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Abstract

Five semi-artificial diets (A, B, C, D & E) were done for Pectinophora gossypiella (Saund.) rearing evaluation comparing with
standard diet [1] in a laboratory conditions. Variability among diets components make opportunity for diets preparations with
available locally ingredient. Semi-artificial diet (D) is the best diet evaluated for P. gossypiella rearing. Diet (D) based on
kidney bean and soybean that was the best source for protein, carbohydrate, folic acid, iron & glycinin, followed by diet
(A&B) that based on wheat grated, soybean & chick pea proteins. Meanwhile, diet (E) that based on wheat grated and chick
pea proteins is the medium evaluation for P. gossypiella rearing quality. Diet (C) is the least quality for P. gossypiella rearing

viability comparing with standard diet.

Keywords: semi-artificial, Laboratory, opportunity, Diet

Introduction

Cotton is attacked by many species of lepidopterous insects
in different stages of crop growth and the pink bollworm,
Pectinophora  gossypiella  (Saunders)  (Lepidoptera:
Gelechidae) is the most damaging pest and it is a
widespread pest in almost all cotton growing countries of
the world?. Moths of this pest are very active fliers,
whereas larvae mostly remain inside the fruiting bodies
(squares, flowers and bolls) and cause severe damage. They
web the cotton flower petals, imparting a characteristic
‘rosette’ appearance. Feeding within the boll caused the
malformation, rotting, premature or partial boll opening,
reduction in fibre length and overall reduction in quality and
quantity of the cotton. It is reared in Egypt on artificial diet
to study its life history, behavior, susceptibility and
resistance to chemical and biological pesticides. So,
considerable effort has been invested in Egypt and the world
in the development of low cost-effective artificial diets
based on the use of cheaper ingredients (-,

This necessitated an artificial diet prepared from locally
available ingredients with easily adoptable methodology by
researches; with importation of expensive diet premixes can
be avoided. So, the aim of the present work is to develop a

gossypiella (Saund.) using locally available ingredients as
compared to the standard artificial diet [,

Materials and Methods

The present work was done at Bollworms Research
Department, Plant Protection Research Institute, Agriculture
Research Center (ARC), Sabaheia branch, Egypt to evaluate
five semi-artificial diets for mass rearing the pink bollworm,
P. gossypiella as compared to semi-artificial diet M. The
experiment was performed at 26+1°C and 70-75% R.H.
Composition of the five semi-artificial diets evaluated in
this work in detailed as in Table (1).

Diet preparation

To prepare the tested diets A, B, C, D &E. The boiled water
is added to kidney beans or wheat grated or soy bean or
chick pea and put over heat for seventy minutes, lifted and
left for twenty minutes to be cooled and clarifying water
from them. They are blended with milk (Diet A) in an
electric blender and put in the refrigerator for 24 hours.
After that adding the other components to them and
thoroughly blended and put in the refrigerator for 24 hours
before being used.

mass rearing diet for pink bollworm, Pectinophora

Table 1: Semi-artificial diet ingredients

Ingredients A B C D E Standard
Kidney beans (g) - - - 125 - 215
Wheat grated (g) 50 50 - - 100 -

Soy bean (g) 225 120 - 25 - -

Chick pea (g) 125 110 35 - 125 -
Cotton seed flour (g) - - 50 - - -
Ascorbic acid (g) 3 3 1.2 2 2.5 3
Sorbic acid (g) 2.4 3 0.5 15 2.1 1.25
Methyl paraben base Bp (g) 1.75 0.8 0.5 15 2.1 1.25
Yeast (g) 27 30 9 20 18 32
Agar-Agar (g) - 32 19 20 25 11.25
Liguid milk (ml) 50 - - - - -
Multi- vitamins (ml) 8 5 1 5 5 -
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Formaldhyde (ml) 2.5 3 15 2 2 3
Antibiotic (g) 0.2 0.2 0.2 0.2 0.2

Omega 3 (capsule) - 1 - - 1 -

Vitamin B2 (ml) 1 - - - -

Standard diet 1 was modified from those developed [*4l, Diet (C) according !,

Table 2: Multi vitamins composition Each 10 ml

Vitamine A 2400 1.U.
Vitamine D3 200 1.U.
Vitamine B1 2mg
Vitamine B2 2mg
Vitamine B6 1 mg
Vitamine C 100 mg
Vitamine E 2mg
Nicotinamide 10 mg
Dexapanthenol 4 mg
Ferrous gluconate 86.356 mg

Omega 3: 500 mg/one capsule

Antibiotic used
Flumox® 500; Amoxycillin 250 mg and Flucloxacillin 250

mg, broad-spectrum antibiotic. A product of Egyptian
International Pharmaceutical Industries Co., Egypt.

