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ABSTRACT: Healthy and hopper (BPH, WBPH and GLH) infested rice plants, different
plant pzfrts (leaf, stem and panicle) and rice plants of different ages (15, 40, 75 day old and
harvesting stage plants) and their exfracts were evaluated as the sources of synoﬁmnes for
aftracting predatory mirid bugs viz., Cyrtorhinus lividipennis Reuter and Tyrthus purviceps (Reuter)
te the plant ecosystem. Rice plant and its extracts served as source of synomone for the mirid
bugs. Mirid bugs exhibited preference towards hopper damaged rice plants and their extracts.
Brown planthopper (BPH) damaged rice plants and extracts were more attractive to the mirid
bugs than white backed planthopper (WBPH) and green leathopper (GLH) damaged plants
and.their extracts. Among plants of different ages, 75 day old plants and their extracts were
preferred by mirid bugs to 40 day old, 15 day old and harvesting stage plants and their
extr.acts. Rice leaf extracts was more attractive to the mirid bugs compared to stem and
panicle extracts. Rice plant plays an important rele in attracting mirid bugs to the plant

system and.mird bugs were able to distinguish the insect damaged and undamaged plants
and recognize plants of suitable age.
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INTRODUCTION

Among various insect pests damaging rice
crop, planthoppers including brown planthopper
(BPH), Nilaparvata fiugens (Stal), whitebacked
P;{ant}}opper (WBPH), Sogarella furcifera
E};;Z:\;ﬁ?) a[l;‘d green leaf‘hopper (GLH), Nephotettix
dire;: t " ;n( ’ istant) arc very important causi.ng both
damane blflg'e t?y sucking plant sap and indirect
Mir'déb \z acting 11:s vectors of virus disecases.

1aougs, Cyvrtorhinus lividipennis Reuter and

Tytthus parviceps (Reuter) are cffective biocontrol
agents against rice hoppers (Liquido and Nishida,
1983). The information available on how mirid bugs
locate their hosts is very scanty. Synomones from
the host plant play an important role in mediating
host habitat and host location of the natural
enemies. An attempt has been made to identify the
sources of volatile chemicals originating from the
host plant (rice) to attract the predatory mirid bugs
to the rice ccosystem.
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MATERIALS AND METHODS

TN rice plants were grown in the greenhouse
at 30+ 3°Cand 60 ¢ 10 per cent relative humidity.
BEHL, WEBPH and GLI were reared on 60-day-old
ree plants in wooden cages in the greenhouse. Mind
bugs were reared on BPH oviposited rice plants.
Adult isects were confined to these plants for 2-3
davs tor oviposition. The nyvmphs hatched were
nenntined o separate cages to obtain nymphs or

adults of specificd age.

Bioassay methods used to ideatify the sources of
volatiles

The tollowing plant materials were
broassayed for thetr role as synomones to the mirid
bugs in Petn-dish, oltactometer and greenhouse
bioassavs, Undionaged rice plants, BPH, WBPH
and GUH damaged rice plants, and their acctone
extracts were evaluated by olfactometer and
greenhouse broassays, In the olfuctometers,
undamaged plant extracts, BPH, WBPH and GLLH
damaged nice plant extracts were tested inno choice
tests, In the greenhouse cages, choice was given
wmnong G undamaged plants, and BPH, WBPIH and
GLH damaged rice plants, (b) rice plants sprayed
with plant extracts of BPH, WBPH and GLH
damaged plants and unsprayed plants. Rice plants
of different ages viz., 15,40, 75-days-old seedlings
and harvesting stage plants and their extracts were
cvaluated in olfactometer and greenhouse
bioassays. In the olfactometers, plant extracts of
different ages were evaluated in no-choice tests. In
the greenhouse cages, choice was given among 4
different ages of intact rice plants. Extracts of
difterent parts of rice plant viz., leaf, stem and
panicle were evaluated in olfactometer no choice
tests. Nymphs, females and males of mirid bugs
viz.. Colividipennis and T, parviceps were tested
separately for their response to plant material,

Preparation of rice plant extracts

Rice plants of required age were cut into
pieces and 100 g of the plant material was soaked in
300 ml of acetone overnight. Next day the material
was filtered through Whatman No. 1 paper using
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charcoal powder to remove chlorophyll content and
the filtrate was concentrated in rotavapor to a
volume of 20 ml. In the case of infested plants, the
insects were allowed to feed on plants for one week.
and after removing insects, the damaged plants
were used for extraction of plant volatiles. Different
plant parts like leaf, stem and panicle were
separately cut and they were extracted in acetone.

