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SEROLOGICAL STUDIES ON THE RELATIONSHIP BETWEEN
SOME EGYPTIAN CLOVER INSECT PESTS AND THEIR

Abstract

In the present work prey-predator relationships had
been studied by three methods; analyzing statistically the
correlation between population fluctuations of both groups;
evaluating the feeding efficiency of the predators in the
laboratory and studying the possibility of using serology in this
respect. Throughout the two years of the study (2001-2003), at
the experimental farm and Econ. Entomol. Dept. of Kafr El-
Sheikh Faculty of Agriculture, it was found that the lacewing
predator Chrysoper/a carnea Steph. swarmed twice a year, The
first peak (22 individuals.) which occurred in Dec. followed the
appearance of Aphis gossypii Golve and Spodoptera littoralis
Boisd at the beginning of the season. The second peak which
occurred in Feb. or Mar, (19 individuals.) synchronized with the
peaks of the alfalfa weevil, the green bug, aphids and the
leafhoppers. Highly significant correlation was detected
between that predator and the alfalfa weevil,

The ladybird Coccinefla undicempunctata L. was found to
occur in two peaks. The first was observed only in Dec. (8
individuals.) coincided with A gossypi and S litforalis.
However, the second peak occurred in Mar. (40 individuals.)
coincided with the alfalfa weevil, aphids and the leathoppers,
with high positive correlation recorded for them.

The three larval instars of Ch. carnea required duration
of 7.75, 8.35, 8.45, and 9.80 days to develop to pupation on
the cotton leafworm larvae, cotton leafworm eggs, alfalfa
weevil larvae and the aphids, respectively. During all the larval
stage, it consumed 83.50, 4255, 88.05 and 336.50
individuals., not less than 50% of them were consumed by the
3" instar solely (55.69, 77.44 57.99, and 50.89%), respectively.

The ladybird predator devoured €94.00 of the cotton
leafworm eggs during the shortest duration of iarval stage (8.25
days). However, the less individuals it consumed from other
insect pests of clover field (329.75 aphids, 229,75 cotton
leafworm larvae, and 149.c0 alfalfa weevil larvae), the longer
duration periods were (8.30, 11,75, 13.45 days), respectively.
The 4™ instar consumed relatively the highest percentages of
individuals offered for the four mentioned insects, as it
consumed 42.95, 37.76, 50.05 and 49.83%, respectively.

Serological studies carried out to evaluate the relationship
between the antiserum of two predators, Ch. carnea and C.
undecimpunctata against insect pests antigens the degree of
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reaction shown in the z3ar of the double diffusion test. Results
of double diffusion test revealed strong reactions detected for
the larvae of the cotton leafworm (6 lines) indicated that it
might be the most acceptable prey by the predator, Ch. carmea
followed by aphids (4 lines) and the alfaifa weevil (3lines).
Sharp reaction observed between the predator, C
undecimpunctala antiserum and the aphids (6 precipitin lines)
and the cotton leafworm (4 lines). Reactions were less
detectable with the other heterologous antigens. It is worthily
mentioning that bath of the two antisera when tested with the
antigens of the other predators, no reactions were detected.

Finally those results suggest that serclogical techniques
might be used in detecting the relationship between the predators
and the insect pests, the precise and quick method which now
widely used in insect researches and rarely used in Egypt.

INTRODUCTION

Egyptian clover (7rifolflum alexandrinum L.} is one of the mast important
crop in Egypt. Egyptian clover is usually used as good diet sours of proteins for
animals. On the other hand, dover is good reservoir for natural enemies and pests.

The interactions between insects and their predators are essential ecological
processes that contribute regulation of insect populations (Dent, 1995). Among the common
predators in most field crops are the chrysopid, coccinellid, staphylinid beeties and certain
dipterous species. The study of population density of predators occurring in dover field, have

" been determined by many authors, Boraei et a/ (1993), El-Agamy, 1996, El-Dakhakhni et a/
1995, El-Hawary ef &l 1995, and Talha, 2001, receded some insect pests on clover fields.
Hypera brunnejpennis Boh., Aphis gossypii Golv., Spodoptera littoralis Boisd., Mezara viridula
L., and Empoasca spp., are the most dominant ones and most of damage in clover fields are
due to them.

Predation efficiency of Ch carmea and € undecimpunctata on the
immature stages of the main insect pests of clover were studied by Ahmed (2000), Salem
{2002), El-Shafei (2003) and Khalifa (2005).

