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Abstract

Crude tar oil was prepared as solubfe liquid formulation using
wetting and spreading agents alone, acidity modifier alone and
mixture of wetting and spreading agents plus acidity modifier in
different five formulations, Tar oil (1), Tar oil {2), Tar oil (3), Tar oil
{(4) and Tar oil (5) in addition of the crude tar oll for controliing the
pink bollworm, Pectinophora gossypielia (Saunders) as alternative
of conventicnal pesticides. Toxicity of the prepared tar oils and
crude tar ol were determined against egg and newly hatched
larvae of the pink bollworm. Latent effects when they used with
meduim lethal concentration (LCsy's) on the pink bollworm treated
as newly hatched larvae which include % larval mortality, %
pupation, % moth emergency in addition larval duration, adult
longevity, egg laying rate, % egg hatchability, % fecundity, %
control of egg hatchability, % sterility {observed and corrected)
compared with untreated. Also their effects on some life table
parameters (Speculation} such as The female progeny;female (Mx),
Survival rate (Lx), net reproductive rate (Ro), intrinsic rate of
natural increase (ry), finite rate of increase (e™), generation period
(T) and doubling time (DT)were studied. The result contains three
parts as follows:

Toxicity of tar oils against PBW

Results obtained indicated that tested tar oils especially tar ol
(4) was the most toxic formula against eggs since its LCqy's ranged
between 1.481 -12.48% depends on egg age, the 1-day old eggs
was the most susceptible compared with other egg ages, followed
by tar oif (2) and tar oll (5) while crude tar oil showed the least
effect, Also, tests of the efficiency of the tested tar oils against the
newly hatched larvae were conducted in two perlods, after 1-hour
and 3-day later. The results showed that LCsy's at 3-day later lower
than 1-hour. Tar oil (4) had the most toxicity against newly
hatched larvae of the pink bollworm treatments, followed by tér oif
(2), tar oil (5), tar oll (3) and tar oit (1), while crude tar oil was the
least toxic.

Latent effect of the tested tar oils

Results indicated that tested tar oils had latent effects similar
to insect growth regulator compounds since they caused Increase
in %larval mortality, decrease % pupation and % moths'
emergency. In addition to increase in % control of egg hatchability
and % sterility (observed and corrected). Opposite, there are
decreasing in larval duration, adult longevity especially oviposition
period, egg laying rate, % egg hatchability and % fecundity. Tar oil
(4) showed the highest effect compared with the control.
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Life table parameters

The female progeny/female (Mx) decreased in tested tar oil
(4). Survival rate (Lx) decreased. Also, there was a decrease in the
net reproductive rate (Ro), increase rate (intrinsic rate of natural
increase (ry) and finite rate of increase (e™)) compared with the
control. In contrast, the tested tar oil increased the generation
period (T) and doubting time (DT) compared with the control.

INTRODUCTION

Behavioral and biological studies described that the larvae of the pink bollworm,
Pectinophora gossyprelfa (Saunders) began hatching and continued for 2-3 hour
period, newly hatched larvae entered fruiting forms within 30 minutes. Therefore, it
could be expected that the proper time of controlling this pest is gd;ing egg stage and
neonate (Noble, 1969).

High number of chemical pesticides sprays is used for controlling bollworms per
season. The result is high input costs, health risks and the presence of pesticide
residues in plants often exceeding the maximum residue levels. Pesticide use
reduction targets along with requirement for farmers to follow crop spedific integrated
production guidelines are needed. These facts have simulated considerable interest to
mineral and plant cils as alternatives to pesticide. Mineral oils have efficient results
against eggs and newly hatched larvae of the Pink bollworm in laboratory and fieid
experiments (Hewady et a/, 1993 and Rofail et a/ 2000) and also against cotton
leafworm (Badr ef &/, 1995). Khattak & Rashid (2006) reported that plant neem oll at
1.5 and 2% reduced the population of spotted bollworms and american bollworms up
to 168 hours after spray. In addition, Ratnadass, et &/ (2009) showed that physic nut
oil (Jatropha curcas) had insecticidal activity against Helicoverpa armigera.

