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ABSTRACT

Field experiments on "Enhancing floral and habitat diversity for augmenting natural enemiesin Thanjavur rice
belt" was conducted during kharif (2017 and 2018) and rabi (2017). In habitat diversified rice crop, the main
crop of rice was maintained along with flowering vegetation in field bunds viz., cowpea, green gram, black
gram, sunflower, gingelly, bhendi, cluster bean, maize and marigold. Weeds mainly from Umbelliferae,
Leguminosae and Compositae that support natural enemies were also maintained adjacent to rice bunds. Non-
crop habitat included straw heaps on rice bunds. Daincha was planted in rogue spacing and bird perches
installed to encourage both the natural enemiesand insectivorous birds. The mean val ue of insect pest population
was about 56 per cent lower in habitat diversified rice crop (7.39 insects /5 sweeps) than that of pure rice crop
(16.87 insects /5 sweeps). In the case of mean value of natural enemy population, habitat diversified rice crop
(26.74 individual s /5 sweeps) recorded two times higher population than that of purerice crop (13.40 individuals
/5 sweeps). In habitat diversified rice crop the pest-defender ratio was high in all the periods of observation
compared to pure rice crop. The mean pest:defender ratio was 1: 3.74 in habitat diversified rice crop as
compared to 1: 0.89 in purerice crop. The mean grain yield recorded was 4.99 t/ha in habitat diversified rice
crop as compared to 4.36 t/hain purerice crop. In habitat diversified rice crop, the per cent increased grain
yield recorded over pure rice crop ranged from 10.43 to 21.18.Crop diversification and non-crop habitats
certainly encouraged natural biological control by supplementing food resource and shelter. Over the years
complex food web would persist leading to sustainable and ecofriendly insect pest management in rice ecosystem.
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INTRODUCTION

India contributed 21 per cent (155.4 million tons) of
world'srice production (738.2 million tons) during 2015
(FAO, 2016). Tamil Nadu has produced 7.91 million
tons of rice from an arrea of 1.83 million hectaresin
2014-15 (Vaithilingam, 2015). Thanjavur district plays
akey rolein Tamil Nadu by producing about one-fourth
of thetotal output of riceinthestateandisrightly called
the 'Granary of South India. Thanjavur district liesin
the Cauvery delta, the most fertile region in the state
and isthe main rice producing region in the state.

In Thanjavur district, rice cultivation is done
extensively in kharif, Samba and thaladi whereas in

summer season to alesser extent. Of thevariousbiotic
constraints in rice production, insect pests play a
foremost role. Significant rice yield losses are caused
by stem borers, leaf folders, gall midges and
planthoppers. Of all, the rice stem borers particularly
yellow stem borer, Scirpophaga incertulas (Walker)
is the key devastator and found throughout the year
paralleling the availability of the food plant.
Augmentation and conservation of the pool of native
and rel eased natural enemiesthrough habitat diversity
would form a cheap, remunerative and promising
component in the IPM programme.

Diverse cropping systems encourage complex
food webs that involve more interactions among
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vegetation, pests, and natural enemies, providing
resourcesfor adiverse group of organismsand alowing
for alternative resources and food sources. Thus,
polycultures and natural ecosystems with higher
diversity tend to be more stable and less subject to
fluctuationsin pest and disease populations (Altieri and
Nicholls, 2004). As an example of this, Beizhou et al.
(2011) recently reported that intercropping pear
orchardswith aromatic plantssignificantly reduced pest
abundance and increased the ratio of natural enemies
to pests when compared to orchards with only natural
grassor cleantillage. They also found higher abundance
of natural enemies and reduced numbers of magjor pests
inintercropped orchards.

A well-designed flowering border adjacent to
a crop field will provide necessary resources and
alternative food source for natural enemies during
periods when crop pest and crop flower numbers are
low, thus maintai ning high populations of natural enemies
supported by the provision of nutrients throughout the
season (Isaacs et a., 2009; Hogg et al., 2011).