In the laboratory, no choice experiments were
conducted using *Y" tube olfactometer with 35cm
arm length and 4cm diameter. Air was passed
through cylinders containing distilied watcr,
charcoal powder and honcydew source at once end
and control at other end to get humid and odourless
air passed through both arms of the olfactometer.
Sterilized, absorbent cotton treated with one miof
extract served as the source and cotton treated with
solvent served as the control. Nymphs, females and
males of mirid bugs were released scparately at the
base of the olfactometer in-groups of 10 and
replicated 6 times. In another experiment, they were
released singly. Observations like number of mind
bugs present at the extract source up to a distance
of 2 c¢m, at the centre and at control end were
recorded 10 minutes after their release. Test material
and control solvent were alternated between the
arms to avoid bias. Between experiments all glass
apparatus was cleaned with acetone and distilled
water. Number of mirid bugs attracted were
converted into percentages and analyzed in
Completely Randomized Block Design after arcsine
transformation and means were separated by
DMRT.

Greenhouse bioassays

The plants required for testing were kept
along with control plants at four corners of the
wooden cage in the green house. There were ¢
replications. Fifty mirid bug nymphs or femalesor
males were released separately in the centre of the
cage and number of insects settled on different
plants was recorded after 5 hours. Numbers of mirid
bugs attracted were converted into percentages and
were analyzed in Completely Randomized Block
Design after arcsine transformation and means were
separated by DMRT.,
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RESULTS AND DISCUSSION

Attraction of mirid bugs to damaged and undam-
aged plant extracts

In the olfactometer no choice tests, mirid bugs
were attracted in highest numbers to BPH damaged
rice plant extract followed by undamaged plant
extract and WBPH damaged rice plant extract
whereas GLH damaged rice plant extract attracted
least number of mirid bugs. Nymphs preferred and
oriented to undamaged plant extract whereas
females and males were attracted to BPH damaged
plantextract (Table 1 ). 7 parviceps preferred WBPH
damaged and undamaged plant extracts followed
by BPH damaged and GLH damaged plant extracts.
Mirid bugs behaved in a similar manner when they

were released singly in the olfactomteters
(Table 1)

In the greenhouse choice tests, BPH damaged
rice plants and plants sprayed with the BPH
damaged plant extract attracted highest number of
both C. lividipennis and T parviceps tollowed by
WBPH damaged and GLLH damaged rice plants and
plants sprayed with their extracts whereas
undamaged rice plant attracted least number of
mirid bugs. Individual stages like nymphs, females
and males were also attracted in highest numbers
to BPH damaged plant and plants sprayed with its
extract. (Tables 2 and 3).

The results are in conformity with those of
Rapusas et a/. {1996) and Lou and Cheng (2003)
who observed that C. /ividipennis was attracted to
the odours of healthy rice plants compared to ¢lean
air in the olfactometers. Similar observations were
recorded by Vinson (1981) and Sato and Osaki (19%7)
in other parasitoids and predators. In the present

Table1. Per cent mirid bugs attracted to damaged and undamaged TN1 rice plant extracts in no choice

