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Foreword

Large scale rice double cropping in Malaysia commenced in 1970 and subsequently the
scenario of rice cultivation in the Muda area changed dramatically. The rapid adoprion of
nitrogen-responsive, high yielding rice varieties coupled with the provision of irrigation
facilites led to the modification of the ricefield micro-climate and changes in specics
dominance of rice pests. Furthe the widespread from manual
transplanting to dircct seeding further conrributed to more Compe(itive interaction of
floraand funa n the ricefilds. Closer canopy and increased plant density have subjected
the direct-seeded rice to a wider range of insect pests, disease pathogens and weeds. When
adopring the ‘direct seeding technolog. che rice soil surfaces are exposed during the
entire crop cstablishment stage, causing grassy weeds and rice seeds to germinate
simultancously. Severe weed infestation has become a major constraint to yicld

in dircct sceded rice. Pest population in the riccficld Iy monitored
and managed wich minimal usage of pesticides except in cases where the populations
have escalated beyond the action threshold.

nE

Realizing the adverse cffects of prolonged pesticide usage on the sustainability of
rice production, the Muda Agricultural Development Authority (MADA) has embarked
on joint studics with regard to the impact of pesticides on the rice agroecosystem in the
Muda area. A Memorandum of Understanding between MADA and the Malaysian
Instituce for Nuclear Technology Research (MINT) was signed in 1992, so as to facilitate
the Narional Technical Committee on Pesticide Residuc Rescarch which is under the
umbrella of MINT, o undertake the aforementioned srudics. The technical committee
comprised scienists from MINT, MARDL, DOA, UPM, USM, UKM and MADA. A
holistic multi-disciplinary apptoach was adopted to study various ecological, biochemical,
botanical, zoological, microbiological as well as medical aspects related to pesticide usage
among rice farmers in the Muda area. These studies have been undertaken since 1992

This book documents some of the major findings obtained from the joint studies
undertaken, Based on the findings, comprehensive and collaborative studies on
biodiversity have been initiated for continuous monitoring of the entire rice
agroccosystem in the Muda arca. | sincercly hope that scientists from these various
organisations will continue to make full use of the Muda lrrigation Scheme as their
experimental field plots. Ieis my fervent hope that their endeavour would cnable MADA
0 derect any deviation or abnormalicy at the incipient stage, hence enabling timely and
appropriate action to be raken to counteract any adverse impact to the environment.

Dato’ Syed Azizan Al-1drus, DSDK., AMPs, KMN., BCK.
General Manager

Muda Agricultural Development Authority (MADA)
Alor Setar

10 October, 1997



Preface

This book is a testimony of the success of a Memorandum of Understanding between
the Malaysian Institute for Nuclear Technology Research (MINT) and the Muda
Agricultural Development Authority (MADA) which was signed in 1992. As part of the
agricultural and engineering project contracted out by MADA to MINT under the MoU,
pesticide study is unique in that it encompasses a multidisciplinary approach in research.
Under the umbrella of MINT, this approach has been undertaken by the Narional
Technical Commiteee on Pesticide Residue Rescarch o assess the impact of pesticides on
the rice agroecosystem in the Muda Trrigation Scheme. The technical committee comprised
scientists from various local institutions such as MINT, Malaysian Agricultural Rescarch
and Development Institute (MARDI), Department of Agriculture (DOA), Univ
Putra Malaysia (UPM), Universiti Sains Malaysia (USM), Universiti Kebangsaan Mal
(UKM) and MADA

siti

Part of the content of chis book was published in the Proceeding of the Seminar on
Impact of Pemcldss on the Rice Agroccosystem in the Muda Area (MIN'T/P/1995/23).
Real demand by the masses for a comprehensive of agricultural
research findings, this book is marerialised. The updated findings are compiled into six
parts viz. introduction, weeds, insccss, fish, birds, and impacr of pesticides on the rice

agroccosystem in the Muda arca.

The major findings obtained from the holistic studies undertaken by local
ecologist, botanist, logist, chemist, biochemist logists, zoologists and
also medical practitioners are documented in this book. T sincercly hope that these scientists
from various organisations will continue to team up in studying the adverse impact of
pesticides to the Mala

rice granary area of Muda.

sian agricultural environment, especially in the major Malaysian

Dr. Ahmad Sobri Hj. Hashim, /M, KM,

Director General

Malaysian Institute for Nuclear Technology Rescarch (MINT)
Bangi

10 October, 1997
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THE RICE AGROECOSYSTEM
OF THE MUDA IRRIGATION
SCHEME: AN OVERVIEW

Ho Nai-Kin

ABSTRACT

The Green Revolution technologies were introduced to the Muda area of Malaysia in
the late 1960s. These technological innovations have resulted in rapid modification of
the crop habitar and criggered & chain reacrion in the rice agroecosystem. The impact of
d fauna aresignificant. Indiscriminate use of pesicides

ption of natural enemy equilibrium and other und, o the furmers

<nd the rice environment, The main emphasis of this paper is focused on the interactions
berween the various biological factors such as pathogenic microorganisms, archropods,
eascropods, fishes, birds, rodencs, weeds, and the physical fctors in the rice agtoccosystem.
The impact of double cropping of rice, the provision of irrigation facilities, the changes
oFcrop establishment methods, and the adoption of pesticides on the rice agroecosystem
e found o have far reaching effects on the suswinabilicy of rice production in the

dhscechnologiesonthe pes o

Muda arca.

