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Impact of insecticides on
herbivore-natural enemy
communities in tropical
rice ecosystems

K.L. Heong and K.G. Schoenly

INTRODUCTTON

Today, rice pest management in bropical Asia is strongly influenced
" by the agrochemical era of the 1960s and 19705, Prophylactic insecticide
campaigns were components of rice production intensification pro-
grammes, like Masagana 99 in the Philippines (Alix, 1978} and BIMAS in
Indonesia (Adjid, 1983). Through agricultural subsidy and loan schemes,
farmers were encouraged to apply insecticides on regular schedules
(Benmore of al, 1987; Conway and Barbier, 1990; Conway and Pretty,
1991} The agrochemical industry, through its aggressive advertising and
marketing campaigns, also played & role in encouraging pesticide use
The pest problems farmers and researchers witnessed in tropical Asia
in the 19708, particularly tnsecticide-induced outbreaks of the rice brown
planthopper (Nilaparvata lugens Stil [BPH|; Heinrichs and Mochida, 1984;
Kenmore ¢f al, 1985), led o [FM strategies that emphasized host-plant
resistance, biclogical control and cultural practices, minimizing the use of
pesticides. Since the 1970s however, several studies in tropical Asia have
concluded that high levels of host-plant resistance for BPH management
are unnecessary under certain circumistances (ie. large areas of Irrigated
rice production where farmers use of insecticides is low). Experimental

Ecolvsoofugy: Pesitdides and hemaficial argarisms.
Edited by P.T, Haskell and F, McEwen. Published in 1958 by Chapman & Hall,
Landon, 15BN 0 412 81290 6,



382 Impact of insecticides in tropical rice ecosystems

studies conducted in [ndonesia, Vietnam and the Philippines, for example,
hawe shown that {a) hopperburn is rare or absent in fields grown with
BPH-susceptible varieties not treated with insecticides (Kenmore ef al,,
1984; Cook and Perfect, 1985; Cuong ot al., 1997: but see Sawada et al.,
1993); {b) susceptible varieties rarely show yield loss by BPH populations
even when outbreaks occur in adjacent plots (Cuong ¢f al, 1997); and
{c) moderately-resistant or even BPH-susceptible varieties grown for
several years by a large number of farmers are associated with low and
stable BPH populations {Gallagher f al ,1994; Cohen ¢ al., 1997} Thus a
revised [PM strategy for tropical rice, based on these studies, advocates a
shift in pricrity from host-plant resistance to naturaily occuring biological
control, while minimizing insecticide inputs, for sustainable and durable
rice production systems.

Meanwhile, the global market share of pesticides sold in Asia has
increased, For example, in 1988, worldwide sales of rice pesticides
reached US52.4 billion, sufficient to nudge out maize and cotton as the
single most important crop for pesticides, with 90% of this market
jocated in Asia (Woodburn, 19901, Insecticides accounted tor the largest
fraction of the total market (40=5071 until 1992, after which herbicide
sales exceeded msecticide sales (MacKenzie, 1996), In 1995, herbicides
accounted for 397 of the rice pesticide market, followed by insecticides
and fungicides at 34% and 27T respectively. Country-by-country
comparisons show that Japan leads all other countries in pesticide sales
of approximately 50% of the world's total.

Past and ongoing research indicales that most insect pests of tropical
rice are controlled by the activity of not just a few natural enemies but
a whele array, through a complex and rich food web of generalist and
specialist predators and parasites/ parasitoids that live above and below
the water surface (Heckman, 197%; Heong et al., 1991, 1992 Schoenly
et il 199a.b; Settle ef al., 1996). Farmer interventions impact target and
non-target species in different ways because biocontrol mechanisms span
multiple trophic levels and act aleng spatiotemporal gradients. Deter-
mining the biocontrol potential of different components of this rich
biodiversity (e.g spiders, beetles, parasitoids, aquatic predators} and
their role as stabilizing and buffering agents in rice production systems
still remains to be shown through fubure research.

