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and Sitophilus granarius

Received: 14 May 2020 Revised: 12 Aug 2020 Accepted: 14 Sep 2020
Shahab Ghayoor Hadi', Valizadegan Orourj? o™, Aramideh Shahram?

Respectively, 'PhD Student, >Associate Professor ("'O.valizadegan@urmia.ac.ir), Assistant Professor, Department of
Plant Protection, Faculty of Agriculture, Urmia University, Urmia, Iran.

Abstract

Callosobruchus maculatus and Sitophilus granarius are two of the most important pests of stored products and cause
heavy damage. Due to economic importance of stored product pests and resistance potential of them to conventional
fumigants, it is necessary to replace these insect control agents with novel and safe compounds. Modified atmosphere is
a valuable method to control some stored product pests. In this research effect of this method based on the use of carbon
dioxide and ammonia was evaluated against adult stages of C. maculatus and S. granarius alone and in combination with
each other in glass anaerobic jars. Mortality was recorded after 24 h. The LCs values of carbon dioxide for C. maculatus
and S. granarius were estimated 1322.53 and 1283.96 ppm, respectively. The LCso values of ammonia for these pests
were estimated 250.24 and 366.79 ppm, respectively. The mixture of carbon dioxide and ammonia (in LC;s values) caused
a mortality rate of 86.67 and 93.33 % on the adults of C. maculatus and S. granarius respectively. The effects of carbon
dioxide and ammonia were also evaluated against germination rate of cowpea and wheat seeds at 2238.72, 3630.78 and
426.58, 549.55 ppm, respectively. Germination rate was up to 98 percent.
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Table 1. Results of probit analysis of effect of carbon dioxide and ammonia gases on adults of Sitophilus granarius and

Callosobruchus maculatus after 24 h.

Gas Insect N vX(df) Slope = SE LC:s (ppm) LCso (ppm)

. S. granaries 450 2.78(3) 276£036 g6 5}}}?{3.99) a1 5852_}'327'88)
C. maculatus 450 2.09 (3) 1.48+0.19 (306.73—603.85) (1091.53—i612.62)

- S. granarius 450 4.16(3) 3.74 £ 0.50 (201?0:13—{6;9.29) (33929:7(6;{9:9‘6'72)
C. maculatus 450 4.93(3) 3.37+£0.45 ) )

(131.25-177.79) (230.04-272.90)

Dyl 3529 lo gxe S (F = 328.32, df = 4, P<0.001)
alali e 4 58 clale Gl (il L 58 g0 2 5500 5o
(Y

cilisee (slacdale 51 (5 kel 325 5l oael Consas s

Sesgos JolS Sl im g5, Sligel 55 5 0,8 ST 00 55
35 Gl glacdale o aS ol i Slgs glalads s
Slisel 5 o (F=349.90, df =4, P<0.001) :,8 9T 50

Shigel 5 00,5 ST 68 55 calizee slacdale 31 o Sitophilus granarius JolS &l i Slali aspo 0Ske ¥ Jgua
Table 2. Mean percent mortality of adults of Sitophilus granarius exposed to different concentrations of carbon dioxide

and ammonia gases.

Gas Concentration (ppm) Mortality (%) £ SE Ranking”
700.12 28.66 = 0.11 D
958.99 39.81 +1.17 C

CO, 1258.92 43.28 £0.01 C
1659.59 5275 +1.21 B
2200.32 61.16 = 1.37 A
229.19 30.17 £ 1.51 D
309.02 40.39 + 0.58 C

NH3 363.08 43.85+0.57 C
426.58 52.70+1.20 B
549.55 63.43 £ 0.01 A

*The different letters are significantly different at 1% level (Tukey test).
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Table 3. Mean percent mortality of adults of Callosobruchus maculatus exposed to different concentrations of carbon

dioxide and ammonia gases.