However, during the ecological study on the alfalfa weevil, Boraei (1984) was
able by using the agar double diffusion test to differentiate between different genera
Sitona Humeralis F. and Phytonomus variabilis, collected from Hungary and Phyionomus
colleded from Egypt. He differentiated also between various defined physiological phases
within one and the same species (newly emerged active adults and diapausing ones).

Many outhers suggest that serological techniques might be used in
detecting the relationship between the predators and the insect pests. Pettrsson 1972,
Ashby 1974, Mollet and Armabrust 1977, In the present work we are dealing with the
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prey-predator relationships, so in the following we will throw a glance on serological
studies carried out to investigate such interesting relationships among predators and
their preys.

In Egypt, serology was seldom followed in entomological researches.
Recently (1999) El-Kordy et a/. used serology in this respect.

The objective of the present work was studying the prey-predator relationships in

clover fields by the following methods :

- Population fluctuations of cettain common predators associated with the insect
pests in clover fields.

- Predation efficiency of the chrysopid, Ch. camea Steph. The coccinellid, C
udecimpuncitata |. and

-~ Serological studies on the relationship between some insect pests and their

predators.
MATERIALS AND METHODS

1. Population fluctuations of ftwo predators, Ch. camea C
undecimpunctata and associated insect pests :

Fields were planted in Kafr El-Sheikh on Oct. The experimental area was
about half feddan. Sampling took place weekly all the season round, from Nov. till
May, by the aid of sweeping net. Catch of each sample (50 double strokes) transferred
to the laboratory in a plastic bag, where anaesthetized before identification and
counting.

2, Predation efficiency of Ch. camea and C. undecimpunctata

The two predators; the lacewing, Ch. carmmea and the ladybird beetla, C
undecimpunctata were reared under laboratory conditions (26-31C and 65-75% R.H.),
their feeding efficiency on three insect pests collected from clover fields (4. gossypi, S.
fittoralis eggs, larvae and H. brunnejpennis larvae) were studied. Aduits of the predators
were collected from the clover fields, transferred to the laboratory. Each couple was
confined in glass jar covered with black muslin sheet as site for oviposition, and
furnished with 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 for feeding. '

Newly hatched larvae of Ch. carmnea and C undecimpunctata {(64) were
divided into four replicates and moved individually to Petri-dishes (10 cm) with filter
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paper at their bottoms. Each replicate was provided daily with know number of the
tested insect pests collected from clover fields . As the predatory instars progressed,
number of each group introduced hosts were also increased. Number of devoured
prey, by each larval instar of the predator, was calculated daily until pupation
occurred.

3- Serological studies

Samples of the prevailing insect pests and associated predator which were
used in the serological tests, were collected from clover fields. Insects of each sample
were anesthetized with ether and was transferred to polyethylene bag (about 20 mg of
fresh insects), well tied by nibber band; labeled and preserved shortly after collection, in -
20C freezing unit.

The samples were crushed and ground in mortar to obtain fine powders.
The powders were suspended in saline solution (1% Nacl). The suspensions (10
mg/ml) were transferred to beakers with few drops of sodium Vé:zidé'(rd.ﬁi mi). The
solutions were refrigerated for at least 24 hr to dissolve soluble protein and then the
homogenate was centrifuged for 15 min at 2500 rpm and the supernate poured
through a millipare-steritizing filter. The supernatants were obtained and used for
serology tests or injection after mixing them with the adjuvant.

The antigens were prepared antigen A-Ch. carnea larvae and adults,
collected from Jan. till May, antigen B-C. undecimpunctata larvae and aduits, collected
from Mar. to May, antigen 3-Empoasca spp. nymphs and adults, collected from Mar.
till May, antigen 4-N. viridula nymphs and adults, collected from Feb. till May, antigen
6- H. brunnejpennis larvae, collected in Feb. and Mar., antigen 14- S. fittoralis larvae,
collected during Nov. and May, antigen 18-A. gossyp#, nymphs and adults, collected
from Feb. to Apr.

Mature male New Zealand white rabbits were used for injection program and
antisera preparation. Each rabbit received 10 injections, first one subcutanepus followed
by a second interamuscular and so on, as follows: 0.5, 1.G, 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,) in the ratic of 1:1 was thoroughly emuisified in a vortex stirrer
before injection into rabbits.

