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Abstract
Bioprotection agents, including living biocontrol agents and naturally occurring non-living substances such
as diatomaceous earth, play a crucial role in controlling stored commaodity pests to maintain food health. The
problem with using diatomaceous earth in storage is that their recommended dose increases grains' bulk
density and decreases flowability. Therefore, the present study aimed to determine the biocompatibility
between two commercial formulations of Iranian diatomaceous earth, Sayan, and foreign Celite 610 with the
indigenous entomopathogenic fungus isolate, Beauveria bassiana DE (Hypocreales), and to solve the
problem of reducing grains' flowability using a low-lethal dose of diatomaceous earth in the mixture. For this
purpose, 14-day bioassays were first performed by impregnating wheat seeds separately with the fungus and
two diatomaceous earths against adults of Khapra beetle, Trogoderma granarium Everts. Then, to determine
the interaction effects, five different doses of B. bassiana were mixed with LD, of each diatomaceous earth.
Based on the results, LDsq values for fungus, Sayan®, and Celite 610® were calculated at 295.3, 4439.5, and
992.3 ppm, respectively. According to the lethal dose ratio test, the insecticidal activity of Celite 610° was
estimated to be 4.47 times more than Sayan®. Moreover, the interaction was synergistic in all mixtures of B.
bassiana with the low-lethal dose of each diatomaceous earth except for the highest dose of the fungus,
which was estimated additive. In addition, all mixtures effectively reduced progeny production during the
eight-week storage period, indicating the compatibility of these two agents for co-application in the

integrated T. granarium management programs.

Keywords: combination, entomopathogenic fungi, Sayan®, Celite 610®, biocontrol.
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Table 1- Susceptibility of Trogoderma granarium adults after 14 days of contact with wheat seeds treated with
Beauveria bassiana-DE dry conidia and two diatomaceous earth, Sayan® and Celite 610°

No. of 0 2 b 7 LDR®
Treatments T Dose (95% CL)* (ppm) (df=18) Slope = SE p-value (95% CL) ®
LDy 74.42  (25.93-120.03)
LDz 137.56 (70.15-190.99)
B. b(aDSé')a”a 240 LDso 27225 (198.17-342.4) 8.87 2.27+0.46 0.56 -
LDy 538.82 (422.54- 812.73)
LDgo 996.04 (694.39-2129.01)
. LDy 2111.2 (1216.1-2708.8)
Sayan 240 5.11 2.26+0.45 0.44
LDs,  4439.4 (3639.8-5889.1) 447
. LDz 505.56 (343.11- 645.06) (3.29-6.09)
Celite 610 240 4.77 2.30+0.39 0.49

LDso 992.25 (796.8 -1253.3)
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495% confidence limits, ® ppm: mg dry conidia /kg wheat seeds for Beauveria bassiana, and mg dust /kg wheat

seeds for diatomaceous earth, ¢ LDR: lethal dose ratios, ¢ 95% confidence limits for lethal dose ratios of LDs if it
does not include 1.0 then there is a significant difference between two diatomaceous earths (Robertson et al., 2017).
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Figure 1. Percent cumulative mortality (mean + SE) of Trogoderma granarium adults 5, 10, and 14-days
following contact with wheat seeds treated with different doses of Beauveria bassiana-DE dry conidia (A) and two
diatomaceous earth, Sayan® (B) and Celite 610® (C). Different letters indicate a significant difference among
different doses at each day (Tukey HSD test, P> 0.05).

S g0 ;o LS 0 a5 (LDgp) 7,8 ;90 QJPT
ey Slayz) ol ol Gl gs 5l Sen
cdle e B8V el angls S (Y Jgaz o
moyie a8 LA Sl gy 0 Shee B L (S S

eatls Pl & cons 28

-S> ¢ B. bassiana g, joSXod p g9 Cprs

B8 cod 3 P ble aagils gl
5 od oaaline o g Fpe b 35Sl SIS (903l s
e 5l K ye LY as ol las jUasl 54ge
aogibs S g0 ,» LDys L B. bassiana DE ¢,8
s of-value> 3.84, P>0.0 5) s St yims

L Lo 51 e 33, Omeds o Trogoderma granarium Jb ol pie sl o )90 g 0ol odnliv w9 S0 =Y Jgo
&9 5 (LDzs 399) Usy. odl g ®QliL., dogilbs S 9051 SO o g (Glisee (slog0) Baeuveria bassiana gz )8 bl
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Table 2- Observed and expected mortality of Trogoderma granarium adults on 10" day after

treatment to mixtures of Baeuveria bassiana (different doses) and each of two diatomaceous earth,
Sayan® and Celite 610® (LD,s) and their interactions type

B. B. bassiana +LD,s5 of diatomaceous earth
Diatomaceous earth bactjsssigga % OM 9% EM P 2 (df=1, p=0.05) Effect

LD1g 12.50 9.47 6.15 Synergism
LDys 27.50 16.54 4.19 Synergism
Sayan’ LDs 50.00 30.93 5.78 Synergism
LDss 62.50 51.01 6.08 Synergism

LDgy 70.00 69.76 3.70 Additive
LDy 25.00 9.59 6.02 Synergism
LDys 32.50 17.08 3.87 Synergism
Celite 610° LDsg 52.50 32.82 4.76 Synergism
LDss 77.50 55.19 6.62 Synergism

LDgg 85 75.47 1.70 Additive

sl 208 Fo e, Ol i slaxs (RODEISON and Preisler 1992) ;Lail s 50 oo 5 5 po s o o oslice o 5 <5 yo doys”
2 Observed mortality, ® expected mortality (Robertson and Preisler 1992). The number of insects in each treatment is 40.
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89, ARTOR 5 ®qu 455l slaS5- 4 Beauveria bassiana DE z 5 calise slajeo balsee J1-Y Jgax

59 (s3lwo 58 alas s 5l ey Trogoderma granarium b zUs ialS

Table 3- Effect of different doses of Beauveria bassiana and diatomaceous earth of Sayan® and Celite 610°
mixtures on progeny reduction of Trogoderma granarium adults following eight weeks of seeds storage

Combinations

%Progeny reduction (£SE)

(mg lethal agent kg™ grains) Sayan Celite 610" t-test (df=6) P-value
LD;® + LD,s' 39.2 (+2.09) ¢ 46.1 (+3.90) d 1.47 0.19
LD,sE® +LDys 59.6 (+ 1.02) ° 67.3(x3.17)b 2.97 0.04*
LDsoB +LDys 75.7 (£ 1.91) ¢ 82.9 (+1.68)¢c 2.63 0.04*
LD+ +LDys 89.7 ( 2.35) 2 92.2 (+2.49)a 0.66 0.53
LDgs® +LDys 90.7 (£ 1.14)® 97.8 (£ 0.45) a 5.28 0.007*

Bb: Beauveria bassiana, LD,s : Diatomaceous sub-lethal dose, Progeny reduction= [(no. of progenies in control - no. of progeny
in treatments) / no. of progeny in control x 100] (Aldryhim 1990). Mean within a column followed by the same letter are not
significantly different among combination doses (Tukey-HSD test, P <0.05).
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