Table 3: Antibiotic composition

Each dosage unit contains Film coated tablets capsules 5 ml suspension
250 mg 500 mg
Amoxycillin (as amoxicillin trihydrate) 500 mg 574 mg 125mg| 250 mg 286.9mg | 125 mg 143.47 mg
Flucloxacillin Sodium monohydrate) 500 mg 544 mg 125mg| 250 mg 272.5mg | 125 mg 136.32 mg
Insect colony 4. Larval growth index [l = Pupation (%)/ Larval period
The newly hatched larvae of the pink bollworm, P. (days).
gossypiella used in this study was obtained from a culture 5. Larval period index, LPI 1 = Larval period (days) on
maintained for many generations at Bollworms Research standard diet/ Larval period (days) on test diet.
Department, Plant Protection Research Institute, Sabaheia
branch, Agriculture Research Center (ARC) on semi- B. Pupal Stage
artificial diet described [M. Five generations (20 1. Pupal duration (days).
observations) of insect were reared on each tested diets 2. Pupal weights (mg).
before beginning recording the experiment observations. 3. Pupation (%).
4. Pupal mortality (%).
Diet evaluation 5. Standarized growth index 1 = Pupal weight (gm)/
Newly hatched larvae of the pink bollworm, P. gossypiella Larval period (days).
were transferred individually to glass tubes (2x7.5 cm) 6. Pupal growth index 'l = Emergence (%)/ Pupal period
containing about 4-5 g semi-artificial diet (Table 1), each (days).
tube were plugged tightly with absorbent cotton and placed 7. Pupal period index (PPI) B = Pupal period (days) on
in an incubator at the same previous conditions. Four standard diet/ Pupal period (days) on test diet.
replicates of 25 larvae were used for each tested diet. Pupae 8. Pupation index (PI) B! = Pupation (%) on test diet/
were removed from the diet and kept singly in glass tube pupation (%) on standard diet.
(1.5 cmx12.5 cm length), closed with cotton plugs. For 9. Fitness index "l = Pupation (%) X Pupal weight (gm)/
oviposition studies with emerging male and female moths Larval period + Pupal period.
were paired singly in glass containers (6.5 cm diameterx 6
cm height) provided with 10 % honey solution for feeding. C. Adult Stage
The open ends of the containers were covered with pieces 1. Adult emergence (%).
paper to facilitate egg lying. They were changed on alternate 2. Growth index (GI) P! = Adult emergence (%)/ Larval
days and the egg were incubated and counted. When the period (days) + Pupal period (days).
moths were kept in groups for oviposition they were 3. Survival index [ = Adult emergence (%) on test diet/
released into a large container (10 cm diameterx12 cm Adult emergence (%) on standard diet.
height) with other details remaining the same. Five 4. Success index (Suc. 1) Bl = Larval period index (LPI) +
successive generations of the insect were reared on five Pupal period index (PPl) + Pupation index (PI) +
promising diets. Each generation was initiated by releasing Survival index (Sur. 1)/4
100 newly hatched larvae on the diet. The following 5. Adult male longevity (days).
parameters evaluated were investigated. 6. Adult female longevity (days).
A. Larval Stage 7. Pre-oviposition period (days).
1. Larval duration (days). 8. Oviposition period (days).
2. Larval weights (mg). 9. Post-oviposition period (days).
3. Larval mortality (%). 10. No. of eggs/female

19



International Journal of Entomology Research

11.

12.

13.

14.
15.

16.

Ovipositional index (OI) ©® = Average no. of eggs per
female on test diet/ Average no. of eggs per female on
standard diet.

Egg hatchability (%).

Fecundity (%) % = No. of eggs per tested female/ No.
of eggs per standard female.

Observed sterility (%) ! = 100 — egg hatchability %.
Life cycle (days) extended from egg deposition to adult
emergence.

Life span (days) extended from egg deposition to adult
death.

Statistical Analysis

Biological parameters evaluation were statically analyzed
with variance (ANOVA) 21 at least significant difference
(L.S.D.) test and the probability level p< 0.05 was
considered statistically significant 131,

Results and Discussion

Pink bollworm, Pectinophora gossypiella (Saund.) was
reared on five tested semi-artificial diet (Table 1) and
comparing with standard diet M. Five generations of P.
gossypiella were rearing on tested diet, four replicates/
generation (20 observations) were done. The following
biological parameters was observed and investigated.

A
1.

Larval Stage.

Larval duration. Table (4) illustrated that larval duration
of P. gossypiella was decreasing as affected by rearing
on diet (D) (11.2 days) compared with standard diet
(15.5 days).

Larval weights. All tested diet increased from larval
weight of P. gossypiella, especially diet (B) (34.6 mg)
compared with standard (21.4 mg) as in Table (4).
Larval mortality. Semi-artificial diet (D) had the least
larval mortality (5.95%) of P. gossypiella compared
with standard (13.7%). Also, all tested diets had larval
mortality decreased than standard (Table 4).

Larval growth index. That parameter means increasing
in survival rate and less growth period. Table (4)
showed that semi-artificial diet (D) had the highest
larval growth index of P. gossypiella and caused the
highest survival rate and shortest growth period (8.39)
compared with standard diet (5.59) and other diets.

www.entomologyjournals.com

Larval period index (LPI). Period index of larval as
illustrated in Table (4) was the highest in P. gossypiella
reared on semi-artificial diet (D) (1.38) compared with
other diets and standard (1).

Pupal Stage

Pupal duration. As mentioned in Table (5), semi-
artificial diet (D) had the least pupal duration of P.
gossypiella (8.9 days) compared with standard (12.95
days).