INTRODUCTION

The Muda Irrigation Scheme is the
Targest rice granary area in Malaysia. It
is sicuared in the north-west of Peninsular
Malaysia, latitude 6° 07" North and
longitude 100° 20 East. This irrigation
scheme encompasses some 126 000 ha of
the coastal alluvial plain of which 97 000
ba are cultivared with rice Oryga sariva
subspecics jndica. The coastal plain,
20 km wide and 65 km long is bounded

in the easc by low hills on the western
flank by che Seraits of Malacca. At its
centre lies Alor Sctar, the capiral of
Kedah State, whilse Kangar the capital
of Perlis State, is locared at its northern
cip.

Large scale rice cultivation in the
Muda area began as far back as three
centuries ago (Afifuddin, 1975). By
1949, most of the current Muda area was
already under rice cultivation (FAO,
1975).
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The rice agroccosystem in the
Muda area can be considered as an
extensive human-manipulated wetland
where the rice crops and all other living
organisms (biological factors) interact
actively with the (physical

Tapography

The Muda Irrigation Scheme area
slopes gently from about 4 m above mean
sea level (MSL) near the main canal

factors). Long term human incervention
through continuous activities in rice
cultivation has led to complex biotic
diversity. Such interaction has far
reaching implications on the trophic
strucrures which in turn affect dircetly
or indirectly the stability of the entire
rice agroccosystem.

THE PHYSICAL COMPONENTS

The physical factors in an ccosystem
encompass the gencral topography,
altitude, soil characteristics (physical and
chemical) and climatic facrors of the area.

Iy 20 km inland) to about
1.5 m above MSL near the coast. The
terrain is drained by numerous small
river channels and creeks, supplemented.
by cxcavated canals and drains.
Inadequate tertiary drainage system in
the past resulted in frequent drainage
problems during periods of intense rainfall
in the wer season. Salt water intrusion is
prevented by tidal gates at the drainage
outlers and a system of coastal
embankments, a portion of which has
been threatened by wave crosion
previously.

Although the plain is cxtremely
flat on a macro-level, the micro-
topography is very variable. There is a

PLATE L1
An aerial view of the Muda arca



considerable amount of higher ground
surrounded by narusal depressions, and
complex systems of linked serrlements,
which partly or entircly hinder the supply
of irrigation watcr to higher or more
distant icefields. This leads to cither water
shortage or ponding n the problems areas,
wastage of irrigation water, and reduced
yields

Soils

In the Muda rice agroecosystem,
geological cvidence has revealed that the
Muda plain is predominandly blanketed
by marine sediments deposited during the
rise of the sea level in the Pleistocenc time.
Further inland in the flood plain, the
marine alluvium is mised with fluviatile
sediments. Neacr (o the eastern low hills,
the marine influence diminishes and the
deposits are mainly fluvial and colluvial
in origin. After the recession of the sea,
these sediments were subjected to the soil
forming processes. Upon all these factors,
an cvolutionary sequence of soil profiles
was generared (Soo, 1972). The soils in
the Muda area are classified into 16 soil
series which in urn arc grouped into
various soil classes, based on their
limitations to the growth of rice plants as
the principal criterion (Fig. 1.1). The bulk
of the soils are derived from marine
alluvium (range of clay content: 49% to
83%) with poor drainage and slightly
acidic. The Muda soils in general are
considered suitable for rice cultivation.
forc the introduction of rice double
cropping in 1970, some 27% of the
Muda area comprised natural depressions
with no free drainage. The depressions
were blankered with acid sulphate soil, the
dry soil pH of which is in the range of

Ao of e s i Sche, Ml + 5

3.0t0 4.3. The very high sulphate content
and poor dreinage were limiting factors
to rice cultivation. Nevertheless, the
continuous flushing cffecrs of isrigation
water coupled with liming over che past

oo decades have ameliorated the acute
acidic condition. The productivity of acid
sulphate soils in the Muda arca has
improved significantly in recent years.

Climate

The climate is ropical and the area
is shielded from the dircce rain-bearing
winds of the north-casc and the south-
west monsoons by the main range to the
ease and Sumarra to the south-west. The
bulk of the rain in the project area is
brought by che inter-monsoon rains.
Based on the annual rainfall pactern the
arca has three s
season from Dex

asons, namely the dry
mber to March (average
rainfall less than 100 mm per month),

the moderate scason from Apil to July
(average rainfall 200 mm per monch) and.
thewet season from August to November
(average rainfall 200 to 300 mm per
month). The long term average annual
rainfallis 2100 mm. With the exception
of the wet season, rainfal is erratic, often
occurring in high intensity downpours of
shore duration. The annual rainfal in an
average yeat is in the range of 19002400
mim, When the annual rainfall s less than
1900 mm, it is considered a dry year. A
wet year has an annual rainfall of more
than 2400 mm (Jegatheesan and
Motooka, 1996). Dry periods of up to
ten days in the wet scasons and 30 days in
the dry seasons are not uncommon.
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FIGURE 1.1

Soil classes map of the Muda arca




Rainfall during the wet scason s
usually sufficient o maincain one crop of
paddy (padi) per year. However, the off-
season (first season) crop from February/
March to August/September depends to
alarge extent on irrigarion water which is
impounded in the three dams some 100
ken miles cast of the Project Arca.

There is very litcle variarion in the
day lengch and temperature. Mean
cemperature values range from 26°C to
28°C and relative humidity fluctuates
berween 70% and 95%.

THE BIOLOGICAL COMPONENTS

The biological factors comprise the flora
and fauna in the rice agroecosystem
including the parhogenic
‘microorganisms, archropods, gastropods,

o of the M Trision Sche, Malasia + 7

fishes, birds, mammals and the weed flora
within the vicinity of the rice crops.

