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1. 3,5-Dinitrosalicylic acid
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Figure 1. Whole-body protein amount of 4™ instars of the cotton bollworm reared on diffrent diets.
Means with different letters are significantly different (Tukey’s test; P< 0.01).

OSilae s 4S5 wnden Lol (sla a3 g0 pady
Sl gl ine BRI (Lbadia Lol sla a3y
s (Y S 5) (F315=93.819, P=0.0001)
@It slaass, s adid e sla g,V (g0, LS s
ST 5 Spsaa b tam s S Jlaia plas Lo Cifids
O b O oo Ole (2SS ARALS (sl e
O 93 Olome o 5 e 8 Lol gula olde a3,
Ss— b Ll gola (plig o) by
Srss (0¥ JS) (F211=25.047, P=0.0002)
2t a05) o Lae nd B iy (s8955 59 OS5y
o2ole b aS g Hlale 0 S0t 1w Lu sl 55l
Lol g 308 Ll sula (2132 slaaas, suu O
@t w5, b (pa b ol pne YA 0 50s) b
ol am 0 S Jldial s jo b Ll g4l
(F211=11.936, P=0.0029) 45 lsine CiYazl

(g ¥ Js)

Sou (213 asd) e b ws 5o S Jlala) mlas 5o @,3
(F315=21.288, P= 0.0001) culs Ll jae Sal
Lo o alaal o a5 Ol (QAINY S
Ahiae glie glaas, oo Gl Gloss pdd (e
(F211=1.525, P=0.2680) wiitls (s ls e Ll
Tty o plead oo s e (oY JS)
S il gl Lo il i sl oo L
Slaie ok s Llapee BN Glols ws e
Lol sols (238 a5 @ by e ddase Cnl 59 G855
St AR Sos w5, g0 slaSile 5 u s
(F2.11= 18.758, P= 0.0006) siiilss S0 b sl
leissdd oo (b SYsb L aas L (¢ ¥ USs)
@@ d sola (2lAE a3, o8 sae 5 S il 5 La Y
-l 5 peind O LAY G g5 Ol S el
D8 oedle (2lie wf) (ol s, s

e (g9, Aliae olie glaass, 3 s
pady Onies LAY (geug, Lo sad 8 A (S gy
OB a8 lome (eSS 4S uly GLES 6 iy 5 audid
e w55 oo pay O soY s, LY Ssa e
Lo ol @23 a3y 5o of O o 5 oud wols
2250 90 b sy S Jlaial ma Ho S a0 )8
ALl fae B 50 Kasaa by Koo e

sLa oY (58895 o3 B9 g0 O 958 Olome (3



Oylsan g Gl 44

B o A I

) 35
:‘-]; 35 :‘;
| %\ 30 1) %x 30

25 3 a . 25
5% : o
" 20 y
—‘h ] '15 g
w3 15 £ 15 a
M, 5 Paliy a

" E 10 2y & 10 a
S -

3 N N N
3E o 1" o —
EN Cowpea Red kidney bean Navy bean - Cowpea Redkidneybean  Navy bean Corn
- el et g Al Al w2 Ak el =it

. Diets_ilié sle w3
Diets lié clo 03, C, il sl o0y
C

35 b
30 A
%
]5 %\ 25 a
3 g‘ 20
1 5
. @
g
x A
=) Tw
&
X
0
Cowpea Red kidney bean Navy bean
Sl e oAl R

Diets slid ol o3
6"“?‘15) Sl adas S ax ge)s8 r; (C) Sl i (g))r..i.&} ;(Jl)v:_v.:g o sy o f\...:_-l): s s g Hlade -Y SS
Al (S5 a3l 55 Aoy K dleil i 3l re SN odma L wlia b By il ol

Figure 2. Fat bodies protein amount of the cotton bollworm 5" instars (A), and 6™ instars (B) and Pre-pupa (C)
reared on diffrent diets. Means with different letters are significantly different (Tukey's test; P< 0.01).
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Figure 3. Gut protein amount of the cotton bollworm 5™ instars (A), and 6™ instars (B) and pre-pupa (C) reared
on diffrents diets. Means with different letters are significantly different (Tukey's test; P< 0.01).
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Figure 4. Whole-body protein amount of the cotton bollworm pupa reared on diffrents diets. Means
with different letters are significantly different (Tukey's test; P< 0.0
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Figure 5. Digestive a-amylase (A) and pectinase (B) activities of the cotton bollworm 5% instars reared
on diffrent diets. Means with different letters are significantly different (Tukey's test; P< 0.01).
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Figure 6. Weights of the cotton bollworm 4" instars (A), 5" instars (B), and 6" instars (C), pre-pupa
(D) and pupa (E) reared on diffrents diets. Means with different letters are significantly different
(Tukey's test; P<0.01).
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Figure 7. Protein patterns of the cotton bollworm 5 instars gut (A) and fat bodies (B) and 4" instars
whole bodies (C) reared on diffrent diets, on SDS-PAGE. Numbers 1, 2, 3 & 4 indicate diets; cowpea,
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standard protein (marker).