Pupal weight. Table (5) showed that all tested semi-
artificial diets caused pupal weights increasing,
especially diet (D) (26.5 mg); while, standard diet had
the least weight (19.2 mg) comparing with other tested
diets.

Pupation. That parameter was the highly value (94.1%)
when P. gossypiella reared on diet (D); while, standard
pupation was 86.3% (Table 5).

Pupal mortality. During pupal duration, the mortality
was the least (8.2%) as a result of rearing on diet (D)
comparing with standard pupal mortality that was
(14.6%).

Standardized growth index. Semi-artificial diet (D) was
the best diet had the standardized growth index (2.36)
compared with other tested diets and standard diet was
1.24 as described in Table (6).

Pupal growth index. Tested semi-artificial diets as in
Table (6) had the highest pupal growth index,
especially in P. gossypiella reared on diet (D) (10.3)
compared with standard diet (6.59).

Pupal period index (PPI). Table (6) showed that P.
gossypiella reared on diet (D) had the highest pupal
period index (1.46) than other tested diets compared
with standard diet (1).

Pupation index (PI). P. gossypiella pupation index was
1 for standard diet as in Table (6). On the other hand, P.
gossypiella reared on diet (D) was 1.09 that was the
highest value than other tested diets.

Fitness index. This parameter was belonging to pupal
development viability was 58.7 in P. gossypiella reared
on standard diet. Meanwhile, P. gossypiella reared on
diet (D) had the highest fitness index (118.7) than other
tested diets (Table 7).

Table 4: Larval stage as affected by rearing on different semi artificial diets

Larval Duration (days)
Diets Generations Means
lst 2nd 3rd 4th Sth
A 11.752 12.5° 11.75° 12.5%¢ 11.5° 122
B 12.252 13.25° 13 12,75 ¢ 12.75% 12.82
C 12.52 13.5° 13.25% 13.75 ¢ 13.25% 13.32
D 11.52 11.75° 11° 11¢ 10.75° 11.2°2
E 14.52 152 14.75% 152 14.752 14.8°
Standard 152 15.252 15.52 16.52 152 15.52
L.S.Do.os 3.41 3.48 2.62 3.48 2.81 3.98
Diets E ond Larval V\gr:,ght (mg) 0 o Means
A 33.3? 33.43° 27.37¢ 30.77% 30.82% 31.1®
B 31.23? 38.412 34.532 34.432 34.37° 34.6°
C 21.78¢ 31.93° 31.15"% 29.94% 28.35¢ 28.6°¢
D 26.77° 26.23°¢ 3L.72% 29.65% 27.83" 28.45¢
E 22.67°¢ 21.75¢ 28.74% 24.94 25.47¢ 24.7%
Standard 21.16¢ 21.53¢ 20.77¢ 21.78¢ 21.57¢ 2142
L.S.Do.os 2.72 3.02 2.81 5.86 4.93 4.54
Diets Larval mortality (%) Means
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1st 2nd Srd 4th 5th
A 8.5¢ 8.75« 8.25b5¢ 8¢ gcd 8.5
B 9¢ 9¢ 9b 8.75°¢ 10°b¢ 9.15b«
C 10.75%¢ 11.5° 10.75% 10°b¢ 11.5%¢ 10.9%¢
D 5.5¢ 74 6°¢ 5.254 64 5.95¢
E 12 11.5° 11 11.75% 13 11.85%®
Standard 142 142 12.5° 13° 152 13.7°2
L.S.Do.os 2.29 1.78 2.81 2.29 3.25 3.08
Diets B = Larval gré)r\évth index = 7 Means
A 7.79% 7.32 7.81% 7.36% 7.91% 7.63®
B 7.43%¢ 6.87°2 73be 7.165 7.06 3¢ 7.09%
C 7.14%¢ 6.56°2 6.74 % 6.55b5« 6.68° 6.72%
D 8.22° 7.91° 8.552 8.612 8.74% 8.39°
E 6.07 5.92 6.03°¢ 5.88« 5.89¢ 5.96°
Standard 5.73¢ 5.642 5.65° 5.274 5.67°¢ 5.59°
L.S.Do.os 1.78 2.18 1.78 1.26 1.78 2.18
Diets Larval Period Index Means
1st an 3rd 4th 5th
A 1.28% 1.22¢ 1.32¢ 1.322 1.30° 1.29°2
B 1.222 1.15° 1.192 1.292 1.18°2 1.21°2
C 1.22 1.13% 1.172 1.2 1.13?2 1.172
D 1.30% 1.29¢ 1.41% 1.52 1.392 1.382
E 1.03? 1.023 1.052 1.12 1.022 1.042
Standard 12 12 12 12 12 12
L.S.Do.os 0.73 0.73 0.73 0.73 0.73 0.73
Table 5: Pupal stage as affected by rearing on different semi artificial diets
Pupal Duration (days)
Diets Generations Means
1st 2nd 3rd 4th 5th
A 8.25%® 9.75° 9.75¢ 10.25¢ 9.252 9.45%
B 8.75%® 10.75%® 10° 17 b 9.752 10.1%¢
C 9.25% 11.5% 11bc 12.5b¢ 10 10.9%¢
D 7.5° 9.25° 9¢ 9.75¢ 92 8.9¢
E 10.25% 12® 12.75%® 13.75%® 10.752 11.9%®
Standard 10.75% 13.252 14.5% 15.252 114 12.952
L.S.Do.os 2.29 2.81 1.92 2.52 2.29 2.29
Diets E ond Pupal W%',%hts (mg) Y 5t Means
A 21.93%¢ 25.922 28.52% 25.392 27.22 25.82
B 21.46%° 23.66® 23.57° 22.87® 21.9749 22.7°
C 19.975¢ 17.13¢ 22.78"° 19.14 20.95¢ 19.980¢
D 23.34% 25.95% 30.71% 25.594 26.77° 26.52
E 22.6%® 23.38% 21.09¢ 211" 22.72°¢ 22.2%¢
Standard 19.13¢ 20.64 " 18.05¢ 18.01¢ 19.97f 19.2¢
L.S.Do.os 3.08 4.82 4.04 2.62 341 3.08
i 0,
Diets E ond P“pagf;” (%) 0 o0 Means
A 91.5" 91.25% 91.75% 92 91 91.5®
B 91°b 91 91 91.25"¢ 90 90.9®
C 89.25" 88.5¢ 89.25P¢ 9Q Ped 88.5¢ 89.1¢
D 9452 93 942 94.75°2 942 94.12
E 8g« 88.5 89bc 88.25¢ 87bc 88.2°¢
Standard 861 86°¢ 87.5°¢ g7¢ 85°¢ 86.3°
L.S.Do.os 2.18 3.17 3.08 3.08 4.17 3.98
i 0,
Diets E ond Pupal m%rﬂtjallty (%) 0 o Means
A 10.75° 11.25° 11° 10.5%¢ 12 11.1°
B 10.5° 11.752 11.75% 1238bc 125%® 11.7%®
C 11.25% 12.5° 13 12.75% 13.752 127%®
D 7.5¢ 8.25" 7.75°¢ 8.5¢ gb 8.2°¢
E 12% 132 13.75% 14 14.52 13.4%®
Standard 13.25° 142 14.752 152 162 14.6°
L.S.Do.os 2.18 2.72 3.17 3.56 3.91 2.72
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Table 6: Different indexes as affected by rearing on different semi artificial diets

