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Abstract

Prey predator relationships had been studied by three
methods; using serology by double diffusion test, analyzing
statistically the correlation between population fluctuations of both
groups in sugar beet fields and evaluating the feeding efficiency of
the predators in the laboratory. This work was conducted from
2001-2003 at the experimental farm and Economic Entomology
Department, Kafr El-Sheikh, Faculty of Agriculture, Serolcgical
studies by double diffusion test revealed sharp reactions (positive)
between antigens of aphids, the tortoise beetle, the beet fly, the
stink bug, the beet moth, and Chrysoperla camea (Steph.)
antiserum (the precipitin lines were 5, 6, 4, 2 and 2 lines,
respectively). Sharp reactions were found also between the
antiserum of the ladybird and all of the aphids, the tortoise beetle,
the beet fly, the stink bug and the beet moth antigens (the
precipitin lines were 6, 4, 5, 0 and 3 lines, respectively). The two
antisera of the two tested predators when tested with the antigens
of the other predators, no reactions were detected, The lacewing,
Ch. carnea appeared from Nov. to Apr. Larvae had one peak (41
and 25 individ). in the first and second seasons, respectively, during
Apr. That peak followed by peaks of Cassida vittata Vill., Pegornyia
mixta Vill., Scrobipalpa ocellatellz Boyd., Aphis spp. and Nezara
viriduia L. in the same month. Coccinella undecimpunctata L. had
two peaks of abundance. In the first season, the first peak was
recorded in Nov. (45 individual), associated with the aphid. The
second peak (30 individi.) was found at the same time of the peaks
of C viltata, P. mixta, S. ocellatella, Aphis spp. and N. virfduia, in
Apr. In the second season those peaks were found in Nov. and
Mar. (48 and 24 individ.), respectively,

When Ch. carnea was reared on the tortoise beet beetle, the
beet fly and the beet moth, it consumed 175.35 beet beetle eggs,
79.75 of the tortoise beet beetle larvae, 179.75 beet fly larvae and
67.5 beet moth larvae during 9.75, 10.05, 9.50 and 10.25 days,
respectively. C. undecimpunctata consumed 428.51 beet beetle
eggs, 168.25 beet beetle larvae, 270.25 beet fly larvae, 127.25 beet
moth larvae during 9.25, 9.75, 11.80, 13.75 days, respectively.
These results suggest that serological techniques might be used in
detecting the relationship between the predators and the insect
pests, the precise and quick rmethod which now widely used in
insect researches and rarely used in Egypt.
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INTRODUCTION

Sugar beet, (Beta vulgaris L.} is one of the most important crops in Egypt and
all over the world. Sugar beet has great importance in sugar production all over the
world. On the other hand, sugar beet fieids are good reservoir for natural enemies and
pests. The relationships between insect pests and their predators are very important
for integrated pest management (Youssef, 1994 and Shalaby, 2001). Many chrysopids
and coccinellids can play an important role in requlating populations of injurious
insects, in particularly, C. vittata, P. mixta and S. ocellatella eggs and larvae (Boraei et
al, 1993, Youssef, 1994, El-Agamy ef &/, 1996 and El-Khouly, 2002).

Predation efficiency of Ch. carnea and C undecimpuncitata on the immature
stages of the main insect pests of sugar beet were evaluated by many authors
(Ahmed, 2000, Youssef and Abou-Attia, 2001, Talha, 2001 and Kassem, 2002).

Serological studies carried out to evaluate the relationship between the
antiserum of predators against insect pest antigens (the degree of reaction shown in
the agar of the double diffusion test) (Bora. 984 and Peterson, 1972).

Serology defined by Leone in 1953 as the branch of biclogy concerning with the
nature and significance of proteins as revealed by their reactions with antisera
produced against them.

The present work was carried out in the laboratory and the experimental farm
of the Faculty of Agriculture, Kafr El-Sheikh, Tanta University from 2001-2003 to study
the prey-predator relationship in sugar beet fields by the following methods.