tests using olfactometer

Plant extract Mirid bugs attracted (%) when
Released in groups of 10 Reteased singly
Nymphs l Females i Males j Mcan Nymphs 1 Females rMa]cs T Mcan
C. lividipennis
Undamaged 88. 14 72.26 80 .88 (.42 68.50 80.00 82.45 76.98
(70.49) | (58.34y® (64.3) (64.38y | (57.873 | (08.8) | (08.82y ] (65.17)"
BPH Damaged 79.71 85.54 81.83 82.36 54.26 60.52 67.4 m).ni
(63.63)" {6R.01) (64.93)¢ {65.52) (46,93 1 (50.83%" [(61.03) | (52.93)"
WBPH Damaged 68.16 74.58 69.55 70.76 55.30 46.65 53.50 51.8‘2‘
(55.75)® (GO.23)y {(56.65) (57.54)° {(5G.08)" 1 (43.04) {5009y (47 .74
GLH Damaged 20.29 22.88 2213 24.76 13.65 26.75 24.70 ) 2170 |
(32.64) (28.01) (27.54¥ (29.39) (14, 1) (25.04) (21.89) 1 (20.34)
T parviceps
Undamaged 45.01 78.72 71.72 65.15 67.32 52.70 08.20 ) 0274
(42.09)" | (62.78) | (58.19) | (54.35)" | (57.88)" | (50.09)y | (57.87)"| (55.28})
BPH Damaged 49.54 66.40 69.21 61.72 58.40 52.50 | 6214 | 57.08
(44,710 L (54740 | (56.59) | (52,01 | (52.09) | (45.99)" [ (55.99)" | (51.30)
WBPH Damaged 57.90 71.15 67.29 65.44 74.50 53 .40 4.2.4‘0 i _57.797 )
- (49.55y (57.8y (55.3) (54.22) | (68.08) | (530.09)" | (42.89)"} (53.69)
GLH Damaged 50.87 56.48 67.29 58.21 66.70 6.58 | 4674 j—”ﬁ’
(45.49)7 | (48700 | (56,12 | (50.12) | (57T.88)" | (7.05) | (430407} (3549)

isures f . . e Tave T,
Figures followed by same letter in a cotumn are not significantly differcnt at 3 % level (DMRT)

Figures in parentheses are arcsine-transformed values,
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‘Table 2. Attraction of mirid bugs to insect damaged plants in multiple-choice tests under
greenhouse conditions

Danmuaged plant

Mirid bugs attracted (%)

Nymphs

Females

Males

Mean

C o lividipennis

BPH damaged plant

49 34 (44.63

44.05(41.53)

47.79(43.72)a

47.06(43.291a

WRPH damaged plant

26.81(30.87)b

24.07(29.22)b

29.28(32.69)b

26.72(30.93)b

GLH damaged plant

15.89(23.41 )

17.99(24 .9)

15.54(22.69)c

16.47(23.67)¢

Undamaged plant

S19(11.61)d

12.38(20.37)d

8.15(16.38)d

8.57(16.12)d

I parvieeps

BPH damaged plant

59.29¢(50.48%

46.08(42.72)a

44.49(41.82)a

49.95(45.01)a

WBPIH damaged plant

26.72(30.69)b

30.79(33.67)b

32.23(34.44)b

29.92(32.93)b

GLH damaged plant

7.68(14.05)b

16.75(23.58)c

16.08(23.15)

13.5(20.26)¢

Undamaged plant

5.62(11.107b

3.88(8.03)d

7.19(13.22)d

5.56(10.81)d

Figures followed by same letter in a column are not significantly different at 5% level (DMRT).
Figures o parentheses are aresine-transtormed values.

Table 3. Attraction of mirid bugs to plants sprayed with damaged plant extracts in Greenhouse cages

under multiple choice tests

Plant extract

Mirid bugs attracted (%)

Nymphs

Females

Males

Mean

Clividipennis

BPH damaged

36.48(37.04)a

47.62(43.73)a

42.86(40.85)a

42.32(40.54)a

WRBPH damaged

25.02(29.88)ab

20.92(27.19b

20.97(27.17)b

22.30(28.09)

GLIH damaged

2L81(27.74)b

17.36(24.81)b

21.87(27.83)b

20.35(26.79)b

Unsprayed

16.68(23.94)c

16.99(23.94)b

14.30(22.05)c

15.99(23.31)¢

1" parviceps

BPH damaged

37.61(37.71)a

41.51(40.05)a

39.89(39.02)a

39.67(38.93)