Standardized growth index
Diets Generations Means
1st 2nd Srd 4th 5th
A 1.87%® 2.072 2.43%® 2.03® 2.372 2.152
B 1.75% 1.79° 1.81°b¢ 1.79%¢ 1.72° 1.77°
C 1.59¢ 1.274 1.72b¢ 1.39b¢ 1.58° 151¢
D 2.034 2.21°2 2.792 2.332 2.492 2.362
E 1.56° 1.56° 1.43° 1.41b¢ 1.54b¢ 1.49«
Standard 1.28¢ 1.35 1.16° 1.09¢ 1.33¢ 1.24¢
L.S.Do.os 0.22 0.22 0.73 0.77 0.24 0.25
Diets = . Pupal grngvth index o o Means
A 10.8%® 9.10%® 9.13%® 8.73%® 9.51%® 9.41%®
B 10.2b¢ 8.21@c 8.83® gae 8.97%® 8.78%¢
C 9.59bed 7.61%c 7.91b¢ 6.98 ®¢ 8.63® 8.05®¢
D 12.38 9.922 10.32 9.382 10.12 10.32
E 8.59« 7.255% 6.76% 6.25% 7.95% 7.27%
Standard 8.07¢ 6.49°¢ 5.88¢ 557°¢ 7.64° 6.59°¢
L.S.Do.os 1.78 2.18 1.78 2.72 2.18 241
Diets " o Pupal Pegrrldod index o = Means
A 1.30%® 1.364 1.49%® 1.49%® 1.19%® 1.37%®
B 1.23%® 1.23%® 1.45%® 1.393¢ 1.13%® 1.29%®
C 1.16%® 1.15%® 1.32b¢ 1.22bcd 1.1® 1.19%¢
D 1.438 1438 1618 1.564 1224 1464
E 1.05° 1.10%® 1.14 1.11 1.02° 1.09«
Standard 1°b 1°b 1d 1d 1P 1d
L.S.Do.os 0.33 0.31 0.24 0.27 0.18 0.18
Diets E ond P“pa“g,ﬂ index Y 5 Means
A 1.062 1.06% 1.052 1.06° 1.07° 1.062
B 1.062 1.06% 1.042 1.05° 1.06% 1.052
C 1.042 1.03bc 1.022 1.03¢ 1.044 1.032
D 1.092 1.082 1.072 1.092 1.112 1.092
E 1.022 1.03bc 1.022 1.019 1.029% 1.022
Standard 14 1¢ 14 1d 1¢ 14
L.S.Do.os 0.73 0.03 0.73 0.02 0.03 0.73
Adult stage 7. Pre-oviposition period. P. gossypiella reared on five
Adult emergence. Table (7) described that P. semi-artificial diets and standard had the same pre-
gossypiella adult emergence reared on diet (D) was oviposition period that was two days (Table 8).
91.8% that was the highest adult emergence than other 8. Oviposition period. Oviposition period of P. gossypiella
tested diets. While, standard diet was 85.4% for P. reared on diet (D) was 12.6 days (Table 8) as
gossypiella adult emergence reared on it. comparing with P. gossypiella reared on standard diet
Growth index (GI). Table (7) showed the same trend of that had oviposition period (8 days).
other parameters that P. gossypiella reared on diet (D) 9. Post-oviposition period. That period of P. gossypiella
had growth index of 4.43 that considered the highest had the nearly value in the most diets results except for
growth index than other tested diets and comparing diet (E) that was 3.15 days; while, standard diet had
with standard diet (3.02). 2.85 days (Table 8).
Survival index. Table (7) showed that survival index 10. No. of eggs/female. Highest no. of eggs/female was
was 1.07 for P. gossypiella reared on diet (D) compared 226.4 eggs deposited by P. gossypiella adult females
with P. gossypiella reared on standard diet (1). rearing on diet (D) compared with other tested diets and
Success index. Diet (D) had the highest value (1.25) of standard diet that was 125.6 egg/ female as described in
P. gossypiella success index than other tested diets; Table (9).
while standard diet was 1 as mentioned in Table (7). 11. Ovipositional index (Ol). Semi-artificial diet (D) had
Adult male longevity. P. gossypiella adult male the highest ovipositional index (1.80) for P. gossypiella.
longevity was 14.1 days that reared on diet (D) Whereas, the standard diet was the least ovipositional
compared with adult male longevity reared on standard index (1) as tabulated in Table (9).
diet (9.65 days) as in Table (8). 12. Egg hatchability. As the same trend of previous
Adult female longevity. The same trend was found in parameters; the egg hatchability reached to 93.1% when
adult female longevity (Table 8). Adult female P. gossypiella reared on diet (D) as in Table (9); while,
longevity of P. gossypiella reared on diet (D) was 17 P. gossypiella reared on standard diet had egg
days that was the highest value than other tested diets hatchability of 88.2%.
compared with P. gossypiella reared on standard diet 13. Fecundity. P. gossypiella reared on diet (D) had