Tar oil that used in this study acts 50% waste distillation of charcoal
manufacture at 550 °C. Tar oils have many toxic compounds as phenols, benzene,
sulphate, acids, toluene, perols, aldehide,...exc, Tar oils is used as a surface treatment
method for protection of shingle roofs, boats, fences, ...exc. (Tomlin, 1994) and
(Viitanen, et al. 2000).

The biological parameters of the pink bollworm as larval, pupa, adult durations
and mortalities...exc, assessed the effect of the tar oils used and gave indication on
insect development if it was exposed to the tested compounds. Assessment of the tar
oil effects on the fecundity and sterifity may through light on their potency.

The speculation (life table parameters) can be used as a guide to investigate the
pest population development. This is a valid method for assessment of the efficacy of
the compounds used and to clarify the effect of external factors on the growth,
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survival, reproduction, intrinsic and finite rate of increase for the pest population
(Abou-Setta, ef a/, 1986, El- Gemely, 2002 and El-Metwally, ef at, 2007).

The aim of the present study is preparation the loéar, cheep and available tar il
as suitable formulation (soluble liquid) and determination its toxic effect, latent effect
and speculation (life table parameters) as a new alternative of conventional pesticide
against two harmful stages' of the pink bollworm, Pectinophora gossypiella (Saunders),
the first stage is 1, 2, 3 and 4-day old eggs and the second stage is newly hatched

- larvae,

MATERIALS AND -METHODS

Materials
1- The insect

A laboratory strain of newly hatched larvae and eggs of the pink bollworm, ~.
gossypieffa were reared in the Bollworms Department, Plant Protection Research
Institute, Agriculture Research Center on a semi artificial diet as described by Rashad
and Ammar (1985). Rearing conditions were controlled at 27+1°C and 65-75% RH.

2- Crude tar oil ’

Tar oil, a crude compound from the waste distillation of charcoal manufacture
under 550°C at Egypt New & Renewable Energy Authority (NREA), Seventh district,
Nasr City. Crude tar oil had the following properties: its free addity= 6.86%, its
surface tension= 42.15 dyne/cm. and soluble in water up to 5% concentration.

3- wétting and spreading agent

Sisi-6: It is anionic surfactant prepared by neutralization of aryl alkyle sulphonic acid
with alkaline.

600 Do: It is nonionic surfactant, brief name of polyethylene glycol 600 di-oleate.
400 DL: It is nonionic surfactant, brief name of polyethylene glycol 400 di-laurate.,

4- Acidity modifier: KOH: potassium hydroxide solution 40% was used as a
neutralization material for the acidity of tar oil. '

Methods
I- Preparation of tar oil as soluble liquid formulations
Crude tar oil compound is prepared in five different formulations as the
following:
Tar oil (1) (85% SL.) contained 85% tar oil, 10% Sisi as wetting agent and 5% water.
Tar oil (2} (85% SL.) contained 85% tar oil, 15% KOH.
Tar oil (3) (85% SL.) contained 85% tar oil, 10% Sisi +5% KOH solution,
Tar oil (4) (95% SL.) contained 95% tar oil + 5% 600 DO.
Tar oil (5} (95% SL.) contained 95% tar oil +5% 400 DL.
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II- Toxicity of the tested tar oils on the egg stage

The dipping technigue method was used. Three replicates were used for each
concentration and each replicate contained number of eggs (1- 4) days old ranged
between 90 and 150 eggs. The piece of paper contained deposited eggs was dipped
for 1min in each tested concentrations, ancther 3 replicates were treated with water
for the check. Each treated replicate/each preparation was placed in a clean tube
(3x10 cm.) after water evaporation until hatching under the controlled conditions
(27+1°C & 65-75%R.H). The hatched and dead eggs were counted.