WBPH damaged

28.06(37.92)ab

22.76(28.21)b

27.16(31.17) b

25.99(32.44)b

GLH damaged

21.90(27.85)b

23.61(28.91)b

24.04(29.25)b

23.18(28.67)b

Unsprayed

12.43(20.46)c

12.12(17.16)c

BI91{17.10) ¢

11.15(18.935)¢

F.Igures followed by same letter in a column are not significantly different at 5% level (DMRT).
Figures in parentheses are arcsine-transformed values,
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investigation, insect damaged rice plant extracts
were more attractive to mirid bugs compared to
undamaged plants. Rapusas et al. (1996) also
recorded simtilar results and stated that plants
naturally infested with insect pests apparently
release chemicals that elicit a response by C.
lividipennis. In the greenhouse choice tests, mirid
bugs preferred BPH damaged plants and their
extracts compared to WBPH and GLH damaged
plants and their extracts, and undamaged plants
and their extracts. These results are in conformity
with the observations of Obata (1986) and Schaller
and Nentwing (2000) that natural enemies have the
ability to differentiate between insect damaged and
undamaged plant volatiles and this helps them to
save time and energy by avoiding searching on the
plants where host is not present.

Synomonal activity of rice plant extracts of
different ages

in olfactometers, in no choice tests, extract

from 75-day-old rice plant was preferred by C.
lividipennis to plant extracts of other ages. 7.
parviceps did not exhibit any significant difference
in its preference to plant extracts of different ages.
Individual stages like nymphs, females and males
also behaved similarly as that of group releases
(Table 4). In greenhouse choice tests (Table 5),75
day old plant was more attractive to C. lividipennis
and 7. parviceps compared to plants of other ages.
In the present studies, mirid bugs could distinguish
different ages of'rice plant. The preference of mirid
bugs to the rice plants of 75 days age is due to the
suitability of the plant for population development
and multiplication. The mirid prey, BP also prefer
rice plants above 60 days (Bac and Pathak, 1966).
The seedlings and harvesting stage plants do not
harbour any hoppers and they arc not suitable for
egg laying and development of the predator.

Synomonal activity of extracts of plant parts

Leaf extract was more attractive to both (.

Table4. Attraction of mirid bugs to rice plant extracts of different ages in no choice tests using

olfactometers
Mirid bugs attracted (%) when
Plant extract Released in groups of 10 Released singly
Nymphs l Females I Males l Mean Nymphs l chu!csT Males [ Mean
C lividipennis
15 days old 43.09 47.47 74.59 55.05 19.99 34.50 73.50 42.70
(40.94)c | (43.48)¢c (60.13)b | (48.18)¢ (21.15)b | (32.09)b | (64.92)al (39.39)b
40 days old 72.33 60.19 71.67 68.06 80.00 67.50 72.02 23,20
(58.75)ab] (51.14)b (58.33)b (56.07)b (71.97)a | (57.87)abl (61.773al (63.87)a
75 days old 87.59 75.42 82.09 81.70 75.40 81.20 80.50 79.00
(69.79a] (60.59)a (65.24)a | (65.20a (64.95)a | (68.82)a| (68.82)a] (67.53)a
Harvesting 44.31 45.86 69.00 53.08 66.60 31.60 4_().00 4()(,00
| Stage (41.5%cl (42.51e | (69.06)b | (51.05)c | (57.87)ab | (28.94)b ] (35.99)b] (40.93)b
T parviceps
| - -
I5 days old 29.35 46.24 24.10 33.23 46.53 45,10 606.67 ;}Z;Z(»
(32.353b (43.07)a {29.27)c § (34.89)b (43.04)b | (42.5)ab { (61.02)aly (48.85)b
40 days old 55.51 47 47 37.75 53.58 66.73 60.00 732.50 ()‘()(.7;4'
.k (48.18)a | (43.61)a (49.96)a | (47.25)a | (01.03)a | (50.83)a ] (64.92)ab] (58.93)n
75 days old 61.30 43.74 46,44 50.51 64.20 53.33 8(3.(3() ‘ <.2>£‘;
(S1.83)a (41.35)a (42.92)b (45.37)a (57.87)ab | (50.1) {68.81)a] (58.93)a
Harvesur 46.67
Harvesting 13.23 6.0} 10.00 9.93 §3.34 46.07 4()_(0(() door
& 21260y | (14 7nn | s3nd | (18 e | (46,93 [ (43.04)ab] (35.99)b41.991be