had adult female longevity of 12.9 days.

fecundity of 180.2% that was the highest fecundity
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14.

15.

percent than other tested diets or standard diet (100%)
as mentioned in Table (9).

Observed sterility. Standard diet had 11.8% observed
sterility for P. gossypiella reared on it. Meanwhile, P.
gossypiella when reared on diet (D) had 6.9% observed
sterility that considered the least observed sterility
percent as in Table (9).

Life cycle. Shortest life cycle for P. gossypiella reared
on diet (D) was 24.9 days; this value gradually
increased among five tested diet until reached to 32.4

16.
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days for P. gossypiella reared on standard diet (Table
10).

Life span. P. gossypiella life span was as well as the
same trend that was found in life cycle parameters in
the same Table (10).

In the present study, throughout the rearing methodology,
fungal contamination of the diet, pupal and the adult
malformations were not observed.

Table 7: Adult stage as affected by rearing on different semi artificial diets

Fitness Index
Diets Generations Means
1st an 3rd 4th 5th
A 100.3° 106.1° 121.7° 102.52 119° 109.9°
B 92.9¢ 89.7¢ 93.3¢ 87.7¢ 88.3¢ 90.4¢
C 81.84 60.6° 83.74 65.44 79.64 74,24
D 116.12 114.92 137.52 97.8b 127.12 118.72
E 80.24 76.6¢ 68.3° 64.74 77.54 73.54
Standard 63.8° 62.3° 52.6f 49.3¢ 65.3° 58.7°¢
L.S.Do.os 3.98 4.48 3.41 4.17 4.36 4.65
. Adult emergence (%
Diets E ond 3 Y 5t Means
A 89.25b 88.752 89b 89.50 8g8b 88.9P
B 89be 88.25b0 88.25b¢ 88 be 87.5b 88.2b¢
C 88.75¢b¢ 87.5b g7¢cd 87.25¢ 86.25b¢ 87.4b¢
D 92,52 91.752 92.252 91.52 912 91.82
E 8gbe 87b 86.254 86 de 85,5 86.6
Standard 86.75°¢ 86" 85.254 85¢ 844 85.44
L.S.Do.os 2.18 3.08 1.78 1.78 1.78 1.78
. Growth index (GI)
Diets I ond 3 Y 5t Means
A 4,462 3.982 4.14%® 3.932 4,232 4,15%®
B 4,242 3.682 3.84 3.692 3.912 3.87%®
C 4,072 3.52 3.58 3.322 3.702 3.63%®
D 4,872 4,372 4612 3.692 4,592 4,432
E 3.552 3.222 3.14b 2.992 3.352 3.25%®
Standard 3.36°2 3.02°2 2.84b 2,672 3.232 3.02°P
L.S.Do.os 1.78 1.26 1.26 1.26 1.26 1.26
. Survival index
Diets I ond 3 Y 5 Means
A 1.03" 1.03b 1.04° 1.05b 1.05b 1.04°
B 1.03" 1.03b 1.04° 1.045bc 1.04be 1.03be
C 1.02b¢ 1.02b¢ 1.02b¢ 1.03¢ 1.03¢ 1.02
D 1.072 1.072 1.082 1.082 1.082 1.072
E 1.01 1.01 1.01°¢ 1.01¢ 1.02¢ 1.01¢%
Standard 14 14 1¢ 14 1¢ 1¢
L.S.Do.os 0.02 0.02 0.02 0.02 0.02 0.02
. Success index (Suc. |
Diets E ond 3 ( ) Y 5 Means
A 1.172 1.17%® 1.23® 1.23® 1.15% 1.19%®
B 1.142 1.12b¢ 1.18%® 1.19°b 1.10% 1.15@¢
C 1.1 1.08 1.13b¢ 1.12b¢ 1.082 1.104 bed
D 1.222 1.222 1.292 1.312 1.22 1.252
E 1.03b¢ 1.04% 1.06 1.06 1.022 1.042¢d
Standard 1¢ 1¢ 14 14 12 1d
L.S.Do.os 0.103 0.08 0.105 0.105 0.73 0.104
Table 8: Longevity and oviposition periods as affected by rearing on different semi artificial diets
Adult Male Longevity (days)
Diets Generations Means
lst 2nd 3rd 4th 51h
A 12.252 11.252 11.25%2 12.75% 13.52 12.2%®
B 11.5%® 10.75° 13a 11.75% 12.252 11.9%®
C 11.252 9.25b 12.5® 10.5%® 11.752 11.1%
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D 13.54 14.752 152 142 13.252 14.14
E 105%® 11.75% 12.25% 115 13.5¢ 11.9%®
Standard 10° 9b 9.25" 10.25° 9.75% 9.65°
L.S.Do.os 2.81 3.41 4.71 3.41 3.48 3.17
Diets = 5 Adult female I;ggewty (days) o o Means
A 17.25% 162 15.752 16.252 12.25° 155%®
B 17 15.252 152 15.252 12° 14.9%®
C 16.5%® 142 14.24% 15 10.75° 14.1%®