1. Serological studies on the relationship between some insect pests and their
predators.

2. Studying the population fluctuations of certain common predators associated
with insect pests on sugar beet.

3. Evaluating feeding efficiency of the chrysopid, Ch. carnea and the coccinellid,
C. undecimpunctata in the laboratory.

MATERIALS AND METHODS

1. Serological studies

Samples of the insect pests and associated predators which were used in the
serological tests were collected from sugar beet fields. Insects of each sample were
anesthetized while in the net, using a piece of cotton saturated with ether and
transferred to paper bag (about 20 g of fresh insects), well tied by rubber band.
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Samples were labeled, stored and preserved shortly after collection in -20°C ﬁ'eezing
unit.

To produce the antigens, each sample was crushed in motor pestie, and
grounded to obtain fine powder, which suspended in saline solution 1% NaCl and
transferred to a beaker with a few drops of Sodium azide. That solution was
refrigerated for at least 24 hr at 6°C to dissolve soluble proteins, and then the
homogenate was centrifuged for 15 min at 2500 rpm and the supernatants poured
through a millipore-sterilizing filter. The obtained supernatants were used for
serological tests or injections after mixing them with the adjuvant.

The antigens of insects which were prepared are antigen 1- £ viftala larvae,
collected in Mar. and Apr,, antigen 2- A. mixta larvae, collected in Mar. and Apr.,
antigen 4- N. virfidula nymphs and adults, collected in Apr.; antigen 5- S. ocellatella
larvae, collected in Apr. antigen 10- M. coroliae aduits and larvae catched from Apr.
and May, antigen 16- P. affierii adults and nymphs, collected from Nov. to Apr. antigen
20- S. interruptus adults and larvae, collected from Nov. to May. antigen 21- C. vicina
fs/s adults and larvae, collected from Mar. to May. antigen 22- C. vicina nilotica adults
and larvae, collected from Mar, to May and antigen C-Ap/iis spp.

Mature male New Zealand white rabbits were used for injection program and
antisera preparation. Each rabbit received 10 injections, first one subcutaneous
followed by a second interamuscular and so on, as follows: 0.5, 1.0, 1.5, 2.0, 2.5, 3.0,
3.5, 4.0, 5.0 and 6.0 ml, respectively. In the first injection, a mixture of complete
adjuvant and insect extract (antigens A, B and C) in the ratio of 1: 1 was thoroughly
emulsified in a vortex stirrer before injection into rabbits.

The rabbits were bled one week after the last injection, blood samples were
incubated at 37°C for two hr, then transferred to a refrigerator at 4°C for 24 hr, to
aliow clot to separate from the serum. Obtained antiserum was centrifuged for 15
minutes at 2500 rpm in order to separate blood cells. Obtained clear antiserum was
mixed with Sodium azide. 0.2% and kept at -20°C until use. Three different antisera
were antiserum A- Ch. camea, antiserum B- C wndecimpunctata and antiserum C-
Aphis spp.

Gel double diffusion test difico agar 1% was introduced on blaze for 30 min and
poured in Petri-dishes (5.5 cm). Sodium azide {0.02%) was added to the gel before
pouring. After solidification, four peripheral wells and one central were made in the
gel. The distances between the peripheral and the central one and between each
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other were equally the same, The central well was filled with the antiserum, whereas
the others filled with the tested antigens. Each well was filled with 0.2 ml of the
sample. Petri dishes were kept carefully at 4°C for one week, then the reactions were
examined for detecting and counting the resulting precipitin lines (Pettersson, 1972
and Boraei, 1984).

2. Population fluctuations of the main pests and associated predators

The experimental area was about half feddan, planted on Oct. and divided into
six parts. Sampling was initiated in this plantation three weeks, sampling took place
weekly all the season round, from Nov. till Apr. Every sample was represented by 30
randomized plants. The plants were confined into the bags and tied. Catch of each

sample transferred to the laboratory for identification and counting.
3. Predation efficiency of C/. carnea and C. undicempunctatar

The following experiments were conducted in the Economic Entomology
Department, Faculty of Agriculture at Kafr El-Sheikh. The two predators, the green
lacewing, Ch. carmea and the ladybird, C undecimpunctata were reared under
laboratory conditions (26-31°C and 65-75% R.H.), to study their feeding efficiency on
three insect pests from sugar beet fields (C. vittata eggs and larvae, P. mixta, larvae
and S. ocellatella larvae).