Pathogenic microorganisms

The pathogenic microorganisms in
the Muda rice agroecosystem encompass
three main carcgories; namely; fungi,
bacteria and viruscs.

Among the fangal pachogens,
Pyricularia oryzae which caused severe
seedling and foliar blast as well as neck
rotin the 70s and early 80s is now under
control. Currendly, the meost important
fungal pathogen in the direct sceded rice
environment is Rhizoctonia solani, the
causal agent ofsheach blight disease. This
pathogen s transmitred by water,soil a,
straw and stubbles. The alrernative hoss
include most weeds in the rice
agroccosystem. Other fungal pathogens
include Cerenspora oryzae (narrow brown

7
Paddy harvesting by a combin haryester
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spor), Cachliobolus miyabeanus (brown
spots), Rhynchosporium ryzae (icaf scald),
Gibberella fijituroi (bakanae discase) and
Ustilaginoidea virens (false smut).
However, most of these diseases are
sporadic in occurrence and seldom
culminare inco epidemics.

Among the pathogenic bacteria, the
most important pathogen is Xanthomonas
oryzae pv oryzae (X oryzae) the causal
organism of bacterial leaf blight discase.
The entry of bactetia ino the vascular
system of rice plants is chrough
hydathodes or wounds. Tn severely
infected fields, bacterial ooze can be
derccted as milky drops on infected leaves
in early morning, Systemaric infection by
this bacterial pathogen causes ‘kresek in
which che entire rice planc wilts and
collapses after diseasc arrack. The other
common bacterial - pathogen i
Xanthomonas oryzac pv oryzicola (X.
oryzicola) which causes bacteria leafstreak
discase. Infected rice plants have distinct
lincar, water soaked lesions between leal

veins. Under humid condition, bacterial
e

exudates in the form of amber beads
often formed on the lesions
The most important virus in the

Muda area is tungro virus. In the early
19805, tungro disease (penyakic merah’)
inflicted severe damage to the rice crops
in the Muda area. The value of crop loss
from 19813 was estimated to be US$10
million (Heong and Ho, 1987). ‘Tungro
discase s caused by a complex of rice
cangro bacilliform virus (RTBY) and rice
cungro spherical virus (R1SV). The virus
i eransmiteed by the green leathoppers
(Nephotettix spp.) in a semi-persistent
manner.
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In the 1990s, the four most
commonly found pathogenic
microorganisms in the Muda area have

cen: Xanthomonas oryzae pv. oryaae, X.
oryeate pv. oryzicola, Cercospora oryzacand
Rbizoctonia solani. The wngro virus can
sill be dececred by the use of enzyme-
inked immunosorbant assay (ELISA),
however, no discase outbreaks have been
reported in the Muda area since the mid
80s.

Arthropods

In the Muda rice agroecosystem,
dhree categorics of arthropods are present.
“The first category compriscs pests which
attack various parts of the rice plants. The
scarus of these pests are influenced by
many biotic and abiotic factors such as
the presence of parasices, predators and
pathogens, the occurrence of prolonged
drought, the changes in agronomic
practices and the modification of
habitats. In rerms of asea of infestation,
the hierarchical list of dominance in the
early nineties (1990-4) was in the
descending order of brown planthopper
(Nilaparvata lugens) > rice scemborers
(Scirpuphaga incereulas, Chilo polychysus
and C. suppressalis) > white-backed
planthopper (Sogatella furcifera) > tice
thrip (Stenchactothyips biformi) > ice bug,
(Leptocorisa oratoria) > rice leaf folder
(Craphalocrocis medinalis) > casc yorm
(Nymphula depunctalig). The ice chrip
and the case worm are becoming more
widespread in recent years. Con
dry years in the carly 19905 and severe
moisture stress during off seasons
probably have an adversc impact on the
natural cnemies, and hence created,
favourable conditions for these two

ceurive




previously minor pests to emerge from
an innocuous position to hecome more
dominant (Ho et al.,, 1995).

The second category includes
inscets and spiders that are natural
enemies to the rice pests. These beneficial
species parasitize or predate and suppress
or regulate the pest specics. Without
these natural enemics, the rice pests
swould multiply so quickly that complete

destruction of the rice crops may occur

A o she Mk gton S, Mal
Gastropods
In the rice agroccosystem,

Gastropoda is considered the most
mportant class in the phylum Mollusca.
Studics conducted by the Universiti Sains
Malaysia (USM) in the latc 19705

recorded ten species in the Muda area

One of the most common snails found
in the riccficlds was Birhymia pulchellum.
Other gastropods included: Pila

affer severe pest i Inthe Muda

rice agroecosystem, the common insect

predators ate ladybird beedles (Micraspis
spp- and Harmonia spp.), ground beetles

Thiara scabra, Lymnaca rubiginos,
Indoplanorbis exustus, Gyraulus
convevinsculus and Ferisia javana. Two

(Ophionea nig grasst

(Conocephalus longipennis), water bug
(Microvelia douglasi), plant bug
(Gyraorbinus lvidipennis), and damsclfics
(Agriocnemis pygmaca). Among the
spiders, the common predators include
the wolf spider (Lycosa pseudoamnulata),
orb spider (Argiope curenulata), and long-

jawed spider (Tétragnatha maxillosa).
Among the parasites, wasps such as
Telenomus spp., Anagrus spp. and Oligosita
spp. arc commonly found.

The third category consists of all
the neutral insect species in the rice as
well as non-rice habirats in the
agroecosystem. These groups of insccts
serve as alrernative hosts for the natural
enemies. For instance, the Chironomidac
insect larvac of the Dipteran midge arc
often abundant in huge swarms as
scavengers in the rice agroecosystem.