III- Toxicity of the tested tar oils on the newly hatched larvae

Thin film technique was used as a method of épp[ication in the present work.
Each Petri-dish was treated with 1.0 ml of the tested preparation, five replicates for
each preparation and the control were used. The Petri-dish which used as control was
treated with water only. Twenty five of newly hatched larvae/replicate was exposed
for one hour to the tar oil film in each Petri-dish. The alive larvae from each treatment
were counted and transferred singly to clean vials containing the artificial diet and
maintained under controlled conditions (27+£1°C and 65-75% R.H.). Then the numbers
of alive and dead larvae were counted three days after treatment.

LCsy & LCy values were measured by software computer. probane. The
efficiency of different insecticides could be measured by using Sun ‘s equation (1950)
as follows:

LGCsp (LCgp) of the compound A
Toxicity index = - X 100
LCso (LCoo) of the compound B

Where A: is the most effective compound.
B: is the other tested compound.

IV- Latent effect of the tested tar oils

The pink bollworm, £. gossypiefla was treated as newly hatched larvae by 1Csy
of tar oil formulation, i.e. Tar oil (4) (LCso= 4.278%) and crude tar oil (LCsp= 50.98%).
The rest alive larvae were fed on artificial diet at 27+1°C and 65-75% R.H. up to pupal
stage, then, the following biological parameters was investigated as follows:

The durations of larvae and pupae surviving treatments /replicate/treatment
were recorded. Larval mortality, pupation and moth emergency percentages
calculated as follows:
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No. dead larvae
% Larval mortality = X 100
Total tested larvae

No. produced pupae
% Pupation = X 100
Total tested larvae

No. emerged moth

% Moths emergency = - X 100
' Total tested larvae

Adult longevity was based upon cumulative number of males and females
remaining alive each day. Pre-oviposition, oviposition and post-oviposition periods
were determined by placing 2-5 pairs of emerged moths in a clean glass cages
covered with muslin (17 ¢cm height and 7-12 cm in diameter) till death of adult
females.

Egg laying (total number of eggs per female) calculated from daily counts of
deposited eggs on piece of paper. Egg hatchability percentage was counted as follows:

No. hatched eggs
% Egg hatchabiiity = X100
No. deposited eggs

Control of hatchability percentage calculated according to Zidan and Abdel-
Megeed (1987) as follows:
No. hatched eggs in check — No. hatched eggs in treatment
% Control of hatchability = X 100
No. hatched eggs in check

Fecundity percentage calculated according to Crystal and Lachance {1963) as follows:

No. eqgs/ treated female
% Fecundity = X 100
No. eggs/ untreated female
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Sterility observed percentage calculated according to Zidan and Abdel-Megeed
{1987) as follows:
% Sterility observed = 100 — Egg hatchability percentage
Corrected sterility percentage calculated according to Zidan and Abdel-Megeed (1987)
as follows:

. % Sterility observed - Check
% corrected sterility = X 100
100 - Check

Life cycle extended from egg deposition tiil adult emergence (days).

All the previous latent effect parameters were statically analyzed using a
computer software program costat,

IIV- Speculation (life table) parameters
The data of speculation (life table) study were analyzed by using life 48 basic
computer program of Abou-Setta, ef a/. (1986).

RESULTS AND DISCUSSION

A-Toxicity of tested tar oils on the eggs and newly hatched larvae of the
pink boliworm ‘
1- Egg stage

Table (1) show that tar cil (4) had the most potent against 1-day old eggs
(LCso= 1.481%), followed by tar oil (2) {LCsp= 3.139%), tar oil {5} (LCso= 6.955%),
tar oil (3) (LCso= 9.764%), tar oil (1) (LCsp= 10.28%) and crude tar oil (LCso=
93.13%).

The same trend appeared in 2-day old eggs treatment, LCs 12.48, 17.53,
18.04, 18.82, 25.16 and 92.74% treated by tar oil (4), tar oil (2), tar il {5), tar oil (3),
tar oil (1) and crude tar oil, respectively.