50 el —T il cullas Gliee shaalllas Lo

(o0¥ O stad daa Gl duw) ol (s4es
moolwl iy gehse a S JelS (e dia 5 aAS e il
Vaal —lT ullad s oS sk €58 4ail 4 (55
G cudlad opl (J aitls g 55Y g4l s 5o Al
Kotkar ) i€ oo lay (il38 550 4 0¥ adid G
slaas sl 4 sl oly S oadias (et al., 2009
00 oeiie md ph 4y o005t a S pBIS
5 Ofen) e ws, Sl Sl oS
Sarate et al., ) vl oo ,ui3 ol Jole (ol aua e S
Sl ©aa B b as S I8 ) a0 s90Y
R250 4 G O Gl 38Tl 5o B K o) e
SESy 5 el —WIT a1 slam T callad ( olie
29 583 slaws T callad ( 5aS ol suile Wil 5 e

..\4.74;"_\%30).36\9‘;&33‘)

&,

Ein
plosal 5o g Olee 5 Ll cullad o

slaas3, 5l ©aas 31 o olda Has IS 5 04, (202
5 aSE LG sl o cneal jola spda ilide la2
oS S O Ol (238 ms olhmas A
2 Ly asl ) Ui oK) el pia alids slacsls
G99 Gl y 0500 oo O sale 5550008 (95 pa
S O 8ag, 9 o alual 5o S Galign Glose
Antheraea s ot jo olyia Jlay sis gda e
sals olzs 5o mylitta Drury (Lep.: Saturniidae)
oo B b« (Kumar et al., 2011) el sus
Oloee (eSS pala s o sl Gl yala
9 88ss 9 ol O slassY G plS o s
508 sola a3, o9 pady e slagY osa aleal
oS g i Lol sls pa3s o8 OF Ol eSO
Lol sola mads o9 O eondd (s Olee (28
sies Ll sula a3y 59 0T Ol asoin 5 303

A a.AALfZ-.a



\A

g i) dadal B wia gy AliAe il gla pa) 0l

G0 ) Sl wlhaass S 5 Galiss Gl i sla
S 055 sl ((Sa £ 5 el Gl wdues (K
Sarate et al., ) wu s ypsw lassds o559 5
Sy o9 O 3383 0l Ha sl ces 4 = Lo (2012
slae asss o9 oY 08 SRS sl s aolr
od iy ase blo 4 YL G 58 9 &3 e uas

A ol e 58 Ll asd, 50wl sl

S daia

osbds (Bad Cpl Lo sael s 4l ol
Lol 5 eud wul suls esuas 232 lam3, K
B g culio sydia (pl SIS 5 GBos $lor o0
chbada gl b ada Lol ool (138 slap3s s
oLS oS Gl L il i st o GBOIOS anlin 5T (50
o ol iy o558 a S hal slaghinee sia =03
OBoss Bl sesman (2l38 asl) 5l (P (lsew
b osllas 8 pda Gl