In this chapter, we highlight and review community-level approaches
that have helped ecologists and entomologists to understand better how
insecticides affect pest and natural enermy populations in tropical rice
ecosystems, We begin with a review of farmer spraying practices and
insecticide use patterns and conclude that, in many instances, farmers
spray unnecessarily. In the second part of this report, we limit our
review of studies to those directed at the community level of bio-
logical organization because farmers normally care about the net effect
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of all pests on their crop, not necessarily about individual species.
Methods directed at the community level that have been used by
different workers include ecostatistical indices, rank-abundance curves,
gutid and food web approaches, and multiple regression models. We
conclude that much practical knowledge can be gained about how,
when and to what degree different classes of insecticides impact dif-

ferent arthropod groups when they are studied at the level of entire
Communities.

FARMER PERCEPTIONS AND INSECTICIDE USE PATTERMS

Farmer surveys conducted by Heong f al. {1994) in the Philippines and
Vietmam showed that about 90% of all sprays applied by farmers in 1992
were insecticides. Roughly half of these sprays were organophosphates
such as methyl parathion, monocrotophos, methamidophos and chlor-
pyrifos. Cross-listing these insecticides against World Health Organiza-
tion (WHO) classification of hazardous pesticides reveals that 37% of these
sprays rate as ‘extremnely’ (WHO la) or “highly’ (WHO [b) hazardous to
human health. Except in Japan, South Korea and Malaysia, WHO | insec-
ticidues aro readily available and frequently applied on rice in most Asian
countries {(Heong and Escalada, 19972},

In many cases, insecticides for rice are unnecessary. [n the Philippines,
for example, about 507 of insecticides are misused by farmers because
they are applied at the wrong time and to the wrong target; conse-
quently, such sprays are unlikely to result in an economic retum on
farmer investment {Heong of al., 1995a)l. Moreover, farmers typically
applied their frst sprays in the first 40 days after crop establishment
iHeong ct al., 1994; Heong and Escalada, 1997b) on lepidopterous larvae,
commonly called ‘worms® by farmers.

In early crop stages, leaf damage that is common and visible to farmers
is attributable to rice leaf folders {Crophalocrocis medimalis, Marasmia
patrmaliz, M. exgua), whorl maggots (Hudrelliv spp.) or thrips (Sten-
chaetotfirips biformis). Among these herbivores, rice leat folders are the
most common target for sprays by farmers in Asia, Under favourable
conditions, a leaf folder larva can consume 25 cm® {or 25%) of leaf area
(Heong, 1990} while leaf folder densities average less than two larvae
per hill (Wada and Shimazu, 1978; Guo, 19906), In highly fertilized crops,
' densities of leaf folders can reach five larvae per hill {deKraker, 1996);
however, the fraction of damaged leaves at such densities rarely exceeds
50%. Miyashita (1985) has shown that crops with leaf damage as high
as 67T and occurring as late as the tillering stage do not suffer yield
loss. Similarly, computer simulation has shown that larval densities need
to reach {unrealistic counts of) 15 individuals per hill before yield loss
can be detected (Fabellar ef al, 1994). Thus, most early-season sprays



384 Impact of insecticides in tropical rice ecosystems

reflect farmer misperception of insect problems by overestimating yieid
losses that the larvae are likely to cause,

ECOLOGICAL EFFECTS OF INSECTICIDE SPRAYS

[n this section, we review results of studies conducted in the Philippines
and Indonesia that evaluated community-wide impacts of insecticides
on different functional groups of invertebrates (herbivores, predators,
parasitoids, detritivores) in the rice ecosystem.