In 3-day old eggs treatments, LCsy: 5.218, 8.415, 9.184, 10.1, 11.57 and
58.78% when the eggs treated by tar il (4}, tar oil (2), tar oif (5), tar ol (3), tar oil
(1) and crude tar oil, respectively,

In 4-day old eqgs treatments, LCsp: 11.65, 18.84, 19.05, 24.71, 25.05 and
46.10% when the eggs treated by for tar oil (4), tar oil {2), tar il (5), tar oil (3), tar
ail (1) and crude tar oil, respectively. )

It should be mentioned that one-day old eggs were most susceptible for tar cils
treatments.
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Table 1. Toxicity of tested tar oils against the 1, 2, 3 and 4-day oid eggs of A
gossypielia.
Tested LCea(%0) LCo(%) Toxicity Index
Tar oils 959% Confidence lImits 95%Confidence limits LC,..T LCoo
1-day old egg
Tar ol (1) 7 369412 965 o1 99450.11 144 | 133
Tar oll (2) 1.0233:;32210 18.1281:244.87 47.2 4 585
Tar oll (3) 6.8997.716143.. 12 56.65::;1.22 152 | 215
Tar ol (4) 0.8212.1831.323 10.8182:115.32 100 | 100
Tar oll (3) 4.5%1595.951 44.;;:295.99 213 | 269
- Crude Tar oll 90_::;;37.79 988.120::6710.1 159 | 1265
p 2-day old egg
Tar ol (1) 21.62;5:268.88 186.1 ::i394.4 496 | 538
Tar oll (2) 14.;37:11.93 105.1;):1813.3 7124 932
Tar oll (3) 15.5,1:;8222.22 122.122:lg9.9 663 | 814
Tar oll (4) 9.65182:186.61 98.;90:1%7.8 100 1 100
Tar ol (5) . 14.9198;?2.51 127.1:2i§3.2 692 | 783
Crude Tar ol 89.9982:946.96 16281;111.237‘1 135 | 627
3-day old egg
Tar oil (1) 9.871::‘174.56 | 178.188t1'1?89.6 51| 648
Tar oll (2) 6.5385;11151.13 121.19231?25.9 620 | 936
Tor ofl (3) 7.98;1.114.49 161.1::1672.9 st7 | 702
Tar oll (4) 3.2556;1188.998 109.1;:'1722.2 100 | 100
var ofl (5) 7.2::’51!31;.32 129.?2339.9 568 | 874
Crude Tar oll 55.55::6?1.32 901.990::14.8 888 | 129
-_4-day oid egg
Tar il () 12542828 18441353 %s | s
Tar oil (2) 15.317832.58 111.111;"1621.6 61.9 86.6
Tar oll (3) 21.22::217.27 138.1;:3.13;9.1 72 4 716
Tar oll (4) s.s;ifg.w %.;:ilgzo.s loo | 100
Tar oil (3) 17.01295-:022.56 180.1::i992.9 612 | 545
Crude Tar oll 41 54::5%. 12 839.884:.8051.2 53| 106
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2- Newly hatched larvae

Toxicity of tar oils against the newly hatched larvae of the pink boliworm
recorded in two periods, 1-hour and 3-day later treatment shown in tabie (2). Toxicity
for the first period (1-hour later) against the newly hatched larvae, indicated that tar
oil (4) showed the most toxic effect followed by tar oil (2), tar il (5), tar oit (3), tar oil
(1) and crude tar oil since the calculated LCs; 's were 10.28, 11,87, 13.39, 15.74, 31.8
and 66.45%, respectively.

At 3-day later, tar oil (4) had the most potent compound against the newly
hatched larvae (LCs,: 4.278%), followed by tar oil (2), tar il (5), tar oil (3), tar oil (1)
and crude tar oil (LCsy: 7.760, 8,919, 9.541, 14.22 and 50,98 %), réspectively, It could
be concluded from the aforementioned results that the newly hatched larvae was
more susceptible at the second period (3-day later) than the first.

As a general conclusion of toxicity studies for tar cils against both two stages egg
- and new hatched larvae of pink boliworm, it could be said that tar oil {4) showed the
most toxicity against the two stages followed by tar oil (2). The toxicity of tar oil
against both eggs and newly hatched larvae of pink bollworm is due to its’ contents of
phenols, creosote and anthrathane (Tomlin, 1994) and Viitanen, et a4/, 2000). /
Table 2. Toxicity of tested tar cils against the newly hatched larvae of A. gossypiella.