. . CRerent at S % leve YMRT).
Figures followed by same letter in a column are not significantly different at 3 %o fevel (DMRT)

Fipures | , . .
1Bures in parentheses are arcsince-transtormed values.
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lividipennis and T. parviceps compared to stem
and panicle extracts. All stages of 7. parviceps
oriented in large numbers to leaf extract followed

by stem and panicle extracts. C. lividipennis
nymphs preferred to move towards leaf extract and

females equally preferred leaf and stem extracts
whereas males preferred leaf and panicle extract,
When mirid bugs were released singly in the
olfactometers, they behaved in a similar manner as

in the case of group releases (Table 6).

Table5. Attraction of mirid bugs to plants of different ages in greenhouse cages under choice tests

Plantage

Mirid bugs attracted (%6)

Nymphs

Females

Males

Mean

C. lividipennis

15 days old

14.63(22.31)c

8.60(16.94)c

8.38(16.06)¢c

10.54(18.44)c

40 days old

33.07¢(35.03)b

26.11(30.46)b

34.07(35.47)b

31.08(33.65)b

75 days old

50.03(44.973a

56.76(48.92)a

53.28(46.88)a

53.36(46.92)a

Harvesting stage

2.275(8.67)d

6.77(15.07)c

4.29(11.94)c

4.45(11.89)c

1. parviceps

15 days old

13.23(21.21)b

13.22(21.08)b

10.39(18.26)b

14.93(20.18)ab

40 days old

37.28(37.55)a

39.01(38.56)a

42.97(40.91)a

39.76(39.0)a

75 days old

33.44(35.25)a

40.22(39.51)a

41.48(39.88)a

38.38(38.21)a

Harvesting stage

16.05(23.49)b

7.22(12.77)c

5.13(10.72%b

9.46(15.66)b

Figures in a column followed by same letter are not significantly different at 5% level (DMRT).

Figures in parentheses are arcsine-transformed values,

Table 6. Attraction of mirid bugs to rice plant extracts of different plant parts in no choice tests

Plant extract

Mirid bugs attracted (%) when

Relcased in groups of 10

Released singly

Nymphs , Females I Males I Mean Nymphs } Females I Males } Mean
C. lividipennis
Leaf 83.21 83.29 83.78 83.43 68.12 76.19 57.14 67.15
(66.53)a | (66.00)a (66.30)a | (66.29a | (59.23)a | (67.04)a| (51.41)b)(59.23)ab
Stem 62.68 80.87 49.36 64.31 70.20 63.92 76.19 76.10
(52.45)b | {64.58)a (44.61)b | (53.88)b | (64.79)a | (56.44)b | (67.04)al (62.76)a
Panicle 36.07 73.61 78.79 62.83 14.28 19.04 15.32 6.21
(36.78)c (59.50)ab | (62.7%9a | (53.02)b | (15.11)b | (20.67)c| (15.11)c] (16.96)
T parviceps
Leaf 59.83 57.06 58.88 58.51 62.50 40.19 38.09 46.92
(50.76)a | (49.17)a (30.06)a | (49.99a | (51.94)a | (33.52)b| (38.03)bf(41.16)ab
Stem 43.87 48.32 41.93 44.71 58.22 57.35 01.95 59.17
(41.43)b 1 (44.0)b | (4032)b | (41.92)b | (49.16)a | (46.90)a| (51.94)a] (49.33)a
Panicle 79.?5 22.61 34.90 19.17 0.00 9.52 15.2 8.24
(20-32)c [ (27.73)c | (35.87)be| (29.97)c | (0.0mb | (10.07)e| (15.11)e] (839

Figures followed by same letier in a column a
Figures in parentheses arc

re not significantly different at 5 % level (DMRT).

arcsine-transformed values.,
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From the study, it can be concluded that rice
plant serves as a source of synomone for attracting
mirid bugs to the plant ecosystem. The bugs could
differentiate the pest infested and uninfested plants
and select the plants with suitable age.
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