Gas Concentration (ppm) Mortality (%) £ SE Ranking”
446.68 27.96 &+ 0.69 D
707.95 39.22 +£1.01 C

CO, 1258.93 43.28 £0.01 C
2238.72 51.36 + 0.58 B
3630.78 62.04 £0.71 A
151.37 32.58 +0.63 E
199.53 40.40 £0.58 D

NH; 251.19 4443 +£0.57 C
316.23 51.66 £ 0.59 B
371.53 62.17 + 0.69 A

*The different letters are significantly different at 1% level (Tukey test).
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Table 4. Adults mortality of Sitophilus granaries and Callosobruchus maculatus exposed to mixture of carbon dioxide

and ammonia gases after 24 h.

Concentration (ppm) Expected Observed
Insect n PP mortality (%) £ mortality (%) +  Ratio”
(CO2+NH3) SE SE
S. granarius 450 739.92 +242.01 89.06+0.11 93.33+0.58 >\
C. maculatus 450 462.15 +157.89 84.13£0.33 86.67 £ 0.56 >\

*Ratio: ratio between observed and expected mortality (%).
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Figure 1. Effect of different carbon dioxide concentrations on germination of cowpea and wheat seeds.
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Figure 2. Effect of different ammonia concentrations on germination of cowpea and wheat seeds.

o yd JLasioderma serricorne Fabricius (ygi¢f Swga
38 as ols lis g Plodia interpunctella Hubner gois
Vgame 5 )Ll SBl 7S 0 wilgi oo ()5 apSlgs
S5 LB eoliiul 9550 canlie Cilliesd Sy lgsar plis
Cao et al. (2015a, b) sla v, »» .(Riudavates et al. 2009)
Stegobium paniceum b Swgu S e a5 Ssls L

58 cdale w018l b O. surinamensis o aslass asnds o L.

S denST (68 58 o 5l oael ooty gl 3ubo
Sogs JolS Sl pi 555 (295 JrS @l Sligel 55 4
A30ls yLis pasS aiud g b slabai o>
Lo 4 )5 3163 58 G35 talesl 5l Jol> s
Jol5 3l 3l g 05 9,¥ (@35 ol e ol oS libisl (2

Oryzaephilus surinamensis L. jloailais ais sladsss



AY

1FAQ (7)1 al> [ (Sl 5l 50 (60 30,5 s gy

S. granarius poi3 ainls JolS Sl g 0y IS puiS 0,050
2,5 oyliS celw YT loy oo 3l o |,

9y Skigel 5 528 wwST (g0 8 56 gy p o
QL ol (5iod gl (b i Lugl 9 e 550 (Jjals>
293 (S38lex (59) L o oud 00 T4 slajls a5 ol
Ao, AN YL Hody Siailez ao )0 5 )lae eled o 5 aiilas
b S

as’ ols Lz Reddy Shekar et al. (2018) i zls
JrS S ()5 ST 60 S Lot (pas3l5 )5 slaal
Qo0 oo, A slackale (o S oryzae gy il
G )5 0l 00 IS 4y Clald (VL oS (1 SapSTss
Sgr oy A YL &) slaasls Sjaile> dusye wisgs Lyl
s g Rathi (2000) Lwgs ouds plosl slo gy yioxan
55 a5 wols las Jayas & Jeyamkondan (2002) &ladss
s 1y ek (Sl eyl DBl S 5o o Sanslss
RPN