Adults of predators were collected from sugar beet fields, transferred to the
laboratory. Each couple was confined in glass jar, covered with black muslin sheet as
site for oviposition, and furnished with filter paper to provide enough humidity. Eggs
were collected and incubated until hatching. A piece of cotton soaked in sugar solution
(10%) in small plastic container was placed inside the jar for feeding.

Newly hatched larvae (48) were divided into 12 replicates and moved
individually to Petri-dishes {10 cm) with filter paper at their bottoms. Each replicate
was provided daily with the tested insect pest. Every morning, dishes were inspected
to remove remains of the devoured prey as well as individuals alive that exceeded the
needs of the predators. Complete new groups were then introduced into dishes. As the
predatory instars progressed, number of each group of introduced hosts were also
increased, until reached their maximum. Number of devoured prey, by each larval
instar of the predator, was calculated daity unti! pupation occurred.

Throughout the périod of this study, chemical control was not applied. Data
obtained were statistically analyzed using Duncan’s Multiple test (Duncan, 1955).
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RESULTS AND DISCUSSION

1. Serological studies

Data of the present work were used to detect prey-predator relationships. It
was quite enough to determine the proportion of known predator fed on particular
pest species. The reaction was examined and resulting precipitin lines were counted.
Data indicate strong reactions when antisera were reacted with their homologous
antigens, however, when it was tested with the heterologous antigen, the reaction was
faint indicating lower positive reaction. In the present study, it was found that
produced antisera were strongly encugh for detectable precipitin reactions.

Relationship between the predator Ch. carnea and associated insects

As shown in the Table (1) and Figs. (1, 2) antiserum of Ch. carea (A} when
tested with the insect pests antigens; the aphids, the tortoise beetle, the beet fly, the
stink bug and the beet moth, gave sharp precipitin lines (positive reactions),
represented by 5, 6, 4, 2 and 2 precipitin lines, respectively. However, it gave a
negative reactions when tested with the heterologous antigens of the other predators;
C. undecimpunctata, P. affieriiand I senegalensis).

Relationship between the predator C. undecimpunctata and associated
insects

Data presented in Table {1) and illustrated in Figs. (3, 4) cbviously indicate that
the same trend was also observed with ¢ undecimpunctata antiserum and the main
insect pests collected from sugar beet fields, since sharp reaction was found with the
tortoise beetle, the beet fly, the green stink bug and the bee moth antigens (4, 5, 0
and 3 precipitin lines, respectively). Also, positive precipitin reactions was found
between the aphid antigen and the ladybird (C wndecimpunciata, antiserum)
represented by 6 precipitin lines. On the other hand, it gave negative reaction with the
other heterclogous antigens of C. undecimpunctata, 1. senegalensis, M. corollae and

Ch. carnea.
Relationship between aphids and associated predators

Results of Table (2) reveal that the coccinellid beetles (C. undicempunctata, C.
vicina isis, and C. vicing nilotica) show the highest reactions among all the tested
predators when tested with aphids, (Fig. 5 ,. 6), that positive precipitin reactions,
between the aphid and those {efficient) prédators were clearly detected as not less
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than 5 precipitin lines seen. Faint reaction represented by 3 lines for M. coroflae and S.
interruptus were recorded. On the other hand, no reaction happened at all between
the aphid antiserum and the antigens of Calosoma chlorostictum Dej. or I,
senegalensis which are known to live in habitats and environment completely different
from that of aphids. These results agree with the findings of Pickavance (1970) who
showed that the arthropod predators were feeding on aphids in the field gave positive
precipitin reaction when tested against aphids. It was also recorded by Leathwick and
Winterbourne (1984), who found that the aphid antigen when tested with the
antiserum C. undecimpunctata gave positive reactions.