Many beneficial insects, including natural
enemies, require accessto aternate hosts, overwintering
habitats, a constant food supply, and appropriate
microclimates in order to survive (Johnson and
Triplehorn, 2005). The majority of predators and
parasitoids are omnivores and require non-prey food,
such as pollen and nectar, as part of their diet. Natural
enemies from a broad range of orders including
Hymenoptera, Diptera, Coleoptera, Heteroptera,
Neuroptera, Araneae and Acari have been observed
to require and/or benefit from access to flowering
resources (Wackerset al., 2005). Accessto pollenand
nectar sources can significantly increase the activity,
longevity, and fecundity of these predators and
parasitoids (Wackers et a., 2008; Hogg et a ., 2011),
and thus, the avail ability of flowering resources can be
essentia to natural enemy efficacy inbiological control
of pest insects (van Rijn and Sabelis, 2005).

Habitat management is a strategy to conserve
natural biological control by improving the availability
of non-rice resources for predators. Non-rice habitats
and non-crop areas adjacent to the rice field may be
important refuges for less mobile predators like the
spiders. Diversefood and weed plantsgrowing onfarm
margins contribute to the diversity in the agro-
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ecosystem, which can influence the diversity and
abundance of insect herbivores and associated natural
enemiesin crop systems. Maintenance of undisturbed
vegetation on the bunds of irrigated rice fields, and
trimming after crop establishment may encourage
beneficial speciesto moveintothefield, whichislikely
to enhancenatural biological control of riceinsect pests.

The importance of non-rice habitats for
carryover of natural enemiesthat aresignificantinrice
pest management has al so been emphasized by Lan et
a., 2001. Non-crop habitats are relatively undisturbed
and temporally permanent areasto act as biodiversity
reservoirsfor plants, insects, birdsand mammals. Non-
crop habitats support a diversity of natural enemies,
including carabid beetles, staphylinids, spiders,
coccinellids, syrphids, chrysopids, predatory mites,
parasitoids, predacious Heteropterans and i nsectivorous
birds. Natural enemies and pest species also use non-
crop habitats for hibernation. The moderate
microclimate in combination with presence of nectar
sources in wooded edges result in higher parasitoid
longevity, early season abundance and higher levels of
parasitism as compared to field centres.

Certain weeds (mostly Umbelliferae,
Leguminosae and Compositae) play an important
ecological role by harbouring and supporting acomplex
of beneficial arthropods that aid in suppressing pest
populations (Altieri, 1999). Theroleof weeds assumed
significance as they are reservoirs for most of the
parasitoids, particularly in case of Platygaster oryzae
asits host Orseolia spp. thrives on a wide variety of
weeds (Das et al., 1987). P. oryzae was dominant in
Paspalum sp., Mnesithea laevis, and Echinochloa
crusgalli. Scelionids and trichogrammatids visited
ornamental plants. Female parasitoids of T. schoenobii
responded to the flowers of Hyptis sp. acommon weed
in rice fields. Natural enemy habitat protection and
development are more active methods of conserving
natural enemies (e.g., owl houses, mulchingfor spiders,
floral nectariesfor parasites).

With this background, emphasis was given on
flowering vegetations and weeds on the bunds as well
as non-crop habitats to enhance natural enemy
population for sustained and ecof riendly management
of insect pestsin rice ecosystem.



MATERIALS AND METHODS

Threefield experimentson " Enhancing floral and habitat
diversity for augmenting natural enemiesin Thanjavur
rice belt" were conducted during kharif, 2017 (ADT
43); rabi, 2017 (ADT 46) and kharif, 2018(ADT 43)
at Soil and Water Management Research Institute,
Thanjavur. Two treatmentsviz., habitat diversified rice
crop and purerice crop were compared for the natural
enemy abundance. In habitat diversified rice crop, the
main cropi.e., ricewasmaintained along with flowering
vegetationinfield bundse.g., cowpea, green gram, black
gram, sunflower, gingelly, bhendi, cluster bean, maize,
marigold. Weeds mainly from Umbelliferae,
L eguminosae and Compositae that harbour and support
acomplex of beneficia arthropodswere also maintained
adjacent to rice bunds. Non-crop habitat included straw
heaps on rice bunds. For every ten rows of paddy, 30
cm rogue spacing was maintained in which Daincha
was planted to encourage natural enemies and
insectivorous birds. Bird percheswasinstalled 2to 3
feet height in vegetative stage at the rate of 50 perches/
ha. Other agronomic practices were followed as per
the TNAU Crop Production Guide, 2012. Each
treatment was maintained in one acre plot size.
Assessment of insect pest and natural enemy popul ation
weredoneinmainricefield using sweep net at fortnight
interval fromfivelocations (four inthe corner and one
in the middle). For testing whether there existed any
differences between the habitat diversified rice crop
and rice crop aone, paired t-test was used.