The rabbits were bled one week after the last injection, blood samples
were incubated at 37C for two hr, then transferred to a refrigerator at 4C for 24 hr, to

allow clot to separate from the serum. Obtained antiserum was centrifuged for 15
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minutes at 2500 rpm in order to separate blood cells. Obtained clear antiserum was
mixed with sodium azide. 0.2% and kept at -20C unti! using.

Two different antisera were antiserum A-Ch carnea larvae and adults
collected from Jan. till May, antiserum B-C wndecimpunctata larvae and adulis, collected
from Mar. till May.

Gel double diffusion test difico agar 1% was introduced on blaze for 30
min and poured in Petri-dishes (5.5 cm). Sodium azide (0.2%) was added to the gel
before pouring. After solidification, four peripheral wells and cne central were made in
the gel. 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 4C for one week, then the reactions were examined for detecting and
counting the resulting precipitin (Boraei 1984).

Throughout the period of this study, chemical control was not applied.
Data obtained were statistically analyzed using Duncan’s Multipie test {Duncan, 1955).

RESULTS AND DISCUSSION

1. Population fluctuations of two predators, Ch camea, C.

undecimpunctata and associated insect pests :

Data in Table (1) presented the menthly records of the two predators and
associated insect pests in clover fields .

Ch. carnea and associated insect pests_;

The chrysopid, Ch. carnea started to appear by the beginning of Nov. in
the season 2001-2002. Then a sudden increase occurred in Dec. declaring the first
peak, represented by 22 individuals per 50 double strokes. This peak, which followed
by relatively high numbers of the two pests, A gossypi (19 individuals) and 5.
littorafis (20 individuals.) which recorded at the beginning of the season (Tabie 1).

The second peak of the predator was recorded in Feb. represented by 19
individuals, synchronized with the peaks of the two pests; H  brunnepennis (681
individuals.) and A wiriduda, (18 individuals.), then occurred the second peak of A. gossypi
(192 individuals.) in Mar. However, results of the second season took a different trend, the
population of the predator Ch. camez didn't appear significantly until Feb., with only one
peak recorded in Mar., represented by 19 individuals. That peak was associated with the
peaks of the three main pests; A brunnepennis, (653 individuak.), A gossypi (223
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individuals.) and the leafhapper, £mpoasca spp. (257 individuals.) (Table 1) in the same
month.

As shown in the present study, the lacewing predator appeared in clover
fields in Nov. and increased gradually to reach its highest peak in Mar., but sometimes
another peak occurred early at the beginning of the season as happened in the first
season {2001/2002) in Dec. Similar findings were recorded by many authors (Ali et af
1982, Mesbah 1991, and El-Mezayyen 1998}, '

Statistical analysis in Table (2) showed that highly significant correlation was
found between the lacewing and the aifalfa weevil in both seasons, as will as the
leafhopper but only in the second season and negative correlation was found between the
lacewing and the green stung bug in the second season. In this respect, the former
authors (Ali ef af 1982) sustained that result, since they found that the high population
density of the lacewing was associated with the highest peak of abundance recorded for
the alfalfa weevil larvae. On the other hand, Moawed ef af in 1985 mentioned that the
peak of that predator occurred at the end of the season in May coinciding with S. fiforalis
Moreover El-Mezayyen (1998), recorded also two peaks of abundance, and showed that
there was a high significant correlation between the predator and the green stink bug, A
virigia.

C. undecimpunctata and associated insect pests :

Data of Table (1) indicated that ladybird insects were not found in clover
fields during early season and # appeared, just in low density as occurred in
2002/2003 seasdn, whenever only eight individuals were recorded in Nov. It began to
appear in Feb, but in low densities, and by Mar, it reached abruptly to a distinct peaks
represented by 41 and 40 individuals per 50 double strokes in the first and second
season, respectively. However population densities didn't decline signiﬁcantly untif the
season came to an end. The present results are similar to those recorded by many
authors (Abd EI-Galil ef a/. 1982 and El-Mezayyen 1993). In general, they recorded
that important predator in clover fields were found increasing exponentially from Mar.
or Apr., and reaching its peak in May in El-Tahrir and Kafr El-Sheikh area.