I'hese delicate mosquito-like ins

important food items for the predators
(Abdullah er af., 1994).

other species Jjavanica and
F. martensi were common throughout
the entirc Muda area including the Pedu
Reservoir, Pedu River and Kedah River.
Many of the gastropod specics which
occur in the Muda area are known to be
the intermediate hosts for trematode that
parasitize human beings, For example 2
ampullacea is the inrermediate host for
Fasciolopsis buski (large inestinal fuke)
5, 1980)
The exotic golden apple snail

(Chamber

(Pomacea canaliculata) was first detected

in the Muda area in 1992. Tr was first

confined to the Wan Mar Saman
Invigation Canal. The populaion of the
snail and the egg clusters were drastically

reduced aficr the application of tea sccd

cake by MADA. However, the remnants
of the golden apple snails managed to
survive and later encroached into the
ricefields. Tn 1997, some 30 hectares of
tice lands were infested by the golden
apple snails (Ho and Zulkifli, 1997)
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Fishes

Studics conducred by the USM in
the early 1990s recorded 36 species of fish
from 21 families in the ricefields as well
asirtigation canals and drainage channels
in the Muda arca. Cyprinidac is the most
dominant family with cight species
detected in the Muda agroccosystem. The
diversity of fish was greater in the north
(22 species) as compared to the south (16
species) of the Mudaarea, A longer history
of direct seeding and cxposure to
herbicides could be one of the main factors
affecring fish distriburion in the southern
Mauda riceficlds. Ricefield fish thar arc
commonly found in the Muda area

include: Channa striata (‘haruan’),
Trichogaster pectoralis ('sepac siam’), T.
vrichopterus ('sepat kedaly) and Anabas
sestudinens (*puyw). The common catfish
(Clarias spp.) population has declined
drastically in recent years. Overfishing of
breeding adults could be one of the causes
of poor recruitment of this fish specics
(Ali, 1994).

Birds

Studics conducred in 1993 and
1994 by the Universiti Kebangsaan
Malaysia (UKM) derecred birds from the
families of Columbidac, Ploceidae,
Turtidae, Moracillidae, Alcedinidac,
Apodidacand Caprimulgidac in the Muda
agroecosysiem, The main groups capured
svere grainivores such as the baya weaver
o ‘cick tempud’ (Ploceus philippinic) and
scaly-breasted munia or ‘pipit pinang’
(Lonchura puncrulata). The non-pest
birds caprured were white throated

Kingfishers (Halcyon smyrnensis), magpic
robin (Copsychs sanlaris) and greater
painted snipe (Rostrarula benghalensis)
(Abdullah and o, 1994)

Rice s the most dominant food
irem for the grainivorcs. Barnyardgrass
(Echinochloa crus-galli) has been
recorded as a food source for the sharp-
cailed munia (Lonchisra striata) (Avery,
1978).

Tn the 805, the chemical bird
repellent methiocarb was tested in the
Mida area. Methiocarb causes severe
nausea to the affccted birds but dos nor
resulin bird moreality. Theoretically, the
experience of nausea caused by
methiocarb could be transmiteed from
adulrto youngand from experienced adulr
0 newly areived birds. Field evaluations
showed chat the methiocarb trearment
swas only effective for a period of 3-5 days.
More studies on dosage, timing,
frequency and method of application, in
relation to wind specd and rainfall should
be investigated to enhance the efficacy of
bird repellants

Rodents

In the rice agroecosystem, rodents
generally reside and breed on high
grounds. The favourite sites are ficld
evees, irrigation embankmens, bushes
and scrub adjacent to the farmyards.
Studies conducted by the Malays
Agricultural Research and Development
Institute (MARDI) in the late 70s
indicated that Ratrus argentiventer was the
dominant species. Other rodents detected
were Mus caroli and Bandicota indica
(Lam, 1978)

n



Tn the 70s and 80s, rat occurrence
was observed to reach cpidemic
proportion once every three years in the
Muda area. Complacency and lack of
vigilance after rodent control was
considered one of the root causes of
regular outbreaks. Staggered planting
and continuous presence of food sources
in che ficlds are the main facrors leading
to the build-up of rat populations. The
‘most severe rat damage in the Muda arca
occurred in 1984. Owing to warer
scarcity; only half of the Muda area was
planted wich rice in the fizse season of
1984. As food source became scarce due
to the decline in planted hecrarage, rars
started migrating from the fallowed fields
to the planted areas and arracked the
standing rice crops. Almost all the
nursery plots of the
were ravaged by rats. Some of them
suffered up to 60% damage. Affected
farmers had o resow three times to re-
establish their nurscrics. In 1984, more
than a mesric ron of zinc phosphide w
distribured to the Muda farmers to keep
tice rats at bay (Ho, 1986)

Zinc phosphide was the most
popular rodenticide in the 70s and carly
80s. As most of the Muda farmers applicd
zine phosphide individually without the
practice of prebaiting, bait shyness often
took place. As zinc phosphide is an acute
poison without an antidote,
indiscriminate use can lead to hazards
to the farmers and the environment. Tn
the late 80s, MADA withdrew the
distribution of zinc phosphide to the
farmers. Anc 1

dly season crops

Rie Agrocary
Weeds

Field surveys conducted by MADA
in 1989 indicated that 57 weed specics
belonging o 44 genera and 28 families
were recorded (Ho, 1991). Eighteen of
these species or 31.6% of the weeds were
encountercd in less than 5% of the fields
covered by this scudy. From the
remaining 39 specics, nine occurred in 5%
0 10% of the fields. n other words, che
occurrence of 27 species or 47.4% of the
weeds recorded could be considered as
minor in the first season of 1989. On the
other hand,
species or 19.3% of the weed
conglomeration in this study were
derected in more than 50% of the fields
surveyed. These weeds are considered
widespread in terms of coverage (Table
1.1)

cleven

The family Gyperaceac topped the
list with twelve species. This was followed
by Poaceae with ten species. Cyperns was
the largest genus with scven species that
swere predominant, This was followed by
che genus Scirps and Echinochloa, cach
of which had three species listed,
respectively:

The yweed spectrum in the coastal
ricefields was broader compared to those
in che inland areas. Thirty seven weed
species under tansplanted rice culrure
and 53 species under dirccr seeded rice
culture were listed in the coastal ricefields:
whilst in the inland areas, only 29 and
43 species were recorded under
cransplanted and direct sceded rice

such as
warfarin, chlorophaci brodifz

bromadiolone are now included in the
recommendations for rar control in the
Mudaarea.

culrures, respectively. Weed species such
as Enhyda fluctuans, Cyperus imbricatus,
Spirodelu polyrhiza, Nelumbo nucifera,
Nymphaca lotus, Crotalaria quingusfilia,
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Changes of weed lora and dominance from transplanting

TABLE L1

o directsceding in the Muda arca (1979-89)

Scason

Resuls of weed survey 279 1s2 U8k 284 8T /89

Number of species 21 34 42 4s 50 57

Number of genera 18 18 30 30 38 4

Number of families 13 i 19 17 22 28

9% Direct sceded arca 2 207 530 240 989 817

Dominiant weed species” Mg Mwg Lml Fou Feu Ecu
Lhy  Lh M.owg Sgo Dol Lochi
Emil Eccu  Lhys  Lchi  Emi
C.dif S.go  Pamp  S.go  Mae
Lfa Mee Lchi  Emil Mg

The dominant weed species™

Movag - Monochoria vaginali S.go < Scipusgnous

Lbys - Ludwigia hysopifolia Ecu Echinochloa crus-galli

Emil - Fimbrisplic miliacea M. are Marsileacrenara

C.dif Cypernsciffirmis Ramp Paniciom amplesicane

Lila - Limaochari flavt Lochi - Leptochloa chinensis

Lhex - Leeniahenandvi Ecol - Echinochioa colonion

Fehinachloa sagnina, Oryza rufipogon and
Paspalum distichum were only decected in
the coastal ricefields in this survey. Tt is
noteworthy that all except Spirodela
polyrhiza and Crosalaria quingucfolia are
perennial weeds. Enbydra fluctuans is a
perennial marsh herb ofen gregarious in
nature. Propagation is by vegetative
means from sem fragments and also by
sceds. Gyperns imbricatusis a coarse, exect,
wfted puermml which thrives in werland
and swampy places. Nymphaea lotus and
Nelumbo nucifera are perennial aquatic
herbs with stout creeping undergeound
thizomes. The perennial grasses, namely
Echinachloa stagnina, Oryza rufipogon
and Paspalum distichum thrive well in
aquatic sites such as swamps, ditches and

streams and also along field levees and
dykes. They reproduced almost entircly
by vegetative means and spread by
stolons. The formarion of secondary
shoots from axillary buds that produce
adventitious roots s a prerequisite for
spreading, These chree perennial weeds
were rarely seen in the transplanted
ficlds. However, with the widespread
adoption of direct seeding culture,
infestations have cscalaced in recent
yoar

Weeds which appeared ubiquitous
throughout the Muda area were
Monochoria vaginalis (100%), Fimbristylis
miliacea (97.5%), Sugittaria guayanensis
(81.3%), Cyperus difformis (73.8%),
Massilea minuta (M. crenata) (72.5%),



and Scirpus grossus (70%). All these weeds
were common to both types of rice
culture, but the order in which they were
ranked varied. Regardless of location,
more weed species were cncountered in
the dircct sceded riceficlds than in
transplanted fields. The major weeds
under direct seeded condition were
Echinochloa crus-galli, Fimbristylis
miliacea, Leptochloa chinensis and
Sagitsaria guayanensis (Ho, 1991).

IMPACT OF DOUBLE CROPPING
ON THE RICE AGROECOSYSTEM

The expansion of rice production
through double cropping technology has
resulted in distinct changes in the
ricefield cavironmens. Before the
introduction of double croppingin 1970,
stemborers were considered to be the
most important insect pest in the Muda
arca. However,
have not been as important as they used.
to be. This is attributed to che
modification of the microclimate and
habitat favouring the beneficial organisms
in excrting more efficient biological
control on stemborers (Hirao and Ho,
1987). Currently; the yellow stemborer
(Seirpophaga incersulas) is dominant,
followed by the dark-headed striped
borers (Chilo polyohryeus)

Before che introduction of rice
double cropping, rice blast (Pyricularia
uryae) was considered by Muda farmers
as the most important discase. This is
because the humid conditions during the
wet (rainy) seasons were very conducive
to blast conidia dissemination. After
double cropping, rice blast continued to

in recent years, stemborers

Rice Agraecnysiems of she Muda Ivigasion Scheme, Malysia = 13
be the most important discase in che 70s
until cultivars with host plant resistance
o blast were introduced in the carly 80s.

The replacement of numerous
traditional rice varicties planred in single
area by a few dominan high yielding,
nitrogen responsive but poor disease
resistant varieties also changed the scenario
of pest infestation, The planting of the
vaicty ‘Seribu Gantang’ over 50% of the
Muda area in the lace 705 was onc of the
contributing factors which led to the
outbreak of the cungro epidemic in the
Muda area.