RESULTS AND DISCUSSION

Herbivore population in the experimentalrice
fied

During kharif the habitual herbivoresthat affected the
rice crop wereyellow stem borer (Y SB), Scirpophaga
incertulas (Walker), Crambidae, Lepidoptera; Short
horned grasshopper, Acrida exaltata (Walker),
Acrididae, Orthoptera; Stink bug, Menida versicolor
(Gmelin), Pentatomidae, Hemiptera; green leafhoppers
(GLH), Nephotettix spp., Cicadellidae, Hemiptera;
Earhead bug, Leptocorisasp., Alydidae, Hemipteraand
Black bug, Scotinophora lurida, Pentatomidae,
Hemiptera. Similarly during samba the yellow stem
borer and green leafhopper were alone recorded.

Inkharif 2017 field trial, the number of yellow
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stem borer adult moths were high in the first fortnight
of July (7.3 moths / 5 sweeps) in habitat diversified
rice crop, while in pure rice crop it was high in the
second fortnight of June (11.3 moths/5 sweeps) (Table
1). Moreover in each crop during samba, 2017, more
Y SB adults were recorded in the second fortnight of
October. But in terms of population density,
comparatively high density was recorded in the pure
rice crop (13 moths/5 sweeps) as compared to 6 moths
/ 5 sweeps in habitat diversified rice crop (Table 2).
The similar trend was observed in kharif 2018 field
trial, asthe Y SB adults captured was high to the tune
of 3.2 moths/5 sweepsin purerice crop as against 0.6
moths/5 sweepsin habitat diversified rice crop (Table
3). Invariably, intheadll threefield experiments, themore
Y SB adultswererecorded inthetillering stage of the
crop.

Green leafhopper population wasranged from
1.3to 8.3 hoppers/5 sweeps in habitat diversified rice
crop as compared to 4.0 to 13.7 hoppers/5 sweeps in
purerice crop maintained inkharif 2017. Similar trend
wasreportedinthefield trial conducted during samba,
2017. The population was ranged from 2.3 to 8.3
hoppers/5 sweeps in habitat diversified rice crop as
compared to 3.0 to 18.3 hoppers/5 sweepsin purerice
crop. In kharif 2018, the green leafhopper population
was meager both in habitat diversified rice crop (O to
0.2 hoppers 5 sweeps) and pure rice crop (0 to 1.6
hoppers/ 5 sweeps).

Stink bug, shorthorned grasshopper, earhead
bug and black bug were of minor importance.

The mean value of insect pests in pure rice
crop (16.87 insects/5 sweeps) was about 2 times higher
thanthat of habitat diversified rice crop (7.39 insects/5
SWeeps).

Natural enemy population inthericefield

Braconid wasps, Senobracon nicevillei and
Macrocentrus sp., Braconidae, Hymenoptera;
Assassin bug, Polytoxus sp., Reduviidae, Hemiptera;
Long horned grasshopper, Conocephalus sp.,
Tettigoniidae, Orthoptera; Tachinidfly, Argyrophylax
sp.,Tachinidae, Diptera; Rove beetle, Paederus
fuscipes, Staphylinidae, Coleoptera; Ground beetle,
Ophionea nigrofasciata, Carabidae, Coleoptera;
Coccinellids, Micraspis sp. and Menochilus
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Table 1. Incidence of insect pest and natural enemiesin rice ecosystem at Thanjavur during kharif, 2017.
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sexmaculatus, Coccinellidae, Coleoptera; Damselfly,
Agriocnemissp., Coenagrionidae, Odonata; Dragonfly,
Diplacodes sp., Libellulidae, Anisoptera, Odonata;
Owl fly, Ascalaphidae, Neuropteraand Ichneumonids,
Trichomma cnaphalocrocis and Xanthopimpla sp.
Ichneumonidae, Hymenoptera. Of the spiders (Order
Araneage), Oxyopes sp., Oxyopidae; Argiope sp. and
Araneus sp., Araneidae; Tetragnhatha sp.,
Tetragnathidae and Lycosa sp., Lycosidae, were
recorded.