Tested LCso(%) LCso(%) Toxlcity index
|  Taroils 95%Confidence limits 95%Confidence limits LCs¢ LG |
One hour later
Tar oil (1) 29.02126.41 13011.3181::18.9 323 | 138
Taroil{2) 9.381::;:8173.83 359?::3?/1.4 866 | 566
Tar oll (3) 14.81.’:5:147.46 : 378.398*0'316.2 653 | 538
Tar oll (4) 9.8;.::?.93 ' 199.2;:2%9.4 100 100
Tar oll (5) 12.8193;3195.41 359?76:3.3166.6 768 | 568
Crude Tar oll 64.3626::553.57 ' 15931.513;.;01.6 1547 | 1209
3-day later
Tarolf (1} 11.;54:’128.31 97??3251535.3 3014 918
Tar oll () 4.9973.161%.01 289.2595;‘2(;8.5 1 | 308
Taroil (3) 7.1?51“112.54 ] 514?22:.5828.6 8 173
Tar oll (4) 2.7:2'21?929 as.:;l?s.m 100 100
Tar il (5) 6.15?!2:?.351 330.3::3'3141.1 479 | 268
Crude Tar oil 46.55:;9584.54 15041;141';20. 1 839 | 5%
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B- Latent effect of tested tar oils against the pink boliworm

The latent effect assessment of the pink bollworm treated as newly hatched
larvae by LCsy's of tested tar oils described as the following parameters.
1- Larval mortality percentages

Table (3) showed that larval mortality percent of the pink bellworm treated as
newly hatched larvae by LCsq of tar oil (4) at 1-day (initial kili), 3, 5, 7, 9 and 12-day
old larvae. The compound gave high larval mortality percent (72%) compared with
crude tar oil and the control value (65 & 10%, respectively).

Table 3. Latent effect of tested tar oils on larval mortality, pupation and moth
emergency of P. gossyplella treated as newly hatched larvae,

Larval mortality % after
Tested i-day ‘ Total %o % Adult
3- 5- 7- 9- 12-
Tar oils Initial larval Pupation | emergency
day | day | day | day | day
kill% Mortality %
Tar oil {4) 20° 502 65 70 71° 72* 72" 28° 18
Crude Tar
18° 50° 60° 63° 64° 65° 6sP 35 i 1id
oll
Control 0.0° 3 6° g ¥ 1¢° 107 a0 85*
F 84 220.9 | 2919 | 610.4 | 432.4 | 3145 610.4 720.7 478.6
L.S.D.ogs 4,159 | 6.318 | 6,626 | 4.756 | 5.651 | 6.626 4.756 4,367 5.651

Means In the same column followed by the same letter are not significantly different at p<0.05.

2- Pupation percentages

Tar oll (4) is considered effective in decreasing pupation percent (28%) as
{Hustrated in Table (3), compared with the control value (the pupation is 90%).
3- Moth emergency percentages

As shown in Table (3), tar oit {4) and crude tar oil gave less moth emergency
percent. Adult emergency were 18, 30 & 85%, respectively.
4-Larval Instars’ duration

When the newly hatched larvae of the pink boltworm treated by tar oils (4) and
crude tar oil, larval duration values was less than the control by 1.3 = 1.4 days. The
fourth larval instars’ of the pink bollworm, P. gossyprella had one or two day longer
than the second or third instars in the most treatments as shown in Table (4).
5- Pupal duration

As shown in Table (4), tar il {4) caused decrease in the pupal duration of the
pink bollworm than the control and vice versa, the crude tar oil had increased pupal
duration significantly than tar oil (4) and the control.
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6- Adult longevity
a- adult male longevity
Table (4) showed that tar oil (4) decreased 9.2 & 6.57 days than the tested crude
tar oil and control, respectively.
b- adult Female longevity

The same trend of the tested tar cil (4) and crude tar oil appeared in adult
female longevity, Tar cil (4) was effective in decreasing adult female longevity,
followed by crude tar oil by 8.94 and 3.6 days, respectively compared with the control
as shown in Table (4). _

Also, the tested tar oil (4) caused decrease in oviposition period and increase
post-oviposition period. In contrast, the oviposition period had long time (13.8 day),
while the post-oviposition period had short time (6 days) in the control.