The adoption of double cropping
and the continuous presence of food
sources in the rice agroccosystem has
created an environment mote conducive
to the multiplication of racs. Lam (1978)
noted char in double cropping arcas
reproductive activiries were bimodal as

compared to unimodal in the single
croppingareas.

When rice was grown only once a
year, weed infestation was seldom
reported by farmers as a problem. This
was because thorough land preparation
and extensive hand weeding greadly
reduced the chances of weed infestation
After the commencement of double
cropping, modern varietics with shorter
starure and erect leaves allowed more light
penetration creacing a field
condition conducive to weed
mulplication. Broadleaved weeds such
Monochoria vaginalis, Ludwigia
Jyssopifalia and sedges such as Scirpus
grossus and Fimbristy
become dominanc after widespread
adoption of double cropping in the Muda
area (Ho, 1991).

as

is miliacea have
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IMPACT OF IRRIGATION ON
THE RICE AGROECOSYSTEM

The provision of irrigation infrastructure
is an important pre-requisice for the
success of rice double cropping. In the
Muda area, the civil engincering works
involved the construction of three
reservoirs, namely Muda, Pedu and
Ahning. The reservoirs ware creared by
dammingup the Muda, Pectu and Ahning
rivers. Other irrigation faciltics include a
primary conveyance system of 146 ki
of canals, a distributing system 0f930 kin
of secondary canals; a drainage system of
240 km primary drains and 883 km
secondary drains. In addition, more than
a thousand kilometres of terdary canals
and drains have been constructed.

Field levees or irrigation dykes
overgrown with weeds are favourite
nesting stes of rodents.
ofirtigation facilities results in the increase
of canal density and the corresponding
increase of dyke density which leads to
the escalation of rodent neseing sites. Tn
recent years, rat damage was high in
ricefields adjacent to poorly maintained
dykes which served as undisturbed
breeding grounds for rodents to multiply.

Proper operation and maintenance
of the waterways are crucial for the
improvement of water management and
water use efficiency. Ever since the
implementation of the fertiliser subsidy
scheme in 1979, widespread usage of
Fercilisers has creared substantial impact

he construction
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(Eichhornia crassipes), Voot grass
(Polygonum barba. i), water
convolvulus (Jpomoea aquatica), water
primrose (Ludhwigia adscendens) are the
dominant weeds in the irrigation canals.
Delayed weed control in the waterways
often leads to clogging of the drainage
channels and resules in scvere flooding.
Besides, it was reported that larvac of
Mansonia mosquio, vector of filariasis,
are found breeding on water hyacinth,
water convolvulus and water lettuce
(Pistia stratiotes) (Ho, 1981).

In addition, improving water use
efficiency through recycling water from
the drains back to the irrigation canals also
facilitated the spread of aquaric weeds such
as Salvinia molesta, Pistia stratiotes and
other floating weeds. Residues of
pesticides arealso being reintroduced into
the irrigation system through recycling
(Cheah and Lum, 1994).

IMPACT OF CROP
ESTABLISHMENT ON
THE RICE AGROECOSYSTEM

Changing the crop establishment method.
from transplaning ro direct secding cases
habitar modification. In the Muda area,
it is noted that the practice of direct
seeding has created field conditions
Favouring outbreaks of certain rice pests.
There are indications that more pest
problems caused by planthoppers,
leaffolders, Malayan black bug, stinkbug

onthe
of fertilisers in drains, coupled with hot
and humid tropical climate and slow water
flow
the waterways. Warer hyacinth

enhance luxuriant weed growth in

and stemb curin direct seeded rice
as compared with transplanted rice. Direct
seeded crops tend to develop abundant
foliage and earlier closure of crop canopy:
This is further aggravared by high seed




rates and more nitrogenous inpurs
Studies by Hirao er al. (1988) revealed
thar the brown planchoppers (BPH)
wsally complete oo generations in
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weed speccrum and the degree of
infestation in the rice agroccosystem is
often derermined by the types of rice
culture and crop establishment. The

conting doption of any particular rice

fanted crops, and th
in dircct seeded crops. BPH adule
populations gencrally reach their peak at
80-90 days affer transplanting. However,
in direct seeding, the peak often occurs
catlier ar 50 to 70 days aficr sowing
(DAS). Tn addition, Wada e¢ al. (1994)
found that a crop-frec fallow period or a

I to both

production practice frequently causcs a
shife in dominance of the weed
population.

In 1979, when eransplanting was
sell the predominant rice culture in the
Muda area, 21 species from 19 genera,

within 13 families were recorded.

—

d species such as

prolonged dry spell is
the planthoppers and
. whereas continuous planting

their natural
enemi

favours the activities of natural enemies.
In the topical rice agroecosystem, the
ial density of BPH is not a
determinative factor of pest infestation.

init

“I'he interaction of BPH with its natural
enemics is more crucial in influencing
oucreaks (Wada ef af, 1994).

“he widespread transformation of
crop establishment method from

ransphnting to dirct scedinglo creres

vaginalis, Ludwigia byssopifolia,
Limnocharis flava and sedges such as
Fimbristylis miliacea, Cyperus difformis
and Scirpus groseus consrituted more
chan 80% of the weeds. Grasses such as
Echinochloa crus-galli, E. colonum,
Leersia hesandra and achne globosa
were found growing sporadically along
the cdges of direct seeded felds. Tt

hcir

occurrences were considerced minor
(Ho, 1980).
o 1984, when direct sceding
4

ideal field condiri
of rice discascs, particularly bacterial leaf
blighc (BLB) and sheach blight. The

problem of BLB becomes morc acute in

locations where the susceptible variety
MR 84 is direct seeded continuously over
an extensive area. Fields with high sceding
rate (more than 100 kg/ha) coupled with
high nitrogen fertiliser (more than 120
kg N/ha) show more severe BLB
symproms.