2. Population fluctuations of the two predators and associated insect pests

As shown in Table (3), the lacewing, Ch. carnea was found from Nov. to Apr.,
then the population increased gradually until reaching its peak during Apr., (41
individuals). This peak followed the peaks of C wvittata (578 individ.), P. mixta (343
individ)., S. ocellatella (145 individ.) in the first season. In the second season,
population fluctuation showed nearly the same trend. One peak was recorded on Apr.
and was represented by 25 individ. and associated with the peaks of the three main
pests; C. vittata (535 individ.) in Mar., 2. mixta (318 individ.), and S. ocellatella (99
larvae), in the same moenth, Shalaby (2001) stated that one peak of the Ch. carnea
occurred in Apr.

Highly significant positive correlations were detected between the lacewing
and the tortoise beetle, the beet fly and the beet moth, it was just positive between
that predator and the green stink bug (Table, 4). Similar results, between the
predator and the tortoise beetle, the beet fly, the beet moth and the green stink bug,
were obtained by Talha (2001). In the present work, however, negative correlation
was found betweee Ch. carnea and aphids.

Data presented in Table (3) clearly show that the ladybird occurred in sugar
beet fields during early season in high numbers, as 45 and 48 individ. were recorded in
Nov. in the first and the second season, respectively, then decreased from Dec. {ill
Feb. That peak was associated with aphids in the two seasons. The second peak was
found in Apr., represented by 30 individ. that peak was associated with the peaks of
the main pests, C. vittata, P. mixta, S. ocellatella, Aphis spp. and N. viriduda in the
same month in the first season. In the second season, that peak was found in Mar.,
represented by 24 individ., in association with nearly all the other insect pests,
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synchronizing with the tortoise beetle {535 individ.} and aphids (54 individ) or followed
by the peaks of the two other insect pests which occurred one month later, in Apr., 2.
mixta (318 individ.) and S, oceflatefla (99 individ.). The obtained results agree with
that obtained by Youssef (1994).

Highly significant correlation was found between the ladybird and aphids in
hoth seasons and it was also positive for the tortoise beetle, the beet fiy and the beet
moth, but not significant. On the other hand, negative correiations were recorded here
between the ladybird and the green stink bug in both seasons (Table 4). Samy et al.
(1992) found also positive correlations between C. undecimpunctata and P. mixta and
C. vittata.

3.Predation efficiency of Ch. carnea and C. undecimpuncitata

Data presented in Table (5) indicate that, when the predator, Ch. carnea larvae
feed on eggs of the beet beetle, the duration of three larval instars were; 2.25, 2.75
and 4.75 days, respectively. The first larval instar consumed 19.00 eggs (10.84% out
of total consumed eggs), the second consumed 47.75 eggs (27.23% and the third
consumed 108.6 eggs (61.93%). Daily consumed of eggs per larvae in the three larval
instars were 8,44, 17.36 and 22.86 eggs, respectively.

Feeding capacity of C. undecimpunctata larvae fed on (. viflata eggs is
presented in Table (5), the larval stage was completed in four instars, all lasted for
9.75 days. The predator consumed 39.75, 85,50, 105.76 and 197.50 eggs, by the first,
second, third and fourth larval instars, respectively. Nearly half (46.09%) of them were
consumed by the fourth instar alone. The estimated average daily consumption of
eggs was 19.88, 38.00, 60.43 and 52.67 eggs of the 1%, 2™, 3" and 4" larval instars of
C. vittata, respectively.