WSS o Jold ol QS8 4 a0 s

230 4 Ola Hsbas aniS HManl Sulg s 5 Gael S
oS80 5 Bad supddl wy o598 p S e san plid
B s s sl 5 55Y 05y 0k 555 O
dauih ool © oaias ool (Wang et al.,, 2006) s <
OSilee (ualS Eiel 4l S5 4w Gl € Sas,
wle Fun) sladdlse 5o suds 5 i 5 55Y OOy
09 2132 plenily 5 (ELIS bl (o wdy e e
o8 € ol plas 55500 BabaS il Wl guY
Koml 5 Se e siuamn o2 a3, 5 ©ias alKia
awle iy gedst aS (Fn) Aline gladdlse o
059 Sod e ss (Sodd 5 ssoY ady a0
dob wsle 5 3 el olida Hseh Olhae «(Sond
aald b ogolaane pld (hupa 5 ool e
ool uaea (Abbasi et al., 2007) wis saalie
cLagbiee Ho iy edst S ) sladdlse o
ol s ol s 38a3 50 alie 5 el
ol € w5 ol o (Farrar and Kennedy, 1987)
polle iay (Soa S O g0 sy, esda
S. uut“.; <> s Solanum habrochaites
0oy olmas ; ad sals LB, lycopersicum
sas 9 (i g Glesily 5 S pumn F o8 A (s 9 ,Y
S0 dallae o bl Huds goline Hob 4 sad
il Gilide 138 slaad, 51 43S Llaias 3 50
S LY (00 G0 (08 S iy (OB W)
LiU ) ol sadi sals olis o358 a S slas i 5 5T
SS0 mal L e Gaad ol i« (et al., 2004
G s o i Gl slas i 5 Las ¥ (55 GBS L1
O 080 GEOIS Lo S e anl |, plie w3 g
poS slas il 5 lag,¥ (55 b (1ae slapss, cuds
ol sad saalie golu fae bl Ay (g8592
O ol olae slaasl, Ol sa S LA slay,Y
9 o8 @S (Plase 95a3) Slhaas S 5 (S
p250 3 ea S wiad slag,¥ b oawlie o (p S, 5w

1. Pyrocatechol
2. Gramine
3. Ferulic acid



Ol lsen g elas vy

c._allo

ol 5 555l (oardam 5o ARELST lagis, palie 5 Sl AYAY G okl 5 5 o5 s
Aads OVY (ol sl ol )Lam) ol pdia

da S S and mlie 5 5555038 ale sl ollanl lpda 5o S5slsim saolla MY @ ool
Adads OYY ‘JJ‘

Abbasi BH, Ahmed K, Khaligue F, Ayub N, Liu HJ, Kazmi SAR, Aftab MN, 2007. Rearing the cotton
bollworm, Helicoverpa armigera, on a tapioca-based artificial diet. Journal of Insect Science, 7(1): 35.

Baghery F, Fathipour Y, Naseri B, 2013. Nutritional indices of Helicoverpa armigera (Lepidoptera:
Noctuidae) on seeds of five host plants. Applied Entomology and Phytopathology, 80(2): 19-27.

Barragan Fonseca KB, Dicke M, Van Loon JJ, 2018. Influence of larval density and dietary nutrient
concentration on performance, body protein, and fat contents of black soldier fly larvae (Hermetia
illucens). Entomologia Experimentalis et Applicata, 166(9): 761-770.

Bradford MM, 1976. A rapid and sensitive method for the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Analytical biochemistry, 72, pp.248-254.

Canavoso LE, Jouni ZE, Karnas KJ, Pennington JE, Wells MA, 2001. Fat metabolism in insects. Annual
Review of Nutrition, 21(1): 23-46.

Chippendale GM, Kilby BA, 1969. Relationship between the proteins of the haemolymph and fat body
during development of Pieris brassicae. Journal of Insect Physiology, 15(5): 905-926.

Farrar Jr RR, Kennedy GG, 1987. Growth, food consumption and mortality of Heliothis zea larvae on foliage
of the wild tomato Lycopersicon hirsutum f. glabratum and the cultivated tomato, L. esculentum.
Entomologia Experimentalis et Applicata, 44(3): 213-219.

Fathipour Y, Naseri B, 2011. Soybean -cultivars affecting performance of Helicoverpa armigera
(Lepidoptera: Noctuidae). In Soybean-Biochemistry, Chemistry and Physiology. IntechOpen. DOI:
10.5772/14838.

Fitt GP, 1989. The ecology of Heliothis species in relation to agroecosystems. Annual Review of
Entomology, 34(1): 17-53.

Laemmli UK, 1970. Cleavage of structural proteins during the assembly of head of bacteriophage T4.
Nature, 227: 680-685.

Liu Z, Li D, Gong P, Wu K, 2004. Life table studies of the cotton bollworm, Helicoverpa armigera (Hibner)
(Lepidoptera: Noctuidae), on different host plants. Environmental Entomology, 33(6): 1570-1576.

Kotkar HM, Sarate PJ, Tamhane VA, Gupta VS, Giri AP, 2009. Responses of midgut amylases of
Helicoverpa armigera to feeding on various host plants. Journal of Insect Physiology, 55(8): 663-670.