D 18.54 17.252 172 172 15.252 178
E 172 15.752 13.5%® 13.75% 11.5° 14.3%®
Standard 15.25° 152 11° 12° 11° 12.9°
L.S.Do.os 2.52 2.99 3.41 2.99 2.18 3.56
Diets = . Pre OV|p03|t|%rr1dper|od (days) o = Means
A 2 2 2 2 2 2
B 2 2 2 2 2 2
C 2 2 2 2 2 2
D 2 2 2 2 2 2
E 2 2 2 2 2 2
Standard 2 2 2 2 2 2
Diets - = prosnlonspr)derlod (days) o = Means
A 12.252 11.252 10.5%® 11,752 9b 10.95%
B 122 10°b¢ 102 10.25 2be 8.25" 10.1°¢
C 11.5® 9.25¢ 9.25° 10c 7.75° 9.55%
D 13.58 12,58 12.752 12.252 11.752 12.64
E 12® g 8.25" 9.25%¢ 7.25° 9.15%
Standard 10° 7.25¢ 7.75° 8¢ 7P 8¢
L.S.Do.s 2.18 1.78 2.72 2.52 2.52 2.18
Dicts ~ — Post prosngg Period (days) o » Means
A 3 2.75¢ 3.25% 25%® 1.25% 2552
B 3 3.25% 3 15° 1.75%¢ 252
C 3 2.75¢ 2.994 32 1¢ 2.552
D 3 2.75°¢ 2.25%® 2.75% 1.5%¢ 2.45°
E 3 4.75%® 3.25% 25%® 2.252 3.15°
Standard 3.25°2 5.75°2 1.25° 2 2 2.852
L.S.Do.s 1.26 1.78 1.26 1.03 0.73 1.26
Table 9: Egg viability as affected by rearing on different semi artificial diets.
No. of eggs / Female
Diets Generations Means
1st 2nd 3rd 4th 5th
A 164.3« 163.6* 159.7¢ 156.6 ¢ 156.9°¢ 160.2°¢
B 189.1° 185.5° 185.6° 185.51 187.3" 186.6°
C 179.9¢ 178.6"¢ 174.3 177.7° 177.2° 177.6°
D 229.5° 223.5% 220° 230.62 228.32 226.4°
E 149.74 148.59% 146.2¢ 144.03¢ 147.8°¢ 147.24
Standard 128.9¢ 131.8¢ 119.9¢ 121.2¢ 126.5¢ 125.6°¢
L.S.Dos 17.8 18.3 12.6 12.6 17.8
Dicts -~ — prosn;cr)dnal index - = Means
A 1.28« 1.24 b 1.33%¢ 1.29 b« 1.24« 1.28¢
B 1.47° 1.41° 1.55® 1,53 1.48" 1.49bc
C 1.39b¢ 1.36P¢ 1.45b 1.47b¢ 1.40b¢ 141°
D 1.782 1.69° 1.84% 1.90° 1.80° 1.80°
E 1.169% 1.13« 1.22b¢ 1,19« 1.179% 1.65%
Standard 1¢ 1d 1¢ 1d 1¢ 1¢
L.S.Doos 0.18 0.24 0.33 0.31 0.18 0.22
s
Diets = = Egg hatcgijblllty (%) o o Means
A 90.25° 912 922 922 91.25° 91.3°
B 89.25° 90.25° 90.75° 90.75°% 90.25° 90.3?
C 89.25° 902 89.52 892 902 89.6°
D 92° 92.75° 93.52 93.25°2 942 93.1°
E 88.75° 89.52 892 88.52 892 88.95°
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Standard 88.52 892 88.252 872 88.252 88.22
L.S.Do.os 10.4 10.9 10.32 8.252 16.32 10.92
. Fecundity (%
Diets I ond S,dy (%) 20 5t Means
A 127.5¢ 124.1¢ 133.24 129.2¢ 124.03°¢ 127,54
B 146.8° 140.7° 154.9°b 153.03 148.02° 1485¢
C 139.7 ¢ 135.5° 1455¢ 146.6° 140.06° 141.3¢
D 178.12 169.62 183.62 190.32 180.5? 180.22
E 116.2¢ 112.74 121.9¢ 118.8¢ 116.8¢ 164.7°
Standard 100¢ 100°© 100f 1004 1004 100°
L.S.Do.os 12.6 10.4 8.15 10.5 10.9 7.86
- Observed sterility (%
Diets E ond 34 y (%) Y 5t Means
A 9.75% gab gcd 8¢ 8.75°¢ 8.7b¢
B 10.75% 9.752 9,25b¢ 9.25b¢ 9.75b¢ 9,75 e
C 10.75% 102 10.5® 112 103bc 10.5%®
D 8b 7.25b 6.5¢ 6.75°¢ 64 6.9°¢
E 11.252 10.52 112 11.5® 11 11.1%
Standard 1152 112 11.752 132 11.752 11.82
L.S.Do.os 2.81 2.29 2.18 241 1.78 2.81
Table 10: Life cycle & span as affected by rearing on different semi artificial diets
Life Cycle
Diets Generations Means
1st 2nd 3rd 4th 5th
A 245 26.3 25.5¢ 26.84 24.8b¢ 25.5¢
B 250 28be 274 27.8w 26.4b¢ 26.8¢
C 25.8° 29b 28.3¢ 30.3b¢ 27.3® 28.1b¢
D 23b 254 24f 28.8 23.8¢ 24.9¢
E 28.82 312 31,50 32.8b 29.52 30.7%®
Standard 29.82 32.52 342 35.82 30° 32.42
L.S.Do.os 2.99 1.78 1.26 2.52 2.72 3.41
. Life Span
Diets E ond S,dp Y 5 Means
A 41.32 37.6°¢ 41.32 4312 37.12 40.1°
B 422 38.8b¢ 422 4312 38.42 40.9%
C 42.32 432 4252 45,32 38.12 42.3%®
D 4152 42.3b 412 45,82 39.12 41.9%®
E 45.82 46.82 452 46.62 392 44,62
Standard 45,12 41,5 452 47.82 392 43.7%®
L.S.Do.os 4.17 3.91 4,17 5.14 2.71 3.56