Natural enemy population recorded in kharif
2017 trial was ranged from 8.7 to 112.7 individuals/5
sweeps in habitat diversified rice crop as compared to
5.0t029.7 individual§/5 sweepsin purericecrop (Table
1). Among the natural enemiesrecorded, coccinellids
were the most profound predator followed by
damselfliesand spiders. In samba 2017 fieldtrial, the
natural enemy popul ation was ranged from 14.3 - 37.3
individual §/5 sweepsin habitat diversified rice crop as
compared to 4.7 - 20.7 individuals/5 sweeps in pure
rice crop (Table 2). Here spiders were the most
predominant natural enemy group followed by the
damselflies and coccinellid beetles. In the field trial
conducted in kharif 2018, the natural enemy population
was ranged from 9.0 to 15.8 individuals/5 sweeps in
habitat diversified rice crop ascomparedto 5.2t017.0
individual §/5 sweepsin purericecrop (Table 3).

Mean value of natural enemies, in habitat
diversified rice crop (26.74 individual §/5 sweeps) was
found approximately two times higher than that of pure
ricecrop (13.40 individual s/5 sweeps).

Pest defender ratio

Inkharif 2017 fieldtrial, the pest:defender ratio
ranged from 1: 2.14 to 1:6.65 in habitat diversified rice
crop ascompared to 1:0.31to 1: 1.09in purerice crop
(Table 1). The maximum ratio was recorded (1: 6.65)
during 2™ fortnight of July, in habitat diversified rice
crop ascompared to 1:0.86 in purerice crop.In Samba
2017 field trial, the highest pest:defender ratio was
(1:8.54) reported during 1% fortnight of November in
habitat diversified rice crop whereasin pure rice crop
it was maximum (1:1.66) during 1 fortnight of October
(Table 2). With respect to field trial of kharif, 2018,
the pest:defender ratio ranged from 1:1.88t0 1:4.80in
habitat diversified rice crop as compared to 1:0.81 to
1:1.44inpurericecrop. It was maximum (1:4.80) during



Oryza Vol. 56 No. 3, 2019 (285-293)

90°Z - |I1-0M] [EO1N11D ) T/ T - [[1-0UO [2DN1ID) ISUOIEI (DI DAY JO UESN

05°¢- 80°¢- vL9- Vi 6T°¢c- G5'S LY'S aneAl
£6'0:T €821 81’9 T0 9ze 00 A 1021 68°0T 81’9 ues N
or'T:T Ly 0T 00 €Z 00 €T ee o€ €0 8T0Z “Uer Jo BILIOJ g
¥8'0:T L8 02 00 LY 00 0Z 0T €6 0T 8T0Z "Uer JO WBIULIO} T
9r'0:T €0T 05 00 0Z 00 £e 122 L€T 06 /T0Z *99Q 40 B0} nZ
67°0:T L0T 0§ €0 o€ 00 £z L12 LT 06 LT0Z "39Q JO WBILIOY «T
v.'0T 0T €8 €0 0Z 00 ee 06T 00T 06 LTOZ "NON JO WBIULIOJ nZ
Z80T L0z 0€T 00 L€ 00 oY £6e eeT 0zt LTOZ "NON 0 WBILOJ T
80T 0'GT L8 €0 €z 00 L€ 1€ €8T 0€T /T0Z "0 0 WBIULIO} pig
99TT LT e/ 00 0S 00 €G L0T L0T 00 /T0Z 100 JO YBIULIO) T
9y’ T:T LET €g 00 Y 00 oY €6 0L €Z /T0Z "des JO WBIULIOJ pig