As far as relationships between the coccinellid predator and the associated
pests are concerned, it was noticed that peaks of the predator were generally
coincided with the occurrence of the peaks of the insect pests; H. brunnejpennis, A.
gossypi, 5. littoralis and Empoasca spp. in the two successive studied seasons (Tables
1). Ali et a/ (1982) found that the highest population of the ladybird was associated
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with the highest peak of H. brunneipennis during Mar. However, high positive
correlation values were recorded between the predator and both of the later two ones
{A. gossypii and Empoasca spp.) and it was aiso positive for the alfalfa weevil but not
significant, (Table 2). Negative correlation was found between € wndecimpunctata
and population of . fitforalis and N. viridula in 2001/2002 season. In 2002/2003,
positive correlation with between ladybird and all the considered pests, except the
green stink bug. In this regard, Ali ef a/ (1982), found that the coccinellid population,
as in the present work, was correlated with the population of the alfalfa weevil larvae.
However it is worthily to mention that El-Mezayyen (1993) found that correlation was
negative and insignificant, was found between C. undecimpnctata and H.
brunneipennis Larvae.

2- Predation efficiency of Ch. carnea and C. undacimpuntata,

During the larval stage, which lasted for 9.80 days, the chrysopid predator consurned
336.50 individuals of aphids. Daily consumed were 12.64, 42.78 and 42.81 individuals
in the first, second and third instars, respectively. Table (3). Many authors pointed to
the efficiency of that predator on aphids, as Ei-Shafei who mentioned (2003) that it
might consumed greater numbers of aphids (766.69 individuals,). Durations and
feeding capacity of C undecmpunciata larvae fed on A. gossypii nymphs are
presented in Table (3). Throughout the total larval duration (8.30 days), the predator
consumed 329.75 individuals. of aphids, compared with Salem (2002) who recorded
lower number 323, Daily consumed aphids were 23.50, 28.88, 44.67 and 60.73
nymphs for the fourth instars, respectively. In similar work, the larval stage of C.
undecimpunctata required an average of 234 aphids to complete its development,
that was completed in about 6 days (Ahmed, 2000), Khalifa(2005) mentioned that it
consumed greater number of aphid nymphs however, he Just counted 271.8
individuals, ‘

As far as eggs of the cotton leaf-worm was offered to the pfedator, Ch. carnea, it was
found that, 19.00, 77.00 and 329.50 eggs were consumed by the three larva! instars
which lasted for 2.25, 2.05, and 4.05 days, respectively {Table 4). The third instar was
the most efficient as it consumed 77.44% of the total number of egg consumed. In
this respect, Megahed (1982) counted 538.20 eqggs, of S. littoralis.

However, C. undecimpunctata consumed more eggs {694.00) during shorter period
(8.25 days) (Table 4). Daily consumed S. littoralis eggs were 41.14, 48.89, 107.00 and
132.44 eqggs in the first, second, third and fourth instars, respectively.
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Data presented in Table (5) showed duration of Ch. camea larval instars
and number of consumed the cotton leaf-worm 1% instar larvae by each of those
instars, 1% lasted for 2.00 days during which, it consumed 12.0 larvae of the prey, 2™
lasted 2.50 days and consumed 25.0 larvae, while 3@ consumed throughout 3.25
days 46.50 larvae, which represented more than half (55.69%) of all larvae devoured
by the predator.

As seen in Table (5), 229.75 of 1* instar larvae of the cotton leaf worm
were consumed by of . undecimpunctata larvae during 11.75 days. The 4™ instar,
solely, devoured 50.05% of them. El-Maghraby et &/, {1993) found similar results, as
he concluded that 16.00 individuals were quite enough to feed on such number of egg
and newly hatched larvae.

Data presented in Table (6} showed duration of the predator Gh. carnea
farval instars. The three instars, which collectively lasted for 8.45 days, consumed
88.05 larvae; most of them were consumed by the third instar (51.05 larvae of the
alfalfa weevil, 57.99% of all consumed larvae). Daily consumed of the alfalfa weevil
were 6.00, 11.11 and 12.15 larvae for the three instars, respectively.

Durations and feeding capacity of C. undecimpunctata larvae fed on larvae
of the Egyptian alfalfa weevil are shown in Table (6). Through out the total flarval
duration (13.25 days), the predator consumed 149.00 individuais, nearly three
quarters (49.83%) of them were consumed by the fourth instar. Daily consumed
weevil were 3.91, 6.55, 13.14 and 17.47 larval for the fourth instars, respectively.

