask at a final concentration of 50 mg L™ (50 ppm) to suppress bacterial contamination.
The percentage of colony-forming units (CFU) was calculated using Equation (2):
CFU (%)=Number of contaminating CFUs/Total number of CFUsx100
Insect Rearing
The rice stem borer colony was established using adult moths collected with light traps.
Following collection, five pairs of male and female moths were introduced into 1-L Erlenmeyer
flasks containing freshly cut rice leaves for oviposition. The flasks were maintained under
laboratory conditions at 25 * 1°C, 85% relative humidity, and a 16:8 h (light/ dark)
photoperiod. Egg masses were deposited on the rice leaves within 24-48 h after the adults were
introduced into the flasks. The egg masses were then carefully removed from the leaves and
transferred to test tubes for incubation. Approximately 5 days later, the first-instar larvae
hatched from the egg masses. Newly hatched larvae were transferred to plastic containers
supplied with fresh rice stems as a food source. The larvae were reared under laboratory
conditions until the sixth instar. To ensure an adequate food supply, the old rice stems, which
had become yellow or senescent, were replaced with fresh stems every 48 h.
Bioassay of Beauveria bassiana and Estimation of LCso and LTso
Larvae of different instars were individually reared in Petri dishes from the beginning of the
experiment until the sixth instar. The larvae were fed daily with freshly collected, surface-

L ><L< VO 6t~

OO 660666050666t ET T LT FT T LT TACAALAALAALAAA > = = = > = = - - -
-7 2>< V0O FtT<—- -+ >V ELAX— - 6> VOH LT~ +» 5><L 0V 6L < — -



sterilized rice stems. Each treatment was performed with three replicates, with 10 larvae per
replicate. Daily mortality was recorded, and the occurrence of fungal infection in dead larvae
was monitored. The observed mortality rates were corrected using Abbott’s formula (Abbott,
1925), and the mean time to mortality was calculated. Data that did not follow a normal
distribution were transformed using the arcsine transformation to achieve normality before
statistical analysis. Multiple comparisons among fungal concentrations (1 x 10° 1 x 10 and 1
x 107 conidia mL™) were performed using Tukey’s test. Probit analysis was conducted to
estimate the median lethal concentrations (LCso) and median lethal times (LTso) for each larval
instar and fungal conidial concentration. The confidence limits for LCso and LTso values were
calculated at the 95% confidence interval.

Results and Discussion:

The results of this study showed that the highest conidial production on solid culture media was
obtained from rice grains. Moreover, the highest conidial yields in liquid culture media were
achieved in CSYE, SPMB, and washed rice water, followed by potato extract, corn syrup, and
corn meal media, respectively. The highest dry mycelial biomass in solid and liquid media was
recorded in rice grains and wheat grains, SPMB, CSYE, and washed rice water, respectively. In
this study, the highest conidial concentration was obtained in washed rice water medium. The
results further indicated that the highest colony-forming unit (CFU) counts in liquid media were
observed in SPMB and CSYE. In addition, plant-based culture media (rice grains and washed
rice water), due to their low cost, could serve as suitable alternatives to synthetic and complex
media such as CSYE and SPMB for the mass production of B. bassiana. Finally, the virulence
of conidia produced in liquid media and conidia harvested from solid culture media was
compared against larvae of the rice striped stem borer, Chilo suppressalis. The bioassay results
of conidia produced on washed rice grains demonstrated that the virulence of B. bassiana at a
concentration of 1 x 107 conidia mL™ against sixth-instar larvae was higher than that against
early instars, resulting in 90% mortality. Furthermore, the calculated LCso values at 10 days’
post-inoculation indicated that conidial concentrations ranging from 7.5 x 10° to 1.8 x 10°
conidia mL™' resulted in increased larval cumulative mortality, with mortality rates ranging
from 56.8% to 70.34%. The findings of this study highlight the potential of solid culture media
for the development of large-scale production systems of the entomopathogenic fungus B.
bassiana, which can be incorporated into integrated pest management (IPM) programs,
particularly for the control of the rice striped stem borer under field conditions.
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Figure 1-Females laying eggs inside Erlenmeyer flasks on rice plant leaves.
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Table 1-The comparison of the average traits studied in solid and liquid culture mediums for the
production for the production of B. bassiana

Culture Ph before the Ph after the test Spore density  Biomass (grams  Colony formed
mediums test con. /ml.10"  per 200 grams of Number
material)