The weed-rice ccological
relationship is complex and dynamic.
Weed disrriburion is always affected by
human and covironmental factors. The

became
mechod (53% of the oral planted area),
Echinochloa crns-galli and Leptochloa
chinensisbecame more predominant. The
water fern Salvinia molesta was desecred

for the first time in the Muda area. In the

sero tillage-volunceer secdling ricefields,
Melochia corchorifolia and Aeschynomene
indica were abundant. Field studics
indicated that the average number of

weeds was 5 species/m’ (ranging from 3
7 species) under cransplanted condition
compared with 8 species/m? (ranging
from 5-12 species) under direct seeded
culture (Ho, 1986)
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Tn 1987, severe drought resulted in
drastic depletion of water in the reservoir
storage, and irrigation to the Muda area
was rendered impossible. In order to
overcome this adverse situation, the Muda
farmers resorted o dry ploughing their
fields and dry seeding their rice crops. Field
surveys recorded S50 weed species
belonging to 38 gencra classified under
22 fam in the direct sceded fields,
whilst under transplanted conditions,
only 32 specics were listed (Ho and Md.
Zuki, 1988).

Asubsequentweed survey in 1989
indicated that the weed spectrum further
expanded o 57 species after the
widesptead adoption of direct seeding in
the Muda arca (Table 1.1). Comparative
ccological studies on weed flora in
irrigated ricefields revealed that weed
infestation more severe in direct
seeded than in the transplanted areas.
The most significant contriburory factor
towards the increase of weed weight in
direct seeded fields came from prolific
growth of the grassy weeds. There s also
amuch wider range and intensity of weed
problems in rice crops sown in dry soil
than those sown on puddled soil. The
composition of the weed flora is strongly
influenced by the landscape position and
degree of submergence. Tt is observed
that the coastal areas of the Muda scheme
have a wider weed spectrum compared
with the inland areas. This is because the
heavy marine clay soils and flat
topography give rise o a higher ponding
incidence in coastal ricefields, and hence
create more conducive conditions for the
growth of aquatic weeds. Perennial weeds
such as Echinachloa stagnina, Paspalum
distichum and Gyperus babakan are more
frequently encountered aficr continuous
adoption of direct seeding (Ho, 1991).

ST

IMPACT OF PESTICIDES ON THE
RICE AGROECOSYSTEM AND THE
FARMING COMMUNITY

Three key factors are considered to be
of the utmost importance in influencing
the interaction betvveen rice pests and their
natural encmies in the ricc agtoecosystem.
These factors ar

« Theavailability of susceptible host
planes,
+ Thedimaric condidons conducive

10 pests but unfavourable to their

narural enemies,

+ The indiscriminace application of
pesticides.

Incensive applications of broad
spectrum insccticides have been observed
to be one of the major factors causing
acute reduction of archropod diversity
iin the rice agroecosystem. Lt was reported
in the Muda arca thar BPH outbreaks
often took pl'xcc after widespread
chemical application to control thrips or
leaffolders. The resurgence of BPH is
primarily due to the diminution of
natural enemics, especially predators e.g.
spiders and egg parasites, Cyréorbinus spp.
The major outbreak of BPH in 1991 has
been atribured to repeated application
of insecticides such as endosulfan,
cypermethrin and monocrotophos w0
control leaffolders ac 25-45 DAS in
1991. Tt is noteworthy thar BPH
population was low and incidence of
hopperburn was absent in adjacent
ricefields where insccticides were not
applied ar all (Ito e¢ al., 1992).

The misuse of pescicides is another
factor capable of creating a far reaching
adverse impace on the rice agroccosystem.
The typical example is the misuse of




endosulfan by farmers for rodent control
in the Muda arca. In the early 90s,
although the application of zinc
phosphide had declined drastically and the
usage of anticoagulants had increased,
many farmers were not satisfied with the
dlow action of anticoagulants. Through
their own ingenuity, the Muda farmers
started using Endosulfan EC for rodent
control. Endosulfan was usually mixed
with used engine oil before application.
The mixture was later poured along the
eld Levees, so that rodents entering the
ricefields would ger their fur
contaminared with endosulfan. The
rodents subsequencly were poisoned
chrough the habit of fur licking. A
MARDI/MADA joint study on pesticide
residues in the Muda area in 1992/3
revealed that the cyclodiene endosulfan
wasa ubiquitous contminant of the water
resources, especially in the recycled
irrigation warer.
insecticide were detected in most of the
water samples at level ranging from
< 0.005 ng/mL to 25.5 ng/mL (Cheah
and Lum, 1994). The European
Community (E.C.) drinking water
standard for endosulfan is 0.1 ng/mL.
MADAs study indicates that the misuse
of endosulfan by farmers for rodent
control might be the main contributing
factor to the high level of endosulfan
residue in the rice Akey
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As far a5 weed management is
concerned, continuous adoption of a
single weed control method has resulted
in a distinceweed shifc in the Muda area.
The use of 2,4-D applicd as post
cmergence control has caused the

suppression of the casy-to-control weeds
such as Monochoria veginalis and
Finbrisaylis miliacea, esultingin a distinee
dominance of Echinochloa crus-galli,
Sphenoclea zeylanica, Marsilea minuza,
Cyperus ivia and C. babakan. The
applicarion of preclachlor with fenclorin

a5 safener has shown remarkable crop
selectivicy and bio-eficacy in grassy weed
suppression, but provided a conducive
environment for Sagittaria guayanensis
and M. minura o prevail. Molinate
suppresses E. crus-galli, but results in
escalated infestation of Leptochloa
chinensis and Ischaemum rugosum (Ho,
1991).