It can be concluded that the tested five semi-artificial diets

can be classified according to quality for P. gossypiella
rearing:

1.

First category was the most best diet (D) for P.
gossypiella rearing that based on kidney beans and
soybean proteins that contained protein, carbohydrate,
folic acid, iron (kidney bean); in addition to glycinin
and coglycinin (soybean) for growth supporting that
leads to decrease the growth periods of immature stages
and the pest fecundity. Also, ascorbic acid, yeast and
multivitamins  increase  from  insect  viability.
Meanwhile, uses of sorbic acid, methyl paraben base,
formaldehyde and antibiotic based on bacteria and
fungi killer or growth limited for shelf life increasing.
In general semi- artificial diet (D) was recorded as the
shortest larval, pupal duration (11.2 & 8.9 days)
compared with standard diet (15.5 & 12.95 days); also,
it was the least larval and pupal mortality (5.95 % &
8.2%) compared with standard diet (13.7% & 14.6%).
Egg hatchability and adult emergence were recorded as
93.1% and 91.8 % as a result of rearing on diet (D)
compared with standard diet. Moreover the highest
growth index of larval and pupal was 8.39 & 10.3 that
reared on diet (D). The growth index emphasizes the

importance of both survival rate and developmental
time in measuring of diet quality ™ that showed the
higher survival rates and shorter development time’s
lead to yield higher values of growth index.

Second category containing diets (A&B); although, the
two artificial diets based on wheat grated, soybean and
chickpea proteins, they defect from methionine in chick
pea protein that effect on growth viability of different
stages of P. gossypiella compared with diet (D) in the
first category.

Third category that was diets (C&G). Diet (C) based on
the least quantity of chick pea and considered the only
diet based on cotton seed flour. On the other hand, diet
(G) based on wheat grated and chick pea proteins.