Species richness in sprayed and unsprayed ,.-,rluts

In an irrigated rice field in Central Luzon, Philippines, species richness
(MO} for herbivores and predators was found to be significantly lower
in chlorpyrifos-sprayed than unsprayed plots after insecticides were
applied at 29 and 43 days after ransplanting (DT} {Figure 41.1ab). After
the second spray at 43 DT, species richness in sprayed and unsprayed
plots was nearly identical for herbivores and predators at 57 and 63 DT,
respectively, suggesting that herbivore richness recovered from chioe-
pytifos sprays one week earlier than predators. For herbivores the
number of abundant species, measured by N1 = exp{H'|, where H' Is
the Shannon diversity index (Ludwig and Reynolds, 1988, section B8.2.2),
decreased and recovered after each spray (Figure 41.1c). Conversely, the
number of abundant predators increased significantly after the second
spray (Figure 41.1d} until the end of the trial. Thus, species richness of
all herbivores (Figure 41.1a), all predators (Figure 41.1b} and abundant
herbivores (Figure 41.1c) recovered relatively quickly {through recolo-
nization) from the cumulative effect of bwo chlorpyrifos sprays; whereas
the sharp rise in number of abundant predators (Figure 4.1d) after the
second spray (at 43 DT) sugpests overcompensated recovery aided in
part by numerical response behavipur,

Species abundance in sprayed and unsprayed plots

In the same twice-sprayed, chlorpyrifos plot in Central Luzon, herbivore
abundance was signihicantly reduced immediately after each spray but
climbed to unsprayed abundances one week after the second spray
{(Figure 41,2a). Over the remaining post-spray dates, differences in herbi-
vore abundance gradually lessened between sprayed and unsprayed
plots, Recovery of predators in the sprayed plot reach unsprayed abun-
dances one week after the first spray, but after the second spray predators
did not reach unsprayed levels until 63 DT (Figure 41.2b}. Herbivore and
predator abundances in sprayed and unsprayed plots, when summed
over all sampling dates, differed by 1% and 42%, respectively (Table 41.1}.
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Figure 411 (a and b} Mean counts, based an 10 samples, of (a b} species rich-
ness and (ed) the maost abundant species for (a.€) herblvores and (b.d) predators
in chlorpyrifos-sprayed () and unsprayed (o) rice piots in Nueva Edija, Philip-
pines, Arrows denote spray days; * indicates that mean counts in sprayed and
unsprayed plots were significantly different at P = 0.05. {5ee text for details)

Chlorpyrifos reduced cicadellid homopterans, mainly Nephotettix vires-
cens (Figure 41.3a), by 12% and increased delphacid homopterans, mainly
Nilpartata [ugens and Sogetella furcifera, by 23% (Figure 41.3b,c}. Predators
affected most by sprays included lycosid spiders (61% reduction, Figure
414a) and veliid bugs (55%, Figure 41.4b). Mirid bugs, particularly
Cyrtorhinus [ividipennis, though reduced after each spray, recovered
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Figure 41.1 ic and d)

quickly to abundances close fo or higher than unsprayed abundances;
by season's end, total numbers of mirids in sprayed and unsprayed plots
differed by only 1% (Figure 41.4c). Numbers of sampled organisms of
all taxa, taken over all sampled dates, were higher in the unsprayed plot
{75121 individuals) than the sprayed plot (55 360 individuals),

In the same chlorpyrifos study, rank-abundance curves for herbivore
and predator populations manifested different magnitudes of variation
before and after the first spray date at 29 DT (Figure 41.5a.b). Interest-
ingly, the rank order of the most commaon herbivore species remained
unaltered between pre- and post-spray dates and between sprayed and
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Figure 41.2 {a and b} Mean counts, based on 10 samples, of {a) herbivors and
(b} predators in chlorpyrifos-sprayed (a) and unsprayed (=) plots in farmers'
fields in Mueva Ecija, Philippines. Arrows denote spray days; * indicates that
mean counts in sprayed and unsprayed plots were significantly different at P =
0.05:

unsprayed plots, with Nephatetiix virescens and 5. furcifers retaining
numerically dominant positions throughout, followed (less consistentiy)
by N. lugens and aleyrodids (Figure 41.5a), On the other hand, the most
abundant predators did differ in rank over pre- and post-spray dates
and between sprayed and unsprayed plots (Figure 41.5b), For example,
between the pre- and post-spray dates, the top three predators at 29DT
were Microvelia douglasi atrolineata, Mesovelin vittigera and C. lividiperris,
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Table 411 Differential effeets of two sprays of chlorpyrifos (29 and 43 DT) on

arthropod sbundances from different functional groups in a farmer's field in
‘Central Luzon, Philippines