3. Serological studies
Serological studies carried out to evaluste the relationship between the
antiserum of two predators against insect pests antigens the degree of reaction shown in the
agar of the double diffusion test.
Relationship between the predator, Ch. carnea and associated insect pests:
When antiserum of the predator (. carnea was tested against the antigen
of the insect pests collected from clover fields positive reactions were obtained. Most
acceptable insect might be the larvae of the cotton leafworm, hence strong reaction (6
precipitin lines) were detected, followed by aphids, the leafhopper, the alfalfa weevil and
the green stink bug (5, 4, 3 and 2 lines, respectively), On the other hand, it gave negative
reactions with the other heterologous antigens {C. wndecimpunctata, 1. senegalensis, M.
coroflae. Table (7) and Fig (1-2).
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Relationship between the predator £ wundecimpuntata and assoclated insect
pests:

Data presented in Table (7} and illustrated in Figs (3-4) obviously
indicated that the same trend was observed with antiserum of C undecimpunctata,
the sharp reaction, the clearest band (7 precipitin lines), was detected for the
homologous antigen of C wundecimpunctata, (Fig. 29-30). Strong reactions between
the ladybird predator and the two insect pests; A. gossypi and 5. /fittoralis,
represented by 6 and 4 precipitin lines, respectively. Indicated that they are preferred
by the predator. Reactions were less detectable with the other heterologous antigen of
the leafhopper and the alfalfa weevil, as only one single line was observed in the agar
between antigen of each of them and the antiserum of the predator. These results
agree with the findings of Pickavance (1972) who showed that the predators
arthropods were feeding on aphids in the field gave positive precipitin reaction when
tested against aphids. It was also recorded by Leathwick and Winterbourne in (1984)
they found that the aphid antigen when tested with the antiserum C. undecimpunctata
gave positive reaction.

Moreover, in case of compatibility (feeding), number of common antigens
were detected between the predator and prey, and vise versa, no common antigens
were observed in the case of incompatibility (no feeding). In our study, rabbits were
immunized with 10 injections. However, Mollet and Armabrust (1977) used only 2
injections to produce antiserum against the alfalfa weevil adult and was able to detect
strong reaction enough for a detectable reaction with a very high degree of specificity
but as he found, it was not useful in field predatioh studies for the lack of reaction.

As a conclusion, we may suggest that agar double diffusion test, using
unabsorbed antisera is quite efficient to differentiate between various insect species
and in detecting the relationship 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. Popuiation fluctuations of two predators, Ch. carnea, C. undecimpunctata
and associated insect pests in clover fields during the seasons, 2001/002 &

2002-003.
PREDATORS PESTS
c

ch. . H. A 5. N Empoasca
Date undedim- ) . T ) L

camea punctata Brunneipennis | gossypii | fittoralis | viridula spp.

L+A L+A L+A A+N L A+N A+N
Nov. 1 0 0 19 20 7 7
Dec. 22 0 7 15 6 10 13
Jan, 13 0 211 33 2 10 16
Feb. 19 8 681 152 6 18 45
Mar. 14 41 472 192 14 10 100
Apr. 5 38 85 80 0 15 300
May 2 25 10 7 0 4 70
Total 76 7112 1466 498 48 74 551

2002-2003

Nov. . 0 8 0 1ic4 23 5 10
Dec. 3 0 6 354 15 5 50
Jan. 5 0 56 44 9 12 90
Feb. 10 4 592 82 10 4 209
Mar. 19 40 653 223 5 8 257
Apr. 18 35 145 18 0 14 30
May 0 31 3 9 0 20 1
Total 55 118 1455 834 62 68 647

N. Nymphs L. Larvae A. Adults
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Table 2. Simple correlation coefficients between Ch. cames, C undecimpunciata and
associated insect pests in clover fields during two successive seasons.

Pests H. A 5. N. Empoasca
brunneipennis | gossypil | fittoralis viridula spp.
Predator 2001-002
Ch. carnea +.496** +.109 +.233 +.269 -.288
C +.054 +.491* -155 -.094 +.710%*
undecimpunctata *
2002/003
Ch. carnea +.528%* +.257 +.281 -.032 +.466**
C +.259 +,203 +527* +.290 +.106
undecimpunctata

* Significant (P= 0.05)

**Highly significant (P=0.01)

Table 3. Larval duration and predation efficiency of Ch. cameaand C undecimpuctata
larvae fed on A. gossypi nymphs under laboratory conditions

Larval instar Duration Consuimed aphids Daily no.