When Ch. carnea larvae which lasted for 10.05 days were fed on newly
hatched beet beetle, the chrysopid predator consumed 79.75 individ. (Table 6). Daily
consumed larvae were 7.23 and 11.84 individ., in the second and third instars,
respectively. The predator did not feed on C wilfata larvae while the predator was in
the first instar and start to feed on them in the second instar which consumed 23.50
larvae, (29.47%}) and third instars which fed on 56.25 larvae (70.53%). In this respect
Talha (2001) found that Ch. carnea in the first instar did not feed on the larvae of C.
wittata and start to feed on them when it reaches the second instar.
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When the ladybird were fed on newly hatched larvae of C. vitata the duration
of the four larval instars averaged 13.75 days. The predator consumed 168.25 beetle
larvae. The average consumption of the predator larvae on the four larval instars were
7.45, 10.92, 13.73 and 15,19 larvae per day, respectively (Table 6).

As far as the larvae of the Ch. carnea were fed on newly hatched larvae of 2.
mixta, the duration of the three larval instars was 9.50 days. The first larval instar of
the predator did not feed on A. mixta larvae till the predator molted to the 2™ instar,
the average consumption of the predator larvae was 33 larvae (18.36% of the total
number of the consumed larvae) and 146.75 larvae (81.64%) during second and third
instars, respectively (Table 7). Youssef and Abou-Attia (2001) reported that the daily
number of 2. mixta larvae consumed by one (h. carnmea larva was 16.75 and 89.26
larvae for the second and third instars, respectively. Also, they found that the predator
in the first instar did not feed on the larvae of £. mixta.

The data presented in Table (7) showed durations of C. undecimpunctata larval
instars and number of consumed beet fly 1% instar larvae by each of those instars, 1%
larval instar lasted for 2.25 days during which it consumed 18.25 larvae of the prey,
2" larval instar lasted 2.50 days and consumed 43.50 larvae, 3" larval instar has a
duration of 1,75 days and consumed 64.0 larvae, while 4™ consumed throughout 2.75
days 124.50 larvae. The percentages of feeding capacity for each of the four larval
instars of this predator were; 7.29, 17.38, 25.58 and 49.75%, respectively.

Data shown in Table (8) indicate that, when the predator Ch. carnea larvae fed
on larva of the beet moth, the duration of the three larval instars was 2.75, 3.50 and
4,00 days, respectively. The average of total consumed larvae per the predator larvae
were 12.75, 21.00 and 33.75 larvae, for the first, second and third instars,
respectively. The third instar was the most efficient as it consumed 50% of the total
number of larvae. Daily consumed larvae were 4.64, 6.00 and 8.44 larvae in the first,
second and third instars, respectively. In this respect, Youssef and Abou-Attia (2001)
counted 5.20, 7.20 and 9.20 larvae/day for the three larval instars of the beet moth,
respectively.

Data in Table (8) indicate that the duration of the predator C
undecimpunctata was 11.80 days for the four larval instars. The first larval instar
consumed 11.25 larvae of the beet moth (8.84% out of total consumed), second instar
larvae consumed 19.5 larvae (15.32%), third consumed 39.25 larve, (30.85%) and
the fourth larval instar consumed the largest number of beet moth larvae, 57.25
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(44.99%). Daily consumed larvae were; 5.63, 7.80, 11.21 and 15.07 per day in the
first, second, third and fourth instars, respectively.

In conclusion, prey-predator relationships had been studied by three methods;
analyzing statistically the correlation between population fluctuations of both groups;
in sugar beet fields, evaluating the feeding efficiency of the predators in the laboratory
and studying the possibility of using serology in this respect. The statistical analysis
revealed insignificant or rather highly significant positive correlations between the
predator populations and each of C. vittata, P. mixta and S. ocellate/la. The longest
duration was recorded when that predators reared on the beet beetle. Strong
reactions were found between that predators and aphid followed by the beet beetle
and the beet fly and finally by the beet moth, it shows the relative importance of the
most dominant insect pests and associated predators. It was interesting to observe
that no serological reactions (zerc bands) were detected between any antiserum of the
two tested predators and any of the antigens of the other tested predators, in other
words no one of them feed on other indicating that they haven't negative effect on
the activity of each other in the field.