Herbicide-tolerant strains or
resistant biotypes could evolve through
repeated use of the same herbicide overa
long period. In the Muda area, a
2,4-D resistant biotype of Fimbristylis
miliacea was first detected in 1989 in a
farmer’s field where 2,4-D has been
scammllv applied since 1975 (Ho, 1992).

studies ducted by

informant interview (KIT) conducted in
1994 revealed that 91.7% of the
cespondents mentioned that they have
wsed endosulfan for crop protection.
About 6.8% of them used endosulfan
cxclusively for rodent control and 60.7%
of them used it for the control of rodents
as well as other insccr pests such as
ss=mborers and leaffolders.

Watanabe et al. (1994) indicated that the
resiscant biotype recovered after the
application of 2,4-D amine at 16 times
strength over the recommended dosage.
This resisant biotype showed cross-
resistance to other phenoxy compounds
such as 2,4-D isoburyl ester, 2,4-D
sodium salt and MCPA.
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Tn recent years, increasing use of
herbicides in rice cultivarion has created
concern regarding the hazards to the
health of rice farmers. In Malaysia, a ecent
survey on pesticide usage and associated
incidence of poisoning in the Muda arca
indicated that herbicides were most
frequently used when compared with
insecticides, fungicides and rodenticides.
Approximately 51.3% of the responding
farmers reported that they had
experienced symptoms associated with
pesticide poisoning, The highestincidence
was due to herbicide application alone
(24.8%), followed by insccricides
(14.7%). Farmers rarcly experienced
poisoning symproms due to rodenticides
or fungicides. Headache and dizziness
(71.6%) were most commonly
experienced by the respondents. The
types of herbicide identified by farmers
and spray operators were 2,
paraquat, molinace and Femulfuror
methyl (Ho e al,, 1990).

CONCLUSION

Wich their farmyards surrounded by
immense ricefields, the Muda farmers
and their families arc indeed an integral
component of the entire rice
agroccosystem. Over the past two and a
half decades, the shift from single to
double cropping (1970s) followwed by the
subsequent transformation from
transplanting to direct seeding (1980s) bas
created a significant impact on the
rice environment. The Green
Revolution brought along with it
technological advances such as: the large
scale introduction of high yielding, semi-
dwarf culivars; the widespread adoption

of nitrogenous fereilizers, and the
provision of irrigation facilities. These
cechnological innovations have resulted in
rapid modificarion of the crop habitarand
subsequently triggered a chain reaction in
the rice agroccosystem. The impacton the
populations of pest flora and fauna was
s0 tremendous that pesticides usage was
widely adopted by farmers to minimise
crop damage and yicld losses in their farms
([able 1.2-Table 1.4). Indiscriminate usc
of pesticides causes disruption of the pesc-
natural enemy equilibrium and other
undesirable effects to the farmers and che
rice cnvironment. Pest resurgence,
pesticide resistance, weed shift, pesticide
poisoning and cnvironmental pollution
are of major concern to the Muda
Agricultural Development Authority
(MADA).

Realising the far reaching effects of
continuous pesticide use on the
sustainability of rice production, MADA
has embarked on scudies with regard to
the impact of pesticides on the rice
agroecosystem. A holistic multi-
disciplinary approach was adopted to
study the various ecological, biochemical,
botanical, zoological, microbiological as
wwell as medical aspeces relared o pesticide
usage among rice farmers in the Muda

arca
Tn addition, a participatory
otiented extension program has been
formulated o educate farmers on the
importance of the ccological approach in
addressing environmental problems at the
farm level. MADA believes that the
farmer-to-farmer approach can help to
establish, maintain, serengehen and
sustain a long-term ecological
monitoring program in the Muda arca.
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Estimared insccticide usage in the Muda arca, Malaysia (in metic tons)
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Year

Types of insecricide 1980 1986 1990 1992 1994 1995 1996

Gamma BHC 200 80 - - % - -
(granulated formulation)

FEndosulfan 20 60 15 5 4 g Y
(granulated formulation)

Endosulfan 10 20 4o 40 20 10 5

(FC formulation)

MC + phenthoate 120 25 20 12 2 20 11

e, 3 2 4 - 4 7

* - % - 1 0.5 &

100 200 350 150 120 150 89

10 2 ol - - - i

10 20 20 & 3 & 3

i 5 3 1 1 5 2

NA % 20 - K - =

NA L 10 - - - .

s - - 25 2.8 3 2

yrethroid - - - - - 9 9

3 5 8 5 5 3 3

T35 420 486 218.5 157.8 208.5 137

ot available
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TABLE 1.3
Distribution of rodenticides in the Muda area (1981-96)

Year

Types of rodenticide

1981 1985 1990 1994 1995 1996
Zine phosphide  (kg) 2129 2255 - - -
Coumarerralyl  (kg) 35Sl 275, - - - -
Brodifacoum ) 745 1862 2380 456 1666 600
(Maikus®)
Warfarin () 5 B 350 250 = 4
(Yasomin®)
Wearfarin (kg) - 250 150 - 250
(Tikumin dust®)
Chlorophacinone  {ltze) - 55 16 . -
(Drat EC?)
Chloraphacinone  (kg) - 5 300 13 4875 3225
(Drat Bair®)
Boomadiolone  (kg) - - 638 70 355.2 784

(Ebor 401%)

Tosal 3229 5697 3834 1789 2508.7 19565
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