(days £SD) (No. £5D) 1 % consumed

Ch. carnea
1% 2.75 £ 0.96 3475+ 1.71 10.33 12.64
2m 3.05%1.29 130.50 + 1.29 38.78 42,78
3r 4.00 %082 171.25 + 0.96 50.89 42.81
Total 9.80 336.50
€. undecimpuctata

1% 2.00 £ 0.82 47.00 = 2.16 14.25 23.20
2 2.00 £ 0.82 57.75 % 2.22 17.51 28.88
3 2.25 + 0.46 100.50 + 4.20 30.48 44.67
4th 2.05+1.29 124.50 £ 4.20 37.76 60.73
Total 8.30 329.75

Table 4. Larval duration and predation efficiency of Ch. carmea and C
ndecimpuctata reared on 5. Jittoralis eggs under laboratory conditions.

Larval Duration Consumed eqggs Daily no.
instar (days £5D) {No. £ 5D) % consumed
Ch. camea
1 2.25+ 050 19.00 £ 0.82 04.47 8.44
2nd 2.05 + 1.29 77.00 £ 0.82 18.09 37.56
3d 4,05 + 0.58 329.50 + 1.41 77.44 81.35
Total 8.35 425.50
C. undecimpuctata

1% 1.75 % 0.95 72.00 + 1.63 10.37 41.15
2" 2.25 + 1.50 110.00 £ 3.56 15.83 48.89
3 2.00 £ 0.82 214.00 £ 3.70 30.88 107.00
4% 225+ 1.70 298.00 + 4.32 42.92 132.44
Total 8.25 594.00
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Table 5. Larval duration and predation efficiency of Ch. camea and C
undecimpuctata larvae fed on the cotton leaf worm 1% instar
larvae under laboratory conditions.

Larval Duration Consumed larvae Daily no.
instar (days = SD) No.+SD | % consumed
Ch. camnea
1¢ 2.00 + 0.82 12.00 + 2.16 14.37 6.00
2™ 2.50 + 1.29 25.00 + 2.16 29.94 10.00
3¢ 3.25 + 0.96 46.50 & 2.65 55.69 14.31
Total 7.75 83.50
C. undecimpuctata

1# 2.75 £ 0.96 12.25+ 2.16 05.34 04.45
2™ 3.50 £ 0.58 31.50 £ 2.29 13.71 09.00
3 2.50 £ 1.29 71.00 + 0.82 30.90 28.40
4t 3.00 + 0.82 115.00 + 3.56 50.05 38.33
Total 11.75 229.75

Table 6. Larval duration and predation efficiency of Ch. camnea and C. ndecimpunctat

reared on alfalfa weevil larvae .

Larval Duration Consumed larvae Daily no.
instar (days £ SD) No. £ SD % consumed
Ch. carnea
1 2.00 + 0.00 12.00 + 0.82 13.62 6.00
2nd 2.25 + 0.69 25.00 + 1.41 28.39 11.11
3™ 4,20 £ 0.50 51.05 + 0.00 57.99 12.15

Total 8.45 88.05
C. undecimpunctata
1 2.75 £ 0.92 10.75 £ 1.71 7.22 3.91
2™ 2.75+1.71 18.00 £ 0.82 12.17 6.55
3 3.50 £ 1.29 46.00 + 2.16 30.87 13.14
4th 4,25 + 0.50 74.25 £ 1.71 49.83 17.47
Total 13.25 149.00

Table 7. Precipitin lines detected with double diffusion test between Ch. carnea, C.

undecimpunctala intserum and antigens of some clover insect pests .

: No. of Precipitin lines
Insect antigens O camea C. undecimpundal
Ch. carnea (A)* 8 0
C. undecimpunctata (B) 0 7
I, senegalensis (D) 0 0
Empoasca spp- (3) 4 1
N viridula (4) 2 0
H. brunneipennis (6) 3 1
M. corofize (10} 0 0
S. fittoralis (14) 6 4
A. gossypii (18) 5 6

*Refer to materials and methods to know the characters of a special antigen
or antiserum expressed here, in the following figures, by a letter or number.
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Fig.(1). Antiserum of Ch. Carnea (A)
against antigens; . carnea (a), C.
undecimpunctata {b), 1. senegalensis
(d), and M. coroliae (1)

Fig.(2).Antiserum of Ch. carnea (A)
against antigens; A. gossypii (18),
S. littoralis (14), H. brunneipennis
{6)and Empoasca spp. (3).

O
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O

Fig. (3). antiserum of

C. undecimpunciata (B) was diffused
against the antigens; 5. /ittoralis, (14),
A, gossypii (18), and N. viridula (4).

(@)
O OO
O

Fig. (4). antiserum of

C undecimpunctata (B) was diffused

against the antigens; C.
undecimpunctata (B), I,
senegalensis (D), Ch. camea (A),
and A brunneipennis (6).
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