7- Life cycle

Table (4) showed that tar oil (4) decreased significantly life cycle of pink
boliworm (31.54 days), than crude tar cil and the control (35.2 days). In the other
hand, crude tar oil increased the life cycle of PBW than the control but in non
significant value,

Table 4. Effect of tested tar oils on larval, pupal and adult durations of P. gossypiefiz
treated as newly hatched farvae.

Larval instars’ duration
Adult longevity Female adult longevity
Tested Pupal Life
Post-
Tar oils 2~ 3 L duration Pre- cycle
Total 154 2 Qviposition ovipositi
Inatarn imstnry Imstarn oviposition
on
Taroil (4) | 6.5° 653 s.0° 0.9° 6.64% 1.0t | 12.86° kil 3.86° 8 L4t
Crude
6.4° 7.2 7.4" 21 12,28* 17.57* | 18.2° bl 13.2* ® 7w
Taroil
Control 6.7 7.4* 8.2' 223 8.9° 20.2¢ 21.8* pal 13.8° [ 35.2
F 001 | 0221 | 6,122 | 0915 8.876 2245 | 203 142 46.59 5,192 12.67
LS.D.pes | 5286 | 4316 | 4.315 | 2.825 3.329 3460 ) 3460 1.9%8 2.825 3.826 2.85

Means in the same column followed by the same letter are not significantly different at p<0.05,
8- Reproductive potential

Data in Table (5) concerning with eggs of PBW and processes related such as
fecundity and hatchability. Female moths resuited from LCsp treated neonate of tested
tar oils. Lay reduced significantly number of eggs in comparison to females in control.
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Untreated females produced 189.5:E12/ _femalé, while, tar oil (4) and crude tar oil
produced 116+6 & 153.84+8/ female, respectively. Tar oil (4) decreased fecundity
percentage than crude tar oil.

Also, hatchability percentage affected by previous treatments. The average
hatchability percent recorded 89.5, 14.7 & 89.5% in control, tar oil (4) & crude tar oil,
respectively (Table 5). Tar cil (4} clearly gave higher control percent of hatchability
(90%) than crude tar oil (48.3%). ,

In addition, tar oil (4) was more potent and increased % sterility than crude tar oll.
Statistical analysis proved significant difference between both treatments and
untreated (control) (Table 5).

Table 5. Effect of tested tar oils on egg production of P. gossypielia treated as newly
hatched larvae.

Egg . % Control %o %
Tested % Egg %
Laying of Sterility Corrected
Tar oils hatchability Fecundity
rate hatchability observed sterility
Tar oil (4) 116° 14.7° 9p° 61.12° 85.3° 83.58*
Crude Tar
153.8° 57.08° 48,36 81.03° 42.92b 36.22°
olt
Control 189.5* 89.5° 0.0° 100% 10.5° 0.0
F 935.3 238.9 2282.4 _1700.9 1582.9 1216.2
L.S.D.ggs 4.159 8.397 3.263 1.631 3.263 4.159

Means in the same column followed by the same letter are not significantly different at p<0.05.

C- Speculation (Life table) parameters
1- Female progeny/female (Mx} and rate of survival (Lx)

Figure (1} illustrated that female progeny/female (Mx) value of tar oil (4)
treatment was near from the control, the values ranged “between” (0.78 to 14.92)
and (0.18'to 14.84), respectively. The opposite was found in crude tar oil treatment
where the (Mx) value was reduced in comparison with the control, it ranged
“between” (0.42 to 13.62) female’s progeny/female.