don AlYailnd -21
VT 12°€2 268 0 8L 120 8.'S 129 657 €91 uea |\
€T YT ey 00 LS 00 Ly €9 €9 00 8T0Z “Uer JO BIOJ 2
6L TT YT o€ 00 Ll 00 L€ 08 Ll €0 8T0Z "Uer JO WB1ULIO) T
85T €8T 09 €0 0L 00 0S (0% ee L0 /T0Z *99Q J0 WBILLO) ng
SZeT YA 09 00 €8 00 o€ €g Le A /T0Z "39Q 0 1YBIuLIO) «T
59'eT L0g €6 €0 08 00 (o} LS LY 0T LTOZ "NON JO WBIULIO} pZ
¥S'8:T 0/€ 19T L0 0Tl L0 08 5% £e 02 /TOZ "NON 10 WBIILOJ «T
0921 SPA L'€T 0T L6 L0 A eyl €8 09 /T0Z "0 0 WBIUUO} g
ST'LT 0TE eeT LT Ll 0T el 5% (o} €T /T0Z 100 10 1YBIULIO} T
00'S:T €8T 08 00 €G 00 0S L€ 0€ L0 /T0Z "0es J0 WB1ULIO) g

(Spsam + do o pung +801Y) doo 801 PISBAIP TellqeH - T 1

a1Paq

Iv1iol siepids  Ajuobelq Ajeswed 8[18egan0y  PIPUI00D IVLOL H19  ylowgsa

olel ad (sdsans G/ou) ssiweLe INEN (sdoams g/ou) sisad 108U polied

*/TOZ ‘equies Buunp JnAefuey | 1o WeisAS009 8011 UI'SaIWBUS einTeu pue sisad 108sul Joaouspiou| "z a|gel

0 289 O



Floral and habitat diver sity for augmentingricenatural enemies Nalini and Por pavai

1 fortnight of July, 2018 in habitat diversified ricecrop
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a2 g2aAR A ANcBHO ascompared to 1. 1.44 in purerice crop (Table 3). In
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heart diseases.

The current scenario promotes to have a
diversified floral and faunal diversity which encourages
apool of beneficial predatorsand parasitoid. Enriched
floral and faunal diversity ensures natural biological
control through complex food webs and sustained
ecosystem accomplished. In thisresearch paper, inthe
extensive paddy monocrop growing areaslike Thanjavur
enriching floral diversity through non-rice flower crop
stretch in the bunds as well as retention of flowering
weedswas aimed to promote natural biological control.
In addition non-crop habitatswere also considered for
sheltering of natural enemies and insectivorousbirds.

In the Thanjavur belt, the habitual herbivore
with magjor statuswas yellow stem borer, Scirpophaga
incertulas (Walker), Crambidae, Lepidoptera. Other
insect pests included were Short horned grasshopper,
Acrida exaltata (Walker), Acrididae, Orthoptera; Stink
bug, Menida versicolor (Gmelin), Pentatomidae,
Hemiptera; greenleafhoppers (GLH), Nephotettix spp.,
Cicadellidae, Hemiptera; Earhead bug, Leptocorisa sp.,
Alydidae, Hemiptera and Black bug, Scotinophora
lurida, Pentatomidae, Hemiptera. The natural enemies
pool included Braconid wasps, Senobracon nicevillei
and Macrocentrus sp., Braconidae, Hymenoptera;
Assassin bug, Polytoxus sp., Reduviidae, Hemiptera;
Long horned grasshopper, Conocephalus sp.,
Tettigoniidae, Orthoptera; Tachinid fly, Argyrophyla sp.,
Tachinidae, Diptera; Rove beetle, Paeder us fuscipes,
Staphylinidae, Coleoptera; Ground beetle, Ophionea
nigrofasciata, Carabidae, Coleoptera; Coccinellids,
Micraspis sp., and Menochilus sexmaculatus,
Coccinellidae, Coleoptera; Damselfly, Agriocnemissp.,
Coenagrionidae, Odonata; Dragonfly, Diplacodes sp.,
Libellulidae, Anisoptera, Odonata;, Owl fly,
Ascalaphidae, Neuroptera and Ichneumonids,
Trichomma cnaphalocrocis and Xanthopimpla sp.
[chneumonidae, Hymenoptera. Of the spiders,
Oxyopes sp., Oxyopidae; Argiope sp. and Araneus
sp., Araneidae; Tetragnatha sp., Tetragnathidae and
Lycosa sp., Lycosidae, Araneae were recorded.