Olyee 45" 0228 ,0 Hood & Ensminger (1964) a.ax o
Sy cals gl L8 a5 ode syl gaile
ol parigel Sy 5 pgiigel Sy p0en sl slne
S (e WSl BaBos 50 090 YL g oy A wiogy o
b 3395 5 o Jslone PH 45 35 o 558 55> sl
I8 Sligel L S 2055 L alaly 1o cpimad 09 Cuiin
aS Sl ails Lo Openshaw (1970) «alizees 9y cuislS ;)
2 e sl i S pH 5 Sligal 58 clile ol
Hunter & Rosenau .80 zuls .ai,ls ;o8 Jjaile> wo o
M0 el e 5,8 L& 89 0 ol ylas (1966)
S cble a oojaler slayd by oobie joh (Giale>
Se 3P Slhigel YL glackile ;o )l (S Sligel
Sy (G5 S i o SLSLD 4 Sligal )5 Lee
Sidiler 4 ol slaSone g oal K5 00 iy 4 als
$8lsz Cundg 5 lade (b5l Somly lacdale )5 aisgs
aile sodle Jol> sladilez jo Lol g crnds Lo a5 o)y
)5 le ghy g dlyr S (ab 0y iler Jsb (ad 5
oly lias Ll adow L zuls cuils sgg azaiy, 51 S,
Sz Sl sas o malS 1) &3 el aile> Sligel aS
Allerd & (5,50 Guizs ,0 0,00 oojaile> slaasls (59, p
oy 5 Sligel cew oIl 4 55 Ohlrogge (1964)

Sauer & (5,555 Guios [0 .0,5 lay il38l S oSt 6o
Aoy A ol (5 amasl LS 5 wisls Las Shelton (2002)
el 1V gloy S (b eyjg i 0,0 Ve g () weST (60
Poogan op b ooyl wops Voo S cage
yo Husainer al. (2017) s.ax golis 098 o0 interpunctella
9, (o) W) Galls ()5 ST 6o 2L (w2
ainds o Cadra cautella Walker LSiz oy o Ol i
Olie a8 $8ls Lias Tribolium castaneum Herbst s, 50,3
Celo YF Clidd 5l G il g0 (pl JolS &l i e 9 S pe
@l b peiioe (pl @l 09 w0 )3 Vo v 9 AP L 2l ol S
JrS 50 oS weST 63 58 YL )5 oyl dos
Syl cillas (6,Lsl calisee Sl

O 3 ilngd Sy Glyie 4 Slogal 5 51 oolinl o,
Hb ol e )bl Dbl Logas  1ae slge (glvoaiiSongll oy
aS ols lis gudod gl .ol &1, Fink lawgs YAV JLo o
Gy 5 a8 Gialesl bz po Sligel 515 clale 21380 L
8l il g oad LS ) o a4 sloaeS
ool lisl g co yiion (Slgs slahd > Swgw)
e oy 2 b2 S dogi | Sgms mhaw 50 Sligal 55 5
boakly 50 6,500 Geos 35T o of 5l aid S &0
ol T e CilSash S, lae 4 Sligal LIS )
8l 90 (59, 35 ol 25 yols Gados o el ouid sl
@i &5 08 plnil Slges labadi oz Swge 9 puS aied
&y Gizd @l rizeen 0 0 o] I (6 pSadzr S
Sl S50 lei oo Shigel 5lasm ols plas Jb sl
oolaiwl ¢ y,S ST (60 58 siies vuo,o Lol jor a8l s
o,5

L.z, aas Steyaert & Grisse (1985)  adow o
byls cow Bl Wyl o 1) Sitophilus oryzae
5 Oisrs ey Vg (S anaSles oy Yoo (g kel
oy By S arSIes woys ¥ Lnlyh Cod primas
Syt ol Glis Wl Geod @l oS (2055 (550
Iy oy Ve lal s SO loy S 1 s <8l S
5o Ll Gabog )0 oo sl GlAl 5 il o LS
G 5o 09 i bajl5 51 Sy 5o @l ) L aslie
VO 5 oyiemnST 0y s (6 phamai] s 3 Bell (1987) (g, Sy
O3 53 e w0 A Lolen | (n)S anST (65 0o



AS o i ke STigal 3 0ot S ST 50 S35 1l 351/ 02 3 y30 olaed

GsSomd Sligel oads (2035 slaogee ;o Wlodw, a4z Ol 6,500 Slidss o ailansls oSt &, Siaily>
(Roistacher et al. 1957; Gunther e el ailoas  Sailedl O o ) yskie 4 (2355 5 e SLigal 515 Sailesdl
al. 1959) U"‘ 4 (plaste g 0l 6]5")“'\" IXVELY obﬁﬂ QSL“C)IB J}‘).o

References

Adler C, Navarro S, Scholler M, Hansen LS, 2002. Working group “Integrated protection in stored products”
proceedings of the meeting in Libson (Protugal). IOBC\Wprs Bulletin 25 (3): 267.