CSYE 6.07+.052 547+.102 422 + 01° 3.92+.006° 301 +.48°
Potato extract 6.07 +.14° 49+ .07%® 288+ .12 9 1.56 +.004 ¢ 199 +.29 9
Corn kernels 6+.04% 537+.152 251+ .12°¢ 123+.12° 109 +.48
Washed rice 597 +.16%® 5.05+.10%® 620.5+.122 3.87+.12° 2355+ .25¢

grains

Corn grits 5.87+.08%® 485+ .26% 187.50+.10° 1.33 +.008 © 183+ .95¢
Barley seed 5.87+.14%® 532+.202 198.75+ .12°F 1.26 +.004 ©d 110 +.82

' Lethal concentration 50
" lethal time 50
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SPMB 5.82+.14%® 5.15+.12% 458 +.12° 453 +.209° 317+6.4°

Rice grain 5.75+.06 ® 5.22 + .09 @ 42575+ .12°¢ 2.38+.012 179+6.48
Corn syrup 552+ .21%® 445+ 21° 20250+ .12° 1.47 +.006 ® 197.5+.414
Wheat grain 535+.23° 477 + .26 % 250.25 = .25¢ 1.29 +.004 & 169+5.35

Means with similar letters do not differ significantly from each other. Mean comparison was done by Tukey's test.
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Figure 2-Percentage of colony growth of Beauveria bassiana fungus in different culture
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Figure 3- Germination percentage of Beauveria bassaina fungus in solid and liquid culture
media
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Oy (6lys oaddulite LCs0 (paien aalllae oyl )3 i iles] g6, (6 lo Jlosadlw oy S clag¥
(Y Joss) ol o &1, 7220 lisebsl a3 g 5JUT 5l olimal U 1) (g4,Y
594 Ly Chilo suppressalis (s5,¥ cilisee yiw ale Beauveria bassiana g8 sauis” clale polie-Y Joio
Table 2- Lethal concentration of Beauveria bassiana against Chilo suppressalis larvae at
95% fiducial limit
Larval Stage  No. Larvae LCso (con/ml) Regression Equation X2 test
(95% Fiducial Limits)
L1 30 7.1x10° Y=1.55X-2.55 0.02
(39971.56-101867.87)
L2 30 7.1x10° Y=1.27X-1.15 0.16
(35853.75-109402.88)
L3 30 6.8x10° Y=0.88X+0.74 1.55
(28649.37-122579.36)
L4 30 1.1x10° Y=0.96X+0.09 0.85
(60596.36-184455.16)
L5 30 1.5x10° Y=0.79X+0.90 0.002
151015.76-254347.06)
L6 30 1.8x10° Y=0.88X+0.37 0.001

(95033.26-296624.72)

Solgylgdadln py S (o lisee piw slagyY (g5, B.bassiana z,Ls 5L | by e 5 Syo e ¥ o>
e 3 VS s by Jgl s 3 9)Y e 9 S e 020508 Jgir ol 53 e LS |
o 9 S e Cryde 9= 4m0pd OYINYL, ol o 0 038V 05155 50 o 9 Spo i 9 TY/A L 2
5 oanlie i e 52 608 VY 1815 13 doyd VWYY L il e )Y gy ilisen (sl o515 1

Chilo )lg a8l oy (59, calisee Jolpe (59) joe 9 S e (3)l0licusl lbad & (4 S0Li) 3o 3V Join
(3,)ukewl slast 1 Sle) s> 9 Beauveria bassiana g, ;1 b suppressalis

Table 3-Percentages (Mean+SE) of mortality on differnt larval instars of Chilo
suppressalis caused by Beauveria bassiana

Larval Stage  No. Larvae 10° 108 107
L1 30 43.08 £5.77 50.00 £10.00 53.33 £5.77
L2 30 44,99 £5.77 53.33 £5.77 53.33 £5.77
L3 30 46.66 £5.77 53.33 £5.77 53.33 £5.77
L4 30 50.85 +5.77 53.53 £5.77 56.67 £5.77
L5 30 52.77 £5.77 53.33 £5.77 56.67 £5.77
L6 30 56.99 +5.77 66.66 +£5.77 73.33 £5.77
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Figure 4-Cumulative mortality of C. suppressalis as affected by conidial concentrations of B.
bassiana. Bars represent the standard error of the means.
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Figure 5-Infection of sixth-instar Chilo suppressalis larvae by Beauveria bassiana
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