Along with the main rice crop, maintaining a
stretch of non-rice flower crop in the bundsaswell as
flowering weedsin the adjacent areas supported 51.54
per cent lesser herbivore population when compared
to the pure rice crop (Fig. 1). The mean total insect
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Fig. 1. Insect pest population in habitat diversified rice crop
and purerice crop at Thanjavur

pest count was more in the pure rice crop (3.3 - 35
insects/5 sweeps) when compared to the habitat
diversifiedrice crop (3.0 - 21.7 insects/5 sweeps). On
the other hand, the natural enemies populationwas1.31
to 2.54 times more in the habitat diversified rice crop
compared to the pure rice crop (Fig. 2). The mean
total natural enemies popul ation wasmorein the habitat
diversified rice crop (26.74 individuals/5 sweeps) when
compared to the pure rice crop (13.40 individuals/5
sweeps).

The non-rice habitats, particularly the narrow
bunds with vegetation cover surrounding each field,
seem especially important as a source of natural
enemies, particularly early arriving species such as
spiders, and predators such as Cyrtorhinus

30 +

Habitat diversifiedtice ctop
B Khanf, 2017

Mean no . ofinsecis’S sweeps

Pure Rice ctop
Samba, 2017 WKhanf, 2018

Fig. 2. Natural enemiespopulationin habitat diversifiedrice
crop and pure rice crop at Thanjavur.
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lividipennis that can seasonally concentrate on rice
(Way and Heong, 1994). Many co-workers have also
reported that awell-designed flowering border adjacent
to a crop field will provide necessary resources and
aternative food sources for natural enemies (Isaacs et
a., 2009; Hogg et al., 2011).

Certain weeds are important components of
agro-ecosystems because they positively affect the
biology and dynamics of beneficial insects. They offer
many important requisites for natural enemiessuch as
alternative prey/hosts, pollen, or nectar as well as
microhabitats that are not available in weed-free
monocultures. Herbivore-natural enemy interactions
occurring in a crop system can be influenced by the
presence of herbivores on associated weed plants
(Altieri and Letourneau, 1982). Altieri (1999) reported
that certain weeds (mostly Umbelliferae, Leguminosae
and Compositae) play an important ecological role by
harbouring and supporting a complex of beneficial
arthropodsthat aid in suppressing pest populations.

In the non-crop habitats, plenty of ground
beetl e, rove beetle, cricketsand spiderswere recorded.
Non-rice habitatsfor carryover of natural enemiesthat
aresignificant in rice pest management have also been
emphasized by Lan et al., 2001. The size and
composition of non-rice habitats adjacent to ricefields
may have positive effects on natural enemiesin rice
fields (Xiaoping et a., 1995). Whether or not the non-
rice habitatsin therice ecosystem are beneficial sources
of rice pests (Way and Heong, 1994), they need to be
exploredfor their preservation and possible manipulation
to favor natural control of rice pests.

Theided indicator pest-defender ratiowashigh
in habitat diversified rice crop compared to purerice
crop in all the periods of observation. Crop
diversification may increase the effectiveness of
generalist enemies by increasing aternate food or prey
availability (Sheehan, 1986). The movement behavior
of natural enemies has a strong influence on their
response to agroecosystem diversification (Corbett,
1998).

Thus rice fields enriched with broad-leaved
flowering vegetation viz., cowpea, green gram, black
gram, sunflower, gingelly, bhendi, cluster bean, maize,
marigoldinfield bundsaswell asretention of flowering
weeds and affording non-crop habitats augmented
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natural enemies and insectivorous birds. Crop
diversification and non-crop habitats certainly
encouraged natural biological control by supplementing
food resource and shelter. Over the years complex food
web would persist leading to sustainable and ecofriendly
insect pest management. Bund cropswould aso provide
additional remuneration to the farming community.
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