Ali SM, Mahgoub SM, Hamed MS, Gharib MSA, 2004.Infestation potential of Callosobruchus chinesis and
Callosobruchus maculatus on certain broad been seed varieties. Egyptian Journal of Agricultural Research
82(3):1127-1135.

Allred SE, Ohlrogge AJ, 1964. Principles of nutrient uptake from fertilizer bands. VI. germination and emergence of
corn as affected by ammonia and ammonium phosphate 1. Agronomy Journal 56(3): 309-313.

Arthur FH, 1992. Residual of chlorpyriphus-methyl for control of maize weevils (Coleoptera: Curculionidae) and red
flour beetles (Coleoptera: Tenebrionidae) in mixture of treated and untreated corn. Journal of Economic
Entomology 85: 554-560.

Ashtari S, Pourmirza AA, Safar Alizadeh MH, 2012. Studies on susceptibility of different developmental stages of
Bemisia tabaci Gennadius (Hem: Aleyrodidae) to pyriproxyfen and citowett oil. Journal of Entomological
Research 3(4): 267-276 (in Persian with English abstract).

Bagheri Zenouz A, 1997. Storage pests and their control. Sepehr Press. 309 pp. (in Persian).

Bell CH, 1987. Effect of grain moisture content on the establishment and maintenance of a low oxygen atmosphere
containing carbon dioxide. Monograph-British Crop Protection Council 37: 237-246.

Benhalima H, Chaudhry MQ, Mills KA, Price NR, 2004. Phosphine resistance in stored-products insects collected
from various grain storage facilities in morocco. Journal of Stored Products Research 40: 241-249.

Cao Y, Wu XY, Lu LH, Deng J, Li C, 2015a. Toxicity of CO2 to Stegobium paniceum and comparison of its energy
metabolism. Chinese Journal of Biological Control 31: 57-63.

Cao Y, Yan YF, Yang WJ, Xiong ZL, Wang LJ, et al., 2015b. Influence of carbon dioxide controlled atmosphere on
Oryzaephilus surinamensis Linne and its utilization of energy substances. Journal of Zhejiang University 41: 631—
640.

Emekci M, 2010. Fumigation modified atmospheres and hermetic storage, /0th International Working Conference on
Stored Product Protection, Julius-Kithn-Archiv, Pp. 303-313.

Fink DE, 1914. Ammonia gas as a fumigant. Journal of Economic Entomology 7(1): 149-150.
Gilberg M, 1989. Inert atmosphere fumigation of museum objects. Studies in Conservation 34: 80—84.

Gisi U, 1996. Synergistic interaction of fungicides in mixtures. The American Phytopathological Society 86(11):
1273-1279.

Golestani Kalat Z, Moravvej G, Azizi Arani M, 2014. Repellent effects of the essential oils of Lavandula angustifolia
Mill. and Zataria multiflora Boiss. on Callosobruchus maculatus (F.) (Coleoptera: Bruchidae) with reference to
their chemical compositions. lranian Journal of Pulses Research 5(2): 131-138 (in Persian with English abstract).

Gunther FA, Blinn RC, Kolbezen MJ, Conkin RA, Wilson CW, 1959. Fungicides for package foods, sorption of
ammonia by fruits, vegetables, eggs, and fiberboard in dynamic systems. Journal of Agricultural and Food
Chemistry 7: 496-502.

Hood JT, Ensminger LE, 1964. The effect of ammonium phosphate and other chemicals on the germination of cotton
and wheat seeds. Soil Science Society of America Proceedings 28: 251-253.