Kumar D, Pandey JP, Jain J, Mishra PK, Prasad BC, 2011. Qualitative and quantitative changes in protein
profile of various tissue of tropical tasar silkworm, Antheraea mylitta Drury. International Journal of
Zoological Research, 7(2): 147-155.

Naseri B, Fathipour Y, Moharramipour S, Hosseininaveh V, 2010. Nutritional indices of the cotton
bollworm, Helicoverpa armigera, on 13 soybean varieties. Journal of Insect Science, 10(1): 151.

Sarate PJ, Tamhane VA, Kotkar HM, Ratnakaran N, Susan N, Gupta VS, Giri AP, 2012. Developmental and
digestive flexibilities in the midgut of a polyphagous pest, the cotton bollworm, Helicoverpa armigera.
Journal of Insect Science, 12(1): 42.



\4Al e § ey dadnl ¥ aia g Al JlAE gl an, HSl

Shorey HH, Hale RL, 1965. Mass—rearing of the larvae of nine noctuid species on a simple artificial
medium. Journal of Economic Entomology, 58: 522-524.

Soleimannejad S, Fathipour Y, Moharramipour S, Zalucki MP, 2010. Evaluation of potential resistance in
seeds of different soybean cultivars to Helicoverpa armigera (Lepidoptera: Noctuidae) using
demographic parameters and nutritional indices. Journal of Economic Entomology, 103(4): 1420-1430.

Teimouri N, Sendi JJ, Zibaee A, Khosravi R, 2015. Feeding indices and enzymatic activities of carob moth
Ectomyelois ceratoniae (Zeller) (Lepidoptera: pyrallidae) on two commercial pistachio cultivars and an
artificial diet. Journal of the Saudi Society of Agricultural Sciences, 14(1): 76-82.

Tojo S, Betchaku T, Ziccardi VJ, Wyatt GR, 1978. Fat body protein granules and storage proteins in the
silkmoth, Hyalophora cecropia. Journal of Cell Biology, 78(3): 823-838.

Wang Y, Cai QN, Qing-Wen Z, Han Y, 2006. Effect of the secondary substances from wheat on the growth
and digestive physiology of cotton bollworm Helicoverpa armigera (Lepidoptera: Noctuidae). European
Journal of Entomology, 103(1): 255-258.



Ol lsen g elas vy

Impact of Different Diets on Some Biological and Physiological Parameters in
the Helicoverpa armigera (Hubner,1808) (Lepidoptera: Noctuidae)

Seyedeh Sana Nejat!, Reza Farshbaf Pour Abad?* and Shabnam Ashouri?

IM.S. Student of Agricultural Entomology, Department of Plant Protection, Faculty of Agriculture, University of
Tabriz, Tabriz, Iran.

2Professor, Department of Plant Protection, Faculty of Agriculture, University of Tabriz, Tabriz, Iran.
3Postdoctoral Researcher of Agricultural Entomology, Department of Plant Protection, Faculty of Agriculture,
University of Tabriz, Tabriz, Iran.

*Corresponding Autor: rfpourabad@yahoo.com

Received: 27 May 2020 Accepted: 9 August 2020

Abstract

In current research, the effect of four artificial diets containing cowpea, red kidney bean, navy bean and corn
seed flour on protein content of 4" instars whole body; 5" and 6™ instars larval and pre-pupal gut and fat
bodies; and pupal whole body of the cotton bollworm (Helicoverpa armigera Hubner), were investigated.
Also, the effect of different diets on the digestive a-amylase and pectinase was studied. Protein patterns were
also compared using SDS-PAGE. According to the results, the lowest amount of protein in 4™ instars whole
body and 5" instars gut and fat bodies was seen in corn as diet and highest one was in navy bean diet. Insects
reared on the corn as diet did not developed to 6 larval stage during the experiment. Except for the protein
content of 6™ instars fat bodies, no significant differences were observed in the other treatments of the 6"
instars and pre-pupa. The lowest amount of pupal protein was found in red kidney bean diet and the highest
one was in navy bean diet. Due to the decrease in protein content in different diets, insect weight and the
activity of digestive a-amylase and pectinase were also affected and significant differences were observed.
The least weight and activity of enzymes were recorded in corn diet. Diferences in the amount of protein was
also detected in SDS-PAGE. Consequently, artificial diets of corn and red kidney bean are not suitable for
this insect rearing and white bean and cowpea are reported as appropriate diets.

Keywords: Digestive Enzymes, Polyacrylamide gel electrophoresis, Protein, Artificial diets, Helicoverpa

armigera.
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