Finally, these results suggest that serological techniques might be used in
detecting the refationship between the predators and the insect pests, the precise and

quick method which now widely used in insect researches and rarely used in Egypt.
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Table 1. Precipitin lines detected with double diffusion test between Ch. camea, C.
undecimpunctata antiserum and antigens of some sugar beet insects,

No. of precipitin lines
Insect antigens
Ch. carnea C. undecimpunclata
Ch. carnea (A)* 8 0
C. undecimpunctata (B) 0 7
Aphis spp. (C) 5 6
I senegalensis (D) 0 0
C. vittata (1) 6 4
P. mixta (2) 4 5
N. viridula (4) 2 0
S. ocellatefla (5) 2 3
M. corollae (10) o 0
P. alfierii (16} 0 0

Refer to materials and methods to know the characters of a special antigen or antiserum

expressed here or in the following figures, by a letter or number.

Table 2. Precipitin lines detected with double diffusion test between anti-aphid-serum
and antigens of associated predators.

Insect antigens No. of precipitin lines
Ch. carnea (A)y*

C. undecimpunctata (B)
LAphis spp. (C)

1, senegalensis (D)

M. corollae (10)

CGalosoma chiorostictum (11)
P, alferii (16)

Sc. inferruptus (20)

|C vicina isis (21)

C. vicina nifotica (22)

* Refer to materials and methods to know the characters of a special antigen or

gl W N O WO N

wn

antiserum expressed here or in the following figures, by a letter or a number.
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Table 3. Population fluctuations of insect pests and associated predators in sugar beet
field during the seasons, 2001-2002 and 2002-2003.

Predators Pests

Date ch, C C P 5. Aphis N

carnea |undecimpuncta|  vittata mixta |ocellatella spp. viridula

L+A ta L+A+P L+P L A+N A+N

L+ A
2001/2002
Nov. 5 45 ] 13 0 255 9
Dec. 7 19 2 31 2 31 19
Jan. 6 0 2 48 8 22 21
Feb. 14 4 35 43 18 0 32
Mar. 37 12 394 206 109 33 11
Apr. 41 30 578 343 145 50 26
Total 110 110 1011 684 282 391 118
200272003
Nov. 4 48 0 9 0 82 0
Dec. 4 12 0 15 4 13 2
Jan. 5 0 5 122 12 0 27
Feb. 13 3 259 163 22 35 30
Mar. 23 24 535 138 45 54 29
Apr. 25 23 533 318 99 4 19
Total 74 110 1332 765 182 188 107
N. Nymphs L. Larvae pupae A. Adults

Table 4. Simple correlation coefficients between the main pests in sugar beet field and

their predators during two successive seasons.

w C P, S. Aphis N.
Predator vittata mixta ocellatella sSpp. viriclula
2001-2002
Ch. camnea +0.905** | +0.873%* +0.908** -0.164 +0.366
C. undecimpunctatal  +0.256 +0.212 +0.215 +0.754** | -0.236
2002-2003
Ch. carnea +0.793%* | +0.539** 0.757** -0.051 +0.376
C. undecimpunctata] +0.067 +0.282 +{.024 +0.686%* | -0.398*

* Significant (P = 0.05)

** Highly significant (P = 0.01)
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Table 5. Larval duration and predation efficiency of Ch cammea and C
undecimpunctata reared on C. viftata eggs under laboratory conditions.

Larval instar Duration Consumed eggs Daily no.
{days + SD) No + SD % consumed
Ch. carnea
1% 2.25 + 0.50 19.00 + 0.82 10.84 8.44
2™ 2.75+0.50 | 47.75+2.75 27.23 17.36
3% 4.75 + 050 | 108.60 +9.97 | 61.93 22.86
Total 9.75 175.35
C. undecimpunctala
1* 2.00 +0.82 | 39.75 + 4.57 9.28 19.88
2 2.25 + 0.96 85.50 + 5.07 19.95 38.00
3¢ 1.75 + 0.50 | 105.76 +4.97 | 24.68 60.43
4 3.75 +0.96 | 197.50 + 23.57 46.09 52.67
Total 9.75 428.51