Authors reared the pink bollworm, Pectinophora gossypiella
(Saunders) on different diets compositions [*! that reared P.
gossypiella larvae on a diet of cotton seed and chickpea
flours for the first 10 days and subsequently on pieces of
okra attained rapid growth and development. This two-
phase diet has been used for successful laboratory rearing of
51 generations of the pink bollworm. Meanwhile, [€]
adequate media used for Helicoverpa armigera (Hubner),
Earias vitelli (Fabricius), Spodoptera litura (Fabricius),
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Spodoptera exigua (Hubner) (all Lepidoptera: Noctuidae),
Pectinophora  gossypiella  (Saunders)  (Lepidoptera:
Gelechidae) to rear colonies for multiple generations under
laboratory conditions. Diet differed from the published diets
in eliminating the use of ingredients such as wheat germ and
plant derived powders such as sorghum leaf and cotton seed
and substituting them with chickpea flour. It had been
reported to show a positive effect on development and to be
effective for continuous rearing of insect species mentioned.
Recentrly, 71 found a simple and inexpensive method that
uses freshly excised green bolls (~10 day old) of cotton
(Gossypium hirsutum L.) is developed for laboratory rearing
of pink bollworm, Pectinophora gossypiella (Saund.). The
method was highly useful in understanding the pink
bollworm phenology mediated through alterations and or
aberrations in nutritional status of its host crop i.e. cotton.

References

1. Ahmed AF. Ecological studies on mass rearing of
certain bollworms. M. Sci. Thesis, Fac. of Agric., Al-
Azhar Univ. Egypt. 2001; 243.

2. Curl LF, White RW. Insects. The Year Book of
Agriculture United States Government Printing Office,
Washington. 1952; 505-511.

3. Abd El-Hafez A, Metwaly AG, Saleh MR. Rearing
pink bollworm, Pectinophora gosypiella (Saunders) on
kidney bean diet in Egypt (Lepidoptera: Gelechiidae).
Res. Bull. Fac. of Agric., Zagazig Univ., 1982; 7:1-10.

4. Rashad AM, Ammar ED. Mass rearing of the spiny
bollworm, Earias insulana (Boisd.) on some artificial
diet. Bull. Soc. Entomol. Egypt, 1985; 65:239-244.

5. Amer AEA. Economic artificial diets for rearing spiny
bollworm, Earias insulana (Boisd.) (Lepidoptera:
Noctuidae). J. Plant Prot. and Path., Mansoura Univ.
2015; 6(3):527-534.

6. Jothi BD, Naik VC, Kranthi S, Kranthi KR, Valarmathi
R. Viable mass production method for cotton pink
bollworm, Pectinophora gossypiella (Saunders). The
Journal of Basic & Applied Zoology. 2016; 73:9-12.

7. ltoyama K, Kawahira Y, Murata M, Tojo S.
Fluctuations of some characteristics in the common
cutworm, Spodoptera Litura (Lepidoptera: Noctuidae)
reared under different diets. Applied Entomol &Zool.
1999; 34:315-321.

8. Prasad J, Bhattacharya AK. Growth and development
of Spodoptera littoralis (Boisd.) (Lepidoptera:
Noctuidae) on several plants. Zeitschrift angewande
Entomology. 1975; 79:34-48.

9. Pant NC. Nutritional studies on Trogoderma granarium
Everts. Indian Journal of Entomology. 1956; 18:266-
268.

10. Crystal MM, Lachance LE. The modification of
reproduction in insects treated with alkylating agents.
Inhibition of ovarian growth and egg reproduction and
hatchability. Biol. Bull. 1963; 25:270-279.

11. Zidan H, Abdel-Megeed MI. New Trends in pesticides
and pest control-Part 1l Al-Dar Al-Arabia for
publishing and distribution, Cairo, Egypt, 1987.

12. Costat Statistical Software. Microcomputer program
analysis version 4.20, cohort Software, Berkeley, CA,
1990.

13. Duncan DB. Multiple ranges and multiple F.test.
Biomerics. 1955; 11:1-42.

14.

15.

16.

17.

www.entomologyjournals.com

Setamou M, Schuithess F, Bosque-perez NA, Poehling
HM. Bionomics of Mussidia nigrivenella (Lepidoptera:
Pyralidae) on three host plants. Bulletin of
Entomological Research, 1999; 89(5):465-471.
Muralimohan K, Kamath SP, Mohan KS, Ravi KC,
Deeba F, Sivasupramaniam S, et al. Mass rearing diet
for the pink bollworm, Pectinophora gossypiella
(Lepidoptera: Gelechiidae) and its susceptibility to
insecticidal Bt proteins. International Journal of
Tropical Insect Science, 2009; 29(2):102-107.

Nair PV, Kulye MS, Kanath SP. A single semi-
synthetic diet with improved antimicrobial activity for
mass rearing of lepidopteran insect pests of cotton and
maize. Entomologia expermentalis et Applicata. 2019;
167:377-387.

Fand BB, Nagarare VS, Deshmukh V, Naikwadi BV,
Gokte-Narkhedkar N, waghmare VN, et al. A simple
and low-cost laboratory rearing technique for pink
bollworm,  Pectinophora gossypiella  (Saunders)
(Lepidoptera: Gelechiidae) using detached green bolls
of cotton. Phytoparasitica. 2020; 48:25-33.

26