Fumctinmal group Linsprayed mud Sprayed plot % Difference
All herbivoros 14402 14 221 =1.2
Cicadellidag A1 s | =11.7
Delphacidae 3879 4TTE +23.1
All predatsrs 46 244 26 957 =41.7
Miridae 4 255 4111 +1.0
Lycoaidae 1063 417 =&{,B
Veliedae 345 18012 -54.8
All parasitnids 2359 1477 =374
All detritivores 12080 12829 +6.1

followed at 31 DT by M. d. atrolinests, Atypena (= Callitrichia) formosara
and Tetraghatha javarma in the sprayed plot

Population studies of rice brown planthopper (BPH), N. lugens, show
incrieases of up to B0O-fold after sprays of menocrotophos (Heinrichs and
Mochida, 1984; Kenmaore of al., 1984). Similar increases in BPFH popula-
tions have been observed on BPH-resistant varieties after insecticide
.lppl'u:m-lm (Joshi ¢t al., 1992; Gallagher ot al., 1994),

Cuild and food web structure in sprayed and unsprayed plots

To gauge the ability of guild and food web concepts to reveal effects of
insecticide spraying, another farmer’s field in Central Luzon was studied
using sprayed and unsprayed plots of equal area (Schoenly ¢t al., 1996a).
Three foliar sprays of deltamethrin were applied at 28, 38 and 49 DT,
Time-specific food webs for the sprayed and unsprayed plots were con-
structed from time-seriés samples and a 546-taxa cumulative Philippines-
wide food web.

Triangle graphs are instructive tools for illustrating time-series changes
in herbivores (TaH), natural enemies of herbivores (%E) and other taxa
(detritivore and planktonic) (%0} in sprayed and unsprayed plots (Figure
41.6a). On the three pre-spray dates (3, 15 and 22 DT), sprayed and
unsprayed plots had similar levels of %, %E and %O (Figure 41.6b.c). In
both plots, 7.0 declined whereas %:H and RE increased over the two-week
period, Chver the spraying interval (28-49 DT}, %H in the sprayed plot
exceeded %H in the unsprayed plot. Natural enemy abundances (%E) were
much greater in the unsprayed plot than in the sprayed plot (three-date
means: 57% and 24%, respectively). Over the remaining eight post-spray
dates {50-99 DT), percentage differences in trophic groups gradually less-
ened between sprayed and unsprayed plots (Figure 41.6b.c). At 78DT, =eH,
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Figure415 Rank abundance curves for (a) herbivores and (b) predators on chioe-
pyrifos sprayed (#)(29 DT) and unsprayed () rice plots for commen species com-
prsng 10 or more indlviduals. Vertical dashed lines separate pre- and post-spray
dates. Numbers next to data points identify the most common spedes comprising
10 er more individuals. Herbivores: 1, Nephotettix wirescens; 2, Sogrtelis furcifera; 3,
Brackydeutera longipes; 4, Aleyrodidae; 5, Nephotetfix nigropictus; 6, Leplocorisa sp.;
7, Nilaparowia [ugens; 8, Caoreidae; 9, Tagosodes pusmmas: 10, Notiphila similis,
Predators: 32, Microvela dougies: atrolineatn; 33, Mesovelia oittigers; 3, Cyrforiinus
lvidipennis; 35, Atypenn formosera; 36, Pardoss prewdoanmulnta; 37, Tetragnatha
prvan; 38, T, maxiliosa; 39, Sternolophus sp.; 40, Limnogomes fossarion; 41, Hydrome-
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