Table 6. Llarval duration and predation efficiency of Ch. camea and C

undecimpunctata reared on the beet beetle 1% larval instar, under

laboratory conditions.
Larval instar Duration Consumed larvae Daily no.
{days + SD) No + SD % consumed
Ch, carnea
1% 2.05 + 0.58 0.00 0.00 0.00
2nd 3.25 + 0.50 23.50 + 1.29 29.47 7.23
3 4.75 + 0.50 56.25 + 4.27 70.53 11.84
Total 10.05 79.75
C. undecimpunctata
15t 2.75 + 0.50 20.50 + 1.29 12.18 7.45
2" 3.25 + 0.50 35.50 + 1.29 21.09 10.92
31 3.75 + 0.50 51.50 + 1.29 30.6 13.73
4t 4.00 + 0.62 60.75 + 1.71 36.12 15.19
Total 13.75 168.25




28 APPLICATION OF SEROLOGY TO EVALUATETHE RELATIONSHIP BETWEEN
SOME SUGARBEET INSECT PESTS AND THEIR PREDATORS

Table 7. Llarval

undecimpunctata reared on the beet fly 1% larval instar, under laboratory

duration and predation efficiency of Ch camea and C.

conditions.
Larval instar Duration Consumed egqgs Daily no.
(days + SD) No + SD % consumed
Ch. carnea
1 2.50 + 0.58 0.00 0.00 0.00
2" 2.75 +0.50 | 33.00 +2.16 18.36 12.00
3" 4.25 + 0.50 | 146.75 + 10.78 81.64 34.53
Total 9.50 179.75
C. undecimpunctata
1% 2.25 + 0.50 18.25 + 0.96 7.29 8.10
2 2.50 + 0.58 | 43.50 + 4.43 17.38 17.40
3 1.75 + 0.50 | 64.00 + 2.92 25.58 36.57
4 2.75 +0.50 | 124.50 + 8.81 49.75 45.27
Total 9.25 250.25
Table 8. Larval duration and predation efficiency of Ch camea and C
undecimpunctata reared on the beet moth 1% instar larvae under laboratory
conditions.
Larval instar Duration Consumed eggs Daily no.
(days + SD) No + SD % consumed
Ch. carnea
1% 2.75 + 0.50 12.75 + 0.96 18.89 4.64
2™ 3.50 + 0.58 | 21.00 + 1.83 31.11 6.00
3¢ 4.00 + 0.82 | 33.75 + 2.06 | 50.00 8.44
Total 10.25 67.50
C. undecimpuncitata
1% 2.00 + 0.50 11.25 + 1.41 8.84 5.63
2" 2.50 + 0.58 19.50 + 1.29 15.32 7.80
3" 3.50 + 0.58 | 39.25 +6.13 30.85 11.21
4th 3.80 + 0.96 | 57.25 + 3.81 44.99 15.07
Total 11.80 127.25
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Fig. 1. Antiserum of Ch. carnea (A) was  Fig. 2. Antiserum of Ch. carmea (A) was

diffused against the antigens, C diffused against the antigens; Aphis
vittata (1), P. mixta (2}, N. viridulz spp. (C), C. undecimpunctata (B), P.
(4) and 5. ocellatelia (5) alfferii (16), and L. senegalensis (D)
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Fig. 4. Antiserum of . wundecimpunctata Fig. 3. Antiserum of C. undecimpunctata (B)

(B) was diffused against the was diffused against the antigens;
antigens; C. wittata, (1), P. mixta (2), Aphis spp. (C), 1. senegalensis (D}, M.
N. viridula (4), and S. ocellatella (5) corofiae (10), and Ch. carnea (A)

ol e

Fig. 5. Antiserum of the aphid (C) was Fig. 6. Antiserum of the aphid (C) was
diffused against the antigens; M diffused against the antigens; C
coroflae (10), P. alfierii (16), C. vicina nilotica (22), M. corollze (10),
undecimpunctata (B), and h. C  chlorostictum  (11), and 5.

carnea (A) interruptus (20}
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