Hunter AS, Rosenau WA, 1966. The effects of urea, biuret and ammonia on germination and early growth of corn
(Zea mays). Soil Science Society of America Proceedings 30: 77-81.



s A1) 4l [ Sl 53 502, sgidyly

Husain M, Sukirno S, Mehmood K, Tufail M, Rasool KG, ef al., 2017. Effectiveness of carbon dioxide against
different developmental stages of Cadra cautella and Tribolium castaneum. Environmental Science and Pollution
Research 24(14): 12787-12795.

ISTA, 2009. Proceeding of International Seed Testing Association Annual Meeting June 15 to 18, Glattbrugg (Zurich),
Switzerland, 70 Pp.

Jayas DS, Jeyamkondan S, 2002. Modified atmosphere storage of grains, meats, fruits and vegetables. Biosystems
Engineering 82: 235-251.

Keyhanian AA, 2002. Study on effect of different wheat varieties on sex ratio and reproduction of granary weevil,
Sitophilus granarius L. (Col: Curculionidae). Applied Entomology and Phytopathology 70(1): 63—72 (in Persian
with English abstract).

Montesinos-Herrero C, Smilanick JL, Tebbets JS, Walse S, Palou L, 2011. Control of citrus postharvest decay by
ammonia gas fumigation and its influence on the efficacy of the fungicide imazalil. Postharvest Biology and
Technology 59(1): 85-93.

Nayak MK, Collins PJ, Pavic H, Kopittke RA, 2003. Inhibition of egg development by phosphine in the cosmopolitan
pest of stored products Liposcelis bostrychophila (Psocoptera: Liposcelididae). Pest Management Science 59:
1191-1196.

Openshaw MD, 1970. The effect of ammonia on germination and development of seedlings in soil. PhD thesis.
Agronomy., lowa State University, Michigan.

Rathi SS, Shah NG, Zambre SS, Kalbande VH, Venkatesh KV, 2000. Respiration, sorption and germination of seeds
in controlled atmosphere. Seed Science and Technology 28: 341-348.

Reddy Shekar V, Kumar BA and Shanti APM, 2018. Effect of modified atmosphere with elevated levels of CO2 on
Sitophilus oryzae (L.) in stored maize. Journal of Entomology and Zoology Studies 6(4): 693—700.

Riudavates J, Castane C, Alomar O, Pons MJ, Gabarra R, 2009. Modified atmosphere packaging (MAP) as an
alternative measure for controlling ten pests that attack processed food products. Journal of Stored Products
Research 45: 91-96.

Roistacher CN, Klotz LJ, Eaks IL, 1957. Ammonia gas used in citrus packing plants as fumigant for control of blue-
greenmoldon Valencias, navels and lemons. California Agriculture 11: 11-12.

Sauer JA, Shelton MD, 2002. High temperature controlled atmosphere for post-harvest control of Indian meal moth
(Lepidoptera: Pyralidae) on preserved flowers. Journal Stored Products Research 95: 1074-1078.

Sekhon RK, Schilling MW, Phillips TW, Aikins RMJ, Hasan MM, et al., 2010. Effects of carbon dioxide and ozone
treatments on the volatile composition and sensory quality of dry-cured ham. Journal of Food Science 75: 452—
458.

Sepasgozarian H, 1978. Stored pests of Iran and Their Control. Tehran University Press. 288 pp. (in Persian).

Steyaert K, Grisse A, 1985. Influence of packaging of rice on the survival of Sitophilus granarius. Mededelingen van
de Faculteit Landbouwwetenschappen, Rijksuniversiteit Gent 50: 113—120.

Tajik Z, Marouf A, Sanatgar E, 2015. Studying on the efficacy of gaseous ozone to control the cowpea weevil, Journal
of Entomological Research 7(3): 219-231 (in English with English abstract).

Talukder F, 2009. Pesticide resistance in stored-product insects and alternative biorational management: a brief
review. Sultan Qaboos University Research. Journal of Agricultural and Marine Sciences 14: 9-15.