The (LX) parameter (rate of survival) in the same figure ranged “between” (0.29
and 0.93) times in the normal females. The females treated as newly hatched larvae
with tar oil (4) treatment had the least survival rate that ranged “between” (0.07 and
0.14) times compared with the tested crude tar oil {0.08-0.57).
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Figure 1. Effect of tested tar oils on the female progeny/ female (Mx) and survival rate
{Lx) of the pink bollworm,
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2-Generation period (T)

As shown in table (6), the two tested tar oils increased the generation period.
Tar oil (4) was 53.50 days and then crude tar oil lasted 46.67 days as compared with
that in control (35.35 days).
3- Net reproductive rate (Ro)

The tested tar oils {LCs *s) caused high reduction of net reproductive rate (Ro)
when the pink bollworm treated as newly hatched larvae as shown in Table {(6).
Tested tar oil (4) is considered the reason of the most reducticn of net reproductive
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rate to 3.041 females/ female compared with the control (Ro= 71.05 females/female)
in one generation, followed by crude tar oil gave the higher increased, 39.75
females/female. Whereas, the two tested tar oils had destructive decreased from net
reproductive rate‘oompared with the control data.

4- Increase rate

4.1- Intrinsic rate of natural increase (ry)

Tar oil {4) had the higher reduction of intrinsic rate (0.0208 times/female/élay),
followed by crude tar oil, the intrinsic rate data was '0.0790 times/female/day
compared by intrinsic rate of natural increase () i.e. the ability of inheriting increase
for the normal female was 0.121 times/female/day as shown in fable (8).

4.2- Finite rate of increase (e"™)

The daily population of the normal pink bollwortn was 1.128 times/female/day
as in Table {6). Also, the females initiated from hewly hatched larvae treated by tested
tar oils had capacity lower than the control value i.e. tar oil (4) had 1.021
times/femalé/day, followed by crude tar oil treatment, the finite rates of increase was
1.082 times/female/day.

Table 6. Life table parameters of £. gossypielia treated as newly hatched larvae with
LCsys of tested tar oils.

Increase rate
Tested tar oils T Ro {times/female/day) DT Sex
{days) (females/female) Yo e™ {days) | ratlo
Tar oil (4) 53.50° 3.041° 0.0208° 1.021° 33.32° 0.78*
Crudetaroil | 46.67° 39.75° 0.0790° 1.082° | B.774° | 045
Control 3535 71.05° 0.121° 1.128 5.747° | 0.54°
F 44,49 1738.1 11269.9 4321.5 205.8 436.5
L.5.D.o05 4.756 2.825 0.0016 0.0028 3.648 0.028

Means in the same column followed by the séme letter are not significantly different at p<0.05.
() = The generation time (Ro) = The net reproductive rate
{rm) = The intrinsic rate of natural increase {e™ = The finite rate of increase

(DT} = The doubling time

5- Doubling time (DT)

The calculated ime for population becomes twice that means doubling time
{DT) depend on the intrinsic rate of natural increase (r,,) which was affected by many
factors as the rate of survival, generation time, female in progeny and fecundity.

The pink bollworm population in control multiplies every 5.747 days (Table 6).
This value increased in tar oil freatments to 8.774 and 33.32 days when the pink



458 INSECTICIDAL ACTIVITY OF LOCALLY FORMULATED TAR OIL AS SOLUBLE LIQUID ON
THE PINK BOLLWORM, PECTINOPHORA GOSSYPIELLA (SAUNDERS)

bolliworm was treated as newly hatched larvae by crude tar oil and tar oil (4),
respectively. .
6- Sex ratio

In control, the sex ratio was 0.54 when the pink bollworm developed from newly
hatched larvae. The ratio was increased to 0.78 in case of treatment by tar oil (4) as
shown in Table (6). In contrast, in case of crude tar oil treatment the sex ratio
decreased to 0.45 compared with the control.

Generally, as described in toxicity action, latent effects and speculation studies,
the tested tar oils had satisfaction data to control the pink bollworm, Pectinophora
gossypiefla (Saunders) in the laboratory. It gives indication to the important usage
that the waste liquid (tested tar oils) to controf the larvai population and infestation of
the pink bollworm as a new alternative of pesticide instead of wasting it without using
that need more studies on the tar oil application in the fields to ensure the effects of
the compound beside to focus on the side effects on the natural enemies, plant
phytotoxicity, residual in crop treatment,...exc.
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